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Summary

Sleep bruxism (SB) is a repetitive jaw-muscle activity characterised by clenching or
grinding of the teeth and/or by bracing or thrusting of the mandible. Sleep bruxism
has been linked with insomnia symptoms. Moreover, it has been suggested that there
is a positive association between distress and the occurrence of sleep bruxism. How-
ever, the occurrence of sleep bruxism and its association with distress have not been
studied in patients with insomnia. Therefore, we hypothesised that: (1) the occur-
rence of sleep bruxism is higher in patients with insomnia than in healthy controls;
and (2) the occurrence of sleep bruxism in insomnia patients with moderate to high
distress (IMHD) is higher than that in insomnia patients with slight distress (ISD). A
total of 44 controls (34 females, 10 males, mean + SD age = 46.8 + 14.4 years) and
42 participants with insomnia (35 females, 7 males, mean +SD age = 51.3
+ 12.1 years) were enrolled in this study. Among 42 participants with insomnia,
20 participants were subtyped as IMHD, 17 participants as ISD. Another five partici-

pants were not subtyped due to insufficient information. Group differences in
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1 | INTRODUCTION

Sleep bruxism (SB) is a repetitive jaw-muscle activity characterised by
clenching or grinding of the teeth and/or by bracing or thrusting of
the mandible during sleep (Lobbezoo et al., 2013). In the case of a his-
tory or laboratory-based confirmation of these symptoms, a diagnosis
of mild sleep bruxism may be present when at least 2 up to 4 episodes
of rhythmic masticatory muscle activity (RMMA) per hour of sleep are
present, while severe bruxism requires at least four episodes per hour
(Carra et al., 2012, 2015). The aetiology of SB is multifactorial, includ-
ing biological factors, psychosocial factors, and lifestyle factors. The
potential negative consequences of sleep bruxism described in the lit-
erature are, amongst others, headache upon awakening, temporoman-
dibular pain complaints, severe mechanical tooth wear, and tooth/
dental restoration/implant fractures/failures (Manfredini et al., 2014;
Manfredini & Lobbezoo, 2010). The prevalence of sleep bruxism is
around 12.8% in a general population and decreases with age
(Manfredini et al., 2013). There are many sleep-related disorders that
have been suggested to be associated with SB, such as obstructive
sleep apnea, periodic limb movement disorders, and insomnia (Kuang
etal, 2022).

Insomnia is one of the most common sleep disorders, with a
prevalence of approximately 10% (Morin et al., 2015). Insomnia is
found to be associated with female gender, and older age (Aernout
et al., 2021). There are several studies suggesting that insomnia by
self-report is associated with sleep bruxism (Maluly et al., 2013;
Saletu et al., 2010). In addition, a study by Khoury et al. (Khoury
et al., 2016) suggested that it is more likely that patients with sleep
bruxism report difficulty maintaining sleep than patients without
sleep bruxism, which is one of the symptoms of insomnia. Further-
more, a recent large-scale polysomnographic study by Maluly et al.
(Maluly et al., 2020) found that participants with sleep bruxism are
more likely to report insomnia symptoms than those without sleep
bruxism. Even though the specific aetiology of sleep bruxism is still
unknown, many studies found it to be related to the occurrence of
arousal (Kato et al., 2001; Lavigne et al., 2007). Likewise, all
models of insomnia (i.e., physiologic, behavioural, cognitive, and

neurocognitive) assume some degree of hyperarousal as a risk

rhythmic masticatory muscle activity (RMMA), a biomarker of sleep bruxism, were
evaluated with Mann-Whitney U tests. The medians and interquartile ranges of the
RMMA indices were 0.8/1.8|3.3 in controls, 1.1{1.6/2.3 in IMHD and 1.2|1.9|2.9 in
ISD. There was no significant difference in the RMMA index, neither between partici-
pants with insomnia and controls (P = 0.514) nor between IMHD versus ISD
(P = 0.270). The occurrence of RMMA indicators of possible sleep bruxism is not sig-

nificantly different between individuals with insomnia and controls, nor between

distress, insomnia, RMMA, sleep arousal, sleep bruxism

factor for the onset of insomnia (Bonnet & Arand, 2010; Lichstein
etal., 2017).

Blanken et al. (Blanken et al., 2019) suggested that insomnia
could be divided into five subtypes with high consistency over
4.8 years using latent class analysis, including highly distressed,
moderately distressed but reward sensitive, moderately distressed
and reward insensitive, slightly distressed with high reactivity, and
slightly distressed with low reactivity. More specifically, they have
demonstrated that insomnia patients with moderate to high distress
showed higher pre-sleep arousal than controls, while insomnia par-
ticipants with slight distress showed no difference. Regarding sleep
bruxism, many studies (van Selms et al., 2020; Winocur et al., 2011)
suggested that based on self-report, sleep bruxism is positively asso-
ciated with emotional stress. Furthermore, the positive association
between sleep bruxism and stress is supported by the findings that
the levels of indicators of stress, namely, salivary cortisol, and cate-
cholamines (Kaidonis et al., 2021; Vedhara et al., 2003), were ele-
vated in patients with sleep bruxism (Fluerasu et al, 2021;
Seraidarian et al., 2009).

Even though SB has been found to be positively associated
with insomnia in the general population using questionnaires, SB
has not been assessed objectively in a large population with insom-
nia. From a clinical point of view, a higher occurrence of SB in
insomnia population than in controls suggests that an increase of
awareness of physicians on this outcome is needed, and that they
may refer their patients with insomnia to their dentist when nega-
tive consequences of sleep bruxism are present. We hypothesised
for this study that (1) the occurrence of RMMA indicators of possi-
ble sleep bruxism is higher in individuals with insomnia than in
controls; (2) the occurrence of RMMA indicators of possible sleep
bruxism in insomnia individuals with moderate to high distress is
higher than that in insomnia individuals with slight distress. Our
aims were to (1) to determine the difference in occurrences of
RMMA indicators of possible sleep bruxism between participants
with insomnia and controls; (2) to determine the difference in
occurrences of RMMA indicators of possible sleep bruxism
between insomnia participants with moderate to high distress and

insomnia participants with slight distress.
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2 | MATERIALS AND METHODS

This study is a secondary analysis of the data collected in the prospec-
tive study by Christensen et al. (Christensen et al., 2019) and Wei
et al. (Wei et al, 2017), which aimed to reveal group differences
regarding sleep electroencephalography (EEG) between participants

with insomnia and controls.

2.1 | Participants

Participants were enrolled by advertisement and via the
Netherlands Sleep Registry website (NSR (Benjamins et al., 2017)).
Participants were then screened by a telephone survey and invited
to attend a face-to-face structured interview with a certified sleep
specialist. Screening also included the Insomnia Severity Index (ISI)
(Bastien et al., 2001). The ISI comprises seven items assessing the
severity of sleep onset and sleep maintenance difficulties (both
nocturnal and early morning awakenings), satisfaction with current
sleep pattern, interference with daily functioning, noticeability of
impairment attributed to the sleep problem, and the degree of dis-
tress or concern caused by the sleep problem. Each item is rated
on a 0-4 scale and the total score ranges from O to 28. A higher
score suggests more severe insomnia (Bastien et al., 2001). There
were 44 controls (34 females, 10 males, mean + SD age = 46.8
+ 14.4 years) and 42 participants with insomnia (35 females,
7 males, 51.3 + 12.1 [mean * SD] years) enrolled in this study. The
diagnostic criteria for insomnia disorder, in accordance with the
Diagnostic and Statistical Manual of Mental Disorders, fifth edition
(DSM-5) (American Psychiatric Association, 2013) and the Interna-
tional Classification of Sleep Disorders third edition (ICSD-3)
(American Academy of Sleep Medicine, 2014), were used to select
the insomnia group. Among the enrolled participants with insom-
nia, using the information gathered by questionnaires (see below,
paragraph “Subtyping of the participants with insomnia”), 20 par-
ticipants were subtyped as having moderate to high distress
(18 females, 2 males, 47.3 + 14.3 years) and 17 participants were
subtyped as having slight distress (15 females, 2 males, 56.9
+ 7.8 years), and five participants had insufficient information to
be subtyped.

The control group consisted of age- and gender-matched vol-
unteers reporting no sleep complaints during telephone survey and
the face-to-face interview and were further confirmed by an ISl
score <8. The exclusion criteria were: (1) diagnosed sleep apnea,
restless legs syndrome, narcolepsy, or other somatic, neurological,
or psychiatric disorders; (2) use of sleep medications within the
past 2 months up to and including the recording days; (3) overt
shifted or irregular sleep-wake rhythms, assessed using 1 week of
actigraphy (Actiwatch AW4, Cambridge Neurotechnology Ltd,
Cambridge, UK or GENEActiv Sleep, Activinsights Ltd, Kimbolton,
UK) supplemented by sleep diaries. The Medical Ethical Committee
of the Academic Medical Center of Amsterdam and the Central

Committee on Research Involving Human Subjects approved this

eep
Research

study (#09.17.1396). All participants signed the written informed

consent.

2.2 | Subtyping of participants with insomnia

The participants with insomnia were subtyped following the recently
identified subtypes (Blanken et al., 2019). These subtypes were identi-
fied using latent class analysis including 19 different questionnaires
spanning different non-sleep characteristics, such as life history, per-
sonality, mood, happiness, that have all been shown to be of relevance
for insomnia (Benjamins et al., 2017).

The score of each questionnaire was used to represent one char-
acteristic. Subsequently, the patterns of the characteristics were used
to determine the subtype of the participants with insomnia. There are
five subtypes of insomnia including highly distressed, moderately dis-
tressed but reward sensitive, moderately distressed and reward insen-
sitive, slightly distressed with high reactivity, and slightly distressed
with low reactivity. All the participants who were diagnosed with
insomnia were assigned one subtype. For the complete subtyping pro-
cedures and validation, please refer to Blanken et al. (Blanken
etal., 2019)

2.3 | Procedure and polysomnographic recording
Participants underwent two nights PSG in Netherlands Institute
of Neuroscience (NIN). The first night was only intended for
habituation. The second night was used for further analysis. For
both nights, the PSG included signals of electrooculogram (EOG),
electroencephalogram (EEG), electrocardiogram (ECG), electro-
myogram (EMG) channels on the bilateral masseter, bilateral tem-
poralis, and mentalis using a 256-electrode Hydrocel Geodesic
Sensor net connected to a Net Amps 300 amplifier (Electrical
Geodesics Inc., Eugene, OR, USA). The signals were further pro-
cessed using MEEGPIPE toolbox (GitHub-Meegpipe, 2014) and
EEGLAB (Delorme & Makeig, 2004) in Matlab R2014a (The Math-
Works Inc., Natick, MA, USA). Regarding the detailed data proces-
sing procedures please refer to the previously published article
(Christensen et al., 2019).

2.4 | Analysis of polysomnographic recordings

The analysis of all the PSG recordings consisted of two parts, namely
a sleep analysis and a bruxism analysis. The scoring of the sleep stages
has been performed by trained scorers (JR, RW) according to the
American Academy of Sleep Medicine (AASM) Manual for the Scoring
of Sleep and Associated Events (Berry et al., 2020).

The analysis of bruxism and arousal related events, was per-
formed by a trained scorer (BK) based on well-accepted criteria pub-
lished by Carra et al. (Carra et al., 2015) and AASM manual for the
Scoring of Sleep and Associated Events (Berry et al., 2020) at the
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TABLE 1  Demographics, sleep, and EMG variables of participants with insomnia and controls
Outcome variables Insomnia participants (n = 42) Controls (n = 44) Test statistic® p
Demographics
Age 45.0|54.4/60.3 35.5/46.2|60.7 Z=-1443 0.149
Gender 35F, 7M 34F, 10 M 7> =-0.498 0.481
Sleep profiles
TST (h) 6.2(6.8/7.6 7.0(7.4/7.8 Z=-2536 0.011*
N1 (%) 40[8.3/12.2 3.0[4.96.5 Z=-3.266 0.001*
N2 (%) 444 +13.2 43.8 +10.6 T =0.240 0.811
N3 (%) 22.1+120 257 +98 T=-1519 0.133
REM (%) 242+ 128 254+ 6.8 T=-0573 0.569
SE (%) 81.8/90.0(95.0 89.0/93.0(95.8 Z=—1.983 0.047*
SL (min) 6.0]15.3|23.6 8.1/15.5/31.5 Z=-0.860 0.390
WASO (min) 15.0[26.567.4 7.3|16.5/29.1 Z=-2951 0.003*
Interruption index® 4.9(59(7.4 3.8/5.1/6.1 Z=-2.566 0.010*
Al (events/h) 3.7|4.5|5.9 3.1/4.0|5.3 Z=-1582 0.114
EMG parameters
RMMA index 1.1[1.52.4 0.8(1.83.3 Z=-0.653 0.514
OA index 2.6/3.65.1 1.7|12.8/4.3 Z=-1586 0.113
OMA index 1.1]1.5]2.4 1.2|12.0]2.8 Z=-0.597 0.551

Note: Mean value and standard deviations are provided for normally distributed variables, percentiles (25%|median|75%) are provided for not normally

distributed variables.

T = Test statistic of independent sample t-test, Z = test statistic of Mann-Whitney U test, y2 = chi— square test.

number of sleep arousals+number of bouts of wakefulness

PInterruption index was calculated as total steep fime I hours

*A p < 0.05 is considered statistically significant.Abbreviation: Al, arousal index; OA, orofacial activity; OMA, other muscle activity; RMMA, rhythmic
masticatory muscle activity; SE, sleep efficiency; SL, sleep latency; TST, total sleep time; WASO: wake after sleep onset.

Academic Centre for Dentistry Amsterdam (ACTA), using the software
RemLogic (Natus®, Middleton, WI, USA).

2.5 | Outcome variables

The primary outcome variable for both aims was the RMMA index cal-
culated as RMMA episodes per hour of sleep. An RMMA episode can
consist of different types of RMMA bursts, i.e., phasic, tonic, and
mixed RMMA. To qualify as an RMMA burst, the mean EMG ampli-
tude must increase to two times the baseline EMG amplitude on at
least three out of four EMG channels, monitoring bilateral masseter
and bilateral temporalis. A phasic RMMA burst lasts 0.25-2 s. A tonic
RMMA burst has a duration of at least 2 s. A phasic RMMA episode
has at least three phasic bursts. A tonic RMMA episode has at least
one tonic burst. A mixed RMMA episode has at least one phasic and
one tonic burst. A time interval of at least 3 s of baseline EMG must
occur between different RMMA episodes.

The secondary outcome variables included standard sleep
descriptives, including total sleep time (TST) in hours, percentages of
stage N1, N2, N3, and REM, sleep efficiency (SE), wake after sleep
onset (WASO) in minutes, and interruption index. The interruption
index was adapted from Wassing et al. (Wassing et al., 2019), which
was calculated by the sum of the number of sleep arousals and the

number of bouts of wakefulness and divided by the total sleep time in
hours. If a masticatory muscle activity episode does not meet the cri-
teria for RMMA, it was named as orofacial activity (OA), which typi-
cally represents coughing, yawning, chewing, swallowing and the
movement of the lips and tongue during sleep. Other muscular activ-
ity (OMA) was defined as major body movement, involving the masti-
catory, facial, and neck muscles (Carra et al., 2015).The secondary
outcome variables also include masticatory muscle activity related
variables, namely OA index, and OMA index (number of episodes per

hour of sleep).

2.6 | Statistical analysis
The normality of the data was tested using Shapiro-Wilk tests and
histograms were also drawn to offer visual distribution of the data.
Group differences in the proportion of females and males were
tested by X? tests, and age differences by Mann-Whitney U tests.
Group differences in sleep and masticatory muscle activity related
variables were evaluated using independent sample t-tests for nor-
mally distributed data, or Mann-Whitney U tests for non-normally
distributed data. All the above-mentioned tests were performed using
SPSS 26 (IBM, Chicago, IL, USA) and differences were considered sig-
nificant when the p value was <0.05.
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TABLE 2 Demographics, sleep, and EMG variables of insomnia participants with slight distress and insomnia participants with moderate to

high distress

Insomnia participants
Outcome variables with slight distress (n = 17)
Demographics
Age 50.7|56.7|62.1
Gender 15F, 2M

Sleep profiles

TST (h) 6.9+0.38

N1 (%) 72+42

N2 (%) 35.4/46.4/61.1
N3 (%) 18.9 + 135
REM (%) 25.6 +13.9
SE (%) 79.5/85.0/94.0
SL (min) 6.8]15.0[17.8
WASO (min) 17.0|149.5|87.5
Interruption index® 5.2|5.916.8

Al (events/h) 4.214.4/5.9
EMG parameters

RMMA index 1.3]1.9|12.9
OA index 2.7|13.6/6.0
OMA index 1.0/1.4]2.1

Insomnia participants with

moderate to high

distress (n = 20) Test statistic® p

31.6/50.8/59.4 Z=-1.859 0.063
18F, 2M ¥2=0.030 0.863
6.6+1.0 T=0.925 0.361
105+ 6.8 T=-1.730 0.092
35.2|39.5|53.2 Z=1.128 0.270
25.6 +10.3 T=-1.699 0.098
21.2+11.3 T=-1.069 0.292
81.8/90.0/94.8 Z=-0.580 0.562
5.3|16.8|31.6 Z=-0.884 0.377
14.6|26.5|63.3 Z=-0914 0.373
4.4(6.2(7.8 Z=-0.061 0.951
3.114.5/5.8 Z=-0.565 0.572
1.1]1.6]2.3 Z=-1114 0.265
2.1/3.3|5.0 Z=0.368 0.373
1.1/1.8/2.8 Z=0.321 0.326

Note: Mean value and standard deviations are provided for normally distributed variables; percentiles (25%|median|75%) are provided for not normally

distributed variables.

T = test statistic of independent sample t-test, Z = test statistic of Mann-Whitney U test, 2 = chi — square test.

number of sleep arousals+number of bouts of wakefulness

BInterruption index was calculated as

total sleep time in hours.

Abbreviation: Al, arousal index; OA, orofacial activity; OMA, other muscle activity; RMMA, rhythmic masticatory muscle activity; SE, sleep efficiency; TST,

total sleep time; WASO, wake after sleep onset.

3 | RESULTS
3.1 | Demographics

There was no significant difference in age and gender, neither
between insomnia participants and controls (p = 0.149 and p = 0.481,
respectively), nor between insomnia participants with moderate to
high distress and insomnia participants with slight distress (p = 0.063
and p = 0.863, respectively), see Tables 1 and 2.

3.2 | Primary outcome variable

Tables 1 and 2 show the medians, 25% and 75% percentiles for
RMMA indices for controls, for all participants with insomnia, for par-
ticipants with insomnia of a moderate to high distress subtype, and
for participants with insomnia of slight distress subtype. There was no
significant difference in RMMA index, neither between insomnia par-
ticipants and controls (p = 0.514), nor between insomnia subtypes
(p = 0.265). The range of RMMA observed suggested mostly an
absence or at worst only mild sleep bruxism in the population studied.

When using a RMMA index higher than 2 events per hour as the

cutoff (Carra et al., 2012), 20 out of 44 (45.5%) participants in the
control group had signs that could indicate a diagnosis of mild SB,
while 14 of 42 (33.3%) participants with insomnia had these signs.
Further, 7 of 17 (45.5%) insomnia participants with slight distress had
these signs, compared with 7 of 20 (35%) insomnia participants with
moderate to high distress.

3.3 | Secondary outcome variables

The sleep profiles comparing insomnia and controls are shown in
Table 1. The TST and SE were significantly lower in individuals
with insomnia than in controls (p = 0.011 and p = 0.047, respec-
tively), while the percentage of stage N1, WASO, and interruption
index were significantly higher in individuals with insomnia than
in controls (p = 0.001, p = 0.003 and p = 0.010, respectively).
There was no group difference in the arousal index between both
groups (p = 0.114, Table 1). Table 1 shows no group differences
in the OA index, nor in the OMA index (p = 0.113 and 0.551,
respectively).

The sleep profiles comparing insomnia subtypes are shown in

Table 2. None of the sleep-related variables differed significantly
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(0.062 < p < 0.951). Table 2 shows no subtype differences in the OA
index, nor in the OMA index (p = 0.373 and 0.326, respectively).

4 | DISCUSSION

Our study is the first to compare the occurrences of RMMA indicators
of possible sleep bruxism objectively between participants with
insomnia and controls. Against our hypotheses, occurrences of RMMA
indicators of possible SB did not differ significantly between partici-
pants with insomnia and controls, nor between insomnia subtypes

characterised by either moderate to high distress or slight distress.

4.1 | Primary outcome variable

The results of this study are in line with the findings of Blanken et al.
(Blanken et al., 2019) who reported no significant difference regarding
sleep bruxism prevalence between controls and patients with insom-
nia in a large sample study carried out using questionnaires and inter-
views. Maluly et al. (Maluly et al., 2013) previously suggested that SB
was significantly associated with self-reported insomnia. One possible
reason why our result was different from the results of previous ques-
tionnaire studies (Ahlberg et al., 2008; Maluly et al., 2013) could be
related to the definition of insomnia. In previous studies (Ahlberg
et al., 2008; Maluly et al., 2013), insomnia was assessed with ques-
tionnaires. In our study, the diagnosis of insomnia included interviews
by a certified sleep specialist following the criteria set in DSM-5 and
ICSD-3. In both guidelines, the insomnia diagnosis must fulfil the
requirement that “the sleep/wake difficulty is not better explained by
another sleep disorder”. Consequently, it is possible that for previous
questionnaire studies (Ahlberg et al., 2008; Maluly et al., 2013), the
sleep/wake difficulties that participants self-reported were related to
other SB-related disorders, namely obstructive sleep apnea (OSA) or
restless legs syndrome (RLS), which have both been found to be
related to insomnia (Hosoya et al., 2014; Saletu et al., 2010).

Our study showed that there is no significant difference in the
occurrence of RMMA indicators of possible sleep bruxism between
subtypes of insomnia with moderate to high distress and subtypes
with slight distress. Our result is in accordance with Blanken et al.
(Blanken et al., 2019) suggesting that there is no significant difference
of sleep bruxism prevalence among insomnia subtypes with different
distress levels. Given that many studies showed that sleep bruxism is
associated with emotional stress (van Selms et al., 2020; Winocur
et al,, 2011), there could be several possible reasons for the different
results between these studies and ours. According to the American
Psychology Association Dictionary of Psychology (VandenBos, 2015),
stress is defined as the physiological or psychological response to
internal or external stressors, while distress is defined as the negative
stress response, often involving negative affect and physiological
reactivity. Thus, the concept of stress is broader than that of distress.
While sleep bruxism is shown to be associated with stress (van Selms

et al., 2020; Winocur et al., 2011), the association between sleep

bruxism and distress has been reported to be relatively weak (Bayar
et al, 2012; Huhtela et al., 2021). Although distress and stress are
closely related, there is no clear distinction between distress and
stress in any of the above studies. Therefore, future studies should
further investigate the sleep bruxism occurrence using polysomnogra-
phy among participants with different distress levels in the insomnia
population.

4.2 | Secondary outcome variables

In line with the finding that interrupting wakefulness during sleep is
an important characteristic of insomnia (Wei et al., 2017), it was found
that participants with insomnia have significantly higher interruption
index than controls. However, the arousal index was not significantly
different between participants with insomnia and controls in our
study. Wassing et al. (Wassing et al., 2019) also found that partici-
pants with insomnia have only significantly higher arousal index dur-
ing REM than normal sleepers. RMMA episodes occur more
frequently during NREM sleep stages N1 and N2 (Carra et al., 2012),
which are often associated with arousals (Hosoya et al, 2014;
Sjéholm et al., 2000), while muscle atonia is a typical feature of REM
sleep (Svensson et al., 2017). Thus, it is unlikely that the arousal differ-
ence during REM could result in a difference of RMMA index between
individuals with insomnia and controls. Possibly, separating arousals
and transitions to wakefulness is sub-optimal in characterising the
sleep instability in insomnia. Sleep bruxism can only be scored during
sleep, not during the interrupting epochs of wakefulness, which could
be another reason why no significant difference in RMMA index was

found between participants with insomnia and controls.

4.3 | Strengths and limitations
Our study is a secondary analysis of the data collected by previous
studies. Therefore, the selection of participants may be biased. Even
though insomnia has been shown to be more prevalent in females
(Aernout et al., 2021), around 80% of our participants in both insom-
nia group and control group were females, while a recent large scale
multi-center study showed that the prevalence rate of insomnia is
9.9% among males and 12.5% among females in the general popula-
tion (Aernout et al., 2021). Moreover, Manfredini et al. (Manfredini
et al., 2013) suggested that the prevalence of sleep bruxism decreases
with aging. However, there were no significant differences in gender
and age, neither between insomnia participants and controls, nor
between insomnia participants with moderate to high distress and
insomnia participants with slight distress. Thus, the influence of gen-
der and age on the comparisons between different groups may be
negligible.

The medians for the RMMA indices of the two groups (insomnia
participants and controls) and the two subgroups within insomnia par-
ticipants (insomnia participants with moderate to high distress and

insomnia participants with slight distress), were around 1.5 events per
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hour. When taking into consideration that a RMMA index at least two
events per hour may indicate bruxism (Carra et al., 2015), the RMMA
indices of both groups and subgroups were relatively low. Moreover,
the RMMA index reported here is likely to be overestimated because
of the lack of concurrent audio-video data (Carra et al., 2012, 2015).
The generally low frequency of RMMA index of this particular popula-
tion could potentially make the influence of insomnia and distress on
RMMA index difficult to manifest.

Despite the relatively low RMMA indices for both the insomnia
group and controls, when using RMMA index at least two events per
hour as the cut-off in research settings, more than a third of the par-
ticipants of both groups could be diagnosed with sleep bruxism. Even
though the RMMA index cut-off of at least two events per hour for
diagnosing sleep bruxism has been well-established (Carra
et al., 2012), the RMMA index cut-off has no links to the clinical phe-
nomenon of sleep bruxism and its consequences (Manfredini
et al., 2019), including masseter hypertrophy, indentations on the ton-
gue or lips, or mechanical dental wear, etc. (Lobbezoo et al., 2018).
Future studies should work with continuous measurements of sleep
bruxism rather than with cut-off values (Manfredini et al., 2019).

Raphael et al. (Raphael et al., 2015) reported that the concor-
dance rate between sleep bruxism diagnosed by self-report and sleep
bruxism diagnosed by polysomnography is generally low, with large
variability in different circumstances. Lobbezoo et al. (Lobbezoo
et al., 2018) speculated that a self-reported sleep bruxism diagnosis
might reflect distress rather than actual masticatory muscle activity.
To our best knowledge, our study is the first to report on the occur-
rence of RMMA indicators of possible sleep bruxism in individuals
with insomnia using polysomnography and to compare the occurrence
with that in controls. The utilisation of polysomnography, an objective
assessment tool, could be another reason why our results are differ-
ent from the results of previous study (Ahlberg et al., 2008) using
guestionnaires to assess sleep bruxism.

Within the limitations of this study, we concluded that the occur-
rence of RMMA indicators of possible sleep bruxism is not signifi-
cantly different between individuals with insomnia and controls. In
addition, the occurrence of RMMA indicators of possible sleep brux-
ism is not significantly different between insomnia individuals with

moderate to high distress and insomnia individuals with slight distress.

AUTHOR CONTRIBUTIONS

Initial study design: Frank Lobbezoo, Eus J.W. Van Someren, Ghizlane
Aarab; study protocol: Frank Lobbezoo, Eus JW. Van Someren,
Ghizlane Aarab; data collection and analysis: Rick Wassing, Jennifer
R. Ramautar; data analysis and first draft of the manuscript: Boyuan
Kuang; critical review of analysis results and editing of the manuscript:

all authors; final approval of the manuscript: all authors.

ACKNOWLEDGEMENTS

Boyuan Kuang reports grants from China Scholarship Council,
during the conduct of the study (file number: 201807720034).
Eus JW. Van Someren's involvement in studies on arousal is

supported by funding from the European Research Council

eep
Research

ERC-ADG-2021-101055383-OVERNIGHT. Rick Wassing is sup-
ported by the Australian National Health and Medical Research
Council (Investigator Grant GNT1196636).

CONFLICT OF INTEREST

Frank Lobbezoo receives research grants from SomnoMed, Sunstar
Suisse, S.A., Vivisol-Resmed, Health Holland, and the Dutch Research
Council (NWO), unrelated to this paper. Frank Lobbezoo is an unsalar-
ied member of the Academic Advisory Board of Sunstar Suisse
S.A. for GrindCare.

DATA AVAILABILITY STATEMENT

The collection, storage and analysis of participants’ information were
approved by the Medical Ethical Committee of the Academic Medical
Center of Amsterdam and the Central Committee on Research Involv-
ing Human Subjects (#09.17.1396). Detailed analysis results pertain-
ing to this study are available from the corresponding author upon
request.

ORCID
Boyuan Kuang "= https://orcid.org/0000-0003-0519-8290
https://orcid.org/0000-0003-1731-0251

https://orcid.org/0000-0003-2346-9891

Tessa F. Blanken

Rick Wassing

REFERENCES

Aernout, E., Benradia, I., Hazo, J.-B., Sy, A. Askevis-Leherpeux, F.,
Sebbane, D., & Roelandt, J.-L. (2021). International study of the preva-
lence and factors associated with insomnia in the general population.
Sleep Medicine, 82, 186-192. https://doi.org/10.1016/j.sleep.2021.
03.028

Ahlberg, K., Jahkola, A., Savolainen, A., Koénonen, M., Partinen, M.,
Hublin, C., Sinisalo, J., Lindholm, H., Sarna, S., & Ahlberg, J. (2008).
Associations of reported bruxism with insomnia and insufficient sleep
symptoms among media personnel with or without irregular shift
work. Head & Face Medicine, 4(1), 4. https://doi.org/10.1186/1746-
160X-4-4

American Academy of Sleep Medicine. (2014). International classification of
sleep disorders (3rd ed.). American Academy of Sleep Medicine.

American Psychiatric Association. (2013). Diagnostic and statistical manual
of mental disorders (Fifth ed.). American Psychiatric Association.

Bastien, C. H., Valliéres, A., & Morin, C. M. (2001). Validation of the insom-
nia severity index as an outcome measure for insomnia research. Sleep
Medicine, 2(4), 297-307. https://doi.org/10.1016/s1389-9457(00)
00065-4

Bayar, G. R,, Tutuncu, R., & Acikel, C. (2012). Psychopathological profile of
patients with different forms of bruxism. Clinical Oral Investigations,
16(1), 305-311. https://doi.org/10.1007/s00784-010-0492-9

Benjamins, J. S., Migliorati, F., Dekker, K., Wassing, R., Moens, S.,
Blanken, T. F., te Lindert, B. H. W., Sjauw Mook, J., & Van
Someren, E. J. W. (2017). Insomnia heterogeneity: Characteristics to
consider for data-driven multivariate subtyping. Sleep Medicine
Reviews, 36(August 2016), 71-81. https://doi.org/10.1016/j.smrv.
2016.10.005

Berry, R., Quan, S., Abreu, A., Bibbs, M., DelRosso, L., Harding, S., Mao, M.,
Plante, D., Pressman, M., Troester, M., & Vaughn, B. (2020). The AASM
manual for the scoring of sleep and associated events: Rules, terminology
and technical specifications (Version2.6). https://aasm.org/

Blanken, T. F., Benjamins, J. S., Borsboom, D., Vermunt, J. K., Paquola, C,,
Ramautar, J., Dekker, K., Stoffers, D., Wassing, R., Wei, Y., & van

85U80|7 SUOWILIOD BAIIRD) 8|qed!|dde ay) Aq peusenoh aJe sspie YO ‘8sn Jo se|n. 1oy Areiqi 8UIIUO AB|IM UO (SUORIPUOD-PUB-SWBIWI0D A8 |IMAleIq Ul UO//:SANY) SUORIPUOD pue SWis | 8U3 88S " [7202/.0/8T] U0 AriqiTaulluO AB|IM YeaLpoljqicsiiers AN BAN AQ 228ET SITTTT 0T/I0p/W00 A3 | 1M AReid 1 jpuluo//Sany Wwoly pepeojumod ‘¥ ‘€202 ‘6982G9€T


https://orcid.org/0000-0003-0519-8290
https://orcid.org/0000-0003-0519-8290
https://orcid.org/0000-0003-1731-0251
https://orcid.org/0000-0003-1731-0251
https://orcid.org/0000-0003-2346-9891
https://orcid.org/0000-0003-2346-9891
https://doi.org/10.1016/j.sleep.2021.03.028
https://doi.org/10.1016/j.sleep.2021.03.028
https://doi.org/10.1186/1746-160X-4-4
https://doi.org/10.1186/1746-160X-4-4
https://doi.org/10.1016/s1389-9457(00)00065-4
https://doi.org/10.1016/s1389-9457(00)00065-4
https://doi.org/10.1007/s00784-010-0492-9
https://doi.org/10.1016/j.smrv.2016.10.005
https://doi.org/10.1016/j.smrv.2016.10.005
https://aasm.org/

Journal of
8of9 Sleep ESRSV‘W\AM/\'F

KUANG ET AL.

Research

Someren, E. J. W. (2019). Insomnia disorder subtypes derived from life
history and traits of affect and personality. The Lancet Psychiatry, 6(2),
151-163. https://doi.org/10.1016/52215-0366(18)30464-4

Bonnet, M. H., & Arand, D. L. (2010). Hyperarousal and insomnia: State of
the science. Sleep Medicine Reviews, 14(1), 9-15. https://doi.org/10.
1016/j.smrv.2009.05.002

Carra, M. C., Huynh, N., & Lavigne, G. (2012). Sleep bruxism: A compre-
hensive overview for the dental clinician interested in sleep medicine.
Dental Clinics of North America, 56(2), 387-413. https://doi.org/10.
1016/j.cden.2012.01.003

Carra, M. C,, Huynh, N., & Lavigne, G. J. (2015). Diagnostic accuracy of
sleep bruxism scoring in absence of audio-video recording: A pilot
study. Sleep and Breathing, 19(1), 183-190. https://doi.org/10.1007/
s11325-014-0986-9

Christensen, J. A. E., Wassing, R, Wei, Y., Ramautar, J. R, Lakbila-
Kamal, O., Jennum, P. J., & Van Someren, E. J. W. (2019). Data-driven
analysis of EEG reveals concomitant superficial sleep during deep
sleep in insomnia disorder. Frontiers in Neuroscience, 13(JUL), 598.
https://doi.org/10.3389/fnins.2019.00598

Delorme, A., & Makeig, S. (2004). EEGLAB: an open source toolbox for
analysis of single-trial EEG dynamics including independent compo-
nent analysis. Journal of Neuroscience Methods, 134(1), 9-21. https://
doi.org/10.1016/j.jneumeth.2003.10.009

Fluerasu, M. I., Bocsan, I. C., Buduru, S., Pop, R. M., Vesa, S. C., Zaharia, A.,
Negucioiu, M., & lacob, S. M. (2021). The correlation between sleep
bruxism, salivary cortisol, and psychological status in young, caucasian
healthy adults. CRANIO®, 39(3), 218-224. https://doi.org/10.1080/
08869634.2019.1619250

GitHub-meegpipe. (2014). https://github.com/meegpipe/meegpipe

Hosoya, H., Kitaura, H., Hashimoto, T., Ito, M., Kinbara, M., Deguchi, T.,
Irokawa, T., Ohisa, N., Ogawa, H., & Takano-Yamamoto, T. (2014).
Relationship between sleep bruxism and sleep respiratory events in
patients with obstructive sleep apnea syndrome. Sleep & Breathing =
Schlaf & Atmung, 18(4), 837-844. https://doi.org/10.1007/s11325-
014-0953-5

Huhtela, O. S., N&pankangas, R., Suominen, A. L., Karppinen, J.,
Kunttu, K., & Sipild, K. (2021). Association of psychological distress
and widespread pain with sympatoms of temporomandibular disorders
and self-reported bruxism in students. Clinical and Experimental Dental
Research, 7(6), 1154-1166. https://doi.org/10.1002/cre2.472

Kaidonis, X., Niu, W., Chan, A. Y., Kesteven, S., Wu, J., lismaa, S. E.,
Vatner, S., Feneley, M., & Graham, R. M. (2021). Adaptation to
exercise-induced stress is not dependent on cardiomyocyte alA-
adrenergic receptors. Journal of Molecular and Cellular Cardiology, 155,
78-87. https://doi.org/10.1016/j.yjmcc.2021.02.010

Kato, T., Rompré, P., Montplaisir, J. Y., Sessle, B. J., & Lavigne, G. J. (2001).
Sleep bruxism: An oromotor activity secondary to micro-arousal. Jour-
nal of Dental Research, 80(10), 1940-1944. https://doi.org/10.1177/
00220345010800101501

Khoury, S., Carra, M. C., Huynh, N., Montplaisir, J., & Lavigne, G. J. (2016).
Sleep bruxism-tooth grinding prevalence, characteristics and familial
aggregation: A large cross-sectional survey and polysomnographic vali-
dation. Sleep, 39(11), 2049-2056. https://doi.org/10.5665/sleep.6242

Kuang, B., Li, D., Lobbezoo, F., de Vries, R., Hilgevoord, A., de Vries, N.,
Huynh, N., Lavigne, G., & Aarab, G. (2022). Associations between sleep
bruxism and other sleep-related disorders in adults: A systematic
review. Sleep Medicine, 89, 31-47. https://doi.org/10.1016/j.sleep.
2021.11.008

Lavigne, G. J., Huynh, N., Kato, T., Okura, K., Adachi, K., Yao, D., &
Sessle, B. (2007). Genesis of sleep bruxism: Motor and autonomic-
cardiac interactions. Archives of Oral Biology, 52(4), 381-384. https://
doi.org/10.1016/j.archoralbio.2006.11.017

Lichstein, K. L., Taylor, D. J., McCrae, C. S., & Petrov, M. E. (2017). Insom-
nia: Epidemiology and risk factors. In Principles and practice of sleep
medicine. Elsevier. https://doi.org/10.1016/C2012-0-03543-0

Lobbezoo, F., Ahlberg, J., Glaros, A. G., Kato, T., Koyano, K., Lavigne, G. J.,
de Leeuw, R., Manfredini, D., Svensson, P., & Winocur, E. (2013). Brux-
ism defined and graded: An international consensus. Journal of Oral
Rehabilitation, 40(1), 2-4. https://doi.org/10.1111/joor.12011

Lobbezoo, F., Ahlberg, J., Raphael, K. G., Wetselaar, P., Glaros, A. G,
Kato, T. Santiago, V., Winocur, E.,, De Laat, A, De Leeuw, R,
Koyano, K., Lavigne, G. J., Svensson, P., & Manfredini, D. (2018). Inter-
national consensus on the assessment of bruxism: Report of a work in
progress. Journal of Oral Rehabilitation, 45(11), 837-844. https://doi.
org/10.1111/joor.12663

Maluly, M., Andersen, M. L., Dal-Fabbro, C., Garbuio, S., Bittencourt, L., de
Siqueira, J. T. T., & Tufik, S. (2013). Polysomnographic study of
the prevalence of sleep bruxism in a population sample. Journal of
Dental Research, 92(7 Suppl), S97-5103. https://doi.org/10.1177/
0022034513484328

Maluly, M., Dal Fabbro, C., Andersen, M. L., Herrero Babiloni, A,
Lavigne, G. J., & Tufik, S. (2020). Sleep bruxism and its associations
with insomnia and OSA in the general population of Sao Paulo. Sleep
Medicine, 75, 141-148. https://doi.org/10.1016/j.sleep.2020.06.016

Manfredini, D., & Lobbezoo, F. (2010). Relationship between bruxism and
temporomandibular disorders: A systematic review of literature from
1998 to 2008. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiol-
ogy, and Endodontics, 109(6), e26-e50. https://doi.org/10.1016/].
tripleo.2010.02.013

Manfredini, D., Ahlberg, J., Wetselaar, P., Svensson, P., & Lobbezoo, F.
(2019). The bruxism construct: From cut-off points to a continuum
spectrum. Journal of Oral Rehabilitation, 46(11), 991-997. https://doi.
org/10.1111/joor.12833

Manfredini, D., Poggio, C. E., & Lobbezoo, F. (2014). Is bruxism a risk factor
for dental implants? A systematic review of the literature. Clinical
Implant Dentistry and Related Research, 16(3), 460-469. https://doi.
org/10.1111/cid.12015

Manfredini, D., Winocur, E., Guarda-Nardini, L., Paesani, D. &
Lobbezoo, F. (2013). Epidemiology of bruxism in adults: A systematic
review of the literature. Journal of Orofacial Pain, 27(2), 99-110.
https://doi.org/10.11607/jop.921

Morin, C. M., Drake, C. L., Harvey, A. G, Krystal, A. D., Manber, R,
Riemann, D., & Spiegelhalder, K. (2015). Insomnia disorder. Nature
Reviews. Disease Primers, 1(15), 15026. https://doi.org/10.1038/nrdp.
2015.26

Raphael, K. G., Janal, M. N., Sirois, D. A., Dubrovsky, B., Klausner, J. J.,
Krieger, A. C., & Lavigne, G. J. (2015). Validity of self-reported sleep
bruxism among myofascial temporomandibular disorder patients and
controls. Journal of Oral Rehabilitation, 42(10), 751-758. https://doi.
org/10.1111/joor.12310

Saletu, A., Parapatics, S., Anderer, P., Matejka, M., & Saletu, B. (2010). Con-
trolled clinical, polysomnographic and psychometric studies on differ-
ences between sleep bruxers and controls and acute effects of
clonazepam as compared with placebo. European Archives of Psychiatry
and Clinical Neuroscience, 260(2), 163-174. https://doi.org/10.1007/
s00406-009-0034-0

Seraidarian, P., Seraidarian, P. I., das Neves Cavalcanti, B., Marchini, L., &
Claro Neves, A. C. (2009). Urinary levels of catecholamines among
individuals with and without sleep bruxism. Sleep and Breathing, 13(1),
85-88. https://doi.org/10.1007/s11325-008-0193-7

Sjéholm, T. T. T., Lowe, A. A. A, Miyamoto, K., Fleetham, J. A. A, &
Ryan, C. F. F. (2000). Sleep bruxism in patients with sleep-disordered
breathing. Archives of Oral Biology, 45(10), 889-896. https://doi.org/
10.1016/5S0003-9969(00)00044-3

Svensson, P., Arima, T., Lavigne, G., Castrillon, E., & Redline, S. (2017). Prin-
ciples and practice of sleep medicine. In Principles and practice of sleep
medicine (6th ed., pp. 1423-1426). Elsevier. https://doi.org/10.1016/
C2012-0-03543-0

van Selms, M., Kroon, J., Tuomilehto, H., Peltomaa, M., Savolainen, A.,
Manfredini, D., Lobbezoo, F., & Ahlberg, J. (2020). Self-reported sleep

85U80|7 SUOWILIOD BAIIRD) 8|qed!|dde ay) Aq peusenoh aJe sspie YO ‘8sn Jo se|n. 1oy Areiqi 8UIIUO AB|IM UO (SUORIPUOD-PUB-SWBIWI0D A8 |IMAleIq Ul UO//:SANY) SUORIPUOD pue SWis | 8U3 88S " [7202/.0/8T] U0 AriqiTaulluO AB|IM YeaLpoljqicsiiers AN BAN AQ 228ET SITTTT 0T/I0p/W00 A3 | 1M AReid 1 jpuluo//Sany Wwoly pepeojumod ‘¥ ‘€202 ‘6982G9€T


https://doi.org/10.1016/S2215-0366(18)30464-4
https://doi.org/10.1016/j.smrv.2009.05.002
https://doi.org/10.1016/j.smrv.2009.05.002
https://doi.org/10.1016/j.cden.2012.01.003
https://doi.org/10.1016/j.cden.2012.01.003
https://doi.org/10.1007/s11325-014-0986-9
https://doi.org/10.1007/s11325-014-0986-9
https://doi.org/10.3389/fnins.2019.00598
https://doi.org/10.1016/j.jneumeth.2003.10.009
https://doi.org/10.1016/j.jneumeth.2003.10.009
https://doi.org/10.1080/08869634.2019.1619250
https://doi.org/10.1080/08869634.2019.1619250
https://github.com/meegpipe/meegpipe
https://doi.org/10.1007/s11325-014-0953-5
https://doi.org/10.1007/s11325-014-0953-5
https://doi.org/10.1002/cre2.472
https://doi.org/10.1016/j.yjmcc.2021.02.010
https://doi.org/10.1177/00220345010800101501
https://doi.org/10.1177/00220345010800101501
https://doi.org/10.5665/sleep.6242
https://doi.org/10.1016/j.sleep.2021.11.008
https://doi.org/10.1016/j.sleep.2021.11.008
https://doi.org/10.1016/j.archoralbio.2006.11.017
https://doi.org/10.1016/j.archoralbio.2006.11.017
https://doi.org/10.1016/C2012-0-03543-0
https://doi.org/10.1111/joor.12011
https://doi.org/10.1111/joor.12663
https://doi.org/10.1111/joor.12663
https://doi.org/10.1177/0022034513484328
https://doi.org/10.1177/0022034513484328
https://doi.org/10.1016/j.sleep.2020.06.016
https://doi.org/10.1016/j.tripleo.2010.02.013
https://doi.org/10.1016/j.tripleo.2010.02.013
https://doi.org/10.1111/joor.12833
https://doi.org/10.1111/joor.12833
https://doi.org/10.1111/cid.12015
https://doi.org/10.1111/cid.12015
https://doi.org/10.11607/jop.921
https://doi.org/10.1038/nrdp.2015.26
https://doi.org/10.1038/nrdp.2015.26
https://doi.org/10.1111/joor.12310
https://doi.org/10.1111/joor.12310
https://doi.org/10.1007/s00406-009-0034-0
https://doi.org/10.1007/s00406-009-0034-0
https://doi.org/10.1007/s11325-008-0193-7
https://doi.org/10.1016/S0003-9969(00)00044-3
https://doi.org/10.1016/S0003-9969(00)00044-3
https://doi.org/10.1016/C2012-0-03543-0
https://doi.org/10.1016/C2012-0-03543-0

KUANG ET AL.

é?urgal of ESRS,‘,WMF 9of 9

ee|
Research

bruxism among Finnish symphony orchestra musicians: Associations
with perceived sleep-related problems and psychological stress. Cra-
nio: The Journal of Craniomandibular Practice, 1-8. https://doi.org/
10.1080/08869634.2020.1853310. Online ahead of print.

VandenBos, G. R. (Ed.). (2015). APA dictionary of psychology (2nd ed.).
American  Psychological ~ Association.  https://doi.org/10.1037/
14646-000

Vedhara, K., Miles, J., Bennett, P., Plummer, S., Tallon, D., Brooks, E.,
Gale, L., Munnoch, K., Schreiber-Kounine, C., Fowler, C., Lightman, S.,
Sammon, A., Rayter, Z., & Farndon, J. (2003). An investigation into the
relationship between salivary cortisol, stress, anxiety and depression.
Biological Psychology, 62(2), 89-96. https://doi.org/10.1016/s0301-
0511(02)00128-x

Wassing, R., Schalkwijk, F., Lakbila-Kamal, O., Ramautar, J. R., Stoffers, D.,
Mutsaerts, H. J. M. M., Talamini, L. M., & Van Someren, E. J. W.
(2019). Haunted by the past: Old emotions remain salient in insomnia
disorder. Brain: A Journal of Neurology, 142(6), 1783-1796. https://doi.
org/10.1093/brain/awz089

Wei, Y., Colombo, M. A, Ramautar, J. R.,, Blanken, T. F., van der

Werf, Y. D., Spiegelhalder, K. Feige, B., Riemann, D. & Van
Someren, E. J. W. (2017). Sleep stage transition dynamics reveal spe-
cific stage 2 vulnerability in insomnia. Sleep, 40(9), 12-17. https://doi.
org/10.1093/sleep/zsx117

Winocur, E., Uziel, N., Lisha, T., Goldsmith, C., & Eli, I. (2011). Self-reported

bruxism associations with perceived stress, motivation for control,
dental anxiety and gagging. Journal of Oral Rehabilitation, 38(1), 3-11.
https://doi.org/10.1111/j.1365-2842.2010.02118.x

How to cite this article: Kuang, B., Aarab, G., Wei, Y., Blanken,
T. F., Lobbezoo, F., Someren, E. J. W. V., Ramautar, J. R., &
Wassing, R. (2023). Associations between signs of sleep
bruxism and insomnia: A polysomnographic study. Journal of
Sleep Research, 32(4), e13827. https://doi.org/10.1111/jsr.
13827

85U80|7 SUOWILIOD BAIIRD) 8|qed!|dde ay) Aq peusenoh aJe sspie YO ‘8sn Jo se|n. 1oy Areiqi 8UIIUO AB|IM UO (SUORIPUOD-PUB-SWBIWI0D A8 |IMAleIq Ul UO//:SANY) SUORIPUOD pue SWis | 8U3 88S " [7202/.0/8T] U0 AriqiTaulluO AB|IM YeaLpoljqicsiiers AN BAN AQ 228ET SITTTT 0T/I0p/W00 A3 | 1M AReid 1 jpuluo//Sany Wwoly pepeojumod ‘¥ ‘€202 ‘6982G9€T


https://doi.org/10.1080/08869634.2020.1853310
https://doi.org/10.1080/08869634.2020.1853310
https://doi.org/10.1037/14646-000
https://doi.org/10.1037/14646-000
https://doi.org/10.1016/s0301-0511(02)00128-x
https://doi.org/10.1016/s0301-0511(02)00128-x
https://doi.org/10.1093/brain/awz089
https://doi.org/10.1093/brain/awz089
https://doi.org/10.1093/sleep/zsx117
https://doi.org/10.1093/sleep/zsx117
https://doi.org/10.1111/j.1365-2842.2010.02118.x
https://doi.org/10.1111/jsr.13827
https://doi.org/10.1111/jsr.13827

	Associations between signs of sleep bruxism and insomnia: A polysomnographic study
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Participants
	2.2  Subtyping of participants with insomnia
	2.3  Procedure and polysomnographic recording
	2.4  Analysis of polysomnographic recordings
	2.5  Outcome variables
	2.6  Statistical analysis

	3  RESULTS
	3.1  Demographics
	3.2  Primary outcome variable
	3.3  Secondary outcome variables

	4  DISCUSSION
	4.1  Primary outcome variable
	4.2  Secondary outcome variables
	4.3  Strengths and limitations

	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


