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Objective: Systematic reviews on sleep bruxism (SB) as a comorbid condition of other sleep-related
disorders are lacking. Such reviews would contribute to the insight of sleep clinicians into the occur-
rence of SB in patients with other sleep-related disorders, and into the underlying mechanisms of such
comorbid associations. This systematic review aimed: 1. to determine the prevalence of SB in adults with
other sleep-related disorders; and 2. to determine the associations between SB and other sleep-related
disorders, and to explain the underlying mechanisms of these associations.
Methods: A systematic search on SB and sleep-related disorders was performed in PubMed, Embase,
Cochrane Library, and Web of Science to identify eligible studies published until May 15, 2020. Quality
assessment was performed using the Risk of Bias Assessment tool for Non-randomized Studies.
Results: Of the 1539 unique retrieved studies, 37 articles were included in this systematic review. The
prevalence of SB in adult patients with obstructive sleep apnea, restless leg syndrome, periodic limb
movement during sleep, sleep-related gastroesophageal reflux disease, REM behavior disorder (RBD),
and sleep-related epilepsy was higher than that in the general population. The specific mechanisms
behind these positive associations could not be identified.
Conclusions: SB is more prevalent in patients with the previously mentioned disorders than in the
general population. Sleep arousal may be a common factor with which all the identified disorders are
associated, except RBD and Parkinson's disease. The associations between SB and these identified sleep-
related disorders call for more SB screening in patients with the abovementioned sleep-related disorders.
© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Sleep bruxism (SB) is a repetitive jaw-muscle activity charac-
terized by clenching or grinding of the teeth and/or by bracing or
thrusting of the mandible [1]. The criteria for the assessment of
in and Dysfunction, Academic
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definite SB are so far based on polysomnographic (PSG) recordings,
which allow the identification of rhythmic masticatory muscle ac-
tivity (RMMA) on electromyographic (EMG) traces [1,2]. Based on a
systematic review on the epidemiology of SB, the prevalence of
self-reported SB in adults is 12.8 ± 3.1% [3].

The etiology of SB is multifactorial [4,5], including biological
factors, psychosocial factors, and lifestyle factors. According to
observations among family members [6] and gene analysis studies
[7,8], the occurrence of SB may partially be explained by both
environmental and genetic factors [9,10]. Moreover, an imbalance
in centrally acting neurotransmitters (eg, dopamine, serotonin)
may play a role in the genesis of RMMA and SB [11,12]. Many
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psychosocial factors, such as anxiety, depression, stress, and mal-
adaptive coping strategies, have been suggested to increase risk for
SB [13,14]. Lifestyle factors like smoking, alcohol and caffeine intake
have also been suggested to increase the risk of SB [15,16].

The potential negative consequences of SB described in litera-
ture are, amongst others, headache upon awakening, temporo-
mandibular pain complaints [17,18], severe mechanical tooth wear,
and tooth/dental restoration/implant fractures/failures [19,20].
Interestingly, nowadays, also some positive consequences of SB are
suggested, for example, the condition having a protective role in
maintaining airway patency in patients with obstructive sleep ap-
nea (OSA) [21,22], promoting saliva secretion by mechanical sali-
vary (parotid) gland stimulation for esophageal acid clearance
[23,24], and even preventing cognitive decline when aging [25].
Although SB management should be based on the negative clinical
consequence of SB [26], evidence-based recommendations at the
individual level are not available at this moment [27]. So, it is still
recommended that SB management is provided with caution
within the framework of a conservative “multiple-P00 approach (ie,
pep talk (counseling), plates (occlusal appliances), physiotherapy,
psychotherapy, and pills (pharmacotherapy)) [26].

The genesis of most RMMA episodes seems to be preceded by a
cascade of events in relation to sleep arousals, such as an increase in
the autonomic sympatheticecardiac activity, in the frequency of
electroencephalographic (EEG) activity, in heart rate, in EMG ac-
tivity of jaw-opening muscles, in breathing amplitude, and in blood
pressure [28,29]. Several studies [28,30e32] further suggested that
sleep arousals could be regarded as a permissive window for the
initiation of RMMA episodes. The occurrence of arousals may
therefore explain the correlations found in previous studies be-
tween SB and other sleep-related disorders that are associated with
arousals (eg, OSA, periodic limb movements during sleep (PLMS),
and epilepsy) [33e37]. However, systematic reviews on SB as a
comorbid condition of other sleep-related disorders are lacking so
far. Such reviews would contribute to the insight of sleep clinicians
into the occurrence of SB in patients suffering from other sleep-
related disorders, as well as into the underlying mechanisms of
such comorbid associations. Therefore, the aims of this systematic
review were: 1. to determine the prevalence of SB in adult patients
with other sleep-related disorders; and 2. to determine the asso-
ciations between SB and other sleep-related disorders, and to
explain the underlying mechanisms of these associations. This
systematic review will finalize with recommendations for sleep
clinicians on how to proceed with the further prevention, assess-
ment, and management of the possible negative consequences of
SB as a comorbid condition in their patients with sleep disorders.

2. Materials and methods

The entire review process was conducted in accordancewith the
Preferred Reporting Items for Systematic Review and Meta-
Analyses (PRISMA) statement [38]. This systematic review is
registered at PROSPERO (registration number: CRD42020186555).

2.1. Search strategy

To identify relevant publications, systematic searches were con-
ducted in the bibliographic databases PubMed (https://pubmed.ncbi.
nlm.nih.gov/), Embase (https://www.embase.com), Cochrane Library
(https://www.cochranelibrary.com/advanced-search), and Web of
Science (https://www.webofknowledge.com/) from inception up to
May 15, 2020, in collaboration with a medical information specialist
(R.V.). In all four databases, the names and synonyms of sleep
bruxism and all sleep-related disorders (including sleep wake dis-
orders, parkinsonian disorders, epilepsy, gastroesophageal reflux,
32
and REM behavior disorder) have been searched using text word to
identify articles that used these names in their title or abstract.
Moreover, in PubMed and Embase, where the index term (MeSH
term and Emtree term, respectively) is available, the index term for
sleep bruxism (appeared in PubMed as “Sleep Bruxism” [Mesh]; in
Embase as ‘sleep'/exp AND ‘bruxism'/exp), as well as the index term
containing all the sleep disorders (appeared in PubMed as “Sleep
Wake Disorders”[Mesh]”; in Embase as ‘sleep disorder'/exp) were
further added into the search strategy to identify relevant articles.
The reference lists of the identified articles were manually searched
for relevant publications. Duplicate articles were excluded. All lan-
guages were accepted. The full search strategies for all databases can
be found in Supplement A.

2.2. Article screening

The article screening included two phases: title and abstracts
screening, and full-text review. Firstly, all identified titles and ab-
stracts were independently screened by two reviewers (B.K. and
D.L.). The inclusion criteria were: (1) studies on adult human sub-
jects (age over 18 years old); (2) studies dealing with sleep-related
disorders, diagnosed based on self-report (questionnaire or inter-
view), clinical inspection, or PSG/polygraph; (3) studies dealing
with SB, diagnosed by self-report (eg, reporting of teeth grinding
sound by questionnaire or interview), clinical inspection (eg, tooth
wear, masseter hypertrophy, and masticatory muscle fatigue or
pain), and/or instrumental assessment (eg, scoring of SB episodes
based on PSG, polygraphy, or EMG) [2]; and (4) studies having the
following designs: observational studies, controlled clinical trials,
or randomized controlled clinical trials. The exclusion criteriawere:
(1) studies on animals; (2) studies on children; and (3) certain
publication types: editorials, letters, legal cases, interviews, and
conference abstracts.

Secondly, for all potentially eligible studies identified after the
first phase, the two reviewers (B.K. and D.L.) read the full texts
independently to check if they fulfilled the eligibility criteria.
Studies without accessible full text were excluded.

For both title and abstract screening and full-text review, dif-
ferences in judgment were resolved through a consensus proced-
ure between the two reviewers. If the differences remained, the
issue was resolved by discussion with a third reviewer (G.A.).

Data concerning study design, methods, and results of the final
selected studies were extracted by the above-identified two re-
viewers (B.K. and D.L.).

2.3. Quality assessment

Two reviewers (B.K. and D.L.) independently evaluated the
methodological quality of the full-text papers, using an adapted
version of “Risk of Bias Assessment Tool for Nonrandomized Studies
(RoBANS)” (See Supplement B for the adapted version, and the
study by Kim et al. [39] for the original version). The checklist as-
sesses the potential risk of bias in the following aspects: (1) se-
lection of participants, (2) confounding variables, (3) measurement
of exposure, (4) blinding of outcome assessments, (5) incomplete
outcome data, and (6) selective outcome reporting.

Different diagnostic methods have different advantages and
disadvantages. Self-report could reflect the condition of SB over a
prolonged period of time and reach a very large population. The
clinical inspection could elevate the objectiveness of SB mea-
surement by documenting related clinical signs and symptoms of
SB, such as tooth wear, masticatory muscle hypertrophy, while it is
still difficult to acquire objective sleep information and to deter-
mine the possible mechanisms for SB. PSG could offer objective
and detailed parameters of sleep and jaw-muscle contraction
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https://pubmed.ncbi.nlm.nih.gov/
https://www.embase.com
https://www.cochranelibrary.com/advanced-search
https://www.webofknowledge.com/


B. Kuang, D. Li, F. Lobbezoo et al. Sleep Medicine 89 (2022) 31e47
during the night. However, PSG only records jaw-muscle activity
over a limited period of time and is less accessible for a large
sample because its availability is limited and due to the high costs
associated with this approach. During the adaptation of the
RoBANS, the different characteristics of the diagnostic methods
were taken into consideration. Specifically, when evaluating ar-
ticles regarding our aim concerning prevalence, it was further
required that sample size, based on empirical knowledge, should
not be smaller than 100 for self-report studies, and 30 for PSG
studies, in order to be categorized as low risk of bias for the ‘se-
lection of participants’ section. When evaluating articles
regarding our aim concerning mechanism, as long as the sample
size was justified in the article, a low risk of bias was given for the
‘selection of participants’ section. In addition, studies using either
self-report or PSG would be scored as low risk of bias for the
‘measurement of exposure’ section when evaluating articles
regarding our aim concerning prevalence. In contrast, when
evaluating articles regarding our aim concerning mechanism, only
studies that employed PSG to diagnose SB would be regarded as
low risk for the ‘measurement of exposure’ section.

3. Results

3.1. Literature search results

The literature search process and results are presented in Fig. 1.
The employed search strategy identified 2635 articles in total, and
the manual search identified one more. After duplicates were
eliminated, 1593 articles remained for the title and abstract
screening. According to the inclusion and exclusion criteria
mentioned above, 1556 articles were excluded, and 37 articles thus
qualified for the full-text reading phase. After full-text reading, all
37 articles qualified for this systematic review.
Fig. 1. Flow diagram of search strategy. Greysc
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Among the 37 articles, 14 articles were related to SB and OSA, 7
articles to SB and restless legs syndrome (RLS)/PLMS, and 6 articles
to SB and sleep-related gastroesophageal reflux disease (GERD).
Another 5 articles were related to SB and insomnia, 3 articles to SB
and Parkinson's Disease (PD), 1 article to SB and REM behavior
disorders (RBD), and 3 articles to SB and sleep-related epilepsy.
Further, there was one article studying SB with sleep talking and
sleepwalking. Finally, there was one article that investigated the
associations between SB and nightmares. Some of the articles
included were involved in multiple associations, and subsequently
counted more than once.

3.2. Sleep bruxism and obstructive sleep apnea

Fourteen articles [36,40e52] investigated the associations be-
tween SB and OSA. The characteristics of these articles are shown in
Table 1.

Among these articles, six articles [41,42,46e48,50] reported the
prevalence of SB in adult patients with OSA. One study [48] used a
questionnaire to assess SB, while the other five studies
[41,42,46,47,50] used PSG. Due to the limited number of partici-
pants and lack of representativeness of patients with OSA, four
articles [41,46e48] were regarded as having high risks of bias in the
“selection of participants” section. Besides, five articles
[41,42,46,47,50] have high risks of bias in the “blinding of outcome
assessment” section. Detailed quality assessment results of the ar-
ticles that reported the prevalence of SB in adult patients with OSA
are shown in Table 2. Based on the quality assessment, four articles
[41,42,48,50] are regarded to have relatively higher quality than the
other two articles [46,47], with only two sections of high risks of
bias. The mean ages of the participants with OSA in the above four
studies [41,42,48,50] ranged from 44.6 to 54.3 years. In addition,
among these four studies, only Hesselbacher et al. [48] recruited
ale should be fine for this figure in print.



Table 1
Characteristics of studies on sleep bruxism (SB) and obstructive sleep apnea (OSA).

References
(authors, year)

Study type Sample Match Age (years) Gender (M, %) Country/Race OSA/SDB
diagnosis

SB diagnostic
methods

SB scoring/
diagnosis criteria

SB
Prevalence
(%)

Associations/
mechanisms

Phillips et al., 1986
[40]

prospective SDB 14; control 10 NR SDB 52.0 ± 15.9;
Control 50.2 ± 16.4

SDB 85.7;
Control 90.0

USA/NR PSG: AHI �10 PSG (masseter) NR N/A The clench index
and the AHI are
positively
correlated.

Okeson et al., 1991
[45]

prospective SDB 12; control 12 age,
gender

SDB 57.0 ± 11.5;
Control 57.0 ± 11.7

SDB 100;
Control 100

USA/NR PSG: AHI�10 PSG (masseter) NR N/A Bruxing events are
closely associated
with sleep arousals.

Sj€oholm et al., 2000
[46]

prospective OSA 21 N/A 40.0 ± 9.2 90.5 Canada/NR diagnosed by
sleep Physician

SR; CA; PSG
(submentalis)

Fulfill 2 out of 3: (1)
SR (positive); (2) CA
(positive);(3) RJM
>2.5/h

47.6 SB is rarely directly
associated with
apneic or
hypopneic events
but is rather related
to the disturbed
sleep of patients
with OSA.

Maluly et al., 2013
[47]

prospective general population
1019

N/A NR NR Brazil/NR NR QNR þ PSG
(masseter)

1) QNR (positive) 2)
PSG (AASM [117];
RMMA �2)

9.0 The presence of SB
was not associated
with the presence
of OSA.

Hosoya et al., 2014
[50]

prospective OSA 67; control 16 NR OSA 54.3 ± 13.2;
Control 23.9 ± 5.5

OSA 73.1;
Control 50.0

Japan/NR PSG: AHI �5 PSG þ AV
(masseter)

Lavigne et al. [118];
RMMA index >4;

47.8 SB is a sequential
event secondary to
an arousal event
that result from an
obstructive apneic
event;

Saito et al., 2014
[49]

prospective OSA and SB 10 N/A 46.7 ± 11.5 100.0 Japan/NR PSG: AHI>5 PSG þ AV
(masseter)

ICSD-2 [119];
Lavigne et al. [118];
RMMA index >4

N/A SB events occurring
close to sleep
apneic hypopneic
events are a
secondary form of
sleep bruxism.

Hesselbacher et al.,
2014 [48]

Retrospective OSA 300 N/A M 46.8 ± 10.8;
F 51.7 ± 9.5

50.0 USA /Caucasian,
African American,
Hispanic

PSG: AHI>5 QNR QNR (positive) 26 The mean AHI and
SpO2 nadir were
similar between
OSA patients with
and without sleep
bruxism.

Saito et al., 2016
[36]

prospective possible SB with
suspicious OSA 59

N/A 44.8 ± 10.8 79.0 Japan/Japanese PSG: AHI �5 PSG þ AV
(masseter)

ICSD-3 [86];
Rompr�e et al. [120];
RMMA index >2;
and/or RMMA
bursts >25/h

N/A RMMA was
moderately
correlated with
arousal, but not
apneic or
hypopneic events.
SB genesis and OSA
activity are
probably
influenced by
different
mechanisms.

Winck et al., 2017
[51]

prospective OSA 9 N/A 46.3 ± 11.3 55.6 Portugal/NR polygraph: AHI
�15; or AHI
�5 þsymptoms

QNR þ EMG
(masseters)

AASM criteria
[117]; RMMA index
�2

N/A No significant
correlation was
found between AHI
and bruxism.
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Tsujisaka et al.,
2018 [52]

prospective SB 16; SB þ OSA 6 gender,
BMI

SB 23.6 ± 1.9;
SB þ OSA 25.5 ± 1.2

SB 56.3;
SB/OSA 83.3

Japan/NR PSG: AHI�5 QNR þ PSG þ
AV (masseter
and temporalis)

Rompr�e et al. [120]
RMMA index �4;

N/A RMMA after
respiratory events
was followed to
arousals while
those before
respiratory events
were mostly
associated with
central apnea;

Tan et al., 2019 [41] retrospective OSA 147 N/A 44.6 ± 12.8 68.0 Singapore/NR PSG: AHI �5 PSG þ AV
(masseter)

AASM criteria
[121]; Lavigne et al.
[118]; RMMA index
>4;

33.3 Patients with SB
had more
respiratory events
and arousals than
non-bruxers. A
phenotypic subtype
of OSA patients
may present with
SB as a physiologic
response to a
respiratory-related
event.

Martynowicz et al.,
2019 [42]

prospective suspicious OSA 110 N/A 51.0 ± 14.2 60.0 Poland/NR PSG: AHI �5 PSG þ AV
(masseter)

Lavigne et al. [118];
RMMA index �2

53.7 The relationship
between OSA and
SB depends on the
degree of severity
of OSA.

Smardz et al., 2020
[44]

prospective probable SB;
bruxer: 58, control:
19

NR0 total: 34.8 ± 10.8
/subgroup NR

total 27.3
(subgroup NR)

Poland/Caucasian NR PSG þ AV
(masseter)

ICSD-3 [86]: NR;
RMMA index �2

N/A The occurrence of
tonic RMMA may
be the key to
understanding the
causality between
SB and sleep-
disordered
breathing.

De Holanda et al.,
2020 [43]

prospective bruxer: 58
Nonbruxer:58

Sex, age bruxers 42.2 ± 14.5;
control 42.6 ± 14.8

bruxers 43.1;
control 43.1.

Brazil/NR NR PSG þ AV
(masseter)

20% MVC; Carra
et al. [122]; RMMA
index >2

N/A Arousals index,
respiratory
disturbance index,
and AHI were lower
in bruxers than in
non-bruxers.

Abbreviations: AASM ¼ American Academy of Sleep Medicine; AHI ¼ apnea-hypopnea index; AV ¼ audio and video; BMI ¼ body mass index; CA ¼ clinical assessment; EMG ¼ electromyography; ICSD ¼ International
Classification of Sleep Disorders; M ¼ male; F ¼ female; MVC ¼ maximum voluntary contraction; N/A ¼ not applicable; NR ¼ not reported; PSG ¼ polysomnography; QNR ¼ questionnaire; RJM ¼ rhythmic jaw movement;
RMMA ¼ rhythmic masticatory muscle activity; SDB ¼ sleep-disordered breathing; SR ¼ self-report.
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Table 2
Quality assessment of the studies reporting the prevalence of sleep bruxism (SB) in patients with other sleep-related disorders using the Risk of Bias Assessment tool for Non-
Randomized Studies (RoBANS).

Disorders References (authors, year) Risk of bias

Selection of
participants

Confounding
variables

Exposure
measurement

Blinding of
outcome
assessment

Incomplete
outcome data

Selective
outcome
reporting

OSA Sj€oholm et al., 2000 [46] high high low high low low
OSA, RLS, Insomnia Maluly et al., 2013 [47] high low low high low high
OSA Hesselbacher et al., 2014 [48] high high low low low low
OSA Hosoya et al., 2014 [50] low high low high low low
OSA Tan et al., 2019 [41] high low low high low low
OSA Martynowicz et al., 2019 [42] low low low high low high
RLS/PLMS Lavigne et al., 1994 [53] high low low low low low
Sleep-related GERD Mengatto et al., 2013 [60] high low low low low low
Insomnia de Campos et al., 2006 [63] high high high low low high
Insomnia Blanken et al., 2019 [65] low high high low low low
RBD or PD Abe et al., 2013 [66] high high low low low low
PD Ylikoski et al., 2014 [67] low low high low low low
Sleep-related epilepsy Khatami et al., 2006 [69] high high high low low low
Sleep-related epilepsy Bisulli et al., 2010 [70] low high low low low low
Sleep-related epilepsy Khachatryan et al., 2020 [37] low low low low low low
Nightmare Serra-Negra et al., 2019 [71] high high high low low low

Abbreviations: GERD¼ gastroesophageal reflux disease; OSA¼ obstructive sleep apnea; PD¼ Parkinson's disease; PLMS¼ periodic limbmovement during sleep; RBD¼ rapid
eye movement sleep behavior disorder; RLS ¼ restless legs syndrome.
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the same number of females and males, while the other three
studies [41,42,50] enrolled more males than females. Based on
these four articles, the prevalence of self-reported SB in adult pa-
tients with OSA is 26.0% [48], while PSG-confirmed SB prevalence
in adults with OSA ranges from 33.3% to 53.7% [41,42,50].

There were thirteen [36,40e46,48e52] out of the fourteen ar-
ticles that studied the association between SB and OSA. Based on
RoBANS, all these articles have high risks of bias in the “blinding of
outcome assessment” section, because they fail to describe
whether the investigators were blinded to the patients’ information
during the scoring of the PSG recordings. All but two articles [42,43]
have high risks of bias in the “selection of participants” section
because of a limited number of participants. Due to a lack of
appropriate matching between the control group and the patients
group, seven articles [36,40,44,48e50,52] were deemed to have
high risks of bias in the “confounding variables” section. Detailed
quality assessment results of articles that reported the association
between SB and OSA are shown in Table 3. Overall, five PSG studies
[41e43,45,46] only have two sections of high risks of bias, and were
thus regarded as having high quality. Okeson et al. [45] reported
that bruxing events are closely associated with sleep arousals.
Sj€oholm et al. [46] showed that sleep bruxism is rarely directly
associated with respiratory events but is related to disturbed sleep
in OSA. Martynowicz et al. [42] displayed that there is a positive
correlation between SB events and sleep arousal in the entire
group, while the association between SB and AHI was observed
only in participants with mild and moderate OSA. Tan et al. [41]
indicated that OSA patients with SB demonstrated a significantly
higher respiratory arousal index (P ¼ 0.001), AHI (P ¼ 0.003) and
oxygen desaturation index (P ¼ 0.005) than OSA patients without
SB. In addition, De Holanda et al. [43] reported that the AHI and
arousal index were lower in bruxers than in non-bruxers.
3.3. Sleep bruxism and restless legs syndrome/periodic limb
movement during sleep

Seven articles [34,48,53e57] investigated SB and RLS/PLMS. The
extracted data are shown in Table 4.

Only Lavigne et al. [53] reported that, based on questionnaires,
the prevalence of SB was 17.3% in adults who reported RLS, and
36
14.5% in those who reported unpleasant leg sensation during sleep.
There were roughly equal male and female participants in the
study. The age distribution of the participants had also been
controlled for this study to have a similar number of participants in
every age range. This article only has a high risk of bias in the
“selection of participants” section, and was thus regarded as having
high quality. Detailed quality assessment results of this article are
shown in Table 2.

The other six articles [34,48,54e57] studied the association
between SB and RLS/PLMS. Five of these articles [34,48,54,56,57]
have high risks of bias in the “selection of participants” section
because of small sample sizes and the samples’ lack of represen-
tativeness. Two articles [34,55] were regarded as relatively high
quality articles, with only one high risk of bias section. Detailed
quality assessment results of articles that reported the association
between SB and RLS/PLMS are shown in Table 3. Saletu et al. [55]
performed a caseecontrol study with PSG and demonstrated that
the PLM index was higher in SB patients than in controls (P < 0.05).
Moreover, in another PSG study, van der Zaag et al. [34] found that
the combined SB/PLMS events are more likely to be linked with
arousal than without arousal in SB patients (P < 0.001).
3.4. Sleep bruxism and sleep-related gastroesophageal reflux
disease

Six articles [48,58e62] were identified that studied SB and
sleep-related GERD (extracted data in Table 4).

Mengatto et al. [60] reported the occurrence of probable SB
(validated by self-report and clinical inspection) in adult patients
with sleep-related GERD to be 73.7%. The majority of the selected
participants of this study were females (71.7%). The mean age of
these participants was 44 years old. According to the assessment
tool, this article was regarded as having high quality, with only the
“selection of participants” section being scored as high risk of bias.
Detailed quality assessment results of this article are shown in
Table 2.

All six articles [48,58e62] reported the association between SB
and sleep-related GERD. Five articles [48,58,59,61,62] have high
risks of bias for the “selection of participants” section because of
low validity of the selection mechanism and limited number of



Table 3
Quality assessment of the studies investigating the association between sleep bruxism (SB) and other sleep-related disorders using the Risk of Bias Assessment tool for Non-
Randomized Studies (RoBANS).

Disorders References (authors, year) Risk of bias

Selection of
participants

Confounding
variables

Exposure
measurement

Blinding of
outcome
assessment

Incomplete
outcome data

Selective
outcome reporting

OSA Phillips et al., 1986 [40] High high low high low low
OSA Okeson et al., 1991 [45] High low low high low low
OSA Sj€oholm et al., 2000 [46] High low low high low low
OSA Hesselbacher et al., 2014 [48] high high high high low high
OSA Hosoya et al., 2014 [50] high high low high low low
OSA Saito et al., 2014 [49] high high low high low low
OSA Winck et al., 2017 [51] high low high high low low
OSA Saito et al., 2016 [36] high high low high low low
OSA Tsujisaka et al., 2018 [52] high high low high low low
OSA Tan et al., 2019 [41] high low low high low low
OSA Martynowicz et al., 2019 [42] low low low high low high
OSA Smardz et al., 2020 [44] high high low high low high
OSA De Holanda et al., 2020 [43] low low low high low low
RLS/PLMS Ahlberg et al., 2005 [54] high high high low low low
Insomnia, RLS/PLMS Saletu et al., 2010 [55] low low low high low low
RLS/PLMS van der Zaag et al., 2014 [34] high low low low low low
RLS/PLMS Han et al., 2019 [56] high low low high low low
RLS/PLMS Miki et al., 2020 [57] high high low low low low
Sleep-related GERD Miyawaki et al., 2003 [58] high low low high low low
Sleep-related GERD Miyawaki et al., 2004 [59] high high low low low low
Sleep-related GERD Mengatto et al., 2013 [60] low low high low low low
Sleep-related GERD Li et al., 2018 [61] high low low low low low
Sleep-related GERD Li et al., 2018 [62] high low low low low low
Insomnia Ahlberg et al., 2008 [64] high high high low low low
Sleep-related RBD/PD Abe et al., 2013 [66] high high low low low low
Sleep-related PD Verhoeff et al., 2018 [68] high high high low low high
Sleep talking,
Sleepwalking, Nightmare

Hublin et al., 2001 [72] high low high low low low

Abbreviations: GERD¼ gastroesophageal reflux disease; OSA¼ obstructive sleep apnea; PD¼ Parkinson's disease; PLMS¼ periodic limbmovement during sleep; RBD¼ rapid
eye movement sleep behavior disorder; RLS ¼ restless legs syndrome.
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participants. Three articles [60e62] have a relatively higher quality
than the other three articles [48,58,59], with only one section
scored as high risk of bias. Detailed quality assessment results of
articles that reported the association between SB and sleep-related
GERD are shown in Table 3. In the three articles of high quality
[60e62], SB was diagnosed based on self-report and clinical in-
spection, but not on PSG. Mengatto et al. [60] demonstrated that
sleep-related GERD was associated with SB (P ¼ 0.017; OR ¼ 6.58).
In addition, age [60], gender [61], and the duration of GERD epi-
sodes [62] influence the association between SB and sleep-related
GERD.

3.5. Sleep bruxism and insomnia

There are five articles [47,55,63e65] that studied SB and
insomnia (extracted data in Table 5).

Three [47,63,65] out of the five articles reported the prevalence
of SB in adult patients with insomnia. All of these three articles have
high risks of bias in the “selection of participants” section. De
Campos et al. [63] only included postmenopausal females, and the
other two articles [47,65] only reported insomnia-related findings
for a part of their included participants. Among the portion of
participants, on which Maluly et al. [47] based their insomnia
findings, 54% of themwere female, but the age distributionwas not
reported for these participants. Two articles [63,65] did not
describe their criteria for SB diagnosis. Detailed quality assessment
results of articles that reported the prevalence of SB in patients with
insomnia are shown in Table 2. Taking the above-indicated meth-
odological shortcomings into account, the prevalence of PSG-
confirmed SB in patients with insomnia was determined to be
16.5% [47].
37
Two [55,64] of the five articles reported the possible mechanism
and the association between SB and insomnia. The article by Saletu
et al. [55] has a higher quality than the article by Ahlberg et al. [64],
with only one high risk of bias. Detailed quality assessment results
of articles that reported the association between SB and insomnia
are shown in Table 3. Based on PSG outcomes, it suggested that
compared with controls, sleep bruxers showed no significant dif-
ference in sleep initiation but did show significantly deteriorated
sleep maintenance [55].

3.6. Sleep bruxism and REM behavior disorder, and Parkinson's
disease

Three articles [66e68] investigated the association between SB
and PD. One article [66] investigated SB and RBD (extracted data in
Table 5).

The questionnaire-based study by Ylikoski et al. [67] included a
large number of participants (n ¼ 661) and reported an SB preva-
lence of 4.7% in patients with PD. Fifty-three percent of the par-
ticipants in the study by Ylikoski et al. [67] were male. The mean
age of the participants was 68 years old. Abe et al. [66], a PSG and
medical RBD diagnosis study, reported an SB occurrence of 25%
among the 25 included patients with RBD. Seventy-eight percent of
the participants in the study by Abe et al. [66] weremale. The mean
age of those participants was 66 years old. Both of the two studies
had high quality, and the detailed quality assessment results of
these two articles are shown in Table 2.

Two articles [66,68] reported the association between SB and
PD, and one article [66] investigated the association between SB
and RBD. Detailed quality assessment results of articles that re-
ported the association between SB and PD as well as the association



Table 4
Characteristics of studies on restless legs syndrome/periodic leg movement during sleep (RLS/PLMS) and sleep-related gastroesophageal reflux disease (GERD).

References
(authors, year)

Study type Sample Match Age (years) Gender (M, %) Country/Race Diagnostic criteria
for sleep-related
disorders

SB diagnostic
methods

SB scoring/
diagnosis criteria

SB Prevalence/
occurrence (%)

Associations/
mechanisms

Lavigne et al.,
1994 [53]

prospective general population
2019

N/A 18-29: 29%, 30-44:
31%, 45-59: 20%,
>60: 20%

49.0 Canada/
Francophone,
Anglophone
Canadian

RLS: QNR QNR SR (positive) In patients
with RLS: 10.9

NR

Ahlberg et al.,
2005 [54]

prospective regular shift 257;
irregular shift 617

N/A regular shift: M
45.0 ± 10.6, F
42.6 ± 10.7;
irregular shift:
M 47.4 ± 9.7,
F 45.5 ± 10.1

regular shift: 46.7;
irregular shift: 56.6

Finland/NR RLS: SR based on
NIH workshop
report

QNR SR (positive) NR Self-reported
bruxism was
positively
associated with RLS
(OR: 2.0; P ¼ 0.036)

Saletu et al.,
2010 [55]

prospective SB 21; control 21 age,
gender

SB 45.1 ± 12.6;
control 45.0 ± 12.7

SB: 47.6; control:
47.6

Austria/NR PLMS: ASDA Atlas
Task Force

PSG Lavigne et al. [118] NR PLMs were
significantly
elevated in bruxers
as compared with
control.

van der Zaag
et al.,
2014 [34]

prospective SB 17; control 11 age,
gender

SB: 32.1 ± 6.5;
control:34.5 ± 12.8

SB 29.4; control
36.4

Netherlands/NR PLMS: ICSD, revised
[123] criteria

PSG Automatic
analyzing tool; 10%
MVC

NR The combined SB/
PLMS index is
larger than isolated
SB index or isolated
PLM index; the
combined SB/PLMS
with arousal events
are larger than
combined SB/PLMS
without arousal.

Han et al.,
2019 [56]

prospective SB 8; control 9 NR SB: 21.4 ± 1.9;
control:21.8 ± 1.8

SB: 37.5; control:
22.2

China/NR Leg movement:
ICSD-3 [86] criteria

SR; CA;
PSG þ AV

SR (positive); CA
(positive) PSG:
ICSD-3 [86]

NR In SB patients, most
RMMAs and LMs
are associated with
each other. In
normal subjects,
most RMMAs are
associated with
LMs, while most
LMs are isolated.

Miki et al.,
2020 [57]

prospective Subjects 14 N/A 31.5 ± 5.7 71.4 Japan/NR Leg movement:
video þ EMG
(tibialis)

PSG þ AV Automatic
analyzing tool; 10%
MVC

NR Lower leg
movement was
observed more
frequently in
concomitance with
arousal and SB than
in arousal without
SB (P < 0.01).

Miyawaki
et al.,
2003 [58]

prospective SB 10; control 10 age,
gender
height,
weight

SB: 27.0 ± 7.0;
Control: 26.4 ± 4.7

SB: 50; control: 60 Japan/NR GERD: Esophageal
PH-metric and
manometric system

AV þ
polygraph
(EMG:
temporalis)

10% MVC; RMMA
index�4, bursts
index �25, more
than 2 tooth-
grinding sounds
per night.

NR Around 60% of the
RMMAs occurred
during GER
episodes;
frequency of RMMA
is lower after PPI
intake compared
with after placebo
intake
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Miyawaki
et al.,
2004 [59]

prospective volunteers 12 N/A 24.0 ± 2.1 33.3 Japan/NR GERD: Kahrilas
et al. [124]

AV þ
polygraph
(EMG:
temporalis)

10% MVC,
confirmed by AV

NR The frequency of
RMMA was
significantly higher
during periods of
decreased
esophageal pH than
during other times.

Mengatto
et al.,
2013 [60]

prospective GERD 19; Non-
GERD 26

NR 44.6 ± 14.0 GERD:36.9 Non-
GERD: 23.1

Brazil/NR GERD: Montreal
criteria [125]

SR þ CA SR (positive); CA
(positive)

In patients
with GERD:
73.7

GERD was
associated with SB
(P ¼ 0.001).

Hesselbacher
et al.,
2014 [48]

retrospective 300 OSA N/A M 46.8 ± 10.8; F
51.7 ± 9.5

50 USA/Caucasian,
African American,
Hispanic

GERD/RLS: QNR QNR QNR (positive) NR Bruxism was
associated with
nocturnal GERD
(P ¼ 0.008) and
with RLS (P ¼ 0.01).

Li et al.,
2018 [61]

prospective SB 887; control 887 age,
gender

Median (Q1-Q3) SB:
27 (22e37);
control: 28 (22e37)

SB: 39.7 control:
39.7

China/NR GERD: Montreal
criteria [125]

QNR þ CA ICSD-3 [86] NR GERD was
significantly
associated with
bruxism (OR¼ 7.95,
P < 0.001).

Li et al.,
2018 [62]

prospective SB 398; control 398 age,
gender

Median (Q1-Q3) SB:
28 (22e38);
control: 28 (23e39)

SB: 40.5 control:
40.5

China/NR GERD: Montreal
criteria [125]

QNR þ CA ICSD-3 [86] NR GERD was
associated with
bruxism; Patients
with a longer
duration of GERD
symptoms have a
higher OR for
bruxism than those
with a shorter
duration.

Abbreviations: AASM ¼ American Academy of Sleep Medicine; ASDA ¼ American Sleep Disorders Association; AV ¼ audio and video; CA ¼ clinical assessment; F ¼ female; GERD ¼ gastroesophageal reflux disease; ICSD-
3 ¼ International Classification of Sleep Disorders; M ¼ male; MVC ¼ maximum voluntary contraction; N/A ¼ not applicable; NR ¼ not reported; OR ¼ odd ratio; PH ¼ potential of hydrogen; PLMS ¼ periodic limb movement
during sleep; PPI ¼ proton pump inhibitor; PSG ¼ polysomnography; Q1: first quartile; Q3: third quartile; QNR ¼ questionnaire; RLS ¼ restless legs syndrome; SB ¼ sleep bruxism; SR ¼ self-report.
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Table 5
Characteristics of studies on insomnia, REM behavior disorder (RBD), Parkinson's Disease (PD), epilepsy, and other sleep-related disorders.

References
(authors, year)

Study type Sample Match Age (years) Gender (M, %) Country/
Race

Diagnostic criteria for
sleep-related disorders

SB diagnostic
methods

SB scoring/
diagnosis
criteria

SB Prevalence/
occurrence (%)

Associations/
mechanism

Hachul de
Campos et al.,
2006 [63]

prospective 38 females with
insomnia
complaints

N/A 55.0 ± 4.0 0 Brazil/NR Insomnia: SR & PSG QNR NR in patients with
insomnia 2.6

NR

Ahlberg et al.,
2008 [64]

prospective regular shift: 257;
irregular shift: 617

N/A irregular shift:
M 45.0 ± 10.6,
F 42.6 ± 10.7;
regular shift:
M 47.4 ± 9.7,
F 45.5 ± 10.1

irregular shift:
56.6;
regular shift:
46.7

Finland/NR Insomnia: QNR based
on ICSD [123]

QNR NR NR Frequent SB was
associated with DIS
(P ¼ 0.019) and DS
(P ¼ 0.021)

Saletu et al.,
2010 [55]

prospective SB 21;
Controls 21

age,
gender

SB: 45.1 ± 12.6;
control: 45.0 ± 12.7

SB: 47.6;
control: 47.6

Austria/NR Insomnia: ICD-10 [126] PSG Lavigne
et al. [118]

NR Sleep bruxers
showed no
significant
difference in sleep
initiation but
significantly
deteriorated sleep
maintenance.

Maluly et al.,
2013 [47]

prospective 1019 (partially
reported)

N/A 20-29 (22.72%);
30-39 (24.48%);
40-49 (23.04%);
50-59 (15.84%);
60-80 (13.92%)

45.8
(partially
reported)

Brazil/NR Insomnia: QNR PSG AASM
criteria [117]

in patients with
insomnia 16.5

An association
between SB and
insomnia was
detected (c2 ¼ 5.69,
P < 0.01).

Blanken et al.,
2019 [65]

retrospective 126 (partially
reported)

NR NR NR Netherlands/
NR

Insomnia: QNR QNR NR in patients with
insomnia 6.6

NR

Abe et al.,
2013 [66]

prospective iRBD 13; RBD-PD
13; control 9

age iRBD: 65.3 ± 3.1;
RBD-PD: 67.1 ±
2.6; control:
65.1 ± 4.0

iRBD: 76.9;
RBD-PD: 80;
control: 55.6

Canada/NR (1) RBD based on ICSD
[119] (2) PD diagnosed
by specialist

PSG þ AV
(EMG:
chin/masseter)

Two of the
three were
met: RMMA
index�4,
bursts index �25,
more than 2
tooth-grinding
sounds per night

in patients with
RBD 25.0

1) iRBD patients
had significantly
higher RMMA
index during REM
than controls; 2)
iRBD and RBD-PD
patients had higher
RMMA index
during sleep than
controls

Ylikoski et al.,
2014 [67]

prospective PD 661 N/A 68.8 ± 8.5 53.0 Finland/NR PD: diagnosis by
neurologist

QNR NR in patients with PD
4.7

NR

Verhoeff et al.,
2018 [68]

prospective PD or PR 368;
control 340

NR PD or PR: 67 ± 9.3;
Control: 65 ± 9.3

PD or PR: 49;
control: 37.

Netherlands/
NR

PD: NR QNR Lobbezoo
et al. [1]

NR A significant
association
between possible
SB and PD
(P ¼ 0.001).

Khatami et al.,
2006 [69]

prospective Epilepsy 100; non-
epilepsy 90

age epilepsy: 47 (mean);
non-epilepsy:44
(mean)

epilepsy: 63;
non-epilepsy:
46

Switzerland/
NR

Epilepsy: QNR
International League
Against Epilepsy

QNR NR in patients with
epilepsy 10

NR

Bisulli et al.,
2010 [70]

mixed NFLE 33;
Control 31

age,
gender

NFLE: 31.9 ± 12.4;
control: 31.3 ± 11.8

NFLE: 54.5
control: 51.6

Italy/NR Epilepsy: PSG þ video:
� 1 major epileptic
episode or � 2 minor
stereotyped episodes

Interview NR in patients with
NFLE 12

Bruxism occurred
more frequently in
the proband versus
the control group
(OR ¼ 5.4;
P ¼ 0.017)
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between SB and RBD are shown in Table 3. Even though both ar-
ticles suggested an association between SB and PD, and between SB
and RBD, no underlying mechanism has been reported.

3.7. Sleep bruxism and sleep-related epilepsy

There are three articles [37,69,70] that investigated SB and
sleep-related epilepsy (extracted data in Table 5).

All three articles reported the prevalence of SB in adult patients
with sleep-related epilepsy. Detailed quality assessment results of
these articles are shown in Table 2. The study by Khachatryan et al.
[37] enrolled a relatively large number of participants (175 patients
with epilepsy and 130 controls) and was regarded as the best
quality article among the three identified articles [37,69,70]. 23.7%
of the patients with epilepsy reported SB by an interview,
compared with 5.4% of controls. The age and gender of the epilepsy
and control group were matched. The mean ages of the participants
of the two groups were 33 and 35 years old. Fifty-two percent of the
participants of both groups were males. No underlying mechanism
was reported in any of the three studies.

3.8. Sleep bruxism and other sleep-related disorders

One article [71], based on a questionnaire, reported the preva-
lence of possible SB in patients with nightmare. Also, another
questionnaire study [72] suggested a correlation between SB and
sleepwalking, as well as SB and sleep talking. The characteristics of
these two articles are shown in Table 5. Due to the relatively high
risk of bias of these two articles (details in Table 2andTable 3), no
reliable results could be extracted.

4. Discussion

This systematic review was conducted: 1. to determine the
prevalence of SB in patients with other sleep-related disorders; and
2. to determine the associations between SB and other sleep-
related disorders, and to explain the underlying mechanisms for
the associations found. As such, several disorders have been iden-
tified, including OSA, RLS/PLMS, sleep-related GERD, insomnia,
Parkinson's disease, RBD, and sleep-related epilepsy. Below, wewill
discuss these findings in relation to the clinical practice of sleep
physicians as well as that of dental practitioners to promote better
cooperation. Further, we provide recommendations for future
studies [73,74].

4.1. Sleep bruxism and obstructive sleep apnea

Four articles [41,42,48,50] reported that the prevalence of SB in
adult patients with OSA ranges from 26.0% to 53.7%, which is much
higher than that in the general population (12.8%) [3]. Nonetheless,
there is a significant discrepancy in the prevalence among studies.
Since the diagnosis of definite SB should be confirmed by PSG [2], a
prevalence of 26.0% from one questionnaire study [48] was
considered biased. Although the other three PSG studies employed
the American Academy of Sleep Medicine (AASM) manual for SB
scoring, two of them [41,50] set the cutoff value of RMMA index at
four episodes/hour for SB diagnosis while the third one [42] set the
cutoff at two episodes/hour. This might partially explain the lower
prevalence in the first two PSG studies than that in the last one
(33.3%, 47.6% vs. 53.7%). Apart from this, previous studies have re-
ported that the prevalence of SB differs among age groups, genders,
and races [3,48,75]. Thus, the diversity of these confounders among
studies may also contribute to the variation in SB prevalence in
patients with OSA.
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Concerning the mechanism, as OSA is characterized by repeti-
tive apneic or hypopneic events that often result in sleep arousals,
most studies identified in this review investigated the relationship
between SB and apneic hypopneic events, and the relationship
between SB and sleep arousals. A PSG study composed of 14 pa-
tients with OSA [40] reported that the clenching index was posi-
tively correlated with the AHI. However, later PSG studies [36,41]
with larger sample sizes found no association between the RMMA
index and AHI. Besides, some studies [46,49] showed that while
part of SB episodes occurred after apneic hypopneic events, a large
number of SB episodes were unrelated to the termination of apneic
hypopneic events. The abovementioned evidence suggests a weak
association between SB and apneic hypopneic events.

It is also possible that, as suggested by some PSG studies, only a
subtype of RMMA (phasic or tonic) was associated with apneic
hypopneic events [44,50]. Hosoya et al. [50] selected OSA patients
for whom phasic type was dominant to assess such an association,
and concluded that phasic RMMA positively correlated with apnea-
hypopnea index. On the contrary, Smardz et al. [44] selected in-
dividuals from a dental specialty clinic (prosthodontics) with
probable SB and no clear OSA diagnosis who presented a domi-
nance of the tonic type, and concluded that tonic RMMA could be
associated with the formation of respiratory events. Based on these
contrasting findings, we could speculate that the predominant
subtype of RMMA may vary between the OSA population and SB
population, and that different phenotypes of RMMA may have
different causal relationships with respiratory events. Also, as
Smardz et al. [44] enrolled participants with relatively younger age
(18e63 years with a mean of 35 years) than Hosoya et al. [50]
(mean age ¼ 54 years), age might be a factor that affects the
dominant pattern of jaw-muscle activity as well. In addition,
another high quality PSG study suggested that the close association
between SB and OSA is only present in mild to moderate OSA [42].
Taken together, these results suggest that the association between
RMMA and respiratory events may be present only at a subtype or
subgroup level.

Despite the above, another PSG study [76] indicated that the
occurrence of masseter muscle contractions time-linked to apneic
hypopneic events in patients with OSA is related to sleep arousals
that result from apneic hypopneic events rather than to the apneic
hypopneic events per se. Also, one PSG study [52] reported that
after apneic hypopneic events, SB episodes occurred more
frequently when sleep arousals were present than when sleep
arousals were absent. In line with this, three studies [41,45,46] of
higher quality included in this review denoted that SB is positively
associated with sleep arousals in patients with OSA. This finding
agrees with some other studies [32,77,78] that stated that SB is an
oromotor activity secondary to sleep arousals. Taking all the evi-
dence into consideration, we therefore postulate that the associa-
tion between SB and OSA may depend on the presence of sleep
arousals in patients with OSA.

It is noteworthy that a recent study [43] of high quality showed
that PSG-confirmed bruxers had lower AHI and arousal indices than
non-bruxers and that OSA decreased the risk for SB (odds
ratio¼ 0.55, P¼ 0.173). The results suggested an inverse association
between OSA and SB. As explained in that study, partially
obstructed breathing that is not classified as OSA could explain the
higher frequency of SB in patients without OSA [43]. Besides, as
discussed above, the occurrence of SB might be related to arousals.
In the OSA population, most arousals result from respiratory events,
while in bruxers, arousal may be triggered by different stimuli.
Thus, the difference in the composition of samples among studies
may contribute to contrary conclusions concerning the association
between OSA and SB.
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In addition, OSA has been reported to be more prevalent in
males than in females, and in older patients than in the younger
ones [79]. On the other hand, based on currently available evidence,
SB prevalence seems to be equal between genders [47,53], and
decreases with aging [53,75]. Given the fact that age and gender
have different influences on SB and OSA, we can speculate that the
prevalence of SB in patients with OSA, as well as the association
between SB and OSA, may vary among age groups and genders.
However, none of the included studies have investigated the effect
of age and gender on the association between SB and OSA.

Considering the high prevalence of SB in patients with OSA
(33.3%e53.7%), sleep physicians are urged to consider SB as a
common comorbidity of OSA. As SB is suggested to be related to
sleep arousals, we speculate that SB episodes related to respiratory
arousals would decrease significantly by effective OSA treatment.
This has been proved by a previous PSG study [76]. Also, some
studies [80e83] have reported that, to some extent, OSA therapies
(such as oral appliances and continuous positive airway pressure)
can reduce the frequency of SB episodes as well as the signs and
symptoms of SB. Thus, for patients with concomitant OSA and SB,
OSA should be treated first. The sleep physicians should then check
if the negative consequences of SB, as summarized in the intro-
duction, are still severe enough that the patients need collaborative
management by sleep physicians and dental practitioners.

Although SB is more prevalent in OSA individuals, which may
suggest a close association between the two conditions, solid evi-
dence in the mechanism to support this association is still limited.
Current evidence indicated that the close association between SB
and OSA might be related to the presence of arousal. Due to the
limited samples of previous studies, large-scale PSG studies in pa-
tients with OSA are still needed to confirm the role of arousals in
the relationship between SB and OSA, as well as the prevalence rate
of SB in adult patients with OSA. Age and gender should also be
considered in future studies on SB prevalence and the underlying
mechanism of the association between OSA and SB.

4.2. Sleep bruxism and restless legs syndrome/periodic limb
movement during sleep

Even though one article has reported the SB prevalence in pa-
tients with RLS [53], both SB and RLS were diagnosed based on a
questionnaire. What could be concluded from this article is that the
prevalence of SB in adult patients with RLS (17.3%) is relatively
higher than that in the general population (12.8%) [3,53]. In addi-
tion, van der Zaag et al. [34] reported that the combined SB/PLMS
index is significantly higher than the isolated ones in SB patients,
which further indicates the positive association between these
disorders.

In terms of mechanism, both SB and RLS/PLMS were found to be
associated with arousal events [34,55,57]. Although the three
identified studies [34,55,57] employed PSG to assess SB and RLS/
PLMS, they included too small sample sizes, and their methods
leave room for improvement. Van der Zaag et al. [34] andMiki et al.
[57] both used 10% maximum voluntary contraction (MVC) as the
cutoff to score SB episodes. Saletu et al. [55] used 20% MVC as the
cutoff to score SB episodes. The use of MVC to score SB episodes
does not take the real-time fluctuation of the EMG signal, due to, eg,
sweating [84] and body movement [85], into consideration. How-
ever, despite these limitations, the positive correlations between SB
and arousals as well as RLS/PLMS and arousals are the same for all
the identified studies, which strengthens the validity of the re-
ported findings.

According to Lavigne et al. [53], the prevalence of SB decreased,
while the prevalence of RLS increased as the age of the participants
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increased, based on a large population survey in Canada. However,
how the age differences could influence the association between SB
and RLS/PLMS, is still to be investigated in future studies.

The common co-occurrence of SB and RLS/PLMS may suggest
that when screening and treating patients with RLS/PLMS, sleep
physicians should also take the probable SB signs and symptoms
into consideration. Due to the relative scarcity of isolated SB or RLS/
PLMS episodes [34], it could be speculated that successful treat-
ment of RLS/PLMS by the sleep specialist could result in a decrease
of SB as well. On the other hand, if treatment of RLS/PLMS does not
decrease the severity of the symptoms of SB, and SB is causing
obvious negative consequences (summarized in the introduction),
the physician should seek collaboration with dental practitioners.

Future large-scale population studies, using higher validity
methods, are needed to acquire a precise SB prevalence rate in
patients with RLS/PLMS and further elucidate the role of sleep
arousal in the association between SB and RLS/PLMS. Finally, large
sample studies focusing on the effect of the RLS/PLMS treatment on
SB are needed to further examine the finding that RLS/PLMS and SB
episodes are more often combined than isolated in clinical settings.

4.3. Sleep bruxism and sleep-related gastroesophageal reflux
disease

Only one article [60] reported the occurrence of SB in adult
patients with sleep-related GERD (73.7%), which is much higher
than that in the general population (12.8%) [3]. However, SB diag-
nosis was established based on self-report/partner-report and a
clinical examination, without performing PSG. Thus, the specific
prevalence rates based on PSG still need to be determined in future
studies.

Based on the results of the identified articles, it is suggested that
SB and sleep-related GERD are associated. The three articles of
higher quality [60e62] all measured SB using self-reports, because
PSG is not the standard of care for patients with GERD [86]. How-
ever, we still can speculate, based on Miyawaki et al. [58], that SB
episodes, together with swallowing, could be a response towards
acid reflux episodes. Furthermore, it has been reported that
nocturnal gastroesophageal reflux episodes were often associated
with arousals [23,87,88]. At the same time, SB has long been
associated with arousals [28,30e32]. So, it could be summarized
that SB and sleep-related GERD are associated, and that arousal
seems to be the bridging factor between both conditions.

It has been speculated that masticatory muscle activity has a
positive role in stimulating the salivary gland secretion, acceler-
ating esophageal acid clearance [23]. Subsequently, a collaboration
between sleep physicians and dental practitioners is recommended
to manage GERD as well as the possible negative consequences of
SB (summarized in the introduction).

Based on the current identified literature, SB and sleep-related
GERD seem to be associated with each other, yet the specific SB
prevalence in patients with sleep-related GERD needs further
investigation. Moreover, no EEG monitoring was implemented in
sleep-related GERD studies. Consequently, it is impossible to
objectively determine whether the muscle contraction detected by
EMGwas during sleep or wake. Thus, we recommend future studies
to use PSG to measure SB as well as arousal to study the association
between SB and sleep-related GERD. We also recommend the
enrollment of more participants to establish the prevalence of SB in
patients with sleep-related GERD as to achieve higher statistical
power. At the same time, esophageal pH monitoring is recom-
mended to objectively measure individual sleep-related gastro-
esophageal reflux events.
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4.4. Sleep bruxism and insomnia

A newly published PSG study byMaluly et al. [89] found that the
prevalence of SB in adults with insomnia complaints is 17.7%. This is
higher than the SB prevalence in the general population, which is
around 12.8%, as reported by a review study [3]. However, it is
necessary to point out that the gold standard for diagnosing
insomnia requires not only the patients' self-reports about their
insomnia complaints, but also the exclusion by sleep physicians
that other sleep disorders may be causing the sleep/wake difficulty
[86]. Many studies suggested that insomnia is also associated with
OSA [90,91], RLS [92,93], and sleep-related GERD [94,95]. Thus, if
there is no physicians' diagnosis, the reported sleep complaints
may be secondary to OSA, RLS, or sleep-related GERD. Subse-
quently, there could very likely be an overestimation of insomnia
based on questionnaires as compared to insomnia based on
physician diagnosis. In the study by Maluly et al. [89], the diagnosis
of insomnia was based on patients’ self-reports (Diagnostic and
Statistical Manual of Mental Disorders-IV criteria) and interviews.
Thus, the SB prevalence rate of 17.7% in patients with insomnia
reported by Maluly et al. [89] should be taken with caution. Future
studies on the prevalence of SB in patients with insomnia should
take the diagnosis of insomnia from physicians into account.

Regarding the mechanism, Saletu et al. [55] found that PSG-
confirmed sleep bruxers showed no significant difference in sleep
initiation but significantly deteriorated sleep maintenance
compared with controls. Chronic insomnia, the symptoms of which
include deteriorated sleepmaintenance, was found to be associated
with elevated physiological arousal [96]. At the same time, SB has
also been found to be related to arousal [28,30e32]. Thus, we could
speculate that SB is associated with insomnia via arousal. Again, the
analysis in the study by Saletu et al. [55] was not based on a definite
insomnia diagnosis by physicians.

To summarize, within the scope of the identified articles about
SB and insomnia, we could only determine that there is a possible
association between SB and the symptom of difficulty maintaining
sleep. Future studies should investigate SB prevalence in insomniac
patients diagnosed by physicians to avoid the subjective reporting
bias caused by questionnaire usage. Moreover, when sleep physi-
cians treat patients with major complaints related to sleep main-
tenance issues, it could be a good idea to ask further questions
about symptoms related to SB. If the patients report obvious
negative consequences related to SB (summarized in the intro-
duction), the sleep physician should seek collaboration with dental
practitioners to further evaluate the condition of the patients.

4.5. Sleep bruxism and REM behavior disorder, and Parkinson's
disease

RBD is an abnormal condition consisting of REM sleep without
atonia in conjunction with a history of recurrent nocturnal dream
enactment behavior [97,98]. According to a review by Dauvilliers
et al. [99], RBD has been considered as a potential precursor of later
development of neurodegenerative disorders, such as PD. At the
same time, Sixel-Doring et al. [100] reported that among sleep-
disturbed patients with PD, 46% of them were identified with RBD.

One article [66] reported the prevalence of SB in adult patients
with RBD. Abe et al. [66] reported, using PSG to confirm, an SB
occurrence of 25% in patients with RBD, which is significantly
higher than self-reported SB prevalence in the general population
(12.8% [3]). At the same time, it should be noted that the diagnostic
methods of SB in these two studies were different. While the PSG
could offer objective data, Abe et al. [66] only enrolled 28 patients
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with RBD. Manfredini et al. [3] acquired the prevalence rate by
summarizing three large sample studies with a total of more than
2000 participants, albeit using questionnaires. Ylikoski et al. [67]
reported, using only questionnaire, that SB occurrence in patients
with PD was 4.7%, which is significantly lower than that in the
general population (12.8% [3]). Even though the sample size was
large, questionnaire was used to identify SB. When considering the
mental and cognition status of patients with PD [101e103], their
results may not be reliable. A strong point of both studies [66,67],
however, is that their RBD and PD diagnoses were determined by
medical specialists. The big difference in SB prevalence between in
patients with either RBD or PD and in the general population
suggests potential associations between SB and RBD as well as
between SB and PD.

Although Abe et al. [66] mentioned that the RMMA index was
higher in patients with RBD than in the healthy control group, no
specific mechanism has been reported yet since associations do not
provide direct support for SB causality. Thus, no specific mecha-
nism has been found in these papers.

Since one of the main pathological findings in PD is the loss of
dopaminergic neurons [104], studies that reported the association
between SB and dopamine/dopaminergic neurons could shed some
light on the association between SB and PD. Lobbezoo et al. [11]
reported that the side imbalance of striatal dopaminergic receptors
could be associated with SB. Lobbezoo et al. [105] also reported that
short-term usage of levodopa, a dopamine precursor which is the
most effectivemedication for the treatment of themotor symptoms
of PD [106], has an attenuating effect on SB. However, a randomized
crossover study by Cahlin et al. [107] found that short-term use of
pramipexole, a dopamine agonist, does not affect SB. Also, a double-
blind, crossover, placebo-controlled trial showed that short-term
use of bromocriptine, a dopamine D2 receptor agonist, has no ef-
fect on the severity of SB [108]. However, long-term usage of
levodopa could be a disruptor of the striatal dopaminergic balance,
thus possibly be an SB-inducing factor. More studies are needed to
further elucidate the possible roles of neurotransmitters and
medications in the association between SB and PD [109].

One intriguing phenomenon suggested by Abe et al. [66] is that
in patients with RBD, the RMMA burst index during REM sleep is
significantly higher than in controls, while it is widely recognized
that most RMMA episodes occur in sleep stages N1 and N2 in
otherwise healthy individuals [110,111]. So, elevated RMMA activity
during REM could serve as a red flag for sleep specialists for a
possible presence of RBD. Sleep physicians have to keep in mind
that idiopathic RBD, a clinical manifestation in the absence of PD of
multiple system atrophy, is a condition with a high risk of neuro-
degenerative disease conversion at 12 years post diagnosis [99].

To summarize, studies on the association between SB and RBD,
and on the association between SB and PD are limited. SB occur-
rence in patients with RBD may be higher than that in the general
population, while SB prevalence in patients with PD may be lower
than that in the general population. Further, increased RMMA ac-
tivity during REM could be an important sign for sleep specialists to
further screen their patients for RBD. Future studies should enroll
more patients, utilize PSG to evaluate SB, and diagnose RBD and PD
by medical specialists to offer objective information on the preva-
lence of SB in patients with either RBD or PD, and on the mecha-
nism of the association between SB and RBD as well as the
association between SB and PD.

4.6. Sleep bruxism and sleep-related epilepsy

Khachatryan et al. [37] suggested that the SB prevalence in adult
patients with epilepsy was 23.7%, which was significantly higher
than that in healthy controls (5.4%). Despite the relatively large
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number of participants (175 patients with epilepsy and 130 healthy
controls), SB was diagnosed based on self-report, which could
potentially overestimate the prevalence of SB [47]. However, since
questionnaires were used for both groups, the use of this tool does
not affect the positive correlation between SB and epilepsy. Giu-
liano et al. [112] published an article after the search date of this
review, suggesting that SB is significantly more frequent in the
epilepsy group than healthy controls using PSG with audio and
video recordings in a relatively large sample (100 patients with
epilepsy and 62 healthy controls). The significantly higher preva-
lence of SB in patients with epilepsy calls for more SB-related
screening of patients suspected of epilepsy. Besides, it has been
speculated in a case report [33] that epileptic discharge could
present a direct inductive effect on SB. So, there is a possibility that
the treatment of epilepsy could improve the SB condition for pa-
tients with epilepsy.

There is no mention of the mechanism that could explain the
association between SB and sleep-related epilepsy. However, a
detailed review on epilepsy and motor events during sleep [113]
found that major episodes of epilepsy, especially nocturnal frontal
lobe epilepsy between 10 and 60 s, were preceded by a prolonged
cyclic alternating pattern sequence which reflects a condition of
sustained arousal instability. As previously mentioned, arousal was
found to be associated with SB. Consequently, it could be specu-
lated that the association between SB and sleep-related epilepsy is
mediated by arousal.

To summarize, SB is positively associated with epilepsy. How-
ever, the precise SB prevalence in patients with epilepsy is yet to be
determined in a larger population using a method of high validity.
Based on the evidence available, the association between SB and
epilepsy could be explained by the common association with
arousals. Sleep physicians, when treating patients with epilepsy,
should be more aware of the possible negative consequences
caused by SB and seek collaboration with dental practitioners in
their treatment planning.

4.7. Sleep bruxism and other sleep-related disorders

The identified two articles on SB and other sleep-related disor-
ders were questionnaire studies regarding SB and nightmare [71],
as well as SB and sleep talking and sleepwalking [72]. More studies
are needed to further understand the relationship between SB and
nightmare, sleepwalking, and sleep talking. At the same time, sleep
specialists need to be aware of these possible associations and seek
collaborations with dentists when needed.

4.8. Strengths and limitations

One of this review's strengths is that our article search was
performed in four different databases. Two reviewers indepen-
dently did the title and abstract screening and full-text reading to
minimize the potential personal bias. On the other hand, despite
the effort to select articles of higher quality, those selected articles
still have one or two section(s) of high risks of bias, including a
limited number of participants and relatively low validity of the
diagnostic tools. Thus, the conclusions that were reached based on
these studies should be considered with caution.

Different methods were used to assess SB as well as the other
identified disorders. Some studies used questionnaires or in-
terviews, and some other studies used clinical inspection. Even
among those articles that used PSG to assess SB, different scoring
methods were used to score sleep as well as SB. Some articles used
the RMMA index of 4 as the cutoff between SB positive and nega-
tive, while others used the RMMA index of 2. All the articles related
to PD or RBD had their participants’ diagnoses by physicians, while
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none of the insomnia related articles involved the diagnosis by
physicians. These differences in the assessment of all sleep-related
disorders could potentially lead to different prevalence rates and
associations. As each method has its own merits and demerits,
standardized approaches for assessing SB and other sleep disorders
with a global valuation of biopsychosocial and clinical data of a
given individual are essential [114,115]. Future studies based on
standardized and validated approaches to assess sleep-related
disorders would provide more reliable evidence on the preva-
lence rates and associations between SB and other sleep-related
disorders.

Despite these shortcomings, the review has identified and
summarized all the sleep-related disorders in association with SB
that are currently reported in the literature. Further, recommen-
dations are made to medical specialists to raise awareness of SB as a
potential indicator for these associated sleep-related disorders and
to advocate the closer collaboration between medical specialists
and dental practitioners.

Even though there are a lot of studies supporting the association
between SB and sleep arousal, few studies, if any, could prove the
causal relationship. Carra et al. [32], using a cyclic alternating
pattern, which is another marker of sleep instability [116] and part
of the sleep microstructure, reported that cyclic alternating pattern
phase A3 is a permissivewindow rather than a generator of RMMA/
SB activity. Thus, SB generation could be influenced by other factors
yet to be identified.

5. Conclusion

The systematic review identified sleep-related disorders that
are possibly associated with SB, including OSA, RLS/PLMS, sleep-
related GERD, insomnia, PD, RBD, and sleep-related epilepsy.
Within the main limitation of this review (ie, large methodological
differences between the included studies in the assessment of SB
and of other sleep disorders), the prevalence of SB in patients with
OSA, RLS/PLMS, sleep-related GERD, RBD, and sleep-related epi-
lepsy is higher than that in the general population, which sheds
more light on the importance of routine SB screening in patients
with aforementioned sleep-related disorders. Even though the
specific mechanisms behind the associations between SB and other
sleep-related disorders have not been identified yet, considering all
the available evidence, sleep arousals could be a common factor
with which all the identified disorders are associated, except RBD
and PD.
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