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Chapter 1

SLEEP BRUXISM (SB)

Bruxism has been defined as “a repetitive jaw-muscle activity that can occur during 
sleep and wakefulness”.1 This single definition of generic bruxism has recently been 
separated into two definitions: one for sleep bruxism (SB) and another one for awake 
bruxism (AB).2

SB is defined as “a masticatory muscle activity during sleep that is characterized as 
rhythmic (phasic) or non-rhythmic (tonic) and is not a movement disorder or a sleep 
disorder in otherwise healthy individuals”.2 The prevalence of self-reported SB varies 
from 8.0% to 31.4% in the adult general population.3 There is no difference in SB 
prevalence between both sexes, and the prevalence decreases with age.3

When assessing SB on polysomnographic recordings, episodes of rhythmic 
masticatory muscle activities (RMMA; one of the biomarkers of SB) frequently occur 
in relation to sleep micro-arousals.4,5 The majority of RMMA events are preceded by 
a cascade of physiological events.6,7 During sleep, abrupt shifts in the frequency of 
electroencephalographic (EEG) activity occur, that may or may not be accompanied by 
increases in heart rate or muscle tone, and are commonly denoted as arousals.4,8,9 It has 
been noted that during light sleep, most SB episodes are preceded by a microarousal 
occurring 3-15 seconds before consecutive changes in heart rate and muscle tone.5 The 
physiological activation begins with a rise in sympathetic-cardiac activity (4-8 minutes 
before RMMA), EEG activity (4 seconds before RMMA), heart rate (1 second before 
RMMA), muscle tone (0.8 second before RMMA), and, finally, RMMA.5

SB has a multifactorial etiology, including biological, psychosocial, and lifestyle factors. 
Examples of biological factors are genetics and sleep arousal.10 Neurotransmitters, such 
as dopamine and serotonin, appear to play a role in SB genesis as well.11 Variants in 
the HTR2A gene, that encodes one of the receptors for serotonin, were shown to be 
differentially represented in SB and control groups.12 In addition, medications that alter 
dopaminergic and serotonergic neurotransmission, can aggravate SB events.13 Besides 
these biological factors, psychosocial factors like stress, depression, and anxiety have 
been reported as risk factors for SB. However, the association between psychosocial 
factors and SB is inconclusive.11,14,15 Finally, lifestyle factors, such as smoking, drinking 
alcohol, and caffeine intake, are associated with SB as well.16-18 Use of nicotine, such as 
cigarette smoking and alcohol intake, may induce bruxism.13 In addition, heavy smoking 
and heavy drinking increase the chance of having SB.17,18
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SB and awake bruxism (AB)

AB is defined as “a masticatory muscle activity during wakefulness that is characterized 
by repetitive or sustained tooth contact and/or by bracing or thrusting of the mandible 
and is not a movement disorder in otherwise healthy individuals”.2 Its prevalence varies 
from 22.1% to 31.0% in the adult general population.3

SB and AB have a similar genetic origin, and they are associated with several similar risk 
factors.19 However, SB and AB behave differently. SB is mainly characterized by grinding 
activity, while AB shows mainly clenching activity.20,21 Both are also associated with 
common psychosocial factors, such as stress, depression, and anxiety,15 but they are 
associated with these psychosocial factors with different degrees of certainty.2 While 
the association between SB and psychosocial factors is controversial, many studies 
supported the association between AB and psychosocial factors.14 All this leads to the 
question whether SB and AB are different entities. Therefore, chapter 2 assesses the 
main characteristic of SB and AB, and chapters 2 and 3 investigate whether SB and AB 
are associated.

SB, AB, and temporomandibular disorders (TMD)

Temporomandibular disorders (TMD) are one of the possible negative consequences of 
SB and AB (for more details, see box 1).2 Both SB and AB have been considered as risk 
factors for TMD in adolescent and adult populations.22 Even though SB is considered as 
a risk factor for TMD, the association between SB and TMD is still controversial.23 The 
co-occurrence of SB and AB increased the chance of having painful TMD.24 However, 
the exact role of psychosocial factors as well as that of SB and AB in TMD remains 
unclear. Therefore, chapter 3 assesses the association of SB and AB with TMD and 
psychosocial factors.

Box 1. TMD is a group of conditions affecting the temporomandibular joints and 
masticatory muscles.25 Prevalence of TMD is approximately 16.3%-25.6% in adult 
general population samples.26,27 The prevalence is higher in women, peaks around 
middle age, and declines with ageing.26,27 Its signs and symptoms include pain and 
dysfunction of the masticatory system.25 TMD pain is one of the main reasons for 
patients to seek treatment.28 TMD is a multifactorial condition that adopts the 
biopsychosocial model for diagnosis and treatment.29 The biological factors include 
demographic variables, like age and sex, and oral behaviors, such as SB and AB.30 
Psychosocial factors also play an important role in the etiology of TMD.31 TMD has 
a positive association with insomnia and OSA as well.32,33 Diagnostic criteria for 
TMD (DC/TMD) have been developed, consisting of a biological axis (axis I) and a 
psychosocial axis (axis II).29

1
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Assessment of SB and AB

There are three ways for the assessments of SB and AB, viz., self-report, clinical 
examination, and electromyography. The diagnostic grading of bruxism is based on 
these three approaches, namely possible, probable, and definite, respectively.2 Self-
report is obtained by questionnaires, the patient’s complaints, and the report from a 
sleep partner.2 Patient’s complaints, such as muscle fatigue and temporal headache, 
could point towards patients with SB.34 Self-report is widely used in the clinical setting 
and in epidemiological research. Clinical examination considers the clinical features 
related to bruxism, such as masseter hypertrophy, linea alba buccalis, i.e., ridging on the 
buccal mucosa, and indentations on the tongue or lip.2 Tooth wear and repetitive failure 
of restorations, prostheses, and dental implant are also clinical diagnostic indications 
for bruxism. However, none of them form a direct confirmation of current SB activity.34

The Standardized Tool for the Assessment of Bruxism (STAB) yields a protocol to assess 
SB and AB in a comprehensive manner.35 The protocol considers both self-report and 
clinical evaluation. The newly developed BruxScreen is proposed for screening purposes, 
epidemiological study, and clinical application. The aim of this tool is to assess bruxism 
effectively according to the A4 principle, i.e., accurate, applicable, affordable, and 
accessible. It contains a modification of the Oral Behaviours Checklist (OBC) and other 
self-report questionnaires. In addition, the BruxScreen includes a clinical assessment 
form for the clinician to investigate intra- and extra-oral signs of bruxism, including 
tooth wear. This screener focuses only on the assessment of SB and AB, while the 
original OBC focuses on a wide variety of oral behaviors, including singing, yawning, etc.2 
The BruxScreen has already been tested for its face validity and is ready to be applied 
for further psychometric testing, followed by large-scale epidemiological research and 
clinical application.36

Notwithstanding these important recent developments in the assessment of SB 
and AB, the gold standard for the assessment of SB is still polysomnography (PSG),2 
while the gold standard of AB assessment remains electromyography (EMG) together 
with ecological momentary assessment (EMA).2 EMG activity with an amplitude of 
10-20% of the maximum voluntary contraction is considered as an RMMA episode.37,38 
Alternatively, an RMMA episode may be regarded as an EMG activity that surpasses 
two times the amplitude when relaxing.39,40 Each EMG burst must be separated by less 
than two seconds in the same RMMA episode, and the new RMMA episode is counted 
after at least three seconds of stable baseline EMG.40,41 There are three different types 
of an RMMA episode, namely, phasic, tonic, and mixed types. A phasic episode contains 
at least 3 EMG bursts, and each burst lasts 0.2-2 seconds. A tonic episode is an EMG 
burst that lasts more than 2 seconds. A mixed episode is a combination of phasic and 
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tonic episodes.37 The 1996 criteria, formulated by Lavigne et al., described as the cut-
off criteria of SB at least 4 episodes/hour or 25 bursts/hour of sleep, and at least 2 
episodes with grinding sounds.37 Rompré et al. (2007) suggested a lower cut-off point 
of 2 episodes/hour for moderate SB.42 However, these cut-off points were developed 
for research purposes, and clinical consequences related to SB could not be identified 
by using these cut-off points.43 Therefore, the question has been posed whether cut-off 
points should actually be implemented.

The validity of self-report, clinical examination, and EMG assessments compared with 
PSG has been investigated.44 Self-reported SB has a low sensitivity but medium to 
high specificity.44 There were inconsistencies between self-report and PSG: SB was 
established more frequently with self-report than with PSG, both in a TMD population 
and in the general population.45,46 The prevalence of SB as assessed by self-report and 
confirmed with PSG was 5.5%, while that of self-reported SB was 12.5% in the same 
population.45 Even though positive self-report by a sleep partner shows high accuracy for 
screening on the presence of SB,46 self-report and clinical assessment can be screening 
tools for non-bruxers, but not for definitely identifying SB.44,46 It should be noted that 
PSG has been suggested to be affected unfavorable by the so-called first night effect.38 
However, the study of Hasegawa et al. showed no such first night effect of PSG.47 
Another issue is the night-to-night variability that has been suggested for SB measured 
by EMG/PSG. Indeed, there was a high variability of the SB index measured with a 
portable EMG device across nights.48 Thus, it is suggested to use a ‘cut-off band’ around 
the cut-off point for SB to take this variability into account.38 As for awake bruxism, 
self-reported AB was highly correlated with the clinician’s diagnosis, so self-report with 
clinical assessment could be an accurate tool for establishing awake clenching.49

Management of SB and AB

In the absence of an evidence-based management protocol for bruxism, the management 
of SB and AB in clinical practice follows the ‘triple-P’ approach, which includes pep talk, 
plates, and pills.50 Pep talk, or counselling, is a common management strategy for both 
SB and AB. Sleep hygiene and self-monitoring trained by biofeedback from an EMG 
device are advised for SB and AB, respectively.51,52 Plates refer to the frequently used 
occlusal appliances (hard acrylic occlusal splints) for SB management. However, the 
effect of occlusal splints on reducing SB activity is short-term,53 and there are only 
weak evidences of their SB-reducing effect.54 The main goal of occlusal appliances is to 
prevent the covered teeth and their opposing teeth from wear and restoration failures.51 
For the application of pills, or medications, amitriptyline, clonazepam, and clonidine 
could reduce SB.13 However, more research on their efficacy and safety is still needed.13 
Chapter 4 assesses whether SB and AB change after receiving counselling, with or 

1



14

Chapter 1

without additional management strategies like occlusal splints, physiotherapy, and/or 
psychological therapy, as part of a regular TMD treatment protocol.

SB and sleep disorders

Even though TMD, tooth wear, and restoration failure are considered as negative 
consequences of SB,2 in this present decade, the view upon SB as a disorder has changed. 
There is increasing evidence that SB does not only play a role as a risk factor but also as 
a protective one. SB is considered as a protective factor against some sleep disorders 
like obstructive sleep apnea (OSA) and against the negative oral consequences of sleep-
related gastroesophageal reflux disease (GERD).55 Since arousal and microarousal are 
also related to other sleep disorders, such as restless leg syndrome/periodic limb 
movement and insomnia, SB has been found to be a comorbid condition of those sleep 
disorders (for more details on insomnia, see box 2).45,56,57 Therefore, chapters 5 and 6 
of this thesis focus on the association between SB and insomnia in specific and general 
population samples. In addition, psychosocial factors that are commonly found in both 
SB and insomnia are investigated.

Box 2. Patients with the sleep disorder ‘insomnia’ have difficulty initiating sleep, 
difficulty maintaining sleep, and/or early morning awakening at least three nights a 
week, more than three months, and these symptoms interfere daily life activities.58 
The prevalence of insomnia is 7-23% in adult general population.59 Insomnia has a 
close relationship with anxiety and depression.60 In addition, an association between 
insomnia and SB has been found in the literature.45 It has been suggested that sleep 
arousal forms a link between SB and insomnia.57 The diagnosis of insomnia requires 
a clinical evaluation that includes sleep history, medical history, substance usage 
history, and psychiatric history.61
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CONTENT OF THIS THESIS

The general aim of this thesis is to assess the associations of SB on the one hand and 
AB, psychological factors, TMD, and insomnia on the other hand, using self-report and 
instrumental techniques to establish the presence of bruxism.

Chapter 1 presents a general introduction, including the definition, epidemiology, 
etiology, negative consequences such as TMD, the assessment, and management 
of SB and AB, as well as the association between SB and sleep disorders.

Chapter 2 assesses if objectively measured SB and AB are associated with each other 
in the same individuals.

Chapter 3 assesses whether the associations of self-reported SB and AB with TMD are 
different in a TMD-patient population.

Chapter 4 presents the changes of SB and AB during TMD management in a TMD-patient 
population sample.

Chapter 5 focuses on self-reported SB and its associations with sleep disorders and 
psychosocial factors in a specific population sample.

Chapter 6 focuses on SB and its associations with sleep disorders and psychosocial 
factors in a general population sample.

Chapter 7 discusses the main findings of this thesis, explains the clinical implications of 
this thesis’ findings, and provides suggestions for further research.

Chapters 8, 9 and, 10 presents summaries in English, Dutch, and Thai, respectively.

1
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ABSTRACT

Background: Sleep bruxism (SB) and awake bruxism (AB) are masticatory muscle 
activities that are rarely assessed in the same individuals and are thought to be 
associated with different behaviors.

Objectives: To investigate whether individuals engaging in SB also engage in AB, that 
occurs during rest and during stress-related activity, and to investigate whether SB and 
AB are associated with different characteristics.

Methods: Females with myofascial pain (N=122) and non-myofascial pain controls 
(N=46) were evaluated for SB events and for AB events at rest and AB during stress-
related activity, using electromyographic (EMG) recordings and a standardized scoring 
of bruxism events. The joint distributions between SB and AB events and EMG activity 
were evaluated, and the characteristic qualities of SB and AB were assessed.

Results: Neither SB event rates nor the EMG activity associated with those events was 
associated with AB events rates or EMG activity, either at rest or during stress-related 
activity. On the contrary, event rates and EMG activity when awake and at rest were 
positively associated with events and activity during stress-related activity. SB was 
characterized mainly by grinding, while AB was characterized mainly by clenching.

Conclusion: Sleep bruxism and awake bruxism do not tend to occur in the same 
individuals.

Keywords: awake bruxism, electromyography, muscle activity, polysomnography, sleep 
bruxism, stress
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1. INTRODUCTION

Sleep bruxism (SB) is defined as repetitive masticatory muscle activity (RMMA) during 
sleep, and awake bruxism (AB) as RMMA during wakefulness.1 Because different 
characteristics and consequences may occur for SB and AB, a 2018 international consensus 
statement2 recommended specific and separate bruxism definitions for each. Gold 
standards for SB and AB assessment were considered to be polysomnographic (PSG) 
and electromyographic (EMG) recording, respectively.2 Another major recommendation 
of the consensus statement was that the behaviors not be assessed dichotomously but 
continuously.

So far, nearly all existing research on the causes and consequences of SB and AB rely on 
suboptimal, dichotomized measures. For those studies using optimally recommended 
assessment methods, we know of no existing study that simultaneously assesses the 
same individuals for both SB and AB.

In this report, we investigate both SB and AB using a polysomnography and EMG-based 
methodology, respectively. We tested the following hypotheses: (1) individuals engaging 
in SB also engage similarly in AB which occurs at rest and during stress-related activity, 
and (2) SB and AB are associated with different subtypes of activity (mainly grinding 
versus mainly clenching, respectively).

2. METHODS

2.1 Participants

Participants were recruited between May 2008 and June 2011 from among the female 
patients, who sought treatment at the NYU College of Dentistry (NYUCD), and their 
acquaintances. Case participants were from the orofacial pain clinic at NYUCD and 
diagnosed with myofascial TMD according to the Research Diagnostic Criteria for 
TMD (RDC/TMD).3 Control participants were from other NYUCD dental clinics and 
cases’ acquaintances. The recruited control participants were matched to the case 
participants on measures of age, socioeconomic status, race, and Hispanic ethnicity. 
The potential control participants were not included if they reported having facial pain 
for more than one week in the last two years and had more than one painful site on 
masticatory muscle palpation, based on RDC/TMD criteria.3,4 The potential case and 
control participants were excluded if they reported having trauma involving the face, 
acute dental problems, undergoing extensive dental treatment within two days before 
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the RCD/TMD examination, were pregnant, regularly smoked during the sleep period, 
or experienced regular insomnia, sleep apnea, or neuropathic facial pain.

All participants signed informed consent, and 122 cases and 46 non-myofascial pain 
controls completed sleep laboratory recordings and stress-related activity.4,5 This study 
was approved by the Institutional Review Board at the New York University (NYU) School 
of Medicine (protocol 07-303).

2.2 Procedure

Polysomnographic recordings were obtained in the New York Sleep Center, and stress-
related activity was done at the Bluestone Center for Clinical Research at the New York 
University College of Dentistry.4,5

2.2.1 Polysomnographic recordings (PSG)
PSG was recorded for two consecutive nights. The first night was used for acclimation 
to the sleep laboratory setting. The PSG recording from second night was generally 
used in analysis, except that the first-night recording was used in three participants who 
failed to attend the second night and in seven participants when technical problems 
prevented second night scoring. The PSG recording lasted approximately from 10.30 PM 
to 7 AM. The PSG record consisted of a six-channel electroencephalogram, a bilateral 
electrooculogram, a bilateral submental and an anterior tibialis EMG, a right and left 
masseter and temporalis EMG, an electrocardiogram, chest and abdominal motion (by 
means of belts with piezoelectric sensors), body position, airflow by nasal pressure 
transducer and nasal-oral thermistor, and oximetry.

PSG data were recorded by SomnoStar Pro (Viasys Healthcare, San Diego, CA, USA) 
and exported to Stellate Harmonie software (Natus, San Carlos, CA, USA) for analysis. 
Two raters scored jaw muscle activities using the RDC/SB validated by Lavigne and 
colleagues.6 The interrater reliability for identification of RMMA episodes by the two 
raters was excellent (k = 0.89).

2.2.2 Stress-related activity
There was a 120-minute session for stress-related activity, including experimental 
set-up and four stress-related activities. Participants underwent all stress-related 
activities once in one session, during the experiment. The experiment started with 5 
min of vanilla baseline (VB), that is a non-stressful attention task, followed in random 
order by four stress-related activities: a cold pressor test, a mental arithmetic test, a 
speech stressor test, and a reaction time/startle response test.
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Vanilla baseline (VB) was an activity in which the participant counted the number of 
colored squares on the computer screen and keyed the results. The cold pressor test 
immersed a participant’s preferred foot in 10°C water for 2 min. The mental arithmetic 
test was serial subtractions with high difficulty level for 5 min. There was a math 
problem with 2-4 digits on the computer screen, and the participant was requested to 
type a correct answer as fast as possible, with adjustment for skill level to maximize task 
difficulty. The speech stressor test was 4 min of preparation for a 3-min speech about 
the participant’s opinion on illegal immigration into the United States. Participants 
were told that the speech would be recorded and judged against speeches made by 
the other participants. Only data from the preparation period were used in analysis. For 
the reaction time/startle response test, the participant saw a four-letter word on the 
computer screen and then answered as quickly as possible whether a letter showing in 
the latter screen was present or not in that previous word. They were told that, if they 
answered slower than the average prior participants, they would receive a white noise 
blast, which was actually administered randomly. The reaction time/startle response 
test was performed for 3 min. Before starting each task, there was a 5 min recovery 
period, labelled ‘between-task rest period’. Participants were requested not to talk 
and to avoid large body movement during the experiment. Full details can be found 
in Janal et al.5

Muscle activity during stress-related activity and between-activity rest periods was 
recorded from right and left masseter and temporalis muscles. To measure surface 
EMG, Ag/AgCl electrodes were applied to the skin, which was abraded and cleaned with 
an alcohol hot wipe. The LabView program (MindWare Technologies, Ltd., Westerville, 
OH, USA) was used to control the experiment; a Bionex 3711-08 amplifier system 
(MindWare Technologies, Ltd., Westerville, OH, USA) was used to collect EMG signal 
data; and EMG Analysis Software (v 3.0; MindWare Technologies, Ltd., Westerville, 
OH, USA) was used to process and export EMG data. A camera with sound recording 
was focused on the participant at all times, so that talking and other activities could 
be identified. Prior to export, data were filtered to include signals between 15 and 50 
Hz, and periods containing artifacts, defined as signals at least 3x baseline associated 
with talking, laughing, coughing, yawning, smiling, and rubbing the nose or face (and 
miscellaneous others), were edited out. Bruxism events were then defined by visual 
analysis of the EMG signal over time for each task, following the rules developed by 
Lavigne et al. for the study of sleep bruxism.6 Moderate levels of reliability from Cohen’s 
Kappa test were shown between two raters judging 61 EMG periods as containing a 
bruxism event (either grinding or clenching) or not (k= 0.44).7 Once exported to SPSS, 
EMG amplitude could be computed for the entire period of the task (EMGtot), or 
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separately for grinding and clenching events. EMGtot for the 2 raters were similar, 
averaging 1.6 and 1.7 uV (p= .30).

2.3 Outcome Measures

2.3.1 SB event rate
Polysomnography (PSG) with audio and video signal recording included right and left 
masseter and temporalis electromyogram (EMG). Jaw muscle activity with two folds 
of amplitude when relaxing was used as a cutoff point for RMMA activity. Scoring of 
RMMA activity followed the rules established by Lavigne.6 Phasic episodes were defined 
as at least three EMG bursts that lasted 0.25-2 s. Tonic episodes were bursts that lasted 
longer than 2 s. Mixed episodes were combined phasic and tonic episodes which were 
separated by less than 3 s. An RMMA episode was counted if it was separated by at 
least 3 s from the previous episode.6 In this paper, RMMA episode would be called 
as ‘event’. These events are standardized as events per hour of sleep (events/hr) and 
defined as ‘SB event rate’.

2.3.2 AB event rate
Masseter and temporalis activity was measured by surface EMG recording. RMMA 
activity was measured following the same rules as for sleep bruxism.6 Background 
EMG activity was obtained from EMG after subtracting periods with AB activity and 
movement artefact activity. Event counts were standardized as events/hr to make them 
comparable with sleep data. Similar to SB events, the standardized events per hour of 
AB activity was defined as ‘AB event rate’.

2.3.3 EMG activity associated with SB and AB events.
Masseter EMG activity of bruxism events during sleep was obtained by subtracting 
activity unrelated to bruxism events from the total activity during the night. Similarly, 
EMG activity of AB events was computed by subtracting the background EMG activity 
from total EMG activity at rest and during stress-related activity.

2.4 Statistical analyses

Characteristic SB and AB and distribution of SB and AB in all participants were 
investigated by descriptive analysis. Student’s t-test and chi-square were used to 
compare demographic data and distribution of SB and AB between case and control 
groups. Mann-Whitney U test was used to compare all SB and AB parameters, viz., 
event rates and EMG activity of SB and AB, between cases and controls, because all 
parameters were not normally distributed. Spearman’s rank correlation coefficient 
was used to assess agreement between SB rates and AB rates between rest and stress-
related activity, and to assess agreement between EMG activity of SB and AB events in 
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all participants (N=168) and in the participants who had at least one SB and AB event 
(N=51). Significance level was set at P<.05 for all analyses. Data analysis was performed 
with IBM SPSS (v.28, IBM Corp, Armonk, NY, USA).

3. RESULTS

3.1 Participants

Cases and controls were well matched in their demographic characteristics (age [control 
mean±SD= 35.7±13.5 y vs case= 37.9±17.3 y; p= .44], race [control= 62.5% white, 10.4% 
black, 27.1% other vs case= 62.8% white, 15.7% black, 21.5% other; p= .77], Hispanic 
ethnicity [control= 25.0% vs case= 24.8%; p= .98], and years of education [control 
mean±SD= 15.7±2.2 y vs case= 15.5±2.3 y; p= .58]). TMD patients reported having 
pain onset 7 years before the study (median= 84 months, range= 4-605 months) with 
moderate pain intensity (mean±SD= 5.2±1.7). Total sleep time (TST) was also similar 
between cases and controls (control mean±SD= 402.3±45.84 min vs case= 386.8±52.49 
min; p=.08).

3.2 Occurrence of SB and AB events

Event rates and EMG activity of SB and AB were not different between cases and 
controls. Using a cut-off of two or more RMMA episodes/h,8 there were 33 (27%) of 
122 cases and 13 (28.3%) of 46 controls who met the criteria for SB, and 34 (27.9%) of 
122 cases and 11 (23.9%) of 46 controls who met the criteria for AB during stress-related 
activity. However, there was no significant association between SB and TMD (p=.875) 
or between AB and TMD (p=.606). Thus, all parameters were presented in a combined 
group (n=168). Figure 1 shows the distribution of SB event rates and AB event rates 
at rest and stress-related activity. The AB event rate during stress-related activity was 
quite a bit higher than the SB event rate or the AB event rate at rest. Tables 1 and 2 
show the distribution of SB and AB rates in all participants.

2
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Figure 1 Distribution of SB and AB event rates in all participants (N=168); Rest AB, AB at rest; 
Stressor AB, AB during stress-related activity.

Table 1 Distribution of SB event rates and AB event rates at rest

AB at rest (events/hr)

0-0.49 0.5-0.99 1-1.99 ≥2 Total

SB (events/hr) 0-0.49 42
25%

7
4.2%

1
0.6%

11
6.5%

61
36.3%

0.5-0.99 19
11.3%

2
1.2%

2
1.2%

6
3.6%

29
17.3%

1-1.99 21
12.5%

2
1.2%

2
1.2%

7
4.2%

32
19%

≥2 33
19.6%

3
1.8%

2
1.2%

8
4.8%

46
27.4%

Total 115
68.5%

14
8.3%

7
4.2%

32
19%

168
100%
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Table 2 Distribution of SB event rates and AB event rates during stress-related activity

AB during stress-related activity (events/hr)

0-0.49 0.5-0.99 1-1.99 ≥2 Total

SB (events/hr) 0-0.49 43
25.6%

1
1.6%

0
0%

17
10.1%

61
36.3%

0.5-0.99 21
12.5%

0
0%

2
1.2%

6
3.6%

29
17.3%

1-1.99 22
13.1%

0
0%

0
0%

10
6%

32
19%

≥2 33
19.6%

1
0.6%

0
0%

12
7.1%

46
27.4%

Total 119
70.8%

2
1.2%

2
1.2%

45
26.8%

168
100%

Using two or more bruxism events per hour as a threshold,8 rates of potential clinical 
significance of 27.4%, 19%, and 26.8% were seen during SB, AB at rest, and AB during 
stress-related activity, respectively. That is, the majority of participants failed to display 
clinically significant rates of bruxism, and most of those showed less than 0.5 events/hr.

Table 3 shows that people who had ≥ 2 AB events/hr at rest also tended to have an ≥ 
2 AB events/hr during stress-related activity. These individuals accounted for 16.1% 
of those 26.8% who showed ≥ 2 AB events/hr during the stress tasks. There was a 
strong positive correlation between the presence of AB at rest and during stress-related 
activity (rs = 0.63, p<.001) (Table 3).

Table 3 Distribution of AB event rates at rest and during stress-related activity.

AB during stress-related activity (events/hr)
rs<2 ≥2 Total

AB at rest (events/hr) <2 118
70.2%

18
10.7%

136
81%

0.63**

≥2 5
3%

27
16.1%

32
19%

Total 123
73.2%

45
26.8%

168
100%

Note: There was a strong positive correlation between the presence of AB at rest and during 
stress-related activity. rs= correlation coefficient, ** p<.001

2
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3.3 Association between awake and sleep bruxism rates and masseter muscle 
activity

In further analysis, we consider both grinding and clenching events in two conditions. 
First, all participants (N=168) and, second, participants with at least one event during 
sleep and daytime periods (n=51) to prevent undue influence from the majority of 
participants who did not brux or had only an AB event or a SB event.

AB event rates at rest and during stress-related activity were strongly related (N=168, 
rs = 0.88, p<.001; N=51, rs = 0.57, p< .001), but event rates during the sleep period 
were unrelated to either awake period (N=168, rs= -0.03 and -0.01, respectively; N=51, 
rs= 0.01 and 0.13, respectively). Thus, those who brux the most during stress-related 
activity also brux the most when off-task. However, those who brux more than others 
during sleep do not have a greater tendency to brux more than others when assessed 
during an awake session.

Tables 4 and 5 show the relationship between masseter muscle activity during sleep 
and wake periods in all participants and in participants with at least one SB and AB 
event. There was no association between sleep and wake EMG activity. On the contrary, 
muscle activity of AB events at rest and during stress-related activity was positively 
associated.  

Table 4 Correlation between masseter muscle activity (uVrms) during SB and AB events in all 
participants (N=168)

N=168 EMG SB EMG AB at rest EMG AB during 
stress-related activity

EMG SB 1.000

EMG AB at rest 0.047 1.000

EMG AB during stress-related activity 0.028 0.451** 1.000

** p< .001

Table 5 Correlation between masseter muscle activity (uVrms) during SB and AB events in 
participants who bruxed at least once (N=51)

N=51 EMG SB EMG AB at rest EMG AB during 
stress-related activity

EMG SB 1.000

EMG AB at rest 0.078 1.000

EMG AB during stress-related activity 0.011 0.609** 1.000

** p< .001
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3.4 Characteristics of SB and AB

Grinding events predominated among participants showing SB, making up 97.7% of all 
sleep events. By contrast, clenching events predominated among those showing any 
AB, making up 86.4% of all awake events.

4. DISCUSSION

The present study explored the association between awake and sleep bruxism measured 
by bruxism events (grinding and clenching) and masseter muscle activity (surface 
EMG). Neither SB and AB event rates nor bruxism-related muscle activity support an 
association between SB and AB. The results showed that tooth grinding was the main 
characteristic for SB, and tooth clenching was the main characteristic for AB.

The present study showed that about 72.6% of this sample exhibited SB less than 
two events/hr during sleep, and half of this group exhibited SB rate ranging 0.5-1.99 
event/hr. According to Rompre et al.,8 individuals with these rates are categorized as 
non-bruxers. Importantly, while 46 participants showed ≥2 events during sleep and 32 
showed ≥2 AB events at rest, only 8 (4.8%) showed both (Table 1). Similarly, while 45 
showed ≥2 AB events during stress-related activity, only 12 (7.1%) showed ≥2 events 
during sleep and during stress-related activity (Table 2). However, many still had some 
SB events. Similarly, 81% and 73.2% of participants had AB at rest and during stress-
related activity less than two events/hr, respectively. The proportion of participants 
who had more than two AB events/hr during stress-related activity was higher than the 
proportion of participants who had AB at rest. While we did not assess perceived stress 
during these activities, Pierce et al.9 found a positive association between EMG activity 
during SB and self-reported stress in some individuals only, suggesting that participants 
might have different coping mechanisms.9 This association requires further exploration.

In secondary analyses, we explored the relationship between EMG activity during the 
occurrence of bruxism events. Similar to event rates, women characterized by high 
levels of EMG activity during sleep were not also generally characterized by high levels 
of EMG activity during stress-related activity or at rest. Similar results were obtained 
when measuring masseter EMG activity in overall participants and in participants who 
had at least one SB and AB event (Tables 4 and 5). That is, those with the highest 
levels of EMG activity during sleep were generally different from those showing the 
highest levels of activation during the awake stress-related activity. This result showed 
that increased EMG activity during sleep is not correlated with EMG activity during 
awake periods. Conversely, a twin cohort study found a genetic correlation between 

2
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self-reported AB and SB,10 although self-report is not considered as valid as PSG or 
instrumental evidence.11 On the contrary, EMG activity of AB during stress-related 
activity was associated with EMG activity of AB at rest.

Do the correlation between AB at rest and during stress-related activity and their event 
rates reflect a general tendency to engage in AB regardless of stress? Event rates and 
EMG activity during the two waking assessment conditions were highly correlated, 
supporting the conclusion that awake bruxers tend to have AB events with or without 
stress and suggesting a trait-like tendency/habit of AB. Nevertheless, about 11% of 
AB events (of the about 27% total) during stress-related activity occurred in women 
without such events at rest (Table 3). In addition, some outliers in AB during stress-
related activity showed higher numbers of events than AB at rest (Figure 1). Thus, awake 
bruxers may show more AB events during stress conditions than at rest. Stress has a role 
as a contributing factor for AB.12-15 Tooth clenching induced by guided music listening 
increased when listening to stressful music.16 However, the changes in tooth clenching 
after listening to stressful music were different between high and low parafunctional 
groups.17 AB would play a part in stress coping that may differ between individuals.9,18 
In addition, high-stress conditions can increase muscle tension.19 On the contrary, 
experimental jaw bracing and thrusting increased stress in healthy adult participants.20 
The relationship between resting-related AB and stress-related activity AB provides 
fertile ground for further investigation.

Our findings showed similar levels of AB and/or SB in TMD-cases and controls. This 
result agrees with a study of Camparis et al.,21 who showed a similar number of SB 
episodes in sleep bruxers with and without TMD pain. In addition, the intensity of SB 
was independent of TMD pain intensity.22 Likewise, the study of Ramanan et al. showed 
a similar number of AB episodes between TMD-pain cases and controls.23 However, 
they found a longer period of low-level clenching in TMD cases than in controls.23 
On the contrary, some studies found an association between TMD pain and EMG or 
PSG-confirmed SB.24,25 For example, Rossetti et al. found that PSG-confirmed SB and 
self-reported daytime clenching were more common in those with myofascial pain.25 
Wei et al. found that the duration of SB events was longer in patients with TMJ disc 
displacement and pain than in pain-free controls.26 Hence, the association between SB, 
AB, and TMD should be further investigated.

In this study, the most common specific characteristics occurring during SB and AB are 
different. Like us, Bracci et al.27 also reported more clenching than grinding when awake 
in a young adult samples using an ecological momentary assessment tool- BruxApp®.27 
Similar to us, Rossetti et al. reported prominent grinding during sleep.25 In addition, 
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Lavigne et al. reported that phasic episodes were the most SB episodes.6 Together, 
these data add to the suggestions of different types of specific bruxism characteristic 
when asleep and awake.

This study showed a lower number of SB and AB event rates compared to previous 
studies. There were differences in populations and methodologies between our 
study and other studies. The different instruments and thresholds used in this and 
other studies would determine the difference in the number of SB and AB episodes.28 
Our target population did not consist of sleep or awake bruxers, while some studies 
investigated in sleep bruxer and non-bruxer groups.6,8 Some authors used different 
EMG activity thresholds, for example, over 10% of maximum voluntary contraction 
(MVC)29 or 20% of MVC,6 while we used jaw-muscle activity with two folds of amplitude 
when relaxing as a cut-off point for RMMA activity. Thus, methodological differences 
between this and other studies cannot be ruled out as an explanation for differences 
in reported AB and SB event rates.

The strength of this study is that we used gold-standard EMG and PSG assessment of 
muscle activity during wakefulness and sleep.2 Bruxism events were scored reliably 
according to published criteria.6,8 Importantly, to the best of our knowledge, this is 
the largest study to examine instrumentally-assessed bruxism during sleep and awake 
periods in the same individuals.

This study has some limitations. First, we studied women only, so results may not be 
generalizable to men. Second, AB event during stress were obtained from experiments. 
At this time, the external validity of experimentally evoked bruxism has an uncertain 
relationship to bruxism in daily life.

5. CONCLUSIONS

This study showed that sleep bruxism, primarily grinding activity, and awake bruxism, 
primarily clenching activity, do not typically characterize the same individuals. There 
was little support for the hypothesis that those who brux during sleep also brux when 
awake. On the contrary, resting and stress-associated awake bruxism events did tend 
to occur in the same individuals, suggesting a characteristic behavior.

2



619680-L-bw-Chattrattrai619680-L-bw-Chattrattrai619680-L-bw-Chattrattrai619680-L-bw-Chattrattrai
Processed on: 13-11-2023Processed on: 13-11-2023Processed on: 13-11-2023Processed on: 13-11-2023

34

Chapter 2

Acknowledgements: This research was supported in part by grant R01 DE018569 from 
the National Institutes of Health, Bethesda, MD, USA. MJ received grant support from 
National Institutes of Health, US Department of Defense and the Patient-centered 
Outcomes Research Institute during the conduct of the study. TC was supported by a 
Mahidol University’s Academic Development Scholarship.

Conflict of Interest Statement: None



35

The association between SB and AB: PSG and EMG recordings in women with and without MFP

REFERENCES

1.	 Lobbezoo F, Ahlberg J, Glaros AG, et al. Bruxism defined and graded: an international 
consensus. J Oral Rehabil. 2013;40(1):2-4.

2.	 Lobbezoo F, Ahlberg J, Raphael KG, et al. International consensus on the assessment of 
bruxism: Report of a work in progress. J Oral Rehabil. 2018;45(11):837-844.

3.	 Dworkin SF, LeResche L. Research diagnostic criteria for temporomandibular disorders: 
review, criteria, examinations and specifications, critique. J Craniomandib Disord. 
1992;6(4):301-355.

4.	 Raphael KG, Sirois DA, Janal MN, et al. Sleep bruxism and myofascial temporomandibular 
disorders: a laboratory-based polysomnographic investigation. J Am Dent Assoc. 
2012;143(11):1223-1231.

5.	 Janal MN, Lobbezoo F, Quigley KS, Raphael KG. Stress-evoked muscle activity in women 
with and without chronic myofascial face pain. J Oral Rehabil. 2021;48(10):1089-1098.

6.	 Lavigne GJ, Rompre PH, Montplaisir JY. Sleep bruxism: validity of clinical research diagnostic 
criteria in a controlled polysomnographic study. J Dent Res. 1996;75(1):546-552.

7.	 Landis JR, Koch GG. The measurement of observer agreement for categorical data. 
Biometrics. 1977;33(1):159-174.

8.	 Rompre PH, Daigle-Landry D, Guitard F, Montplaisir JY, Lavigne GJ. Identification of a sleep 
bruxism subgroup with a higher risk of pain. J Dent Res. 2007;86(9):837-842.

9.	 Pierce CJ, Chrisman K, Bennett ME, Close JM. Stress, anticipatory stress, and psychologic 
measures related to sleep bruxism. J Orofac Pain. 1995;9(1):51-56.

10.	 Ahlberg J, Piirtola M, Lobbezoo F, et al. Correlates and genetics of self-reported sleep and 
awake bruxism in a nationwide twin cohort. J Oral Rehabil. 2020;47(9):1110-1119.

11.	 Raphael KG, Janal MN, Sirois DA, et al. Validity of self-reported sleep bruxism among 
myofascial temporomandibular disorder patients and controls. J Oral Rehabil. 
2015;42(10):751-758.

12.	 Winocur E, Uziel N, Lisha T, Goldsmith C, Eli I. Self-reported bruxism - associations with 
perceived stress, motivation for control, dental anxiety and gagging. J Oral Rehabil. 
2011;38(1):3-11.

13.	 Maciejewska-Szaniec Z, Kaczmarek-Rys M, Hryhorowicz S, et al. Polymorphic variants in 
genes related to stress coping are associated with the awake bruxism. BMC Oral Health. 
2021;21(1):496.

14.	 Flueraşu MI, Bocşan IC, Țig IA, Iacob SM, Popa D, Buduru S. The Epidemiology of Bruxism 
in Relation to Psychological Factors. Int J Environ Res Public Health. 2022;19(2).

15.	 Manfredini D, Lobbezoo F. Role of psychosocial factors in the etiology of bruxism. J Orofac 
Pain. 2009;23(2):153-166.

16.	 Imbriglio TV, Moayedi M, Freeman BV, Tenenbaum HC, Thaut M, Cioffi I. Music 
Modulates Awake Bruxism in Chronic Painful Temporomandibular Disorders. Headache. 
2020;60(10):2389-2405.

17.	 Cioffi I, Sobhani M, Tenenbaum HC, Howard A, Freeman BV, Thaut M. Modulation of Jaw 
Muscle Motor Response and Wake-Time Parafunctional Tooth Clenching With Music. J 
Oral Facial Pain Headache. 2018;32(2):167-177.

18.	 Soto-Goñi XA, Alen F, Buiza-González L, et al. Adaptive Stress Coping in Awake Bruxism. 
Front Neurol. 2020;11:564431.

19.	 Kondrat W, Stocka A, Sierpinska T. Relationship between emotional state and masticatory 
system function in a group of healthy volunteers aged 18-21. Cranio. 2022:1-8.

2



36

Chapter 2

20.	 Kothari SF, Visser M, Timmerman K, et al. Painful and non-painful symptoms evoked by 
experimental bracing and thrusting of the mandible in healthy individuals. J Oral Rehabil. 
2021;48(9):1004-1012.

21.	 Camparis CM, Formigoni G, Teixeira MJ, Bittencourt LR, Tufik S, de Siqueira JT. Sleep 
bruxism and temporomandibular disorder: Clinical and polysomnographic evaluation. 
Arch Oral Biol. 2006;51(9):721-728.

22.	 Smardz J, Martynowicz H, Michalek-Zrabkowska M, et al. Sleep Bruxism and Occurrence 
of Temporomandibular Disorders-Related Pain: A Polysomnographic Study. Front Neurol. 
2019;10:168.

23.	 Ramanan D, Palla S, Bennani H, Polonowita A, Farella M. Oral behaviours and wake-time 
masseter activity in patients with masticatory muscle pain. J Oral Rehabil. 2021;48(9):979-
988.

24.	 Ohlmann B, Waldecker M, Leckel M, et al. Correlations between Sleep Bruxism and 
Temporomandibular Disorders. J Clin Med. 2020;9(2).

25.	 Rossetti LM, Pereira de Araujo Cdos R, Rossetti PH, Conti PC. Association between 
rhythmic masticatory muscle activity during sleep and masticatory myofascial pain: a 
polysomnographic study. J Orofac Pain. 2008;22(3):190-200.

26.	 Wei F, Van Horn MH, Coombs MC, et al. A pilot study of nocturnal temporalis muscle 
activity in TMD diagnostic groups of women. J Oral Rehabil. 2017;44(7):517-525.

27.	 Bracci A, Djukic G, Favero L, Salmaso L, Guarda-Nardini L, Manfredini D. Frequency of 
awake bruxism behaviours in the natural environment. A 7-day, multiple-point observation 
of real-time report in healthy young adults. J Oral Rehabil. 2018;45(6):423-429.

28.	 Manfredini D, Ahlberg J, Wetselaar P, Svensson P, Lobbezoo F. The bruxism construct: From 
cut-off points to a continuum spectrum. J Oral Rehabil. 2019;46(11):991-997.

29.	 Yoshizawa S, Suganuma T, Takaba M, et al. Phasic jaw motor episodes in healthy subjects 
with or without clinical signs and symptoms of sleep bruxism: a pilot study. Sleep Breath. 
2014;18(1):187-193.



37

The association between SB and AB: PSG and EMG recordings in women with and without MFP

2





Processed on: 13-11-2023Processed on: 13-11-2023Processed on: 13-11-2023Processed on: 13-11-2023

CHAPTER 3 
THE ASSOCIATION OF SELF-REPORTED 
AWAKE BRUXISM AND SLEEP BRUXISM 

WITH TEMPOROMANDIBULAR PAIN 
AND DYSFUNCTION IN ADULT PATIENTS 

WITH TEMPOROMANDIBULAR 
DISORDERS

Thiprawee Chattrattrai1,2, Ghizlane Aarab1, Naichuan Su3, Tessa F Blanken4, 
Somsak Mitrirattanakul2, Frank Lobbezoo1

1 Department of Orofacial Pain and Dysfunction, Academic Centre for Dentistry Amsterdam 
(ACTA), University of Amsterdam and Vrije Universiteit Amsterdam, Amsterdam, The Netherlands
2 Department of Masticatory Science, Faculty of Dentistry, Mahidol University, Bangkok, Thailand
3 Department of Oral Public Health, Academic Centre for Dentistry Amsterdam (ACTA), 
University of Amsterdam and Vrije Universiteit Amsterdam, Amsterdam, the Netherlands
4 Department of Psychological Methods, University of Amsterdam, Amsterdam, the Netherlands

Submitted for publication



40

Chapter 3

ABSTRACT

Objective: To investigate the association of the severity of TMD pain and dysfunction 
with the frequency of self-reported AB, SB, and stress in an adult TMD-patient 
population.

Materials and Methods: This cross-sectional study included 237 TMD patients based on 
the DC/TMD. Age, sex, frequency of self-reported AB and SB, and stress were included 
as independent variables. TMD pain and TMD dysfunction were included as dependent 
variables in regression analyses. Univariate and multivariable linear regression analyses 
were used to predict TMD pain and TMD dysfunction in two separate models. Finally, 
network analysis was performed to investigate the associations between all variables.

Results: In the univariate analyses, TMD pain was significantly associated with self-
reported AB-frequent (unstandardized coefficient (B)=3.196, 95%CI 1.198-5.195, 
p=0.002). TMD dysfunction was significantly associated with AB-frequent (B= 2.208, 
95%CI 0.177-4.238, p=0.033) and SB-sometimes (B=1.698, 95%CI 0.001-3.394, 
p=0.050). In the multivariable analyses, TMD pain was significantly associated with 
TMD dysfunction (B=0.370, p<0.001), stress (B=0.102, p<0.001). TMD dysfunction 
was significantly associated with TMD pain (B=0.410, p<0.001) only. Network analysis 
showed that TMD pain is a bridge factor between AB, stress, and TMD dysfunction.

Conclusions: TMD pain is directly associated with AB, stress, and TMD dysfunction, 
while TMD dysfunction is only associated with TMD pain.

Clinical Relevance: Reducing pain may improve pain-related dysfunction, and the 
management of AB and stress may improve TMD pain and dysfunction.

Keywords: sleep bruxism; awake bruxism; temporomandibular disorders; TMD pain; 
TMD dysfunction; network analysis
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1. INTRODUCTION

Temporomandibular disorders (TMD) are a group of conditions that relate to the 
temporomandibular joints (TMJ) and masticatory muscles.1 The signs and symptoms 
of TMD include orofacial pain and functional disturbances of the masticatory system, 
amongst other conditions.1 TMD pain, i.e., pain in the TMJ, preauricular area, or 
masticatory muscles, is reported by 16.3%-25.6% of adult population samples,2,3 and it is 
the main reason for patients to seek treatment.4 TMD dysfunction, i.e., TMJ sounds and 
limited jaw movements, are frequent complaints of TMD patients as well.1 The etiology 
of TMD includes biological factors, such as oral behaviors (e.g., bruxism) and trauma,5-7 
and psychosocial factors, such as stress, depression, anxiety, and somatization.7,8

Awake bruxism (AB) and sleep bruxism (SB) have been defined as repetitive masticatory 
muscle activities, occurring during wakefulness and sleep, respectively.9 Nowadays, 
AB and SB are considered to be different behaviors and therefore have separate 
definitions.10 AB is defined as “a masticatory muscle activity during wakefulness that is 
characterized by repetitive or sustained tooth contact and/or by bracing or thrusting 
of the mandible”; SB is defined as “a masticatory muscle activity during sleep that 
is characterized as rhythmic (phasic) or non-rhythmic (tonic)”.10 AB and SB seem to 
share some genetic origin and have similar associated factors such as psychosocial and 
lifestyle factors.11 Some studies found a significant relationship between AB and SB,11-13 
and improving AB by biofeedback treatment could reduce SB events.14 In contrast, a 
study in Italian dental students could not find any association between self-reported 
AB and SB.15

AB and SB have both been considered as risk factors for TMD in adolescent and adult 
populations. A study on TMD-pain onset in an adult population showed that self-
reported oral behaviors, including AB, were potential risk factors for the development of 
TMD.16 In addition, AB and SB were associated with self-reported TMJ pain17,18 and with 
increased pain in TMD patients.19 Even though the association between AB and TMD is 
reported in both self-report and instrumental approaches, the association between SB 
and TMD still yields controversial outcomes depending on measurements.20-22

To date, the association between bruxism and functional symptoms of TMD, e.g., joint 
sounds and mandibular movement limitations, is inconclusive and in need of further 
investigation.21 AB has been associated with intermittent locking in adolescents.23 
Likewise, self-reported AB and SB were associated with TMJ locking in university 
students.17 In addition, co-existence of self-reported AB and SB increased the chance 
of having TMD symptoms such as TMD pain and TMJ locking.17 In the study of Rossetti 

3
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et al., however, self-reported daytime grinding was not associated with TMJ sounds, and 
PSG-assessed SB was not associated with TMJ sounds or limited mandibular movements 
in a TMD-patient population.24 Moreover, the studies of the association of AB and 
SB with TMD mainly focus on pain, but not on dysfunction. Thus, how AB and SB are 
associated with TMD pain and dysfunction is still unclear.

In this study, first, we aimed to investigate the association between self-reported AB 
and SB. The hypothesis was that AB was significantly associated with SB. Second, by 
assessing the severity of TMD pain and dysfunction from self-reported TMD-pain and 
-dysfunction scores, we aimed to investigate the association between the frequency of 
self-reported AB and SB on the one hand and the severity of TMD pain and dysfunction 
on the other hand in an adult TMD-patient population. Our hypothesis was that AB and 
SB are both associated with TMD pain and dysfunction in adult TMD patients.

2. METHOD

2.1 Participants

The data were collected from patients who had their first visit at the Masticatory 
Science Clinic, Faculty of Dentistry, Mahidol University, Bangkok, Thailand. All patients 
were diagnosed with, or complained about orofacial pain and/or jaw dysfunction. Only 
patients over 18 years old were included. There were 310 records. There were 2 patients 
included twice, so these two redundant records were excluded before conducting the 
analyses. There were 14 cases excluded because they did not have TMD complaints 
or TMD diagnosis. In addition, there were 57 records with incomplete questionnaires. 
Those records were excluded as well. Hence, in total, 237 records were included in 
the analyses. This study was approved by the Institutional Review Board, Faculty of 
Dentistry/Faculty of Pharmacy, Mahidol University (MU-DT/PY-IRB), under protocol 
2021/DT128. Participants were included in the study from January 2020 to December 
2021, and informed consent was obtained from all participants.

2.2 Study procedures

All patients underwent routine examination and were assessed for TMD status with 
the Diagnostic Criteria for TMD (DC/TMD) axis I (not used for the analyses).25 Several 
questionnaires were completed before the clinical examination during the first visit. The 
questionnaires included items regarding age and sex; TMD/orofacial pain (TMD-pain 
and TMD-dysfunction scores), using the modified Gerstner screening questionnaire26; 
frequency of awake/sleep bruxism from the Oral Behaviors Checklist (OBC)25; drinking 
alcohol and cigarette smoking from the general screening questionnaire; and stress 
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from the Suan Prung Stress Test-20 (SPST-20).27 Since few participants drink alcohol or 
smoke, we omitted drinking alcohol and smoking from linear regression analysis, and 
also from the subsequent network analysis.

The TMD screening questionnaire includes three parts. The first and second parts, i.e., 
part A and B, are the modified Gerstner screening questionnaire assessing TMD pain 
and dysfunction severity.26 The third part, i.e., part C, includes questions about the 
frequency of pain elsewhere, of AB and SB, and pain impact on work and social activity. 
All questions and response options included in this study are described in Table 1.

The question on the frequency of awake/sleep bruxism was obtained from the OBC, 
which is recommended for the assessment of oral behaviors, including AB and SB.25 
We included the OBC question 1 to assess SB, and the maximum value among the OBC 
questions 3-6 to assess AB. The OBC had five answer options, namely: None of the time 
(0), <1 night/month (1), 1-3 nights/month (2), 1-3 nights/week (3), and 4-7 nights/week 
(4) for SB; and none of the time (0), a little of the time (1), some of the time (2), most 
of the time (3), and all of the time (4) for AB.

Few participants answered “all of the time” of AB and “<1 night/month” of SB, so the 
answer options “<1 night/month” and “1-3 nights/month” of SB and “a little of the time” 
and “some of the time” of AB were combined into “sometimes”. The answer options 
“1-3 nights/week” and “4-7 nights/week” of SB and “most of the time” and “all of the 
time” were combined into “frequent”. Thus, the final answer options for the frequency 
of AB and SB were “never”, “sometimes”, and “frequent”.

3
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2.3 Statistical analysis

To investigate the association between the frequency of AB and that of SB, Spearman’s 
correlation test was performed by using the original answer options, i.e., five answer 
options of AB and SB.

To investigate the association of both AB and SB with TMD pain and TMD dysfunction, 
we performed a three-step analysis, viz., univariate analysis, multivariable analysis, and 
network analysis. First, univariate linear regression analysis was performed to predict 
TMD pain in a first model and to predict TMD dysfunction in a second model. AB and 
SB were included to predict TMD pain and TMD dysfunction. We included only the 
frequency of AB and SB in the univariate analyses, while we included all independent 
variables in the multivariable analyses based on the approach by Kostis et al.28 The 
computed categories of AB and SB, i.e., never, sometimes, and frequent, were used in 
linear regression and network analyses.

Second, multivariable linear regression analyses were used to investigate the 
association between all variables and TMD pain and dysfunction. TMD-pain score 
was the dependent variable in the first model, and TMD-dysfunction score was the 
dependent variable in the second model. Age, sex, frequency of AB and SB, and stress 
were included as the independent variables to predict TMD pain in the first model, and 
to predict TMD dysfunction in the second model. TMD dysfunction score was added 
as an independent variable to predict TMD pain. Likewise, TMD pain score was added 
to the TMD dysfunction model.

Third, network analysis was performed to investigate the associations between all 
variables without defining dependent or independent variables. The network model 
estimates the conditional dependence relations of all included variables. That is, the 
unique relation between two variables after controlling for all other variables in the 
network model.29 Seven variables were included in the analysis; age, sex (“male”, 
“female”), stress, AB (“never”, “sometimes”, “frequent”), SB (“never”, “sometimes”, 
“frequent”), TMD pain, and TMD dysfunction. Since there were categorical and 
continuous variables included in the network analysis, we estimated a mixed graphical 
model.30 Because of our relatively low sample size and our goal to discover edges 
that have a high probability to be truly present, we focused on precision and used 
a regularization technique called ‘Least Absolute Shrinkage and Selection Operator’ 
(LASSO) to minimize false positive edges.30,31 The amount of regularization that is 
applied depends on the tuning parameter. We selected the optimal tuning parameter 
by minimizing the Extended Bayesian Information Criterion (EBIC). A gamma 
hyperparameter controls the extent to which the EBIC prefers simpler (i.e., sparser) 
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models, with higher values for the gamma hyperparameter corresponding to sparser 
networks. In this study, we set the hyperparameter to 0.5 to gain higher specificity. 
An estimated network model can be visualized as a network in which the variables are 
included as nodes and the conditional dependence relations are shown as edges.29 
A blue edge represents a positive relation and a red edge represents a negative 
relation. The nonparametric bootstrapping with 1,000 bootstrap samples was used to 
investigate the network’s accuracy.29 Any edges between variables with more than two 
categories, viz., frequency of AB and SB, would be evaluated using post-hoc analyses. 
Node centrality was computed to evaluate which variable may have the highest 
strength in the network. To evaluate the stability of the centrality, we computed the 
case-dropping bootstrap to find the correlation stability coefficients (CS-coefficients) 
of node strength. To test whether the centrality is meaningfully different across the 
variables, bootstrapped difference test was used.29 Spearman’s correlation test, linear 
regression analysis and network analysis were performed with R (version 4.1.2, Vienna 
University of Economics and Business, Vienna, Austria).32 Linear regression analysis was 
done using the R-package “lm.beta” (version 1.5-1).33 The network analysis was done 
using the R-package “bootnet”(version 1.5),30 while visualization of a network model 
was done with the R-package “qgraph” (version 1.9).34 Post-hoc analysis of the network 
model was done using the R-package “mgm” (version 1.2-12).35

3. RESULTS

There were 237 adult TMD patients included in the present study (60 males and 177 
females). Mean±SD age of participants was 39.9±15.5. TMD status of the study sample 
was as follows: 72 (30.4%) local myalgia, 41 (17.3%) myofascial pain, 7 (3%) myofascial 
pain with referral, 72 (30.4% arthralgia), 18 (7.6%) disc displacement with reduction, 
3 (1.3%) disc displacement with reduction with intermittent locking, 2 (0.8%) disc 
displacement without reduction without limited opening, 7 (3%) degenerative joint 
disease, 7 (3%) subluxation, and 8 (3.4%) myospasm. Table 2 presents the descriptive 
data of the patient population. Table 3 shows the distribution of the frequency of AB 
and SB. AB was significantly positively associated with SB (rs = 0.27; p<0.01).

﻿

3
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Table 2 The descriptive data of adult TMD patient population (N=237).

Variables N (%) Range Mean (SD) Median (IQR)

Age 18-81 39.9±15.5 37 (25)

TMD pain score (0-36) 0-27 6.7±5.1 6 (6)

TMD dysfunction score (0-24) 0-19 6.0±5.1 5 (8)

Stress score (0-100) 0-73 32.5±15.2 30 (19)

Sex

Male 60 (25.3%)

Female 177 (74.7%)

Frequency of AB

Never 37 (15.6%)

Sometimes 131 (55.3%)

Frequent 69 (29.1%)

Frequency of SB

Never 96 (40.5%)

Sometimes 53 (22.4%)

Frequent 88 (37.1%)

SD = standard deviation; IQR = interquartile range

 Table 3 The distribution of frequency of AB and SB (N= 237)

SB

Never Sometimes Frequent Total

AB Never 29 (12.2%) 3 (1.3%) 5 (2.1%) 37 (15.6%)

Sometimes 46 (19.4%) 33 (13.9%) 52 (21.9%) 131 (55.3%)

Frequent 21 (8.9%) 17 (7.1%) 31 (13.1%) 69 (29.1%)

Total 96 (40.5%) 53 (22.4%) 88 (37.1%) 237 (100%)

3.1 TMD-pain regression model

The results of the univariate linear regression analyses showed that there was a 
significant association between AB-frequent and TMD pain (B = 3.196, 95%CI 1.198-
5.195, p = 0.002). In contrast, there was no significant association between AB-
sometimes and TMD pain (B = 1.167, 95%CI -0.659-2.993, p = 0.209) and no association 
between SB and TMD pain (SB-sometimes B = 0.492, 95%CI -1.224-2.209, p = 0.573; 
SB-frequent B = 0.787, 95%CI -0.693-2.267, p = 0.296).
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The results of the multivariable linear regression analysis showed that TMD pain was 
significantly associated with TMD dysfunction (B = 0.370, 95%CI 0.256-0.484, p<0.001) 
and stress (B = 0.102, 95%CI 0.064-0.140, p<0.001). These show that higher stress and 
TMD dysfunction were associated with more TMD pain (Table 4).

Table 4 Multivariable regression model of factors related to TMD pain

TMD pain (n=237)

B (SE) Standardized 
Coefficients

95% CI of B P

Age 0.0253(0.019) 0.077 -0.013-0.063 0.192

TMD dysfunction 0.370(0.058) 0.371 0.256-0.484 <0.001*

Stress 0.102(0.019) 0.305 0.064-0.140 <0.001*

Sex Male Reference . . .

Female 0.125(0.666) 0.011 -1.187-1.437 0.852

Awake bruxism Never Reference . . .

Sometimes 0.444(0.877) 0.044 -1.284-2.173 0.613

Frequent 1.623(0.960) 0.145 -0.269-3.515 0.092

Sleep bruxism Never Reference . . .

Sometimes -0.660(0.785) -0.054 -2.208-0.887 0.401

Frequent 0.756(0.685) 0.072 -0.593-2.105 0.271

B = unstandardized coefficient; SE = standard error; CI = confidence interval; * = significant at 
0.05

3.2 TMD-dysfunction regression model

The results of the univariate linear regression analyses showed that TMD dysfunction 
was significantly associated with AB-frequent (B = 2.208, 95%CI 0.177-4.238, p = 0.033) 
and SB-sometimes (B = 1.698, 95%CI 0.001-3.394, p = 0.050), but there was no significant 
association between AB-sometimes and TMD dysfunction (B = 0.952, 95%CI -0.903-
2.807, p = 0.313). In addition, there was no significant association between SB-frequent 
and TMD dysfunction either (B = -0.679, 95%CI -2.142-0.784, p = 0.362).

The results of the multivariable linear regression analysis showed that TMD dysfunction 
was significantly associated with TMD pain only (B = 0.410, 95%CI 0.283-0.536, p 
<0.001). This shows that higher TMD pain was associated with higher TMD dysfunction 
(Table 5).

3
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 Table 5 Multivariable regression model of factors related to TMD dysfunction

TMD dysfunction (n=237)

B (SE) Standardized 
Coefficients

95% CI of B P

Age -0.032(0.02) -0.096 -0.072-0.008 0.122

TMD pain 0.410(0.064) 0.409 0.283-0.536 <0.001*

Stress -0.002(0.022) -0.007 -0.045-0.040 0.910

Sex Male Reference . . .

Female 0.665(0.700) 0.057 -0.713-2.044 0.343

Awake bruxism Never Reference . . .

Sometimes 0.219(0.923) 0.021 -1.601-2.038 0.813

Frequent 0.769(1.016) 0.069 -1.233-2.770 0.450

Sleep bruxism Never Reference . . .

Sometimes 1.142(0.824) 0.094 -0.482-2.766 0.167

Frequent -1.290(0.717) -0.123 -2.703-0.124 0.074

B = unstandardized coefficient; SE = standard error; CI = confidence interval; * = significant at 
0.05

3.3 Network model

The network model visualized in Figure 1 shows that AB has a positive edge to TMD 
pain. This indicates that patients who have AB tend to have higher TMD-pain scores. In 
addition, TMD pain has positive edges to TMD dysfunction and stress, indicating that 
TMD patients who have TMD pain tend to have higher TMD-dysfunction and stress 
scores. SB does not have any edge to other variables. The bootstrapped confidence 
intervals plot of the network model and the results of the node centrality, of centrality 
stability as well as of bootstrapped difference test can be found in Supplementary 
material.
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F igure 1 Network model of self-reported AB and SB with TMD pain and dysfunction. Circle 
outline, continuous variable; square and triangle outlines, categorical variables with two and 
three categories, respectively. Blue edges display positive associations between linked variables.

4. DISCUSSION

The present study aimed to investigate whether self-reported AB and SB are associated, 
and to investigate the association between the frequency of self-reported AB and SB 
on the one hand and the severity of TMD pain and dysfunction on the other hand. 
It was found that self-reported AB was significantly associated with self-reported 
SB, however, this association was not observed in the network model. Univariate 
analyses showed that self-reported AB was significantly associated with TMD pain and 
dysfunction, while self-reported SB had a borderline significant association with TMD 

3
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dysfunction. Multivariable analyses showed no association of AB and SB with TMD pain 
or dysfunction. The network model showed that TMD pain was a bridge factor between 
AB, stress, and TMD dysfunction.

The association between self-reported AB and SB was found in univariate analysis, 
but it disappeared after taking other factors into account. There was a positive but 
weak correlation between self-reported AB and SB. These may be reasons why the 
association between both factors did not appear in the network model. Our univariate 
finding is in concordance with studies in adolescents, which reported that self-reported 
AB and SB are associated.13,36 Indeed, AB and SB may have a similar genetic origin and 
are associated with similar factors like smoking, alcohol consumption and its negative 
consequences, e.g., hangover.11 Conversely, a study in Italian dental students found that 
self-reported AB and SB were not associated.15 Hence, the co-occurrence between AB 
and SB should be further investigated.

Even TMD pain and dysfunction scores were not high, the association between TMD 
pain and AB was found. This association between self-reported AB and TMD pain was 
a consistent finding in our univariate and network analyses. The positive edge between 
AB and TMD pain shows that the AB frequency is positively associated with TMD-
pain intensity, and vice versa.17,18,37 This is consistent with an experimental study by 
Cioffi et al.38 who found that myofascial pain patients had higher-intensity daytime 
clenching events and longer clenching duration than pain-free controls. A delayed-onset 
of masticatory muscle soreness (DOMS) may explain the association between AB and 
TMD pain. The pain threshold of healthy individuals tended to reduce after increasing 
their clenching force.39 Moreover, increasing the clenching force resulted in long-lasting 
muscle fatigue and pain as well as pain-related dysfunction like a reduction of the 
pain-free maximum mouth opening.40 The association between self-reported AB and 
TMD dysfunction was found in univariate analysis and they were indirectly associated 
via TMD pain.

SB had a positive association with TMD dysfunction but borderline significant in 
univariate linear regression analysis. Thus, this result should be interpreted with 
caution. This is consistent with the findings of Berger et al.,41 who reported that TMD 
pain was associated with self-report AB but not with self-reported SB. However, a study 
about self-reported AB and SB found that the presence of both AB and SB increased 
the risk of TMD pain.18 In addition, a cohort study found that probable, i.e., clinically 
confirmed, AB and SB had a positive direct association with TMD pain complaints.42 A 
study on a finite element model of the TMJ showed that sustained clenching, viz., a 
main characteristic for AB, produced a higher level of mechanical stress to TMJ than 
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repetitive masticatory muscle activity did, viz., a main characteristic of SB.43 The high 
stress may damage TMJ and lead to TMD.43 Conversely, in another study, only AB was 
associated with facial pain, while both AB and SB were associated with joint sounds in 
adolescents.13 Since in our study AB was associated with TMD pain while SB was not, it 
may be suggested that AB and SB may be two different entities. AB may associate with 
TMD and stress more than SB does, and SB may have less impact than AB as a risk factor 
for TMD. A study of gene polymorphism revealed that polymorphism in gene related to 
stress coping may be associated with AB susceptibility.44 A systematic review supported 
that genes related with serotonin, which regulates stress response and is a mediator 
associated with pain, may involve in SB but not with AB.45 However, the evidence is still 
limited and needs further investigation. Bruxism is centrally mediated,46 but the results 
from this study support that AB tends to be more associated with psychosocial factors 
like stress and anxiety than SB does.

TMD pain was positively associated with TMD dysfunction, and it was a bridge factor 
between TMD dysfunction to AB and stress. This result is consistent with the statistical 
regression model predicting TMD pain in Table 4. The positive edges among TMD 
pain, TMD dysfunction, AB, and stress showed the positive direction that if one of 
these factors increases, it may affect other factors. The Integrated Pain Adaptation 
Model may explain why TMD dysfunction occurs in this context.47 Patients tend to 
limit their muscle activities to avoid pain, and psychosocial factors may be involved in 
this process. Alteration of muscle activity due to pain may result in reducing agonist 
muscle contraction and increasing antagonist muscle activity.47 Integrating with pain 
characteristics, pain experiences, and psychosocial factors, pain would affect motor 
activity to respond differently between individuals.47 Unfortunately, the present study 
did not specify which dysfunctions occurred in this TMD-patient population. Since 
TMD pain is a bridge factor, its successful management may improve pain-related 
dysfunction.48 On the other hand, the improvement of dysfunction like limited jaw 
opening may reduce TMD pain. This may help clinicians to improve their patients’ 
complaints and quality of life.

Stress was directly associated with TMD pain, and indirectly with AB. Psychological 
factors may play important roles in both TMD pain and AB. Stress may increase TMD 
symptoms, and vice versa.49 TMD is a biopsychosocial condition.50 Therefore, TMD 
treatment strategies and management of AB should not overlook psychosocial factors.

This study has several strengths. First, we used network analysis to investigate the 
associations between all variables. Network analyses are an exploratory analyses 
technique to explore the structure in the data. Network analysis can visualize all 

3
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possible edges among all variables without defining predictor or outcome variables. 
Second, we used TMD pain and dysfunction scores to represent TMD pain and TMD 
dysfunction, which would show the severity of TMD pain and TMD dysfunction instead 
of only their presence or absence. In addition, we focused on both TMD pain and TMD 
dysfunction, while previous studies mainly focused on TMD pain. Third, we investigated 
the frequency of experiencing AB and SB with the OBC, the gold standard questionnaire 
in our assessment.25

This study has some important limitations. First, we used self-report for the 
assessment of bruxism. A higher-level assessment would have been electromyography/
polysomnography for SB and ecological momentary assessments for AB,10 although 
self-report enables grasping the time-related aspects of the bruxism behavior better 
than instrumental assessments. Second, our selection of OBC items may not show 
the previously established reliability and validity of the instrument’s full version.51,52 
The gold standard measurement for bruxism is still electromyography (EMG), which 
unfortunately could not be performed in the present setting. However, previous studies 
that investigated oral behaviors focusing on AB selected some items of the OBC (OBC-
6) as well, because their main interest was specific oral behaviors.38,53-55 Even though 
these previous studies used a subset of the OBC, that subset was still highly reliable.53 
In addition, a subset of the OBC that focused on AB showed a significant association 
with daytime tooth clenching episodes measured with EMG.38 Further, a novel tool 
called bruxism screener (BruxScreen) is developed to assess bruxism behaviors, and 
the authors also selected some items of OBC as we did in the present study.56 This 
tool has a modification of adding answer option ‘don’t know’ to the selected OBC 
items, shows good face validity, and is ready for on-field testing.56,57 In the meantime, it 
requires working on the validation process.57 As a third limitation, we did not have the 
official Thai versions of all DC/TMD questionnaires, so we did not have gold-standard 
questionnaires to investigate TMD pain and dysfunction at the time we collected data. 
Another limitation was that this is a cross-sectional study, so causal inferences cannot 
be made. To identify cause and effect, a cohort study is recommended.

5. CONCLUSION

Self-reported AB was associated with TMD pain, TMD dysfunction, and stress, while 
self-reported SB was not associated with TMD or stress. The bridge factor of TMD 
pain suggests that reducing pain may also improve pain-related dysfunction, while the 
management of AB and stress may improve TMD pain and dysfunction.
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A PPENDIX | NETWORK ACCURACY

The bootstrapped confidence intervals plot of the network model is given in Figure A1. 
The confidence intervals were broad and overlapping, which means that there is some 
uncertainty around the estimate of the edge and differences between edge strengths 
should be interpreted with caution. The centrality plot (Figure A2) shows that TMD 
pain has the highest node strength in the network (node strength= 0.590). The case-
dropping subset bootstrap was used to estimate centrality stability.1 The correlation 
stability coefficient (CS-coefficient) of node strength (CS(cor=0.7)) was 0.52, above 
the preferably specified cut-off. This result shows that the order of node strength is 
interpretable with preferably stability (Figure A3).1 The bootstrapped difference test 
showed that TMD pain had a significantly higher strength centrality than age and sex 
(Figure A4). 3
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Fi gure A1 Bootstrapped confidence intervals (CI) of the network model. Black CIs represent 
accurate edges and greyish CIs show non-significant edges in the model. The first CI represents 
the strongest edge in the model. The overlapping CIs show that there is no significant difference 
between edges.



619680-L-bw-Chattrattrai619680-L-bw-Chattrattrai619680-L-bw-Chattrattrai619680-L-bw-Chattrattrai
Processed on: 13-11-2023Processed on: 13-11-2023Processed on: 13-11-2023Processed on: 13-11-2023

61

The association of self-reported AB and SB with TMD pain and dysfunction in adult TMD patients

Figure A2 Node strength of each node in the network model, ordered alphabetically

3
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Figure A3 The stability of centrality indices by case-dropping subset bootstrap.
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Figure A4 Bootstrapped difference test (α=0.05) between node. Gray boxes indicate nodes that 
was not significantly different from another node; black boxes indicate that node strength of 
TMD pain was significantly different from age and sex. The values in white boxes indicate the 
value of node strength.
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ABSTRACT

Background: Sleep bruxism (SB) and awake bruxism (AB) are associated with 
temporomandibular disorders (TMD). In addition, SB, AB, and TMD are associated with 
psychosocial factors. TMD treatment strategies often include the management of SB 
and/or AB. However, very few studies have investigated how self-reports of SB and 
AB (i.e., possible bruxism) change after the start of interventions that aim at reducing 
these masticatory muscle activities in TMD patients. This study aims to investigate the 
association between type of TMD treatment and psychosocial factors on the one hand 
and the changes of possible SB and/or AB on the other hand.

Methods: 68 TMD patients were included in this prospective cohort study. Every patient 
received counselling. 33 patients received other treatments besides counselling, i.e., 
physical therapy, psychological therapy, and/or occlusal splint. The changes of SB and 
AB, i.e., not improved vs. improved, were assessed at week 6 after receiving treatment. 
Type of treatment, i.e., counselling vs. counselling plus any other treatment, and 
psychosocial factors, i.e., anxiety, depression, and somatization scores, were included 
in univariate analyses (viz., chi-square or Mann-Whitney U tests) to pre-screen for 
significant variables before including them in binary logistic regression analyses. The 
dependent variables in these analyses were the changes of SB and of three types of AB 
(i.e., AB-grinding, AB-clenching, and AB-bracing) as well as of the maximum frequency 
of all AB types combined (i.e., AB-combined).

Results: There were no significant associations of SB, AB-grinding, and AB-clenching 
with other variables in the univariate analyses. Binary logistic regression analysis showed 
that, compared with patients who did not improve in their frequency of AB-combined, 
patients with counselling and any other treatment had a lower chance of improving their 
AB-combined frequency than patients with counselling alone (OR = 0.218, 95% CI 0.055-
0.871, p = 0.031). The type of treatment was not associated with the improvement of 
AB-bracing frequency in binary logistic regression analysis.

Conclusions: The type of TMD treatment was associated with the change of AB 
frequency but not with the change of SB frequency.

Keywords: sleep bruxism, awake bruxism, temporomandibular disorders, treatment, 
follow-up
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1. INTRODUCTION

Sleep bruxism (SB) is a masticatory muscle activity during sleep, characterized by 
rhythming or non-rhythmic movement that is not movement disorder.1 Awake bruxism 
(AB) is a repetitive masticatory muscle activity during wakefulness, and it is characterized 
by tooth contact and/or by bracing or thrusting of the lower jaw.1 SB and AB have 
been found to be associated with psychosocial factors, such as stress, depression, 
and anxiety.2 Moreover, SB and AB are often investigated for their associations 
with temporomandibular disorders (TMD). TMD is a group of conditions related to 
temporomandibular joint (TMJ), masticatory muscles, and associated structures.3 
Common symptoms of TMD are pain, joint sounds, and limited jaw movement.3 TMD 
pain has been found to be associated with possible and definite AB.4 As for SB, possible 
SB has found to be associated with TMD pain and pain interference with daily life 
activities,5 but the association between definite SB and TMD pain is inconsistent.4,6

TMD is a multifactorial condition, and is associated with psychological factors (e.g., 
depression, anxiety, and stress), sleep quality, and decreased quality of life (QoL).7,8 
In addition, pain and fear of jaw movements have been associated to the decision to 
seek care for TMD pain.9 Management of TMD includes multidisciplinary non-invasive 
treatments, such as counselling, physical therapy, medication, and oral appliance therapy. 
Invasive treatments, such as surgery of the TMJ, are less common, and only performed 
in selected cases.3,10 The goals of treatment are pain reduction and recovery of jaw 
function.3 Given the longstanding notion that SB and AB are viewed as masticatory muscle 
activities that can overload the masticatory system and contribute to the persistence 
of TMD pain, TMD treatment strategies often involve management of SB and/or AB.10-12 
Counselling, including education and behavioral modification, can be implemented to 
reduce AB13 and has been shown to reduce TMD pain and improve jaw function.10,12,13 
In addition, awareness of having AB could improve pain reduction.12 SB is managed 
through oral appliances, which aim to reduce the loading of the masticatory system 
due to forces exerted while bruxing.14 Biofeedback treatments have been investigated 
and could reduce jaw muscle activity during sleep15,16 as well as during wakefulness,12 
but have not yet been implemented as part of routine treatment for TMD pain.17 Even 
though SB and AB are common targets in the management of TMD, very few studies 
have investigated how self-reports of SB and AB change after the start of interventions 
that aim at reducing these masticatory muscle activities in TMD patients.13,18

Patient-reported outcome measures (PROMs) focus on patients’ perspective of their 
health, symptoms, effectiveness of treatments, and satisfaction with treatments.19 
PROMs aim to measure health status or patient’s health-related quality of life (QoL), 

4
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and have been used in a variety of clinical fields.19,20 Through PROMs, the patient’s 
perspective regarding the course of treatment can be collected, which can contribute 
to a more active involvement of the patients in the clinical decision making process.21 
However, very few studies have used PROMs in dentistry.22

This study aimed to investigate the association between the type of TMD treatment and 
psychosocial factors on the one hand and the changes of possible SB and/or AB on the 
other hand. The changes of self-reported SB and AB were assessed between baseline and 
six weeks after start of treatment. We hypothesized that the changes of possible SB and/
or AB are associated with psychosocial factors. More specifically, we hypothesized that 
participants with lower psychosocial scores will tend to improve SB and AB more than 
the ones with higher psychosocial scores. In addition, we hypothesized that counselling 
with any other treatment may improve SB and AB more than counselling alone.

2. METHODS

2.1 Study sample

A prospective cohort study was performed in the specialty Clinic for Orofacial Pain and 
Dysfunction of the Academic Centre for Dentistry Amsterdam (ACTA), Amsterdam, The 
Netherlands, from July 2021 until April 2023.

Patients who were referred to the Clinic for Orofacial Pain and Dysfunction of ACTA 
were eligible to enroll in the study if they met the following inclusion criteria:
(1) at least 18 years old;
(2) having a diagnosis of TMD pain and/or dysfunction based on the Diagnostic Criteria 
for Temporomandibular Dysfunction (DC/TMD), for which treatment will be initiated; and
(3) signed informed consent.
There was no exclusion for medical or dental reasons. This study was approved by the 
ACTA Ethics Committee (ref. no. 2021-64846).

2.2 Study procedures

Baseline
As part of usual care, all patients completed a set of diagnostic questionnaires before 
their first visit to the clinic. These questionnaires included demographic variables, i.e., 
age and gender, as well as average facial pain intensity from the graded chronic pain 
scale (GCPS) questionnaire,23 depression from the Patient Health Questionnaire-9 (PHQ-
9),24 somatization from the Patient Health Questionnaire-15 (PHQ-15),25 and anxiety 
from the Generalized Anxiety Disorder-7 (GAD-7).26 These questionnaires are part of the 
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DC/TMD.27 During the first visit to the clinic, intra- and extraoral inspection as well as a 
clinical examination according to the DC/TMD were performed. The DC/TMD diagnosis 
was collected and grouped into 3 groups, i.e., 1) pain, 2) dysfunction, and 3) combined 
pain and dysfunction.

Treatment
The type of TMD treatment which patients received was decided based on the DC/
TMD diagnosis, relevant comorbidities, the preference of patients, and the professional 
judgment of the clinician and/or the multidisciplinary team of the clinic. Every patient 
received counselling. In addition, patients could receive one or more other treatments, 
i.e., physical therapy, psychological therapy, and/or occlusal splint. For the purpose 
of analysis in this study, type of treatment was categorized into two groups, i.e., 1) 
counselling and 2) counselling and any other treatment.

Follow-up
The change of SB, AB, and TMD pain and dysfunction symptoms after start of treatment 
was assessed during the follow-up period by PROMs. PROMs included 11 questions 
which evaluate three domains, namely 1) pain and dysfunction28; 2) patient complaints 
through the patient-specific approach (PSA)29 and a complaint improvement question; 
and 3) frequency of possible SB and AB.30 The questions were included because of 
their reliability, validity, interpretability, and feasibility to use.19 Patients would receive 
PROMs through email every 6 weeks after their initial visit to the clinic, until week 24, 
or until the end of treatment if they finished the treatment earlier than 24 weeks. The 
analyses in this study focus on baseline (t0) and 6 weeks after initial visit (t1).

Frequency of possible SB and AB was assessed through the oral behavioral checklist 
(OBC) questions no. 1, 3, 4, and 6.30 SB was assessed by OBC question 1, i.e., ‘clench 
or grind teeth when asleep, based on any information you may have’. The five answer 
options were: never, <1 night/month, 1-3 nights/month, 1-3 nights/week, and 4-7 
nights/week. AB was assessed by OBC items 3, 4, and 6, i.e., ‘grind teeth together during 
waking hours’ for AB-grinding type, ‘clench teeth together during waking hours’ for 
AB-clenching type, and ‘hold, tighten, or tense muscles without clenching or bringing 
teeth together’ for AB-bracing type. The answer options ranged from 0 (never) to 4 
(always). The highest frequency among these three questions was used as the maximum 
frequency of all AB types combined, i.e., AB-combined. In this study, the changes of 
self-reported SB and AB between t0 and t1 were scored as., 1) Not improved, if the SB 
or AB frequency at t1 was higher than or equal to the frequency at t0; and 2) Improved, 
if the SB or AB frequency at t1 was lower than the frequency at t0.

4
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2.3 Statistical analysis

Age, average facial pain intensity score, anxiety, depression, and somatization scores 
were checked for data distribution, using the Shapiro-Wilk test. TMD diagnoses were 
described with descriptive analysis. Wilcoxon signed-rank test was used to compare 
average pain intensity and the frequency of SB and AB between t0 and t1.

To investigate the association between the changes of SB and AB on one hand, and 
type of TMD treatment and psychosocial factors on the other hand, we used chi-square 
test and Mann-Whitney U test, respectively. The variables that had a p-value <0.1 
were included in the subsequent multivariable binary logistic regression analyses to 
predict the changes of SB, AB-combined, AB-grinding, AB-clenching, and AB-bracing. 
The reference category was ‘Not improved’.

In addition, subsequent analyses were done with chi-square and Mann-Whitney U test to 
compare the distribution of TMD diagnosis, average facial pain intensity at t0 and t1, and 
psychosocial factors between patients who received counselling alone and those who 
received counselling and any other treatment. McNemar test was used to investigate 
the proportion of the presence and absence of SB and AB at t0 and t1 in patients with 
counselling alone and in those who received counselling and any other treatment.

The Castor electronic data capture (EDC) program (Ciwit B.V., Amsterdam, the 
Netherlands) was used for collection of study data, and data analysis was performed 
with SPSS Statistics 27 software (IBM Corp, Armonk, NY, USA).

3. RESULTS

There were 107 patients who completed at least one PROM. From these, 11 patients 
without a DC/TMD diagnosis, 27 patients who did not complete a PROM at week 6 
(t1), and one patient who did not receive counselling treatment were excluded. Hence. 
in total, there were 68 patients included in this study. There was no significantly 
difference in average facial pain intensity and the frequency of SB and AB between t0 
and t1 (average facial pain intensity p = .076; SB p = .781; AB-combined p = .180; AB-
grinding p = .853; AB-clenching p = .739; and AB-bracing p = .110). Descriptive data were 
calculated for all variables (Table 1).
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Table  1 Descriptive statistics of demographic and independent variables

Variable (min-max) Mean ± SD/Median (IQR) N (n=68)

Sex

Female 57 (83.8%)

Male 11 (16.2%)

DC/TMD diagnosis

Pain 17 (25.0%)

Dysfunction 8 (11.8%)

Combined pain and dysfunction 43 (63.2%)

Age (18-86) 47.9 ± 15.4

Anxiety (0-18) 4 (7)

Depression (0-21) 5 (9)

Somatization (0-18) 9 (9)

Average facial pain intensity at baseline (t0) (0-10) 5 (4)

Type of treatment

Counselling only 35 (51.5%)

Counselling and any other treatment 33 (48.5%)

Physical treatment 13

Occlusal splint 8

Splint + physical treatment 3

Splint + physical +psychological treatment 2

Psychological treatment 2

Splint + psychological treatment 1

Physical + psychological treatment 1

Physical treatment + GrindCare 1

Physical treatment + Brux app 1

Medication 1

Week 6

Average facial pain intensity at week 6 (t1) (0-9) 6 (3)

Improvement of patient’s complaints

much deteriorated 5 (7.4%)

somewhat deteriorated 11 (16.2%)

remained stable 32 (47.1%)

slightly improved 18 (26.5%)

much improved 2 (2.9%)

4
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Table  1 Continued

Variable (min-max) Mean ± SD/Median (IQR) N (n=68)

Changes of SB frequency

Not improved 53 (77.9%)

Improved 15 (22.1%)

Changes of AB-combined frequency

Not improved 54 (79.4%)

Improved 14 (20.6%)

Changes of AB-grinding frequency

Not improved 53 (77.9%)

Improved 15 (22.1%)

Changes of AB-clenching frequency

Not improved 47 (69.1%)

Improved 21 (30.9%)

Changes of AB-bracing frequency

Not improved 53 (77.9%)

Improved 15 (22.1%)

Abbreviations: SD, standard deviation; IQR, interquartile range

Table 2 Univariate analyses of independent variables in participants with not-improved and 
improved frequency of SB, AB, AB-grinding, AB-clenching, and AB-bracing.

Independent 
variables

SB AB-combined

Not-improved Improved P Not-improved Improved P

Somatizationa 9 (10) 8 (7) .573 10 (9) 6.5 (9) .280

Depressiona 6 (8) 4 (11) .733 6 (8) 3.5 (7) .130

Anxietya 5 (7) 3 (12) .727 5 (9) 3.5 (4) .307

Type of treatmentb .314 .023*

Counselling 29 (54.7%) 6 (40%) 24 (44.4%) 11 (78.6%)

Counselling and any 
other treatment

24 (45.3%) 9 (60%) 30 (55.6%) 3 (21.4%)

Abbreviations: a Mann-Whitney U test, median (IQR); b chi-square test, n (%).
*Significant at 0.1



73

Changes of self-reported SB and AB in relation to the management of TMD (“care as usual”)

Table 2 Continued

AB-grinding AB-clenching AB-bracing

Not-improved Improved P Not-improved Improved P Not-improved Improved P

8 (9) 11 (9) .519 10 (10) 9 (8) .489 9 (9) 8 (11) .656

5 (9) 5 (4) .876 6 (8) 4 (7) .181 5 (9) 4 (7) .807

4 (7) 5 (8) .911 6 (6) 3 (6) .324 5 (9) 3 (4) .444

.870 .250 .055*

27 (50.9%) 8 (53.3%) 22 (46.8%) 13 (61.9%) 24 (45.3%) 11 (73.3%)

26 (49.1%) 7 (46.7%) 25 (53.2%) 8 (38.1%) 29 (54.7%) 4 (26.7%)

There were no significant associations of SB, AB-grinding, and AB-clenching with other 
variables in the univariate analysis (Table 2). In addition, there was no difference in 
psychosocial scores between patients who improved and those who did not improve 
their frequency of SB, AB-combined, AB-grinding, AB-clenching, and AB-bracing (Table 
2). Binary logistic regression analyses showed that, compared with patients who did not 
improve in their frequency of AB-combined, patients with counselling and any other 
treatment had a lower chance of improving their AB-combined frequency than patients 
with counselling alone (OR = .218, 95%CI .055-.871, p = .031) (Table 3). Table 4 shows that 
the type of treatment was not associated with the improvement of AB-bracing frequency.

The subsequent analysis compared the characteristics of patients who received 
counselling alone and those who received counselling and any other treatment. There 
was no difference in either TMD diagnosis, TMD pain scores at baseline and six weeks 
after starting treatments, or psychosocial scores between patients who received 
counselling alone and those who received counselling and any other treatment (Table 5). 4
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 Table 3 Binary logistic regression model of independent variables in participants with not-
improved and improved frequency of AB-combined.

Not-improved vs Improved frequency of AB-combined

Independent variables B(SE) OR 95%CI P

Intercept -.780 (.364) .458 .032

Type of treatment

Counselling reference

Counselling and any other treatment -1.522 (.707) .218 .055-.871 .031*

Abbreviations: Not Improve = reference; B = regression coefficient; SE = standard error; OR= odds 
ratio; CI = confidence interval.
*Significant at 0.05

 Table 4 Binary logistic regression model of independent variables in participants with not-
improved and improved frequency of AB-bracing.

Not-improved vs Improved frequency of AB-bracing

Independent variables B(SE) OR 95%CI P

Intercept -.780 (.364) .458 .032

Type of treatment

Counselling reference

Counselling and any other treatment -1.201 (.646) .301 .085-1.067 .063

Abbreviations: Not improve = reference; B = regression coefficient; SE = standard error; OR= odds 
ratio; CI = confidence interval

 Table 5 Characteristics of counselling group and counselling and any other treatment group at 
t0 and t1

Variables Counselling Counselling and any 
other treatment

P

DC/TMD diagnosis Pain 9 (25.7%) 8 (24.2%) .770a

Dysfunction 5 (14.3%) 3 (9.1%)

Combined pain and 
dysfunction

21 (60%) 22 (66.7%)

Average facial pain intensity at baseline (t0) 5 (5) 6 (3) .129b

Average facial pain intensity at week 6 (t1) 6 (3) 6 (4) .700b

Somatization 9 (9) 9 (8) .188b

Depression 5 (8) 5 (7) .379b

Anxiety 5 (6) 3 (7) .206b

Abbreviations: a chi-square test, n (%); b Mann-Whitney U test, median (IQR)
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 Table 6 The proportion of the presence and absence of SB and AB at baseline (t0) and six 
weeks after receiving treatment (t1) in patients with counselling alone (n=35) and patients with 
counselling and any other treatment (n=33), McNemar test.

Counselling alone (n=35) Counselling and any other 
treatment (n=33)

Week 6 (t1)

Baseline (t0)

Absence Presence p-value Absence Presence p-value

SB Absence 5 7 .070 3 4 1.000

Presence 1 22 4 22

AB-combined Absence 1 1 1.000 0 6 .031*

Presence 1 32 0 27

AB-grinding Absence 14 5 1.000 17 5 .453

Presence 5 11 2 9

AB-clenching Absence 2 5 .727 0 8 .109

Presence 3 25 2 23

AB-bracing Absence 2 2 .453 1 8 .039*

Presence 5 26 1 23

*Significant at 0.05

Table 6 shows that there were significant differences in the proportion of the presence 
and absence of AB-combined and AB-bracing between t0 and t1 (p= .039 and .031, 
respectively) in patients with counselling and any other treatment. On the other hand, 
in patients with counselling alone, there was no significant difference in the proportion 
of the presence and absence of SB/AB between t0 and t1. Figure 1 shows a descriptive 
result that patients with counselling and any other treatment reported not having AB-
combined and AB-bracing for at t0 more than at t1.

4
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Figure 1 The frequency of AB-combined and AB-bracing at baseline (t0) and six weeks after 
receiving treatment (t1) in patients with counselling alone and patients with counselling and 
any other treatment.
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4. DISCUSSION

The present study aimed to investigate the association between type of TMD treatment 
and psychosocial factors on the one hand and the changes of possible SB and/or AB on 
the other. The results showed that patients with counselling and any other treatments 
tended to have a lower chance of improving AB-combined frequency than patients 
with counselling alone.

A previous study found that patients who believe that jaw-overuse behaviours like AB 
can cause jaw pain, tend to report a higher frequency of these behaviours compared 
to those who believe that other reasons cause jaw pain.31 In the present study, 60.6% 
of patients with counselling and any other treatment received physical therapy, which 
could indicate that multiple treatments may increase awareness of having those AB 
activities in patients who received these treatments. When patients receive multiple 
treatments, they may recall and recognize more AB events than before receiving those 
treatments. This is in contrast with a previous study finding that counselling and self-
management strategies, likes self-relaxation, self-massage, stretching exercises, and 
warm/cold compression, reduced masticatory muscle pain and AB activity measured 
with surface electromyography (EMG) in female TMD patients after eight weeks of 
receiving treatment.32 Meanwhile, usual-care TMD management did not improve 
self-reported SB in a brief (6-week) period, compared to AB. This is in accordance 
with a previous study that sleep hygiene instruction and relaxation techniques did not 
improve SB activity measured with polysomnography when compared between baseline 
and four weeks after the implementation of these techniques.33 It might be difficult 
for patients to recognize their SB events without a report from their sleep partner. 
However, the present study shows that usual-care TMD treatment can affect AB in a 
brief period after receiving those treatments.

The present study found that the type of TMD treatment was associated with the 
improvement of AB. It was found that, after six weeks of receiving treatment, 78.6% 
of patients who reported less AB-combined and 73.3% of patients who reported less 
AB-bracing frequency are the patients who received counselling alone. On the other 
hand, the frequencies of SB, AB-grinding, and AB-clenching were comparable between 
patients who received different types of treatment and between those who improved 
or did not improve the abovementioned behaviours. Patients who received multiple 
treatments may have different characteristics from patients who received counselling 
alone. Nevertheless, the subsequent analyses showed no difference in psychosocial 
factors between patients who received counselling alone and who received multiple 
treatments. Since patients with counselling and any other treatment may increase their 

4
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awareness on AB, these patients may improve their AB activity when we continue 
monitoring over a longer period than 6 weeks.

In this study, there was no significant difference in the average facial pain intensity 
score between baseline and six weeks after receiving treatment. In contrast, a study 
by Donnarumma et al. showed that counselling and self-management strategy can 
reduce TMD pain after 8 weeks of receiving treatments, even though TMD pain was 
not significantly different between baseline and after 4 weeks of receiving treatment.32 
Similarly, eight weeks of exercise treatments showed the improvement of TMD pain.34 
Thus, it is suggested that a longer period than 6 weeks is required to monitor the 
improvement of TMD pain.

Even though there was a limited sample size, we found that there were some changes 
between the time patients received treatment and before the end of treatment. 
It is recommended to apply PROMs in regular care to monitor the changes in TMD 
complaints and oral behaviours, even though there were unexpected trends in the 
changes in AB in this study. It is a benefit to have a standardized protocol to monitor 
these factors, i.e., SB, AB, TMD, and psychosocial factors, along the treatment process, 
as we are doing in usual care.

The present study did not find any significant association between the changes in SB 
and AB frequency and psychosocial factors. Previous studies found that higher EMG 
activity during AB was found in a high trait anxiety group than in intermediate and low 
trait anxiety groups, but there was no difference in tooth clenching episodes between 
trait anxiety groups.35 It may be plausible that psychosocial factors may be associated 
with the intensity of AB but not with its frequency. However, further research on the 
association between psychosocial factors and the intensity, frequency, and duration 
of SB and AB events is needed.

The strength of this study is that, first, we assessed self-reported SB and AB at baseline 
and six weeks after starting treatment. To the best of our knowledge, no study has 
observed the effect of TMD treatment over a brief period on changes in self-reported 
SB and AB. A practice-based research network study found that 96% and 46% of 
dental practitioners consider occlusal appliance and occlusal adjustment, respectively, 
as appropriate bruxism management.36 The present study may encourage clinicians 
to incorporate other treatments, like counselling and physical therapy, for patients. 
Clinicians should inform patients that they may become more aware of their AB activity 
after receiving physical therapy, and patients should subsequently alleviate their AB 
activity. Moreover, we used a part of the OBC questionnaire to assess AB, by which 
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we assessed not only the maximum frequency of AB but also different aspects of AB 
activity, i.e., grinding, clenching, and jaw bracing.

There are some limitations to this study. First, some patients did not fill out every 
PROM, which is a follow-up questionnaire for every six weeks after the treatments 
started. Consequently, we had to include only PROM1, which is 6 weeks after the 
treatments started. Even though previous study found that biofeedback can reduce 
SB and AB events measured with EMG in three weeks,37 confirming the cause-and-effect 
relationship between TMD treatment and SB and/or AB self-report changes may require 
a longer period of time. Even though six weeks is a short period for a longitudinal study, 
it has clinical relevance as a usual duration for follow-up. Second, we did not measure 
psychosocial factors after receiving treatment, so we could not monitor the changes in 
psychosocial status, especially in patients who receive psychological treatment—that 
is, six out out of 33 participants who received multiple treatments.

5. CONCLUSION

Counselling with any other treatment tends to decrease the frequency of AB less than 
counselling alone. However, regular TMD management for a brief period can improve 
AB, but it does not affect the change in SB frequency.
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ABSTRACT

Objectives: To investigate the association between self-reported sleep bruxism and 
insomnia and their potential risk factors (e.g., depression and anxiety), and to construct 
a network model with all these factors.

Methods: We recruited 2251 participants from the Netherlands Sleep Registry. All 
participants completed questionnaires on self-reported sleep bruxism, insomnia, 
depression, anxiety, smoking frequency, and alcohol and caffeine consumption. The 
associations between self-reported sleep bruxism and other variables were analyzed 
by univariate analysis, multivariate logistic regression, and network analysis.

Results: Although univariate analysis showed that there was a positive association 
between sleep bruxism and insomnia (P<0.001), this association disappeared in 
the multivariate logistic regression model (P=0.258). However, multivariate logistic 
regression did show an association between self-reported sleep bruxism and anxiety 
(OR= 1.087, 95% CI 1.041-1.134). The network model showed that there was no direct 
link between self-reported sleep bruxism and insomnia. However, there was an indirect 
link between self-reported sleep bruxism and insomnia via anxiety.

Conclusions: Although self-reported sleep bruxism has no direct association with 
insomnia, anxiety is a bridging factor between these variables.

Keywords: Sleep bruxism; Insomnia; Anxiety; Network analysis
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1. INTRODUCTION

Bruxism is an umbrella term covering several types of repetitive masticatory muscle 
activities during sleep (sleep bruxism; SB) or while awake (awake bruxism).1 The condition 
is characterized by grinding or clenching of teeth or by bracing or thrusting lower jaw.1 
Recently, SB has been defined as “… a masticatory muscle activity during sleep that 
is characterized as rhythmic (phasic) or non-rhythmic (tonic) and is not a movement 
disorder or a sleep disorder in otherwise healthy individuals”.2 The prevalence of SB has 
been estimated at 12.8±3.1% in the general population, decreases with age, and does 
not differ between men and women.3 Possible, probable, and definite SB are assessed 
by self-report (questionnaires, oral history), clinical examination, and polysomnography, 
respectively.2 Several negative consequences of SB have been suggested in the 
literature, such as advanced mechanical tooth wear, temporomandibular disorders 
(TMD), and headache,4-6 although there is conflicting evidence about their possible 
causal association with SB. Interestingly, it has also been proposed that SB may have a 
potentially protective effect on obstructive sleep apnea by preventing or terminating 
upper airway collapse.7 Hence, management of SB should always aim to find the desired 
balance between the condition’s possible negative and positive consequences at the 
level of the individual patient. When management is indicated, the clinician must be 
aware of the paucity of evidence-based, safe, and effective strategies, in the absence of 
which SB should be managed non-invasively with behavioral strategies like sleep hygiene 
instructions or biofeedback, with orthopedic strategies like full-coverage hard acrylic 
resin intra-oral occlusal splints, or, when such strategies fail, with pharmacological 
strategies, provided that future research will identify effective and safe pharmacological 
substances to this purpose.8-10

SB is associated with many factors, such as biological, psychological, and life-style 
factors. For example, SB has been shown to occur after sleep micro-arousals, i.e., brief 
abrupt frequency shifts in the electroencephalogram (EEG), that may be accompanied 
by increases in heart rate and muscle tone.11 Psychosocial factors are commonly 
reported in the etiology of SB as well, such as stress, anxiety, depression, and social 
factors like workplace dissatisfaction, although the evidence for these factors’ role in 
the etiology of SB is still not definite.12-14 Also life-style factors, such as smoking, alcohol 
consumption, and drinking coffee, can be considered as risk factors of SB,14 while sleep-
related disorders like obstructive sleep apnea (OSA), restless legs syndrome, REM sleep 
behavior disorder, and gastroesophageal reflux disease have been identified as comorbid 
conditions of SB.15 In addition, also insomnia has been suggested as a comorbidity of 
SB.5,16,17 Insomnia is characterized by several sleep complaints, i.e., difficulty initiating 
sleep, difficulty maintaining sleep, early morning awakening, and poor sleep quality, and 
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is related to daytime impairment.16 Known etiological factors of both SB and insomnia 
include biological factors like continued arousal during sleep, as well as psychological 
conditions like anxiety and depression.18,19 Other risk factors of insomnia are increasing 
age, being female, smoking, alcoholism, and caffeine dependence, while conditions like 
chronic pain and other sleep disorders (e.g., OSA, restless legs syndrome) have been 
identified as comorbidities of insomnia.16 Interestingly, some studies have reported an 
association between SB and insomnia symptoms, notably difficulty initiating sleep and 
difficulty maintaining sleep.20-22

Previous studies investigated associations between SB, insomnia, anxiety, and 
depression mainly univariately. Consequently, how these factors are associated with 
each other remains unclear. Therefore, this study aimed to investigate direct and 
indirect associations of self-reported SB with insomnia and other potential risk factors 
in a multivariate study design and subsequent network analysis. This novel approach 
will show all associations between all included factors and identify bridge factors 
or common factors between SB and insomnia. The associations of SB with insomnia 
and other potential risk factors may help clinicians consider which factors have to be 
treated to relieve SB, insomnia, and other conditions included in this study. Because 
SB and insomnia have several etiological factors in common, the hypothesis is that 
self-reported SB has positive direct associations with insomnia as well as with other 
potential risk factors, viz., psychological and life-style factors.

2. METHOD

2.1 Participants

Participants were good sleepers as well as people having sleep problems who 
participated in the Netherlands Sleep Registry (NSR; www.sleepregistry.org), an online 
questionnaire platform for sleep and related psychological research.23 This registry 
aims to collect a wide range of characteristics in adults with good and poor sleep. 
Participants are queried in 17 domains that are relevant to insomnia. The multivariate 
data set has shown to be valuable to identify mechanisms and subtypes of insomnia.24,25 
As an important notice, not all questionnaires are completed by every participant: 
participants can complete some questionnaires, but may skip others. Data collection in 
the context of the NSR was approved by the Medical Ethical Committee of the Academic 
Medical Center of the University of Amsterdam (29 September 2009, 09.17.1396) and 
the Central Committee on Research Involving Human Subjects (CCMO, 14 December 
2011, CCMO11.1813/GK/jt), The Hague, the Netherlands.
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In this study, we included the participants who completed the questionnaires that inquire 
about self-reported SB, age, sex, body mass index (BMI), insomnia, anxiety, depression, 
OSA risk, smoking, alcohol consumption, and drinking coffee, resulting in 2343 entries, 
completed between January 2011 and December 2017. 76 participants who had no clear 
moment of quitting smoking or quitted smoking less than 1 year ago were excluded.26 16 
participants filled the questionnaires twice, so we excluded the second entry of those 
participants. Finally, 2,251 participants, aged 18 to 87 years, were included for analyses. 
Participants were categorized into 2 groups based on self-reported SB: there were 1899 
(84.4%) non-bruxers and 352 (15.6%) current sleep bruxers.

2.2 Questionnaires

The questionnaires included in this study provided information on SB, sex, age, body 
mass index (BMI), insomnia, anxiety, depression, OSA risk, and the frequency of tobacco 
smoking, alcohol consumption, and drinking coffee. BMI was first obtained from the 
Berlin questionnaire.27 However, height or weight of 12 participants and both height 
and weight of 2 other participants were missing in this questionnaire, so we used 10 
entries on height and 6 entries on weight from the demographic data to obtain a full 
set of BMI data.

The SB screening question was formulated as follows: ‘Do you grind your teeth during 
sleep?’. The answer options were: current tooth grinding, former tooth grinding, and 
never have experienced tooth grinding during sleep. Former bruxers were not having SB 
at the time they answered this question. Therefore, the non-bruxers and former bruxers 
were combined in the non-bruxer group, while the current tooth grinders constituted 
the sleep bruxer group.

The Insomnia Severity Index (ISI) was used to evaluate the risk of insomnia. The ISI 
consists of 7 items, with response options on 5-point Likert scales (0-4; a higher score 
represents a worse condition). Total scores range from 0 to 28.28 The cutoff for probable 
insomnia is a score of at least 10.25,29

The Hospital Anxiety and Depression Scale (HADS) is a questionnaire for self-assessment 
of anxiety (HADS-A) and depression (HADS-D) levels.30 There are 14 items, with 
responses on 4-point Likert scales (0-3; a higher score represents a worse condition). 
HADS-A and HADS-D are subscales of HADS, each containing 7 items. Each subscale has 
total scores ranging from 0 to 21. The cutoff score of presence of anxiety or depression 
is at least 8 for each subscale.31

5
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The Berlin questionnaire (BQ) was used to evaluate the probability of having sleep 
apnea.27 Ten questions cover three categories, viz., snoring, daytime sleepiness, and 
high blood pressure. Participants who scored positive on at least two categories were 
considered to have an increased probably of having sleep apnea, while participants 
who scored negative on all categories or positive on one category were considered to 
have a low probability.

Life-style factors considered were the frequency of smoking, alcohol consumption, and 
drinking coffee. Smoking questions addressed smoking status, i.e., non-smoker, former 
smoker, and current smoker; and smoking frequency. Smoking frequency was addressed 
with the question ‘How frequently do you smoke tobacco?’. The answer options were: 
never, <1 time/month, 1-3 times/month, 1-2 times/week, 3-6 times/week, 1-3 times/
day, and >3 times/day. We combined these answer options into 3 categories: never; 
sometimes (combining the answer options from ≤ 1 time/month up to and including 3-6 
times/week); and frequent (combining the answer options 1-3 times/day and > 3 times/
day). Participants who answered to be non-smokers skipped the question of smoking 
frequency, so only former and current smokers could answer this question. We included 
only former smokers who quitted more than one year ago and coded smoking frequency 
as “never” for non-smokers and former smokers. Some current smokers smoke more 
than one type of tobacco. The highest frequency among those tobacco types was used.

To investigate the frequency of alcohol consumption, we used the question ‘How 
frequently do you drink alcohol?’. The answer options were: never, ≤ 1 time/month, 
2-4 times/month, 2-3 times/week, and ≥ 4 times/week. As for smoking frequency, we 
combined the answer options into 3 categories. The final answer options were: never, 
sometimes (combining the answer options ≤ 1 time/month and 2-4 times/month), and 
frequent (combining the answer options 2-3 times/week and ≥ 4 times/week).

To investigate the frequency of drinking coffee, we used the question ‘How frequently 
do you drink coffee?’. The answer options were: no or <1 time/month, 1-3 times/month, 
1 time/week, 2-4 times/week, 5-6 times/week, 1 time/day, 2-3 times/day, 4-5 times/day, 
and ≥6 times/day. Again, to enable a uniform analysis of the frequencies of smoking, 
alcohol consumption, and drinking coffee, we combined the answer options into 3 
categories. The final answer options were: never or rarely (never or <1 time/month), 
sometimes (combining the answer options from 1-3 times/month up to and including 
5-6 times/week), and frequent (combining the answer options from 1 time/day up to 
and including ≥6 times/day).
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2.3 Statistical analysis

In order to assess the associations between self-reported SB, insomnia, and other 
potential risk factors, we took three steps, viz., univariate analysis, multivariate 
analysis, and network analysis. For the first two steps, self-reported SB was used as 
the dependent variable.

First, univariate analyses were performed to assess the associations between self-
reported SB and each of the independent variables separately. We performed normality 
tests to check the normal distribution of the continuous variables using Kolmogorov-
Smirnov test. Then, we performed chi-square test to analyze the association between 
self-reported SB and the categorical independent variables (sex, OSA risk, smoking 
frequency, alcohol consumption, and drinking coffee). Because all continuous variables 
were non-normally distributed, we used Mann-Whitney U test to assess the differences 
in age, BMI, ISI, and HADS scores between sleep bruxers and non-bruxers.

Second, to investigate the association of self-reported SB with all independent 
variables, we conducted a multivariate binary logistic regression, where we predicted 
self-reported SB by sex, age, BMI, insomnia, anxiety, depression, OSA risk, smoking 
frequency, alcohol consumption, and drinking coffee. Non-bruxer was used as the 
reference category. Statistical significance was determined at P <0.05 in both the 
univariate and multivariate analyses.

Third, to evaluate how all variables relate to each other in a multivariate system, we 
estimated a Mixed Graphical Model (MGM)32. In the MGM, using the R-package ‘bootnet’ 
(version 1.4.3),33 we included self-reported SB (“current bruxer”, “non-bruxer”), sex 
(“male”, “female”), OSA risk (“low risk”, “high risk”), smoking (“never”, “sometimes”, 
“frequent”), alcohol consumption (“never”, “sometimes”, “frequent”), and drinking 
coffee (“never or rarely”, “sometimes”, “frequent”) as categorical variables; and age, 
BMI, insomnia, anxiety and depression scores as continuous variables. Contrary to the 
multivariate binary logistic regression performed in the second step, the network model 
does not require to specify a single outcome variable, but rather includes all variables as 
‘outcome’ and ‘predictor’. When estimating the association between any two variables, 
the model takes all the other variables included in the network into account. As such, 
the estimated relationships represent the unique association between two variables, 
while controlling for all other variables in the network (i.e., the conditional dependence 
relationships). This allows us to estimate and visualize how all variables relate to one 
another, and to investigate both direct and indirect associations. All variables are 
included as nodes. The unique association between two variables are included as edges. 
A regularization technique called ‘least absolute shrinkage and selection operator’ 
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(LASSO) was used to reduce the inclusion of spurious or false positive edges. A tuning 
parameter λ (lambda) controls the level of regularization that is applied: higher values 
lead to more regularization and thus sparser networks, whereas with lower values 
less regularization is applied and more edges will be estimated. The tuning parameter 
cannot be set directly, but is selected by optimizing the Extended Bayesian Information 
Criterion (EBIC). When optimizing the EBIC, a hyperparameter 𝛾 (gamma) needs to be 
selected. This parameter is typically set between 0 and 0.5, where 0 is more lenient such 
that more edges are included, and thereby errs on the side of discovery, whereas 0.5 is 
more stringent and errs on the side of caution.34 In this analysis, the hyperparameter 
𝛾 was set to 0.5 to maximize specificity and avoid chance of including false positive 
edges in the network.

From the estimated network model, we can identify potential bridge factors. Originally, 
bridge symptoms were defined as symptoms that overlap between two disorders (e.g., 
concentration problems is a symptom of both depression and anxiety, and can be seen 
as a symptom that ‘bridges’ the two disorders).35,36 In the current study, we defined 
potential bridge factors as factors that may bridge the link between SB and insomnia.

In the estimated network, the visualization with ‘qgraph’ (version 1.6.5)37 shows how 
each variable is associated with the other variables. In the visualization, all categorical 
variables are shown as squares, whereas all continuous variables are shown as circles. 
Edges between each node show positive or negative correlations between those 
nodes. Blue edges represent positive correlations, while red edges represent negative 
correlations. Finally, we have conducted stability checks to evaluate the robustness of 
the estimated network. We used the bootstrapping method to investigate the network’s 
accuracy.33 Bootstrapping would repeatedly estimate a model from simulated data and 
show in a plot of 95% of bootstrapped confidence intervals (CIs). If the bootstrapped CI 
of that edge does not cover zero, this edge is strong enough to present in the network. 
The nonparametric bootstrap with 1000 samples was used to have more consistency 
than using fewer samples. (See the bootstrapped confidence intervals of the network 
model in the appendix, Figure A1)

The univariate and multivariate analyses were performed in IBM SPSS Statistics 23 
software (IBM Corp, Armonk, NY, USA). The network analysis was performed in R 
(version 4.0.2, Vienna University of Economics and Business, Vienna, Austria).

2.4 Sample size estimation

For the multivariate binary logistic regression analysis, based on the rule of thumb, 
if events per variable (EPV) is larger than 10,38 it indicates that the logistic regression 
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analysis included sufficient sample size. In this study, the event of interest is “sleep 
bruxer”. Since the number of potential predictors is 13, the minimum required number 
of events should therefore be 130. In the study, we had 352 events, i.e., sleep bruxers, 
which was larger than 100. Therefore, the logistic regression analysis is sufficiently 
powerful.

Currently, there is no any power analysis available for the network analysis.

3. RESULTS

Our study sample included 352 current self-reported sleep bruxers and 1899 non-
bruxers. 1699 (75.5%) of the participants were female, and 552 (24.5%) of the 
participants were male. Mean age of the sleep bruxers was 49.4±13.5 years, and mean 
age of the non-bruxers was 51.5±14.2 years. 1072 participants (47.6%) had ISI scores of 
at least 10 and were thus identified as probable insomnia patients.

3.1 Univariate analysis

Table 1 shows the distribution of the independent variables in the sleep bruxer and non-
bruxer groups. SB was significantly associated with age, insomnia, anxiety, depression, 
OSA risk, smoking, alcohol consumption, and drinking coffee (all P<0.05).

Tab le 1. Description of independent variables in non-bruxers and sleep bruxers.

Non-bruxer 
(N=1899)

Sleep bruxer 
(N=352)

Total
(N=2251)

P

ISI (0-28) Median (IQR) 9 (12) 11 (12) <0.001b

Sex Male 479 (86.8%) 73 (13.2%) 552 (24.5%) 0.072a

Female 1420 (83.6%) 279 (16.4%) 1699 (75.5%)

Age Median (IQR) 53.9 (20.2) 51.4 (20.3) 0.006b

BMI Median (IQR) 23.9 (4.8) 24.0 (6.1) 0.952b

HADS-A (0-21) Median (IQR) 5 (5) 6 (6) <0.001b

HADS-D (0-21) Median (IQR) 2 (4) 4 (6) <0.001b

OSA Low risk 1660 (87.4%) 284 (80.7%) 1944 (86.4%) 0.001a

High risk 239 (12.6%) 68 (19.3%) 307 (13.6%)

Smoking Never 1667 (87.8%) 294 (83.5%) 1961 (87.1%) 0.002a

Sometimes 44 (2.3%) 3 (0.9%) 47 (2.1%)

Frequent 188 (9.9%) 55 (15.6%) 243 (10.8%)
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Tab le 1.  Continued

Non-bruxer 
(N=1899)

Sleep bruxer 
(N=352)

Total
(N=2251)

P

Alcohol 
consumption

Never 259 (13.6%) 70 (19.9%) 329 (14.6%) 0.007a

Sometimes 666 (35.1%) 121 (34.4%) 787 (35.0%)

Frequent 974 (51.3%) 161 (45.7%) 1135 (50.4%)

Drinking 
coffee

Never or rarely 283 (14.9%) 69 (19.6%) 352 (15.6%) 0.003a

Sometimes 162 (8.5%) 43 (12.2%) 205 (9.1%)

Frequent 1454 (76.6%) 240 (68.2%) 1694 (75.3%)

IQR = Interquartile range; ISI = Insomnia Severity Index; HADS-A = HADS-Anxiety; 
HADS-D = HADS-Depression; BMI = Body mass index; OSA = Obstructive sleep apnea.
a Chi-Square test b Mann-Whitney U test, Bold = significant at 0.05

3.2 Multivariate analysis

The outcomes of the multivariate binary logistic regression analysis, as shown in Table 
2, indicate that there was no significant association between self-reported SB and 
insomnia when adjusted for the other variables (P = 0.258). In this multivariate model, 
only anxiety and frequent smoking were found to be significantly associated with self-
reported SB. People with more severe anxiety had higher odds of being a sleep bruxer 
than a non-bruxer (OR = 1.087; P<0.001). When compared with never smoking, patients 
who smoke frequently had significantly higher odds of being a sleep bruxer than a non-
bruxer (OR = 1.605; P = 0.006).

3.3 Network model

The results of the network analysis are visualized in Figure 1. When we focus specifically 
on the links with self-reported SB, we see that also the network model estimates no 
direct link between self-reported SB and insomnia. However, as the network model also 
visualizes indirect relations, it is noteworthy that both self-reported SB and insomnia 
are related to anxiety. As such, anxiety may be seen as a “bridge factor” linking self-
reported SB and insomnia. Similar to the multivariate analysis, the link between self-
reported SB and anxiety was positive, indicating that SB patients tend to report more 
anxiety. Contrary to the multivariate analysis, in this network model, self-reported SB 
only links to anxiety, not smoking frequency. This indicates that when controlling for 
all the other variables in the network, the link found between self-reported SB and 
smoking in the multivariate analysis is no longer present.
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 Table 2. Binary logistic regression model of factors related to sleep bruxism. Reference = non-
bruxers (N= 2251).

Sleep bruxer (N=352) vs non-bruxer (N=1899)a

B (SE) OR 95% CI P

ISI 0.011 (0.010) 1.011 0.992-1.031 0.258

Sex Female reference . . .

Male -0.125 (0.150) 0.882 0.657-1.184 0.404

Age -0.007 (0.005) 0.993 0.984-1.002 0.150

BMI 0.012 (0.015) 1.012 0.983-1.041 0.416

HADS-A 0.083 (0.022) 1.087 1.041-1.134 <0.001

HADS-D -0.014 (0.020) 0.986 0.948-1.026 0.485

OSA Low risk reference . . .

High risk 0.270 (0.176) 1.310 0.928-1.848 0.125

Smoking Never reference . . 0.006

Sometimes -0.923 (0.607) 0.397 0.121-1.306 0.129

Frequent 0.473 (0.173) 1.605 1.143-2.255 0.006

Alcohol consumption Never reference . . 0.189

Sometimes -0.311 (0.174) 0.732 0.520-1.031 0.074

Frequent -0.255 (0.171) 0.775 0.554-1.084 0.136

Drinking coffee Never or rarely reference . . 0.052

Sometimes 0.188 (0.225) 1.207 0.777-1.874 0.403

Frequent -0.246 (0.168) 0.782 0.563-1.086 0.142

𝜷 = regression coefficient; SE = standard error; OR = odds ratio; CI = confidence interval; 
ISI = Insomnia Severity Index; HADS-A = HADS-Anxiety; HADS-D = HADS-Depression; BMI = Body 
mass index; OSA = Obstructive sleep apnea; Bold = significant at 0.05.
a Reference category.

When we specifically focus on insomnia and anxiety, insomnia has positive links to age, 
anxiety, depression, and OSA risk. Anxiety and age are negatively associated in the 
network model, i.e., younger participants have higher HADS-A scores, and vice versa. 
Also, women tend to have higher anxiety scores than men.

5
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F igure 1 Network model of self-reported SB, insomnia, demographic, psychological, and life-
style factors (n= 2251). The squares represent categorical variables; the circles, continuous vari-
ables. The blue lines represent positive associations; the red lines, negative associations. Thicker 
and darker colored lines refer to stronger associations. SB, self-reported sleep bruxism; BMI, 
Body Mass Index; sex, male sex; ISI, Insomnia Severity Index; HADS-A, HADS-Anxiety; HADS-D, 
HADS-Depression; smoking, smoking frequency; alcohol, alcohol consumption; caffeine, drinking 
coffee.
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4. DISCUSSION

The present study aimed to investigate how self-reported SB and insomnia are related 
when controlling for age, sex, psychological factors, and life-style factors. Although 
we found that insomnia predicted self-reported SB in the univariate setting, this effect 
disappeared when age, psychological, and life-style factors were taken into account. 
Of these factors, only anxiety and frequent smoking predicted self-reported SB. 
Interestingly, after including all factors in a network model, we found that self-reported 
SB was only related to anxiety. Crucially, such network models allow us to investigate 
both direct and indirect effects. Our model showed that self-reported SB and insomnia 
were both strongly related to anxiety. In this way, anxiety could act as a “bridge” 
between self-reported SB and insomnia, suggesting that the link between the two 
may be through their common links to anxiety. This bridge factor might be a treatment 
target, because as such it may eliminate comorbidity between two disorders.36

4.1 SB, insomnia, and psychological factors

Our demonstration that insomnia and self-reported SB are only indirectly associated 
puts previously reported findings in perspective. A study in Japanese adolescents found 
that SB was associated with insomnia symptoms, which are difficulty initiating sleep, 
difficulty maintaining sleep, and early morning awakening.39 In addition, a Finnish twin 
cohort study also found an association between possible SB and insomnia.40 Further, 
SB was correlated with reduced self-perceived sleep quality.41 An association between 
SB and insomnia was also found in a study by Maluly et al., which investigated SB in the 
general population.17 Unfortunately, Maluly et al. did not include psychological factors 
in their analysis. This is, however, crucial, because SB has been found to be correlated 
with stress, depression, anxiety, and other psychological factors.12,42 Van Selms et al. 
found that SB was associated with short sleep duration rather than with insomnia.43 
Our present study suggests that also this reported association of SB with short sleep 
duration may be indirect.

The positive association between self-reported SB and anxiety in this study was in 
line with previous findings in possible (i.e., self-reported) SB patients in the general 
population13 as well as in probable (i.e., clinically assessed) SB healthy adults in Brazil.44 
In the present study, anxiety serves as a bridge factor of self-reported SB not only to 
insomnia but also to depression, OSA risk, age, and sex (Figure 1). In contrast to the 
cross-sectional study by Neu et al.,41 there was no difference in anxiety between definite 
(i.e., PSG-confirmed) SB patients and controls. At the same time, depression did not have 
direct association with self-reported SB, so it might be hypothesized that mechanisms 
underlying SB overlap more with mechanisms involved in anxiety than in depression. 
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Our finding of no direct association between self-reported SB and depression is in line 
with a PSG study that found no difference in depressive symptom severity between SB 
and non-SB patients.45 As Camparis et al. reported more severe depressive symptoms 
in SB patients with orofacial pain than in SB patients without orofacial pain,46 pain may 
be responsible for the higher depressive symptom severity in SB patients.

Which underlying factors may be responsible for the direct association between SB and 
anxiety and the mediation of anxiety in the indirect association of SB with insomnia? One 
factor to consider is cortisol, the stress hormone produced by the adrenal cortex and 
regulated by the hypothalamic-pituitary (HPA) axis. A high level of cortisol was found to 
be associated with SB and anxiety.47,48 Also insomnia patients can have elevated cortisol 
and anxiety,49 and dysregulation of the HPA axis is associated with disturbed sleep and 
anxiety.50,51 A study on anxiety and its effects on sleep architecture has also shown 
that poor sleep continuity is associated with decreasing executive functions, and that 
deficits in executive function cause an inability to cope with anxiety symptoms.50 The 
arousal system in the brain is also associated with SB, insomnia, and anxiety.51,52 So, SB 
and insomnia may share a common underlying mechanism with anxiety. Consequently, 
reducing anxiety may alleviate both SB and insomnia. Assessment and management of 
psychological status during treatment of SB and insomnia are therefore recommended 
for all healthcare professionals who are involved in the care for these patients.

4.2 Life-style factors

Frequent smoking increased the risk of having self-reported SB, in line with previous 
findings.14,53 In the Finnish twin cohort study, heavy smokers that smoked at least 10 
cigarettes per day were associated with frequent self-reported SB.54 In contrast, a 
study in definite SB did not reveal any association between SB and smoking.55 The 
present study did not include the amount of tobacco smoking, so it is suggested to 
investigate both amount and frequency of smoking in future studies. Contrary to 
previous studies, which reported that drinking alcohol and coffee increased the risk of 
having SB,14,40,53 there was no association between self-reported SB on the one hand 
and alcohol consumption and drinking coffee on the other hand in the present study. In 
the literature, alcohol consumption and its consequences, such as heavy drinking and 
hangover, were found to be positively related to SB.14,40 These associations of SB with 
alcohol and coffee might depend on the quantity of alcohol or coffee intake. Although 
the network model did not show direct association between insomnia and life-style 
factors, heavy alcohol consumption56 and smoking57 were associated with insomnia 
symptoms, and drinking coffee could alter sleep quality.58 It would be advisable for 
patients to reduce their alcohol and caffeine intake. However, the amount of alcohol 
and coffee drinking should also be investigated further.
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4.3 Strengths and limitations

There are several strong points of this study. First, the large sample provided sufficient 
statistical power and a high probability of reliable results. Second, we used network 
analysis to analyze our data. Unlike univariate and multivariate analyses that need to 
set predictors and outcomes, this approach could investigate all associations between 
all included variables and present how they are associated. While the logistic regression 
analysis assesses associations between a single dependent variable and several 
independent variables (predictors), it does not take the inter-relationships among the 
predictors into account. With the network analysis, all variables in the model act as both 
dependent variable and independent variable. As such, the network analysis includes 
all the relationships among the predictors into the model.34 Thus, the network analysis 
allows to discover not only direct effects but also indirect effects. This ‘predictive 
mediation’ could show that two variables A and B are not directly connected (i.e., A-B), 
but that they are indirectly connected via variable C (i.e., A-C-B).34 This adds an extra 
dimension to the conventional regression analyses. The network analysis elucidated 
direct and indirect associations, which previous studies have not been able to discern, 
such as the association between BMI and OSA risk,59 the association between OSA 
risk and insomnia,60 and the associations among insomnia, depression, and anxiety.19 
Third, validated questionnaires, viz., ISI, HADS, and BQ, were used in this study, so the 
assessment of insomnia, anxiety, depression, and OSA risk can be considered valid.

This study has several limitations as well. First, within the Netherlands Sleep Registry 
cohort, almost half of the participants have an ISI score of 10 or more, suggestive of 
insomnia. In the general population, the prevalence of insomnia is only about 7-23%.61 
Hence, cases with probable insomnia were overrepresented in our study as compared 
to the general population. Interestingly, even in this population with a high prevalence 
of insomnia, the association between self-reported SB and insomnia was only indirect, 
while the overrepresentation to near 50% optimized the statistical power to detect 
associations. Thus, a direct association between SB and insomnia in the general 
population seems unlikely. Second, on the NSR online platform, participants are free 
to quit answering questionnaires and continue later. Consequently, some questionnaires 
might not be answered at the same time. For example, participants might have 
completed the HADS-A and HADS-D at another point in time than when they completed 
the questionnaires on SB and/or insomnia. Thus, associations between self-reported 
SB and other variables that are only momentary might have been missed. Third, SB 
was obtained by self-report. Self-report is frequently used in epidemiologic and clinical 
research because of its simplicity and cost-effectiveness. However, as compared to 
self-reported sleep grinding, reports from a bed partner have a higher validity.62 In 
addition, self-report has a low accuracy when comparing with electromyography or 

5
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polysomnography (PSG).63,64 The gold standard assessment of SB, viz, PSG with an audio-
video record, should give an accurate, definite diagnosis,2,65 but this technique is time-
consuming and expensive, so it is not feasible to use in a large sample. Nevertheless, 
caution is called for when interpreting the present findings, which are fully based on 
self-report. Fourth, the SB screening question did not include other bruxism-related 
jaw-muscle activities like clenching teeth, bracing, or thrusting. Hence, self-reported 
SB might not have included all sleep bruxers.

5. CONCLUSION

Within the limitations of the present study, we conclude that there is a weak but positive 
indirect association between self-reported SB and insomnia, with anxiety acting as a 
bridging factor. Consequently, when treating SB and insomnia, management of anxiety 
should not be overlooked. The associations of self-reported SB, insomnia, and anxiety 
in this study may help physicians and dentists to consider that SB and insomnia have 
a multifactorial etiology, especially with psychological factors playing a role. To assess 
and manage these conditions, interprofessional collaboration is mandatory.
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APPENDIX |

Fig ure A1. Bootstrapped confidence intervals of network model Only the black CIs were the 
edges in the network model. Edges with pale greyish CIs were the edges omitted from the net-
work. The strongest edge was at the top of the plot and followed by the weaker edges. The left 
side of y-axis refers to negative edges, and the right side of the y-axis refers to positive edges. 
The overlapping bootstrapped CIs showed that those edges were not significantly different 
from the other edges.
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ABSTRACT

Sleep bruxism (SB) has been associated with biological and psychosocial factors. The 
assessment of SB includes self-report, clinical evaluation, and polysomnography. 
This study aimed to investigate the associations of self-reported SB with other sleep 
disorders and demographic, psychological, and lifestyle factors in the adult general 
population, and to investigate whether self-reported SB and polysomnographically 
(PSG) confirmed SB provide similar outcomes in terms of their associated factors. We 
recruited 915 adults from the general population in Sao Paulo, Brazil. All participants 
underwent a one-night PSG recording and answered questions about sex, age, BMI, 
insomnia, OSA risk, anxiety, depression, average caffeine consumption, smoking 
frequency, and alcohol consumption frequency. We investigated the link between 
SB and the other variables in univariate, multivariate, and network models, and we 
repeated each model once with self-reported SB and once with PSG-confirmed SB. Self-
reported SB was only significantly associated with sex (p=0.042), anxiety (p=0.002), and 
depression (p=0.03) in the univariate analysis, and was associated with insomnia in the 
univariate (p<0.001) and multivariate (β=1.054, 95%CI 1.018-1.092, p=0.003) analyses. 
Network analysis showed that self-reported SB had a direct positive edge to insomnia, 
while PSG-confirmed SB was not significantly associated with any of the other variables. 
Thus, sleep bruxism was positively associated with insomnia only when self-reported, 
while PSG-confirmed SB was not associated with any of the included factors.

Keywords: adult general population, bruxism, data science, insomnia, polysomnography, 
self-report



619680-L-bw-Chattrattrai619680-L-bw-Chattrattrai619680-L-bw-Chattrattrai619680-L-bw-Chattrattrai
Processed on: 13-11-2023Processed on: 13-11-2023Processed on: 13-11-2023Processed on: 13-11-2023

107

Network analysis of sleep bruxism in the EPISONO adult general population

1. INTRODUCTION

Sleep bruxism (SB) is a repetitive jaw-muscle activity during sleep. Polysomnography 
(PSG), including electromyographic (EMG) recording of the jaw muscles, is the gold 
standard for SB assessment.1 Other means for SB assessment, albeit less accurate 
than PSG, are self-report and clinical assessments. On the basis of self-reports, the 
prevalence of SB in the adult general population has been estimated at 8-31.4%,2 while 
the only general population study so far using PSG has estimated SB’s prevalence in 
adults at 7.4%.3

SB has been associated with several biological and psychosocial factors. Previous studies 
reported associations between SB and psychological factors like anxiety, depression,4 
and stress,5 and between SB and lifestyle factors, such as smoking, alcohol consumption, 
and caffeine intake.6 However, these studies were based on multivariate analyses with 
a single dependent variable. Network analysis, on the other hand, is a novel statistical 
method that assesses the associations between all variables that are potentially involved 
in a possible comorbidity network, without categorizing them a priori as predictor or 
outcome.7 Using this technique in the Dutch National Sleep Registry (NSR) population, we 
found that self-reported SB was indirectly associated with insomnia, and that anxiety was 
a bridge factor between SB and insomnia.8 However, compared with an EMG device, the 
validity of self-reported SB was found to be lower.9 In addition, since the NSR population 
had a high prevalence of insomnia, it cannot be considered representative for the general 
population. Consequently, confirmation of our previous findings is needed in a general 
population sample that employs polysomnography to confirm SB status.

Therefore, this study had two aims. The first aim was to investigate the associations 
of self-reported SB with other sleep disorders and demographic, psychological, and 
lifestyle factors in the adult general population. The hypothesis was that SB in the adult 
general population is associated with insomnia via anxiety, as was observed previously 
in the NSR population. The second aim was to investigate whether self-reported SB and 
PSG-confirmed SB provide similar outcomes in terms of their associated factors. The 
hypothesis was that self-reported SB and PSG-confirmed SB yield the same associations 
with other variables.

2. METHOD

In this cross-sectional study, all participants, aged 20-79 years old, were recruited in 
2007 for participation in the Sao Paulo Epidemiologic Sleep Study (EPISONO); a sample 

6
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representative for the adult general population of Sao Paolo, Brazil.3 Details of the 
recruitment procedure and methods have been described in detail previously.10 In 
total, 1042 participants underwent single-night PSG and 915 of them (88%) were finally 
included in the present study, because they completed all questionnaires included in 
the analysis (section 2.1.3). The study protocol was approved by the Ethics Committee 
of the Universidade Federal de Sao Paulo (CAAE: 01570712.4.0000.5505) and registered 
at ClinicalTrials.gov (NCT00596713).

2.1 Measures

SB (present or absent) was categorized in two ways, using self-report or 
polysomnography. This yielded two different groupings: self-reported (non-)SB groups 
and PSG-confirmed (non-)SB groups.

2.1.1 Self-reported (non-)SB groups
Self-reported SB was screened by a single question: “How often do you currently grind 
your teeth?”.3 The answer options were: never, <1 time/month, 1 time/month, and 2-3 
times/month, 1-2 times/week, 3-6 times/week, and daily. The self-reported non-SB 
group consisted of participants who reported having bruxed 2-3 times/month or less. 
The self-reported SB group consisted of participants who reported having bruxed 1-2 
times/week or more.

2.1.2 PSG-confirmed (non-)SB groups
Participants who had <2 SB episodes/hour of sleep were included in the PSG-confirmed 
non-SB group; those with ≥2 SB episodes/hour of sleep, in the PSG-confirmed SB group.11

2.1.3 Associated factors
Sex (male, female), age, and body mass index (BMI) were derived from the demographic 
data. We used “female” as a reference in the multivariate and network analyses. Age 
was used as a continuous variable in all analyses. BMI was used as a continuous variable 
in all analyses.

Insomnia was assessed by the insomnia severity index (ISI),12 with total scores ranging 
from 0 to 28. The sum score of the ISI was used as a continuous variable in all analyses.

Obstructive sleep apnea (OSA) risk was obtained from the Berlin questionnaire (BQ),13 
which consists of three categories related to snoring, daytime sleepiness, and high 
blood pressure. Participants with at least two symptom categories were categorized 
as having “high risk” of OSA; those with no or one symptom category, as having “low 
risk”. OSA risk was used as a categorical variable in all analyses.
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Anxiety and depression were assessed by the Beck Anxiety Inventory (BAI)14 and the 
Beck Depression Inventory (BDI),15 respectively, both with total scores ranging from 0 
to 63. The sum scores were used as continuous variables in all analyses.

Average caffeine consumption was derived from a question about average caffeine 
consumption per day (glass or cup/day). Caffeine-containing beverages included coffee, 
black tea, and cola soft drink.

Smoking frequency in the past 3 months was derived from a question with five answer 
options, namely: no, 1-2 times/3 months, monthly, weekly, and daily or almost daily. 
In addition, alcohol consumption frequency in the past 3 months was derived from 
a question with the same answer options. Because there were few participants who 
answered smoking 1-2 times/3 months, monthly, and weekly, we combined these as: 
no; sometimes (from smoking 1-2 times/3 months, monthly, and weekly); and daily or 
almost daily; both for smoking frequency and for alcohol consumption.

2.2. Associated factors of the self-reported and PSG-confirmed SB parts

Sex, age, BMI, insomnia, OSA risk, anxiety, depression, average caffeine consumption, 
smoking frequency, and alcohol consumption frequency were included in the analyses 
for both self-reported SB and PSG-confirmed SB.

2.3 Statistical analyses

Normality was assessed by the Kolmogorov-Smirnov test for all continuous variables, i.e., 
age, BMI, ISI score, anxiety and depression scores, and average caffeine consumption.

For both self-reported SB and PSG-confirmed SB, we estimated their association to 
the other variables in three steps: univariate, multivariate, and network analyses. We 
performed each analysis twice: once with self-reported SB and once with PSG-confirmed 
SB. First, we conducted univariate analyses, to investigate the pairwise associations. 
Second, to investigate the associations between all predictors and SB simultaneously, 
we performed two multivariate analyses (one model for self-reported SB and another 
for PSG-confirmed SB) by which we predicted SB by all other variables. While these 
multivariate analyses shed light on which of the variables predict SB while taking all 
other predictors into account, they do not inform us on how the different predictors 
relate amongst each other. Therefore, finally, we also estimated two network models by 
which we investigated the relations among all variables, allowing to distinguish between 
variables that related not only directly but also indirectly to SB. Details of the three 
steps are given below.

6
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First, Mann-Whitney U tests were used to assess the associations between SB and the 
continuous variables. Chi-square tests were used to investigate the association between 
SB and the categorical variables, i.e., sex, SB, OSA risk, smoking frequency, and alcohol 
consumption frequency.

Second, multivariate logistic regression analyses were performed. The following 
predictors were entered into the self-reported SB and PSG-confirmed SB regression 
models in a single step: sex, age, BMI, insomnia, OSA risk, anxiety, depression, average 
caffeine consumption, smoking frequency, and alcohol consumption frequency.

Third, network analyses were conducted. There were 11 variables included in the 
analyses: age, BMI, ISI, anxiety, depression, and average caffeine consumption as 
continuous variables; and sex (female, male), SB (non-SB, SB), OSA risk (low risk, high 
risk), smoking frequency (no, sometimes, daily/almost daily), and alcohol consumption 
frequency (no, sometimes, daily/almost daily) as categorical variables. Since there were 
both categorical and continuous variables included in the model, we estimated a Mixed 
Graphical Model (MGM).16 To minimize false positive edges, we used the regularization 
technique “Least Absolute Shrinkage and Selection Operator” (LASSO). We used tuning 
parameter to adjusts the level of regularization. However, this parameter cannot be 
set directly, it is determined by the Extended Bayesian Information Criterion (EBIC). 
The model selection using EBIC is good in terms of precision, that is the associations 
included in the network model are true.17 The gamma (ɣ) hyperparameter in the EBIC 
model selection is generally set between 0 to 0.5.18 Setting the ɣ hyperparameter to 
0 yields denser networks with higher sensitivity, while setting ɣ to 0.5 yields sparser 
networks with higher specificity. In this study, we set the hyperparameter to 0.5 to 
minimize false-positive edges. Then, we visualized the network models in which we 
included all variables as “nodes” and the conditional dependence association between 
two connected nodes after controlling for all other variables are shown as “edges”, 
using the R-package qgraph (version 1.9).19

To assess accuracy of network estimation, we used nonparametric bootstrap with 
1000 bootstrap samples, using the R-package bootnet (version 1.5).7 The bootstrapped 
confidence intervals (CI) of edge-weights accuracy for self-reported SB and PSG-
confirmed SB are shown in the appendix (Figures A1 and A2). Last, we used the R-package 
NetworkComparisonTest (version 2.2.1) to investigate the differences between the self-
reported and PSG-confirmed SB network models.20 This method evaluates whether global 
strength, which is the overall connectivity of the networks or weighted absolute sum of all 
edges in the network, differs across the networks.21 IBM SPSS Statistics (v.28; IBM Corp, 
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Armonk, NY, USA) was used to perform univariate and multivariate analyses. R (v. 4.1.2; 
R Core Team 2021) was used to perform the network analysis.

3. RESULTS

In total, 915 participants were included in the analyses; 510 females and 405 males. 
There were 781 self-reported and PSG-confirmed non-bruxers, 16 participants who 
were self-reported non-bruxers but PSG-confirmed bruxers, 76 participants who were 
self-reported bruxers but PSG-confirmed non-bruxers, and 42 participants who were 
self-reported and PSG-confirmed bruxers.

3.1 Univariate analyses

For self-reported SB, there were 797 non-bruxer (87.1%) and 118 self-reported sleep 
bruxers (12.9%). The mean ages of non-SB and SB groups did not differ significantly 
(non-SB 42.8±14.4; self-reported SB 40.9±14.5). Table 1 shows that, in the univariate 
analysis, self-reported SB was significantly associated with sex, insomnia, anxiety, and 
depression. There were only a few individuals with self-reported SB with smoking-
sometimes and with drinking alcohol-daily/almost daily.

Tab le 1 Univariate analyses of the associations between self-reported (non-)SB and demographic, 
sleep-related, psychological, and lifestyle factors.

Predictors Non-bruxer
(N=797)

Sleep bruxer
(N=118)

Total
(N=915)

p

Sex Female 434 (54.5%) 76 (64.4%) 510 (55.7%) 0.042a,*

Male 363 (45.5%) 42 (35.6%) 405 (35.6%)

Age Median (IQR) 42 (21) 38.5 (22) 0.164b

BMI Median (IQR) 26.48 (6.62) 25.41 (5.73) 0.079b

ISI Median (IQR) 6 (10) 9.5 (11) <.001b,*

OSA risk Low risk 579 (72.6%) 89 (75.4%) 668 (73.0%) 0.526a

High risk 218 (27.4%) 29 (24.6%) 247 (27.0%)

Anxiety Median (IQR) 6 (10) 9 (13) 0.002b,*

Depression Median (IQR) 8 (9) 8 (11) 0.03b,*

Average 
caffeine 
consumption

Median (IQR) 2 (4) 2 (3) 0.51b

6
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Tab le 1 Continued

Predictors Non-bruxer
(N=797)

Sleep bruxer
(N=118)

Total
(N=915)

p

Smoking 
Frequency

No 585 (73.4%) 81 (68.6%) 666 (72.8%) 0.230a

Sometimes 34 (4.3%) 3 (2.5%) 37 (4.0%)

Daily/almost daily 178 (22.3%) 34 (28.8%) 212 (23.2%)

Alcohol 
consumption 
frequency

No 284 (35.6%) 36 (30.5%) 320 (35.0%) 0.373 a

Sometimes 467 (58.6%) 77 (65.3%) 544 (59.5%)

Daily/almost daily 46 (5.8%) 5 (4.2%) 51 (5.6%)
aChi-square test. bMann-Whitney U test.
*Significant at 0.05.

For PSG-confirmed SB, there were 857 non-bruxers (93.7%) and 58 PSG-confirmed sleep 
bruxers (6.3%). The mean ages of non-SB and SB groups were not significantly different 
(non-SB 42.7±14.3; PSG-confirmed SB 41.2±15.8). Table 2 shows that, in the univariate 
analysis, there was no significant association of PSG-confirmed SB with any of the 
other variables. Similar to self-reported SB, there were only a few individuals with PSG-
confirmed SB with smoking-sometimes and with drinking alcohol-daily/almost daily.

Table 2 Univariate analyses of the associations between PSG-confirmed (non-)SB and 
demographic, sleep-related, psychological, and lifestyle factors.

Predictors Non-bruxer
(N=857)

Sleep bruxer
(N=58)

Total
(N=915)

p

Sex Female 480 (56.0%) 30 (51.7%) 510 (55.7%) 0.525a

Male 377 (44.0%) 28 (48.3%) 405 (44.3%)

Age Median (IQR) 42 (21) 36.5 (28) 0.305b

BMI Median (IQR) 26.4 (6.49) 25.77 (5.45) 0.592b

ISI Median (IQR) 6 (9) 7 (9) 0.066b

OSA risk Low risk 624 (72.8%) 44 (75.9%) 668 (73.0%) 0.613a

High risk 233 (27.2%) 14 (24.1%) 247 (27.0%)

Anxiety Median (IQR) 6 (10) 7.5 (10) 0.508b

Depression Median (IQR) 8 (9) 8 (11) 0.646b

Average caffeine 
consumption Median (IQR) 2 (4) 2 (4) 0.998b

Smoking 
Frequency

No 629 (73.4%) 37 (63.8%) 666 (72.8%) 0.230a

Sometimes 33 (3.9%) 4 (6.9%) 37 (4.0%)

Daily/almost 
daily

195 (22.8%) 17 (29.3%) 212 (23.2%)
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Table 2 Continued

Predictors Non-bruxer
(N=857)

Sleep bruxer
(N=58)

Total
(N=915)

p

Alcohol 
consumption 
frequency

No 301 (35.1%) 19 (32.8%) 320 (35.0%) 0.675a

Sometimes 507 (59.2%) 37 (63.8%) 544 (59.5%)

Daily/almost 
daily

49 (5.7%) 2 (3.4%) 51 (5.6%)

aChi-square test. bMann-Whitney U test.

3.2 Multivariate analyses

In the multivariate analysis, only insomnia remained significantly associated to self-
reported SB (Table 3). There was no significant association of PSG-confirmed SB with 
any of the other variables in the multivariate analyses (Table 4).

Table 3 Multivariate analysis of self-reported SB predicted by demographic, sleep-related, 
psychological, and lifestyle factors.

Predictors Sleep bruxer (N=118) vs non-bruxer (N=797)a

B (SE) OR 95% CI p

Sex Female reference . . .

Male -0.389(0.220) 0.678 0.441-1.043 0.077

Age -0.006(0.008) 0.994 0.979-1.010 0.467

BMI -0.043(0.022) 0.958 0.917-1.001 0.055

ISI 0.053(0.018) 1.054 1.018-1.092 0.003*

OSA risk Low risk reference . . .

High risk  0.198(0.267) 1.220 0.723-2.058 0.457

Anxiety 0.011(0.014) 1.011 0.984-1.039 0.420

Depression 0.012(0.014) 1.012 0.984-1.041 0.398

Average caffeine consumption -0.022(0.034) 0.979 0.915-1.046 0.528

Smoking frequency No reference . . .

Sometimes -0.751(0.630) 0.472 0.137-1.621 0.233

Daily/almost daily 0.145(0.246) 1.156 0.714-1.874 0.555

Alcohol consumption 
frequency

No reference . . .

Sometimes 0.383(0.227) 1.466 0.939-2.289 0.092

Daily/almost daily 0.174(0.527) 1.190 0.424-3.344 0.741

B, regression coefficient; CI = confidence interval; OR, odds ratio; SE, standard error.
a Reference category.
*Significant at 0.05.

6
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Table 4 Multivariate analysis of PSG-confirmed SB predicted by demographic, sleep-related, 
psychological, and lifestyle factors.

Predictors Sleep bruxer (N=58) vs non-bruxer (N=857)a

B (SE) OR 95% CI P

Sex Female reference . . .

Male 0.227(0.287) 1.255 0.714-2.204 0.430

Age -0.001(0.011) 0.999 0.978-1.020 0.920

BMI -0.011(0.030) 0.989 0.934-1.049 0.721

ISI 0.030(0.024) 1.030 0.983-1.080 0.218

OSA risk Low risk reference . . .

High risk -0.009(0.366) 0.991 0.484-2.029 0.980

Anxiety -0.007(0.020) 0.994 0.956-1.033 0.743

Depression 0.012(0.020) 1.012 0.973-1.052 0.555

Average caffeine consumption 0.008(0.044) 1.008 0.925-1.098 0.855

Smoking frequency No reference . . .

Sometimes 0.625(0.576) 1.867 0.604-5.778 0.278

Daily/almost daily 0.324(0.331) 1.382 0.723-2.643 0.327

Alcohol consumption 
frequency

No reference . . .

Sometimes 0.077(0.302) 1.080 0.597-1.953 0.799

Daily/almost daily -0.552(0.780) 0.576 0.125-2.659 0.480

B, regression coefficient; CI = confidence interval; OR, odds ratio; SE, standard error.
a Reference category.

3.3 Network analyses

The network model for self-reported SB showed that SB had a direct and positive link 
to insomnia (Figure 1), suggesting that self-reported SB has a positive association with 
insomnia when taking all the other variables into account. PSG-confirmed SB did not 
have any edge with any of the other variables. Interestingly, the network model showed 
that anxiety and depression were indirectly and positively associated with self-reported 
SB through insomnia. The network comparison test showed that there was no significant 
difference in global strength (0.12, p = 0.851) between both networks.
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Figure 1 The network model of self-reported SB (left) and that of PSG-confirmed SB (right). 
The associations of self-reported bruxism with anxiety, depression is mediated by insomnia. 
The square nodes represent categorical variables; the circular nodes, continuous variables. The 
blue edges represent positive associations; the red edges, negative associations. The gray edges 
represent the associations between ordinal variables with more than two categories and the 
other variables. Thicker and darker colored lines refer to stronger associations. alcohol, alcohol 
consumption frequency; caffeine, average caffeine consumption; PSG-SB, PSG-confirmed SB; 
smoking, smoking frequency; SR-SB, self-reported SB. The references of categorical variables: 
SR-SB and PSG-SB, non-bruxer; sex, female; OSA risk, low risk; smoking frequency and alcohol 
consumption, no.

4. DISCUSSION

The current study aimed to investigate the associations of SB with sleep disorders, 
demographic, psychological, and lifestyle factors in the adult general population. We 
investigated these associations via univariate, multivariate, and network analyses. We 
found that self-reported SB was significantly associated with insomnia. The association 
between self-reported SB and insomnia is consistent with our NSR study.8 In addition, 
anxiety and depression were indirectly connected with self-reported SB via insomnia, 
which was not found in the multivariate analysis but only in the univariate analysis. 
These results show that SB was associated with psychological factors such as anxiety 

6
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and depression as found previously.8 Thus, the first hypothesis, that SB in the adult 
general population was associated with insomnia via anxiety, was partly accepted since 
there is a direct positive association between self-reported SB and insomnia in the 
network model, which was consistent with the multivariate analysis. On the other hand, 
PSG-confirmed SB did not have a significant association with any of the variables in any 
of the analyses. Thus, the second hypothesis, that self-reported SB and PSG-confirmed 
SB would yield the same associations with other variables, was rejected.

The network models show that SB, insomnia, anxiety, and depression are grouped 
in the same cluster. This cluster appears to be the same phenotypic group in the 
EPISONO study22 and in the NSR study.8 The association between insomnia, anxiety, 
and depression has been described previously. Individuals with anxiety or depression 
tend to have insomnia symptoms more often than subjects without such conditions.23 
Another study supported that insomnia, anxiety, and depression may have some 
genetic overlapping.24 In addition, they share the same mechanism, viz., dysregulation 
of serotonin and dopamine genes25 and of the Hypothalamic-Pituitary-Adrenal axis.26 At 
the same time, SB has been associated with arousal response,27,28 central dopaminergic 
system, and serotoninergic pathway.29 Severe bruxers showed lower blood serotonin 
levels compared with non-to-moderate sleep bruxers.30 Therefore, this phenotypic 
group may confirm that SB has multiple etiological factors, including psychosocial factors 
and sleep disorders. Consequently, the management of SB requires a multidisciplinary 
approach, including exploring psychosocial factors and sleep disorders.

The present study showed different results between subjective (self-report) SB and 
objective (PSG-confirmed) SB. At the individual level, it should be noted that some 
participants were classified as having SB using self-report, but as non-SB using PSG, 
and vice versa. This may have affected the outcomes. However, when including only 
those participants that were classified as either SB or non-SB based on both self-report 
and PSG (N=823; non-SB=781, SB=42), the results were similar to those of the PSG-
confirmed SB network model. The significant results in the self-reported SB regression 
and network models may thus be related to the 60 participants (6.6%) who were 
excluded from the PSG-confirmed SB model. These self-reported sleep bruxers may 
have associations with insomnia and psychosocial factors, even though their SB activity 
was not confirmed with PSG. While self-report assesses the frequency of SB over an 
indetermined (i.e., “currently”), most likely relatively long period, PSG-confirmed SB 
was based on a single night’s result only. SB, however, is known to show a considerable 
night-to-night variability.31,32 Therefore, it would be premature to consider the 60 
excluded participants as being actual non-bruxers, only because of them not having a 
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positive PSG. More research is needed to further unravel the accuracy of the different 
assessment tools for SB.

One interesting finding is that an association of insomnia was found with self-reported 
SB but not with PSG-confirmed SB. This leads to the question whether people with 
insomnia are sensitive to any symptom and interpret this as having SB. It is noted 
that the diagnosis of insomnia needed to be evaluated based on clinical relevance 
and not be diagnosed with PSG only.33 Sleep deprivation disturbs the pain inhibitory 
system and increases the pain sensitivity to cold and pressure.34 In addition, insomnia 
may increase pain sensitivity.35 Thus, participants with insomnia may indeed be more 
sensitive to pain symptoms than those without insomnia. On the other hand, sleep 
disruption in insomnia patients could make them recognize actual SB events during 
their sleep, although those SB activities are not always higher than the SB cut-off point. 
A related question is whether SB is also involved with increasing pain sensitivity and 
discomfort. Non-painful muscle symptoms are part of the suggested subject-based 
assessment for SB, that are self-report and history report of bruxism status and patient’s 
complaint related to bruxism.36 These symptoms decreased after reducing jaw-muscle 
activity with contingent electrical stimulation.37 This may imply that there is indeed an 
increased sensitivity to non-pain symptoms in self-reported sleep bruxers. Similarly, 
experimental tooth grinding in healthy individuals could provoke jaw-muscle pain and 
fatigue after the test and 24 h after provocation.38 This prolonged pain is associated with 
micro-trauma-related inflammatory processes and results in peripheral sensitisation.38 
While jaw-muscle symptoms were frequently reported in clinically-confirmed SB, there 
was no association between such symptoms and muscle activity during sleep.39 In short, 
participant with insomnia may be sensitive to any discomfort and pain, and interpret 
these symptoms as SB. They could also notice actual SB events during their sleep, while 
objectively those activities could not always be detected or pass the cut-off point. 
For future studies, it is suggested to recognize the presence or absence of SB on a 
continuum spectrum instead of using cut-off points.40

In the present study, no associations were found between SB and lifestyle factors such 
as average caffeine consumption, smoking, and alcohol consumption frequency. This 
is in contrast with previous studies in which these factors were positively associated 
with SB.6,41 The different characteristics and lifestyles across population samples and the 
applied measurement tools may have affect the results. In addition, average caffeine 
consumption in this study included various caffeine-containing drinks like coffee, 
tea, and cola, while previous studies included coffee only. So, the amount of caffeine 
consumption would be different between studies. Furthermore, this study assessed 
the frequency of smoking and alcohol consumption. To gain more insight into the 

6
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association between SB and lifestyle factors, it is suggested using the average amount 
of cigarette smoking, alcohol, and caffeine intake per day instead of frequency.

This study has several strengths. First, it represents the adult general population. 
Second, we used PSG, which is still the current gold standard to assess SB.1 Third, we 
used a novel statistical method in the dentistry research field, namely, network analysis. 
This method could reveal any possibly hidden associations among the variables included 
in the network model. Network analysis can show more information about how each 
variable connects to other variables, while multivariate regression analysis needs to 
define a dependent variable and can show only the associations of that dependent 
variable with other variables but not the associations among predictors themselves. 
For example, the phenotypic group that was found in the network analysis could not 
have been obtained from multivariate regression analysis.

This study has the following limitations. First, we used the Berlin questionnaire for the 
assessment of OSA risk in both self-reported and PSG-confirmed SB models to make 
these two models comparable. Using an instrumentally assessed variable, such as the 
apnea-hypopnea index, is recommended for investigating the associations between 
OSA and PSG-confirmed SB in further research. Second, due to differences in setting, 
parameters, methods, and population between the EPISONO and NSR populations, we 
could not compare the network models between the general population (EPISONO) 
and an insomnia-based population (NSR) directly, as we could do for the comparison 
between self-reported SB and PSG-assessed SB network models. To have standardized 
questionnaires and measurements is recommended for future research in order to 
compare the network models across the populations. Last, this is a cross-sectional 
study, so causal associations cannot be implied. Longitudinal data collection is needed 
to investigate the causal relationship between each of the factors.

5. CONCLUSION

Sleep bruxism was positively associated with insomnia only in individuals with self-
reported SB, while PSG-confirmed SB was not associated with any of the included 
factors.
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APPENDIX |

Figure A1 Bootstrapped confidence intervals (CIs) of estimated edge-weights for the self-re-
ported sleep bruxism network model. The strongest edge is on the first line of the plot. The 
overlapping CIs show that those edges are not significantly different. The edges with broad CIs 
should be interpreted with caution.
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Figure A2 Bootstrapped confidence intervals (CIs) of estimated edge-weights for the PSG-con-
firmed sleep bruxism network model. The strongest edge is on the first line of the plot. The 
overlapping CIs show that those edges are not significantly different. The edges with broad CIs 
should be interpreted with caution.
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The general aim of this thesis was to assess the associations of sleep bruxism (SB) 
on the one hand, and awake bruxism (AB), psychological factors, temporomandibular 
disorders (TMD), and insomnia on the other hand. We used self-report and instrumental 
techniques to establish the presence of bruxism. An interesting point of this thesis is 
that we studied SB in different populations, i.e., the American, Thai, and Dutch TMD-
patient populations, and that the results obtained from these populations show the 
same trends. Amongst others, we found that objectively assessed SB and AB are not 
associated across individuals (chapter 2). Further, SB is conditionally independent 
from AB and TMD (chapter 3) and the improvement of SB is not associated with TMD 
treatment (chapter 4). In contrast, we did find a direct association between AB and TMD 
(chapters 3 and 4). Besides, we investigated the association between SB and insomnia in 
a specific population sample, i.e., participants who are interested in sleep problems, as 
well as in a general population sample. We investigated the association of SB, assessed 
with self-report and polysomnography (PSG), with insomnia and psychosocial factors, 
and we determined whether the associations of self-reported SB and PSG-confirmed SB 
are similar. We found that only self-reported SB, i.e., possible SB, was associated with 
insomnia and psychosocial factors (chapters 5 and 6). In contrast, PSG-confirmed SB, 
i.e., definite SB, was not associated with either insomnia or psychosocial factors. In the 
present chapter, we discuss our findings, clinical implications, and future research from 
three perspectives: the associations between SB and AB; the associations between SB, 
AB, and TMD; and the association between SB and sleep disorders. Finally, we provide 
a general conclusion.

SB AND AB

The results of this thesis support the idea that SB and AB are different entities.1 
Chapter 2 shows that the main characteristic of SB is grinding activity, while that of 
AB is mainly clenching activity. SB and AB, assessed with self-report in chapter 3 and 
with electromyography (EMG) and/or PSG in chapter 2, are not associated in the same 
individual. In chapter 2, we showed that masticatory muscle activity during SB events 
and the event rates (i.e., the repetitive masticatory muscle activity (RMMA) episodes 
that were standardized as events per hour) of SB are not associated with those of 
AB, neither at rest nor during stress-related activity. Only masticatory muscle activity 
during AB events and the event rates of AB at rest are associated with those of AB 
during stress-related activity. Using a network analysis, chapter 3 shows no direct 
association between possible SB and AB. Importantly, SB and AB are not only different 
in terms of their characteristics but also have different associations with psychosocial 
factors. This result is consistent among different populations (chapters 2 and 3). AB 
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tends to increase during a stress-induced condition in chapter 2, and it is associated 
with stress in chapter 3. In contrast, in chapter 3, SB was not directly associated to 
psychosocial factors. Additionally, we cannot find any significant association between 
SB and psychosocial factors in chapter 4. The combined evidence summarized above 
corroborates the notion that SB and AB are different entities.

In this thesis, we assessed SB with two different approaches: self-report and PSG. We 
used the cut-off criteria according to Rompré et al.2 to assess definite SB in chapters 
2 and 6. PSG is a valuable assessment for SB physiology, and these cut-off criteria for 
scoring PSG data were constructed for the study of the physiologic characteristics of 
SB.3 However, definite SB seems to lack a link with its clinical consequences if the 
cut-off point is used (chapter 6). Using the cut-off point to determine the presence 
of SB, no conditional dependence association between definite SB and other factors 
like anxiety and depression was found in chapter 6, while direct associations of self-
reported SB with anxiety and insomnia were found in chapters 5 and 6. In addition, 
chapter 2 shows that some patients who did not have SB events above the cut-off 
point still have SB events. Fortunately, there are some promising developments in how 
to analyze the instrumentally obtained data of SB in a meaningful way. 3 For example, 
Manfredini et al. (2019) and Lavigne et a. (2021) suggested the assessment of indicators 
relevant to support SB diagnosis and treatment decisions, such as age, sex, heart rates, 
sleep arousals, RMMA index, the duration of RMMA, background EMG, and comorbid 
conditions like TMD, tooth wear, and sleep conditions.3,4 Clearly, PSG scoring requires 
validation that provides consistency with clinical relevance.3,4 Furthermore, SB has 
a considerable night-to-night variability.5 Keeping that in mind, self-report has the 
advantage of long-term observation compared with the result from a single-night PSG. 
We therefore suggest that self-report remains a suitable technique for the monitoring 
of SB and its clinical relevance.

For future research, to measure SB and AB events, it is considered better to approach 
these events as continuous values rather than as the presence or absence of SB 
based on the cut-off point.4 In addition, the Standardized Tool for the Assessment 
of Bruxism (STAB)6,7— a bruxism evaluation system that consists of the assessment 
domain, i.e., axis A, and factors and conditions related to bruxism, i.e., axis B— and 
BruxScreen8— a questionnaires and a clinical assessment form for SB and AB— should 
be implemented in future research to obtain standardized measurements. Besides, 
using these standardized tools can help us compare possible and probable SB and AB 
research across populations. As a result, we can incorporate data related with SB, AB, 
and their clinical relevance and comorbidity from different populations, and identify 
phenotyping of SB and AB regarding to these data. Consequently, we may establish 
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treatment options regarding to phenotyping of SB and AB.3 Additionally, more research 
in endotyping, i.e., the underlying biological mechanisms of SB and AB, is recommended 
to explain their phenotyping and help clinicians to deliver the most suitable treatments 
to their patients.

SB, AB, AND TEMPOROMANDIBULAR DISORDERS (TMD)

Even though chapter 2 shows similar levels of SB and AB between TMD-pain cases 
and pain-free controls, network analysis in chapter 3 shows that TMD pain is directly 
associated with possible AB but not with possible SB. In chapter 4, we studied the 
association of usual TMD management with the changes of possible SB and AB, including 
different activities of AB, i.e., awake grinding, awake clenching, and jaw bracing. To 
the best of our knowledge, no study has investigated the changes in different types 
of AB activity six weeks after receiving counselling without or with any other TMD 
treatment, in a TMD population. The management of TMD through counseling with 
other treatments, for a brief period is useful for possible AB (chapter 4). Patients 
who believe that oral behavior causes jaw pain and have high psychological distress 
tend to report higher AB frequency than those who do not believe that or have low 
psychological distress.9 So, AB may reflect psychosocial status, or the other way around. 
If this is actually the case, counselling including stress management may affect the 
changes in AB.

Surprisingly, possible SB is not associated with TMD or psychosocial factors, and usual 
TMD management for a brief period does not improve possible SB (chapters 3 and 
4). Chapters 3 and 4 used item 1 from the Oral Behavioral Checklist that asks how 
frequently one bruxes while asleep.10 SB may not be easily recognized compared with 
AB by the patient. Thus, some sleep bruxers may miss how frequently they brux during 
sleep. The report of grinding sounds from their sleep partners can increase the validity 
of sleep bruxing.11 On the other hand, self-report can be used to screen non-bruxers as 
it has high specificity, but self-report is not a good indicator for identifying SB because 
of the low sensitivity.12 Another assumption is that the main characteristic of AB, i.e., 
mainly clenching activity, may yield delayed-muscle onset soreness (DOMS), and this 
“repetitive, low-level, tonic activity” may thus play a role in the onset and progression 
of TMD.13,14 In contrast, SB is mainly grinding activity that lasts 0.2-2 seconds, which 
may not be long enough to induce DOMS and subsequently TMD.

This thesis confirms the biopsychosocial nature of TMD, which involves psychosocial 
factors like stress and oral behaviors like AB. It is suggested that AB is closely related to 



619680-L-bw-Chattrattrai619680-L-bw-Chattrattrai619680-L-bw-Chattrattrai619680-L-bw-Chattrattrai

129

General Discussion

TMD (see above). The management of TMD thus requires multidisciplinary approaches, 
whereby our findings suggest that we should focus on the management of AB. Even 
though the study in chapter 4 measured the changes in SB and AB in a brief period 
after implementing usual TMD treatment, the results support the idea that counseling 
and physical therapy may influence the TMD-treatment effect and the change in AB. 
Therefore, increasing awareness of AB is recommended in the management of TMD. 
Although chapter 4 did not find an association between AB and other psychosocial 
factors, chapters 2 and 3 clearly show that AB is associated with stress. AB may play a 
role in stress coping, although stress coping strategies may vary between individuals.15 
On the other hand, SB may co-occur with multiple factors, such as psychosocial 
factors and sleep-related conditions.6,7 SB is managed when there are severe negative 
consequences, e.g., extensive mechanical tooth wear and restoration failure, due to 
the presence of SB.7

Future research should use a continuum spectrum of SB activities (i.e., continuous 
values of SB parameters) to investigate the associations of the intensity, frequency, and 
duration of SB events with other factors, including AB, TMD, psychosocial factors, and 
other conditions. Only then, we may conclude that the intensity of SB is associated with 
TMD or that background EMG during sleep is associated with TMD pain.16 Moreover, 
longitudinal studies are needed to investigate the positive and negative consequences 
of SB, preferably together with a novel statistical method like network analysis that 
allows to distinguish direct from indirect effects. Due to such approach, we may discover 
possible direct associations between SB and other factors that have not been identified 
before, or we may find meaningful indirect associations between SB and other factors. 
Interestingly, a network model can be a patient education tool that provides insight into 
the importance of multidisciplinary approaches, i.e., dentistry, sleep medicine, physical 
therapy, and psychological treatment. Moreover, the network model can investigate 
the role of bridge symptoms, i.e., a group of symptoms that overlap between two 
disorders, such as the common symptoms of anxiety and depression.17 In this thesis, 
we defined potential bridge factors as factors that bridge indirect associations between 
factors. For instance, TMD pain, as described in chapter 3, is a bridge factor between 
AB, TMD dysfunction, and stress. Such bridge factors could potentially highlight 
treatment targets, as it suggests that treating the bridge factor may alleviate or affect 
the connecting factors. While this should be tested in practice, the network models 
may inform tailor-made treatment.

7
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SB AND SLEEP DISORDERS

The association between possible SB and insomnia was found in both sleep-interested 
and general populations. A novel finding is that insomnia is associated with possible 
SB but not with definite SB (chapter 5 and 6). It supports the aforementioned 
recommendation that the cut-off criteria of definite SB should be considered in a 
continuum spectrum. Network analysis shows that psychosocial factors play a role in 
the connection between SB and insomnia. The tripartite association between anxiety, 
depression, and insomnia remains in both sleep-interested and general populations 
(chapters 5 and 6).

While the first part of this thesis could not demonstrate any association between SB 
and other factors like AB, TMD, and psychosocial factors, the second part of this thesis 
found an association between SB and insomnia as well as anxiety. It should be noted 
that, in the first part of this thesis, we used different questionnaires to measure stress 
as a psychosocial factor related to SB, AB, and TMD, while in the second part of this 
thesis, we assessed anxiety and depression as psychosocial factors for SB and insomnia. 
Consequently, it is not possible to compare psychosocial factors across studies. Network 
analysis in chapters 5 and 6 shows direct and indirect associations between SB, insomnia, 
and psychosocial factors. Thus, psychosocial factors may be comorbid conditions of SB. 
Conversely, the regulation of serotonin and dopamine is associated with SB, insomnia, 
and psychosocial factors like anxiety and depression.18,19 Excessive serotonin, e.g., due to 
medication with selective serotonin reuptake inhibitors, can increase SB and AB.20 More 
research on SB and neurotransmitters is needed to draw a definite conclusion about the 
association between SB and psychosocial factors. In addition, PSG studies are needed 
to investigate sleep arousal in patients with SB and insomnia, as to enable drawing a 
conclusion about the biological association between SB and insomnia.

A clinical implication of the above is that insomnia patients tend to be sensitive to SB 
events. When patients notice their SB, it may be a cue to further investigate insomnia 
and other sleep conditions. It emphasizes that various fields of expertise, i.e., sleep 
medicine, dentistry, and psychiatry, are needed to manage SB (in case of negative 
consequences) and other sleep disorders.

Since the definite diagnosis of insomnia requires a clinical assessment,21 future research 
is needed to investigate the association between SB on the one hand and definite 
insomnia and psychological status on the other hand. Finally, to identify whether 
psychosocial factors are associated with, or are only a comorbid condition of SB, it is 
suggested to study SB in patients with anxiety and/or depression.
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GENERAL CONCLUSION

Different assessments ranging from self-report to instrumental techniques suggest 
different clinical consequences and associated conditions of SB. SB is not directly 
associated with psychosocial factors and TMD, while AB is associated with those 
factors. In addition, evidence is accumulating that SB and AB are different entities. 
Furthermore, possible SB connects with insomnia through psychosocial factors, but the 
associations between definite SB and insomnia as well as psychosocial factors could 
not be confirmed.

7
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The general aim of this thesis was to assess the associations of sleep bruxism (SB) 
on the one hand and awake bruxism (AB), psychological factors, temporomandibular 
disorders (TMD), and insomnia on the other hand, using self-report and instrumental 
techniques to establish the presence of bruxism. The associations of SB with AB, 
psychosocial factors, and TMD are described in chapters 2-4; the association between 
SB and insomnia, in chapters 5 and 6.

Chapter 1 provides a general introduction, including the definition, epidemiology, 
etiology, assessment, and management of SB and AB, as well as the sleep disorders 
associated with SB. In addition, the general aim and specific aims of this thesis are 
described.

Chapter 2 aimed to investigate whether individuals engaging in SB also engage in AB 
occurring during rest and stress-related activity, and to investigate whether SB and AB 
are associated with different characteristics. We recruited 122 female myofascial pain 
patients and 46 female pain-free controls. All participants underwent polysomnographic 
recordings for two consecutive nights and a 120-min. session for stress-related activity. 
The experiment included a non-stressful attention task, four stress-related activities, 
and between-task rest periods. Muscle activity during stress-related activities, i.e., AB 
during stress-related activity, and during between-task rest periods, i.e., AB at rest, were 
measured by surface electromyography (EMG). We examined the event rate and EMG 
activity of SB, AB at rest, and AB during stress-related activity and found that SB was 
not associated with either AB at rest or AB during stress-related activity. In contrast, 
the event rates and EMG activity of AB at rest were positively associated with those 
of AB during stress-related activity, suggesting that people who brux at rest tend to 
brux more when they are stressed. In addition, this chapter supports that SB is mainly 
characterized by grinding activity, while AB is mainly characterized by clenching activity, 
suggesting that SB and AB are different entities.

TMD pain has been shown to be associated with AB, SB, and psychosocial factors 
such as stress. However, there are insufficient data on the association between TMD 
dysfunction and the abovementioned factors. Thus, the cross-sectional study described 
in chapter 3 investigated the association of the severity of TMD pain and dysfunction 
with the frequency of self-reported SB and AB, i.e., possible SB and AB, and stress 
in an adult TMD-patient population. In this study, 237 Thai TMD patients completed 
questionnaires on the frequency of SB and AB (assessed with the Oral Behaviors 
Checklist), TMD pain and TMD dysfunction (assessed with the modified Gerstner 
screening questionnaire), and stress (assessed with the Suan Prung Stress Test-20). 
We used univariate and multivariable regression analyses to predict TMD pain and 
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TMD dysfunction in two separate models, once with TMD pain and once with TMD 
dysfunction as the dependent variable. In addition, we implemented a novel statistical 
method called network analysis. We found that TMD pain is associated with possible 
AB, stress, and TMD dysfunction, while TMD dysfunction is only associated with TMD 
pain. The network model, i.e., the visualization of the network analysis, revealed that 
TMD pain is a bridge factor between AB, stress, and TMD dysfunction. In addition, SB 
is not associated with any factors in the network model.

Chapter 4 continued on the topic of the association between possible SB and AB on 
the one hand, and TMD on the other hand. TMD treatment strategies often include the 
management of SB and/or AB. However, how self-reports of SB and AB change after the 
start of interventions that aim at reducing these masticatory muscle activities in TMD 
patients remains unknown. This chapter aimed to investigate the association between 
the type of TMD treatment and psychosocial factors on the one hand and the changes 
in possible SB and/or AB on the other hand. 68 TMD patients were included in this 
prospective cohort study. Every patient received counselling, and 33 of 68 patients 
received counselling with other treatment(s) such as physical treatment, psychological 
treatment, and/or an occlusal splint. We studied the changes in SB and AB frequencies 
at week 6 after receiving the usual treatment. We investigated SB and various AB types, 
including AB-grinding, AB-clenching, AB-bracing, and the maximum frequency of all AB 
types combined, i.e., AB-combined. We found that there was no significant association 
between the changes in SB and in all types of AB on the one hand, and psychosocial 
factors on the other hand. Patients with counselling and any other treatment had a 
lower chance of improving their AB-combined frequency than patients with counselling 
alone. Most patients with counselling with any other treatment received physical 
treatment; thus, we suggested that patients with counselling and any other treatment 
may increase their awareness of AB. In contrast, the type of TMD treatment did not 
affect the change in SB frequency over a brief, 6-week period.

In chapter 5, we studied the aspect of the association between SB and sleep disorders. 
This chapter investigated the association between self-reported SB, insomnia, and their 
potential risk factors, e.g., depression and anxiety, and we constructed a network 
model with all these factors. We recruited a large population from the Netherlands 
Sleep Registry that is mainly a sleep-interested population. This study included 2251 
participants who completed the questionnaires on self-reported SB, insomnia (assessed 
with the Insomnia Severity Index, ISI), obstructive sleep apnea (OSA) risk (assessed 
with the Berlin questionnaire, BQ), anxiety and depression (assessed with the Hospital 
Anxiety and Depression Scale, HADS), and lifestyle factors that were smoking frequency, 
alcohol consumption frequency, and coffee consumption frequency. We implemented 
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network analysis in this study as well. The network model shows that there is no direct 
link between self-reported SB and insomnia. However, there is an indirect link between 
self-reported SB and insomnia via anxiety.

In chapter 6, we continued evaluating the association of SB with other sleep 
disorders and demographic, psychological, and lifestyle factors in the adult general 
population. In addition, we investigated whether self-reported SB, i.e., possible SB, and 
polysomnographically- (PSG-) confirmed SB, i.e., definite SB, provide similar outcomes in 
terms of their associated factors. We recruited 915 adults from the general population 
in Sao Paulo, Brazil. All participants underwent a single-night PSG recording and 
completed questionnaires on self-reported SB, BMI, insomnia (assessed with the ISI), 
OSA risk (assessed with the BQ), anxiety and depression (assessed with the Beck Anxiety 
Inventory (BAI) and the Beck Depression Inventory (BDI), respectively), as well as the 
lifestyle factors that were average caffeine consumption (cup/day), smoking frequency, 
and alcohol consumption frequency. We investigated the link between SB and the other 
variables in univariate, multivariable, and network analyses, and we repeated each 
model once with self-reported SB and once with PSG-confirmed SB. Network analysis 
showed that self-reported SB has a direct positive link to insomnia, while PSG-confirmed 
SB is not significantly associated with any of the included variables. Thus, sleep bruxism 
is positively associated with insomnia only when assessed through self-report, but not 
when assessed using PSG.

Finally, chapter 7 discusses this thesis’ findings, their clinical implications, and future 
research.

Based on this thesis’ findings, we conclude that different assessment techniques (viz., 
self-report and instrumental approaches) yield different clinical consequences of SB. 
Further, AB is associated with psychosocial factors and TMD, while SB is not associated 
with those factors. This suggests that SB and AB are different entities. Finally, possible 
SB connects with insomnia through psychosocial factors, but the association of definite 
SB with insomnia as well as with psychosocial factors could not be confirmed.
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Het algemene doel van dit proefschrift was om de associaties tussen slaapbruxisme 
(SB) enerzijds en waakbruxisme (WB), psychologische factoren, temporomandibulaire 
stoornissen (TMD) en slapeloosheid anderzijds te beoordelen, met behulp van 
zelfrapportage en instrumentele analysetechnieken om de aanwezigheid van bruxisme 
vast te stellen. De associaties van SB met WB, psychosociale factoren en TMD worden 
beschreven in de hoofdstukken 2-4, terwijl het verband tussen SB en slapeloosheid in 
de hoofdstukken 5 en 6 aan bod komt.

Hoofdstuk 1 geeft een algemene inleiding, inclusief de definitie, epidemiologie, 
etiologie, beoordeling en behandeling van SB en WB, alsmede de slaapstoornissen die 
geassocieerd zijn met SB. Daarnaast worden het algemene doel en de specifieke doelen 
van dit proefschrift beschreven.

Hoofdstuk 2 had als doel om te onderzoeken of individuen met SB ook WB hebben 
tijdens rust en stressgerelateerde activiteiten, en om te onderzoeken of SB en WB 
geassocieerd zijn met verschillende kenmerken. We rekruteerden 122 vrouwelijke 
myofasciale pijnpatiënten en 46 vrouwelijke pijnvrije controles. Alle deelnemers 
ondergingen polysomnografische (PSG-) registraties gedurende twee opeenvolgende 
nachten alsmede een sessie van twee uur voor registraties tijdens stressgerelateerde 
activiteiten. Het experiment omvatte een niet-stressvolle aandachtstaak, vier 
stressgerelateerde activiteiten en rustperiodes tussen taken. Spieractiviteiten tijdens 
stressgerelateerde activiteiten, d.w.z. WB tijdens stressgerelateerde activiteiten, en 
tijdens rustperiodes tussen taken, d.w.z. WB in rust, werden gemeten met oppervlakte-
elektromyografie (EMG). We onderzochten de event rate en de EMG-activiteit van SB, 
WB in rust en WB tijdens stressgerelateerde activiteiten en ontdekten dat SB niet 
geassocieerd is met WB in rust of met WB tijdens stressgerelateerde activiteiten. 
Daarentegen waren de event rates en de EMG-activiteit van WB in rust positief 
geassocieerd met die van WB tijdens stressgerelateerde activiteiten, wat suggereert 
dat mensen die bruxeren in rust de neiging hebben om meer te bruxeren als ze 
gestrest zijn. Bovendien ondersteunt dit hoofdstuk het feit dat SB voornamelijk wordt 
gekenmerkt door knarsactiviteiten, terwijl WB voornamelijk wordt gekenmerkt door 
klemactiviteiten, wat suggereert dat SB en WB verschillende entiteiten zijn.

Voorafgaand onderzoek heeft aangetoond dat TMD-pijn verband houdt met WB, SB en 
psychosociale factoren zoals stress. Er zijn echter onvoldoende gegevens beschikbaar over 
het verband tussen TMD-disfunctie en de bovengenoemde factoren. De cross-sectionele 
studie beschreven in hoofdstuk 3 onderzocht daarom het verband tussen de ernst van 
TMD-pijn en -disfunctie enerzijds en de frequentie van zelfgerapporteerd SB en WB, d.w.z. 
mogelijk SB en WB, en stress anderzijds in een volwassen TMD-patiëntenpopulatie. In deze 
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studie vulden 237 Thaise TMD-patiënten vragenlijsten in over de frequentie van SB en WB 
(beoordeeld met de Oral Behaviors Checklist), TMD-pijn en -disfunctie (beoordeeld met 
de aangepaste Gerstner-screeningvragenlijst) en stress (beoordeeld met de Suan Prung 
Stress Test-20). We gebruikten univariate en multivariabele regressieanalyses om TMD-
pijn en -disfunctie te voorspellen in twee afzonderlijke modellen, één keer met TMD-pijn 
en één keer met TMD-disfunctie als de afhankelijke variabele. Daarnaast hebben we een 
nieuwe statistische methode geïmplementeerd, te weten netwerkanalyse. We ontdekten 
dat TMD-pijn geassocieerd is met mogelijk WB, stress en TMD-disfunctie, terwijl TMD-
disfunctie alleen geassocieerd is met TMD-pijn. Het netwerkmodel, d.w.z. de visualisatie 
van de netwerkanalyse, liet zien dat TMD-pijn een brugfactor is tussen WB, stress en TMD-
disfunctie. Daarentegen is SB met geen van de factoren in het netwerkmodel geassocieerd.

Hoofdstuk 4 ging verder in op het verband tussen mogelijk SB en WB enerzijds en TMD 
anderzijds. TMD-behandelingsstrategieën omvatten vaak het managen van SB en/of WB. 
Het blijft echter onbekend hoe zelfrapportages van SB en WB veranderen na de start 
van interventies die gericht zijn op het verminderen van deze kauwspieractiviteiten bij 
TMD-patiënten. Dit hoofdstuk had tot doel het verband te onderzoeken tussen het type 
TMD-behandeling en psychosociale factoren enerzijds en de veranderingen in mogelijk 
SB en/of WB anderzijds. 68 TMD-patiënten werden opgenomen in deze prospectieve 
cohortstudie. Alle patiënten kreeg counseling en 33 van de 68 patiënten kregen 
counseling in combinatie met andere behandeling(en) zoals fysiotherapie, psychologische 
behandeling en/of een occlusale spalk. We bestudeerden de veranderingen in SB- en 
WB-frequenties 6 weken na de start van de behandeling. We onderzochten SB en 
verschillende WB-typen, waaronder WB-knarsen, WB-klemmen, WB-bracing en de 
maximale frequentie van alle WB-typen gecombineerd, d.w.z. WB-gecombineerd. We 
vonden geen significant verband tussen de veranderingen in SB en in alle vormen van 
WB enerzijds en psychosociale factoren anderzijds. Patiënten met counseling en enige 
andere behandeling hadden een kleinere kans om hun WB-gecombineerde frequentie 
te verbeteren dan patiënten met alleen counseling. De meeste patiënten met counseling 
met een andere behandeling kregen fysiotherapie; daarom suggereerden we dat 
patiënten met counseling en enige andere behandeling hun bewustzijn van WB kunnen 
vergroten. Daarentegen had het type TMD-behandeling geen invloed op de verandering 
in SB-frequentie gedurende een korte periode van 6 weken.

In hoofdstuk 5 hebben we het verband tussen SB en slaapstoornissen bestudeerd. 
Specifiek onderzochten we de associatie tussen zelfgerapporteerd SB, slapeloosheid 
en hun potentiële risicofactoren, bijvoorbeeld depressie en angst, en bouwden we 
een netwerkmodel met al deze factoren. We rekruteerden een grote populatie uit het 
Nederlands Slaap Register, dat voornamelijk slaapgeïnteresseerde individuen bevat. De 
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studie omvatte 2251 deelnemers die de vragenlijsten invulden over zelfgerapporteerd 
SB, slapeloosheid (beoordeeld met de Insomnia Severity Index, ISI), risico op obstructief 
slaapapneu (OSA) (beoordeeld met de Berlin-vragenlijst, BQ), angst en depressie 
(beoordeeld met de Hospital Anxiety and Depression Scale, HADS), en leefstijlfactoren 
zoals rookfrequentie, alcoholconsumptiefrequentie en koffieconsumptiefrequentie. Ook 
in deze studie hebben we een netwerkanalyse geïmplementeerd. Het netwerkmodel laat 
zien dat er geen direct verband bestaat tussen zelfgerapporteerd SB en slapeloosheid. 
Er is echter wel een indirect verband tussen zelfgerapporteerd SB en slapeloosheid via 
de brugfactor angst.

In hoofdstuk 6 gingen we verder met het evalueren van de associatie van SB met andere 
slaapstoornissen en demografische, psychologische en leefstijlfactoren in de algemene 
volwassen bevolking. Daarnaast hebben we onderzocht of zelfgerapporteerd SB, d.w.z. 
mogelijk SB, en PSG-bevestigd SB, d.w.z. definitief SB, vergelijkbare resultaten opleveren 
in termen van hun geassocieerde factoren. We rekruteerden 915 volwassenen uit de 
algemene bevolking in Sao Paulo, Brazilië. Alle deelnemers ondergingen een PSG-
registratie van één nacht en vulden vragenlijsten in over zelfgerapporteerd SB, BMI, 
slapeloosheid (beoordeeld met de ISI), OSA-risico (beoordeeld met de BQ), angst en 
depressie (beoordeeld met de Beck Anxiety Inventory (BAI) en de Beck Depression 
Inventory (BDI)), en leefstijlfactoren zoals de gemiddelde cafeïneconsumptie (kopje/
dag), rookfrequentie en alcoholconsumptiefrequentie. We onderzochten het verband 
tussen SB en de andere variabelen in univariate, multivariabele en netwerkanalyses, 
en we herhaalden elk model één keer met zelfgerapporteerd SB en één keer met PSG-
bevestigd SB. Netwerkanalyse toonde aan dat zelfgerapporteerd SB een directe positieve 
link heeft met slapeloosheid, terwijl PSG-bevestigd SB met geen van de onderzochte 
variabelen is geassocieerd. Slaapbruxisme is dus alleen positief geassocieerd met 
slapeloosheid wanneer het wordt beoordeeld door middel van zelfrapportage, maar 
niet wanneer het wordt beoordeeld met behulp van PSG.

Tot slot bespreekt hoofdstuk 7 de bevindingen van dit proefschrift, hun klinische 
implicaties en toekomstig onderzoek.

Op basis van de bevindingen van dit proefschrift concluderen we dat verschillende 
beoordelingstechnieken (d.w.z. zelfrapportage en instrumentele benaderingen) 
verschillende klinische gevolgen van SB opleveren. Verder wordt WB geassocieerd met 
psychosociale factoren en TMD, terwijl SB niet wordt geassocieerd met die factoren. Dit 
suggereert dat SB en WB verschillende entiteiten zijn. Tot slot kan SB mogelijk verband 
houden met slapeloosheid door psychosociale factoren, maar de associatie van definitief 
SB met zowel slapeloosheid als met psychosociale factoren kon niet worden bevestigd.
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วิิทยานิิพนธ์์ฉบับัน้ี้ �มีีวัตัถุุประสงค์์ เพ่ื่�อศึึกษาความสัมัพันัธ์์ของการนอนกััดฟัันกัับปััจจัยัต่่าง ๆ ดังัน้ี้ � 
การกัดัฟัันขณะต่ื่�น ปััจจัยัทางจิิตวิิทยา ความผิิดปกติิบริิเวณขมับัขากรรไกร (Temporomandibular 
disorders, TMDs) และอาการนอนไม่่หลัับ โดยเครื่�องมืือที่่�ใช้้ในการศึึกษาการนอนกััดฟััน คืือ 
แบบสอบถามจากผู้้� เข้้าร่่วมวิิจัยัและการตรวจการนอนหลับั บทที่่� 2-4 กล่่าวถึึงความสัมัพันัธ์์ระหว่่าง
การนอนกัดัฟัันกับัการกัดัฟัันขณะต่ื่�น ปััจจัยัทางจิิตสังัคม และความผิิดปกติิบริิเวณขมับัขากรรไกรและ
บทที่่� 5, 6 กล่่าวถึึงความสัมัพันัธ์์ระหว่่างการนอนกัดัฟัันและอาการนอนไม่่หลับั

บทที่่� 1 บทนำำ� ประกอบไปด้้วย คำำ�จำำ�กัดัความ ระบาดวิิทยา สาเหตุ ุการประเมิิน และการดููแลจัดัการ
การนอนกัดัฟัันและการกัดัฟัันขณะต่ื่�น รวมทั้้ �งความผิิดปกติิของการนอนหลับัที่่�มีีความเกี่่�ยวข้องกับั
การนอนกััดฟััน นอกจากน้ี้ �ยังักล่่าวถึึงวัตัถุุประสงค์์ทั่่�วไปและวัตัถุุประสงค์์จำำ�เพาะของวิิทยานิิพนธ์์
ฉบับัน้ี้ �อีีกด้้วย

บทที่่� 2 กล่า่วถึึง งานวิิจัยัที่่�มีีวัตัถุปุระสงค์์หลักัในการศึกึษาว่า่บุคุคลที่่�นอนกัดัฟัันนั้้ �นมีีการกัดัฟัันขณะ
ต่ื่�นที่่�เกิิดระหว่า่งพักั และระหว่า่งการทำำ�กิจกรรมที่่�ก่่อให้้เกิิดความเครีียดร่่วมด้วยหรืือไม่ ่และเพ่ื่�อศึกึษา
คุณุลักัษณะต่่าง ๆ ที่่�สัมัพันัธ์์กับัการนอนกัดัฟัันและการกัดัฟัันขณะต่ื่�น ผู้้� เข้้าร่่วมงานวิิจัยัน้ี้ �ประกอบ
ไปด้้วย ผู้้�ป่วยเพศหญิิง TMD จำำ�นวน 122 คน และกลุ่่�มควบคุมุเพศหญิิง จำำ�นวน 46 คน ผู้้� เข้้าร่่วม
งานวิิจัยัทั้้ �งหมดเข้้ารัับการตรวจการนอนหลับัเป็็นเวลา 2 คืืนติิดต่อ่กันั และเข้้าร่่วมกิจกรรมที่่�ก่่อให้้เกิิด
ความเครีียดเป็็นเวลา 120 นาทีี ซึ่่�งการทดลองดังักล่่าวประกอบไปด้้วย การทำำ�กิจกรรมที่่�ต้้องใช้้ความ
ตั้้ �งใจแบบไม่่ก่่อให้้เกิิดความเครีียด (Non-stressful attention task) 1 กิิจกรรม กิิจกรรมที่่�ก่่อให้้เกิิด
ความเครีียดจำำ�นวน 4 กิิจกรรม และมีีช่่วงเวลาพักัระหว่่างกิิจกรรมให้้แก่่ผู้้� เข้้าร่่วม การวัดัการทำำ�งาน
ของกล้้ามเนื้้ �อขณะทำำ�การทดลองดังักล่่าวซึ่่�งประกอบไปด้้วย การกัดัฟัันขณะต่ื่�นในขณะที่่�ทำำ�กิจกรรม
ที่่�ก่่อให้้เกิิดความเครีียด และการกัดัฟัันขณะต่ื่�นที่่�เกิิดขณะพักั ทำำ�โดยการวัดัสัญัญาณไฟฟ้้ากล้้ามเนื้้ �อ
พื้้ �นผิิว (surface electromyography, EMG) ผลจากการวัดัอัตัราการกัดัฟัันและการทำำ�งานของกล้้าม
เนื้้ �อจากการนอนกัดัฟััน การกัดัฟัันขณะต่ื่�นภายใต้้กิิจกรรมที่่�ก่่อให้้เกิิดความเครีียดและขณะพักัพบว่่า 
การนอนกัดัฟัันไม่ม่ีีความสัมัพันัธ์์กับัการกัดัฟัันขณะต่ื่�นภายใต้้กิิจกรรมที่่�ก่่อให้้เกิิดความเครีียดหรืือการ
กัดัฟัันขณะต่ื่�นที่่�เกิิดขณะพักั ในขณะที่่�อัตัราการกัดัฟัันและการทำำ�งานของกล้้ามเนื้้ �อในการกัดัฟัันขณะ
ต่ื่�นภายใต้้กิิจกรรมที่่�ก่่อให้้เกิิดความเครีียดมีีความสัมัพันัธ์์กับัอัตัราการกัดัฟัันและการทำำ�งานของกล้้าม
เนื้้ �อในการกัดัฟัันขณะต่ื่�นที่่�เกิิดขณะพักั จากผลการศึึกษาดังักล่่าวสามารถบ่่งช้ี้ �ได้้ว่่า บุคุคลที่่�กัดัฟััน
ขณะต่ื่�นที่่�เกิิดขณะพักัมีีแนวโน้้มที่่�จะกัดัฟัันมากขึ้้ �นเม่ื่�อมีีความเครีียด นอกจากนั้้ �น ยังัพบว่่า การนอน
กัดัฟัันส่่วนใหญ่่มีีลักัษณะเป็็นการบดถููฟััน ซึ่่�งแตกต่่างจากการกัดัฟัันขณะต่ื่�นที่่�มีีลักัษณะเป็็นการกัดั
เน้้นฟัันเป็็นส่่วนใหญ่่ บ่่งช้ี้ �ว่่าการนอนกัดัฟัันและการกัดัฟัันขณะต่ื่�นมีีอัตัลักัษณ์์ที่่�แตกต่่างกันั

จากองค์์ความรู้�ที่่�ผ่่านมา พบว่่า ความเจ็็บปวดจากความผิิดปกติิบริิเวณขมับัขากรรไกร (TMD pain) มีี
ความสัมัพันัธ์์กับัการกัดัฟัันขณะต่ื่�น การนอนกัดัฟััน และปััจจัยัทางจิิตสังัคม เช่่น ความเครีียด อย่่างไร
ก็็ตามยังัไม่ม่ีีข้อมููลเพีียงพอที่่�จะสรุุปในส่ว่นของความสัมัพันัธ์์ระหว่า่งความผิิดปกติิด้้านการใช้้งานจาก
ความผิิดปกติิบริิเวณขมับัขากรรไกร (TMD dysfunction) กับัปััจจัยัที่่�กล่่าวมาข้้างต้้น ดังันั้้ �น ในบทที่่� 
3 จึงึได้้กล่า่วถึึง การศึกึษาในรููปแบบตัดัขวาง (cross-sectional study) ที่่�เป็็นการศึกึษาความสัมัพันัธ์์
ระหว่่างความรุุนแรงของความเจ็็บปวดและความผิิดปกติิด้้านการใช้้งานจากความผิิดปกติิบริิเวณขมับั
ขากรรไกร กับัความถี่่�ในการนอนกัดัฟัันและการกัดัฟัันขณะต่ื่�นจากการรายงานด้วยตัวัผู้้�ป่วยเอง รวม
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บทสรุุป

ถึึงความเครีียดในกลุ่่�มผู้้�ป่วย TMD ที่่�เป็็นผู้้� ใหญ่่ ซึ่่�งประกอบไปด้้วย ผู้้�ป่วยไทยที่่�ได้้รัับการวิินิิจฉัยัภาวะ 
TMD จำำ�นวน 237 คน เครื่�องมืือที่่�ใช้้คืือ แบบสอบถาม Oral Behaviors Checklist เพ่ื่�อวัดัความถี่่�ใน
การนอนกัดัฟัันและการกัดัฟัันขณะต่ื่�น แบบสอบถาม modified Gerstner screening เพ่ื่�อวัดั TMD 
pain และ TMD dysfunction และแบบสอบถามสวนปรุุง-20 (SPST-20) เพ่ื่�อวัดัความเครีียด ใช้้วิิธีีการ
ทางสถิิติิโดยการวิิเคราะห์์ถดถอยแบบ univariate และ multivariable เพ่ื่�อทำำ�นาย TMD pain และ 
TMD dysfunction นอกจากน้ี้ � ยังัได้้นำำ� network analysis ซึ่่�งเป็็นวิิธีีวิิเคราะห์์ทางสถิิติิรููปแบบใหม่่ มา
ใช้้ในงานวิิจัยัน้ี้ �ด้้วย ผลการศึกึษาพบว่า่ TMD pain มีีความสัมัพันัธ์์กับัการรายงานการกัดัฟัันขณะต่ื่�น 
ความเครีียด และ TMD dysfunction ขณะที่่� TMD dysfunction มีีความสัมัพันัธ์์เฉพาะกับั TMD pain 
เท่่านั้้ �น ทั้้ �งน้ี้ � network model ซึ่่�งเป็็นแบบจำำ�ลองภาพจาก network analysis แสดงให้้เห็็นว่่า TMD 
pain เป็็นปัจจัยัที่่�เช่ื่�อมโยงระหว่่างการกัดัฟัันขณะต่ื่�น ความเครีียด และ TMD dysfunction นอกจาก
น้ี้ �ยังัพบว่่า การนอนกัดัฟัันไม่่มีีความสัมัพันัธ์์กับัปััจจัยัใด ๆ ใน network model

บทที่่� 4 เป็็นการศึึกษาเกี่่�ยวกับัความสัมัพันัธ์์ระหว่่างการนอนกัดัฟัันและการกัดัฟัันขณะต่ื่�นจากการ
รายงานของตัวัผู้้�ป่วยเอง กับัภาวะความผิิดปกติิของข้้อต่อ่ขากรรไกร โดยทั่่�วไปแล้้วการรักษา TMD มักั
มีีการกล่่าวรวมไปถึึงการจัดัการปัญหาการนอนกัดัฟัันและการกัดัฟัันขณะต่ื่�น อย่่างไรก็ตาม ปััจจุบุันั
ยังัไม่่มีีรายงานการเปลี่่�ยนแปลงความถี่่�ของการนอนกัดัฟัันและการกัดัฟัันขณะต่ื่�น ภายหลังัจากที่่�ผู้้�
ป่่วย TMD ได้้รัับการรักษาเพ่ื่�อลดการทำำ�งานของกล้้ามเนื้้ �อบดเค้ี้ �ยว งานวิิจัยัในบทน้ี้ �จึึงมีีจุดุประสงค์์
เพ่ื่�อศึกึษาความสัมัพันัธ์์ระหว่่างประเภทของการรักษา TMD ปััจจัยัทางจิิตสังัคม และการรายงานการ
เปลี่่�ยนแปลงจำำ�นวนครั้้ �งของการนอนกัดัฟัันและการกัดัฟัันขณะต่ื่�น กลุ่่�มตัวัอย่่าง ได้้แก่่ ผู้้�ป่วย TMD 
จำำ�นวน 68 คน รููปแบบงานวิิจัยัเป็็นแบบการศึกึษาตามรุ่่�นตามแผน (Prospective cohort study) ผู้้�
ป่่วยทุกุรายได้้รัับการให้้คำำ�ปรึึกษาที่่�เกี่่�ยวข้องกับัการรักษา TMD โดยผู้้�ป่วยจำำ�นวน 33 คน จากผู้้�ป่วย
ทั้้ �งหมด ได้้รัับการให้้คำำ�ปรึึกษาควบคู่่�กับัการรักษาประเภทอ่ื่�น เช่่น กายภาพบำำ�บัดั การรักษาทางกาย 
การรักษาทางจิิตวิิทยา และ/หรืือการใส่่เฝืือกสบฟััน งานวิิจัยัน้ี้ �ได้้ทำำ�การศึึกษาการเปลี่่�ยนแปลงของ
จำำ�นวนครั้้ �งในการนอนกัดัฟัันและการกัดัฟัันขณะต่ื่�นในสัปัดาห์์ที่่� 6 หลังัได้้รัับการรักษาตามมาตรฐาน 
โดยศึึกษาการนอนกัดัฟัันและการกัดัฟัันขณะต่ื่�นในรููปแบบต่่าง ๆ ดังัน้ี้ � การกัดัฟัันขณะต่ื่�นแบบบดถูู
ฟััน แบบกััดเน้้นฟััน แบบเกร็็งกล้้ามเนื้้ �อโดยไม่่กััดเน้้นฟััน และจำำ�นวนครั้้ �งสููงสุดุจากการกััดฟัันขณะ
ต่ื่�นทุกุประเภท (Awake bruxism (AB) -combined) ผลการศึกึษาพบว่่า ไม่่พบความสัมัพันัธ์์อย่่างมีี
นัยัสำำ�คัญัระหว่่างความเปลี่่�ยนแปลงของการนอนกัดัฟัันและการกัดัฟัันขณะต่ื่�นทุกุประเภท กับัปััจจัยั
ทางจิิตสังัคม ทั้้ �งน้ี้ �ผู้้�ป่วยที่่�ได้้รัับการรักษาโดยการให้้คำำ�ปรึึกษาควบคู่่�ไปกับัการรักษาประเภทอ่ื่�นมีีแนว
โน้้มที่่�จะลดการกัดัฟัันขณะต่ื่�น (AB-combined) ได้้น้้อยกว่่าผู้้�ป่วยที่่�ได้้รัับการรักษาโดยให้้คำำ�ปรึึกษา
เพีียงอย่่างเดีียว เม่ื่�อศึกึษาในรายละเอีียดแล้้วพบว่า่ ผู้้�ป่วยที่่�ได้้รัับการให้้คำำ�ปรึึกษาควบคู่่�กับัการรักษา
ประเภทอ่ื่�นนั้้ �น การรักษาประเภทอ่ื่�นส่ว่นใหญ่่ คืือ ได้้รัับกายภาพบำำ�บัดั นำำ�มาซึ่่�งการสรุุปผลการวิิจัยัว่า่ 
ผู้้�ป่วยที่่�ได้้รัับการให้้คำำ�ปรึึกษาควบคู่่�กับัการรักษาประเภทอ่ื่�นอาจมีีความตระหนักัถึงึการกัดัฟัันขณะต่ื่�น
เพิ่่�มมากขึ้้ �น ขณะที่่�ประเภทของการรักษา TMD ไม่่มีีผลต่่อการเปลี่่�ยนแปลงจำำ�นวนครั้้ �งของการนอน
กัดัฟัันภายในระยะเวลา 6 สัปัดาห์์หลังัได้้รัับการรักษา

บทที่่� 5 เป็็นงานวิิจัยัเพ่ื่�อศึึกษาความสัมัพันัธ์์ระหว่่างการนอนกัดัฟัันและความผิิดปกติิของการนอน
หลับั โดยศึึกษาความสัมัพันัธ์์ระหว่่างการนอนกััดฟัันจากการรายงานของตัวัผู้้�ป่วยเอง อาการนอน
ไม่่หลับั และปััจจัยัเสี่่�ยงต่่าง ๆ ที่่�เกี่่�ยวข้อง เช่่น อาการซึึมเศร้าและอาการวิิตกกัังวล และได้้จำำ�ลอง 

10
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Chapter 10

Network model ของปััจจัยัดังักล่่าว ผู้้� เข้้าร่่วมวิิจัยัเป็็นกลุ่่�มประชากรขนาดใหญ่่จากฐานข้อมููลการ
นอนหลับัของประเทศเนเธอร์์แลนด์ (Netherlands Sleep Registry) จำำ�นวน 2,251 คน ซึ่่�งเป็็นผู้้�ที่่�มีี
ความสนใจเร่ื่�องการนอนหลับั ใช้้แบบสอบถามที่่�เกี่่�ยวข้องกับัการนอนกัดัฟััน แบบประเมิิน Insomnia 
Severity Index (ISI) แบบสอบถาม Berlin (BQ) แบบประเมิิน Hospital Anxiety and Depression 
Scale (HADS) และแบบสอบถามเร่ื่�องปััจจัยัการดำำ�เนิินชีีวิิต ซึ่่�งประกอบด้้วย ความถี่่�ในการสููบบุหุรี่่� 
การดื่�มสุรุา และการดื่�มกาแฟ วิิธีีการทางสถิิติิที่่�ใช้้ คืือ Network analysis ผลการศึกึษาพบว่า่ การนอน
กัดัฟัันไม่ม่ีีความสัมัพันัธ์์โดยตรงกับัอาการนอนไม่ห่ลับั นอกจากนั้้ �นแล้้วยังัพบว่า่ อาการวิิตกกังัวลเป็็น
ปััจจัยัที่่�เช่ื่�อมโยงระหว่่างการนอนกัดัฟัันและอาการดังักล่่าว

บทที่่� 6 เป็็นการศึกึษาความสัมัพันัธ์์ระหว่า่งการนอนกัดัฟัันและความผิิดปกติิของการนอนหลับั ข้้อมููล
พื้้ �นฐานของกลุ่่�มตัวัอย่่าง ปััจจัยัทางจิิตสังัคม และปััจจัยัการดำำ�เนิินชีีวิิตในกลุ่่�มประชากรในวัยัผู้้� ใหญ่่ 
นอกจากน้ี้ � งานวิิจัยัน้ี้ �ยังัศึึกษาว่่า การนอนกัดัฟัันจากการประเมิินโดยตัวัผู้้�ป่วยเองและโดยการตรวจ
การนอนหลับัมีีความสัมัพันัธ์์กับัปััจจัยัอ่ื่�น ๆ เหมืือนหรืือต่่างกันัอย่่างไร ผู้้� เข้้าร่่วมงานวิิจัยัจำำ�นวน 915 
คน จากเมืืองเซาเปาโล ประเทศบราซิิล โดยผู้้� เข้้าร่่วมงานวิิจัยัทุกุคนได้้รัับการตรวจการนอนหลับัเป็็น
ระยะเวลา 1 คืืน และตอบแบบสอบถามที่่�เกี่่�ยวข้องกัับการนอนกััดฟััน ดัชันีีมวลกาย แบบประเมิิน 
ISI แบบสอบถาม Berlin (BQ) แบบทดสอบ Beck Anxiety Inventory (BAI) แบบทดสอบ Beck 
Depression Inventory (BDI) และปััจจัยัการดำำ�เนิินชีีวิิต ซึ่่�งประกอบด้้วย การบริิโภคเครื่�องด่ื่�มที่่�มีี
คาเฟอีีน ความถี่่�ในการสููบบุหุรี่่�และการดื่�มสุรุา วิิธีีการทางสถิิติิประกอบด้้วย การวิิเคราะห์์ข้้อมููลแบบ
ตัวัแปรเดีียว แบบหลายตัวัแปร และ network analysis โดยแยกเป็็นแบบจำำ�ลองทำำ�นายการนอนกัดัฟััน
จากการประเมิินโดยรายงานจากผู้้�ป่วย และแบบจำำ�ลองทำำ�นายการนอนกัดัฟัันโดยการตรวจการนอน
หลับั ผลการศึกึษา พบว่า่ การนอนกัดัฟัันจากการประเมิินโดยรายงานจากตัวัผู้้�ป่วยเองมีีความสัมัพันัธ์์
โดยตรงกับัอาการนอนไม่่หลับั ขณะที่่�การนอนกัดัฟัันโดยการตรวจการนอนหลับัไม่่สัมัพันัธ์์กับัปััจจัยั
ใด ๆ จึึงกล่่าวสรุุปได้้ว่่า การนอนกัดัฟัันมีีความสัมัพันัธ์์กับัอาการนอนไม่่หลับัเฉพาะเม่ื่�อประเมิินโดย
รายงานจากผู้้�ป่วยเอง

บทที่่� 7 เป็็นการอภิิปรายผลการศึกึษาในภาพรวมของวิิทยานิิพนธ์์ฉบับัน้ี้ � การประยุกุต์์ใช้้ทางคลิินิิก 
และคำำ�แนะนำำ�สำำ�หรัับงานวิิจัยัต่่อไป

จากผลการวิิจัยัทั้้ �งหมดของวิิทยานิิพนธ์์ฉบับัน้ี้ � สามารถสรุุปได้้ว่่า การประเมิินการนอนกัดัฟัันโดยใช้้
วิิธีีการที่่�แตกต่่างกััน กล่่าวคืือ รายงานจากตัวัผู้้�ป่วยเอง และจากการตรวจการนอนหลับั ให้้ผลการ
ประเมิินทางคลินิิิกที่่�แตกต่า่งกันั นอกจากนั้้ �นแล้้วยังัพบว่า่ การกัดัฟัันขณะต่ื่�นมีีความสัมัพันัธ์์กับัปััจจัยั
ทางจิิตสังัคมและภาวะความผิิดปกติิบริิเวณขมับัขากรรไกร ในขณะที่่�การนอนกัดัฟัันไม่ม่ีีความสัมัพันัธ์์
กับัปััจจัยัข้้างต้้น ดังันั้้ �น การนอนกัดัฟัันและการกัดัฟัันขณะต่ื่�นนั้้ �นมีีอัตัลักัษณ์์ต่่างกันั ข้้อสรุุปสุดุท้้าย
ของวิิทยานิิพนธ์์ฉบับัน้ี้ � คืือ การนอนกัดัฟัันจากการประเมิินโดยรายงานจากตัวัผู้้�ป่วยเองมีีความสัมัพันัธ์์
กับัอาการนอนไม่่หลับัเช่ื่�อมโยงกับัปััจจัยัทางจิิตสังัคม ทั้้ �งน้ี้ �ผลการศึกึษาในครั้้ �งน้ี้ �ไม่่สามารถยืืนยันัได้้
ถึึงความสัมัพันัธ์์ระหว่่างการนอนกัดัฟัันโดยการตรวจการนอนหลับักับัอาการนอนไม่่หลับัและปััจจัยั
ทางจิิตสังัคม
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ขอบคุณุน้้อง ๆ ที่่�น่่ารัักของเจ้้ที่่�เข้้าใจและคอยรัับฟัังเร่ื่�องราวมากมาย ขอบคุณุกำำ�ลังัใจที่่�แสนอบอุ่่�น
ใจ รัักนะคะ

สุดุท้้ายน้ี้ � ขอบคุณุปุ๊๊� กปิ๊๊�ก ฉัันภููมิใจในตัวัเธอ
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We don’t meet people by accident.
They are meant to cross our path for a reason.
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