
150  |  	﻿�  J Oral Rehabil. 2024;51:150–161.wileyonlinelibrary.com/journal/joor

Received: 19 March 2023  | Accepted: 10 May 2023

DOI: 10.1111/joor.13514  

R E V I E W

Research routes on awake bruxism metrics: Implications of the 
updated bruxism definition and evaluation strategies

Alessandro Bracci1 |   Frank Lobbezoo2  |   Anna Colonna3  |   Steven Bender4 |   
Paulo C. R. Conti5  |   Alona Emodi-Perlman6 |   Birgitta Häggman-Henrikson7  |    
Gary D. Klasser8  |   Ambra Michelotti9 |   Gilles J. Lavigne10 |   Peter Svensson11 |   
Jari Ahlberg12  |   Daniele Manfredini3

1Department of Neuroscience, School of Dentistry, University of Padova, Padova, Italy
2Department of Orofacial Pain and Dysfunction, Academic Centre for Dentistry Amsterdam (ACTA), University of Amsterdam and Vrije Universiteit 
Amsterdam, Amsterdam, The Netherlands
3Department of Biomedical Technologies, School of Dentistry, University of Siena, Siena, Italy
4Department of Oral and Maxillofacial Surgery, Texas A&M School of Dentistry, Dallas, Texas, USA
5Bauru School of Dentistry, University of Sao Paulo, São Paulo, Brazil
6Department of Oral Rehabilitation, The Maurice and Gabriela Goldschleger School of Dental Medicine, Sackler Faculty of Medicine, Tel Aviv University, 
Telaviv, Israel
7Department of Orofacial Pain and Jaw function, Faculty of Odontology, Malmö University, Malmö, Sweden
8Department of Diagnostic Sciences, Louisiana State University School of Dentistry, New Orleans, Louisiana, USA
9Department of Neurosciences, Reproductive Sciences and Oral Sciences, Section of Orthodontics and Temporomandibular Disorders, University of Naples 
Federico II, Naples, Italy
10Center for Advanced Research in Sleep Medicine, Research Centre, Hôpital du Sacré-Coeur de Montréal, and Universite de Montreal, Montreal, Quebec, 
Canada
11Section for Orofacial Pain and Jaw Function, Department of Dentistry and Oral Health, Aarhus University, Aarhus, Denmark
12Department of Oral and Maxillofacial, Diseases, University of Helsinki, Helsinki, Finland

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. Journal of Oral Rehabilitation published by John Wiley & Sons Ltd.

Correspondence
Alessandro Bracci, School of Dentistry, 
Department of Neuroscience, University 
of Padova, 35100 Padova, Italy.
Email: info@alessandrobracci.com

Abstract
Background: With time, due to the poor knowledge on it epidemiology, the need to 
focus on awake bruxism as a complement of sleep studies emerged.
Objective: In line with a similar recent proposal for sleep bruxism (SB), defining clini-
cally oriented research routes to implement knowledge on awake bruxism (AB) met-
rics is important for an enhanced comprehension of the full bruxism spectrum, that is 
better assessment and more efficient management.
Methods: We summarised current strategies for AB assessment and proposed a re-
search route for improving its metrics.
Results: Most of the literature focuses on bruxism in general or SB in particular, 
whilst knowledge on AB is generally fragmental. Assessment can be based on non-
instrumental or instrumental approaches. The former include self-report (question-
naires, oral history) and clinical examination, whilst the latter include electromyography 
(EMG) of jaw muscles during wakefulness as well as the technology-enhanced 
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1  |  INTRODUC TION

According to the updated bruxism definition, awake bruxism (AB) 
is described as a masticatory muscle activity during wakefulness 
that is characterised 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.1 Compared to the first 
consensus paper on bruxism definition,2 AB has been clearly sepa-
rated from sleep bruxism (SB). Furthermore, a couple of noteworthy 
observations can be described. First, both circadian manifestations 
of bruxism have been specified as not being a disorder in otherwise 
healthy individuals, viz., a certain amount of harmless bruxism can 
be present as part of the normal sleep architecture or wakefulness 
behaviours.3–5 Second, an enlarged spectrum of various jaw muscle 
activities without tooth contact, such as mandible bracing or thrust-
ing, has been included under the umbrella term “bruxism”. This rep-
resents an important paradigm shift with respect to the early concept 
that bruxism is a sleep-time motor activity featuring a specific pat-
tern of masseter contraction (i.e., rhythmic masseter muscle activity 
[RMMA]) and being accompanied by teeth grinding sounds.6,7

The evolution of the bruxism definition was based on the increas-
ing knowledge about the aetiology and consequences of different 
jaw muscle activities as well as on the need to provide a homoge-
neous conceptual framework for assessing such activities over a 24-
hour timespan, possibly for multiple days.8 Bruxism activities may 
indeed fluctuate over time, and this complicates the evaluation of 
the potential clinical impact.9–13 For instance, when the polysomno-
graphic (PSG) criteria based only on RMMA identification and count-
ing were applied, sleep studies were inconclusive, not showing a 
clear-cut association with either tooth wear or pain in spite of these 
two signs/symptoms being commonly labelled as potential negative 
consequences of bruxism.14–16 A series of comprehensive reviews on 
the relationship between bruxism and temporomandibular disorders 
(TMDs), summarising the literature of three consecutive decades, 
provided a nice overview of the research shortcomings.17–19

With time, due to poor knowledge on its epidemiology, the need 
to focus on AB as a complement of sleep studies emerged.20 In paral-
lel, the diagnostic grading that for years placed strategies and crite-
ria to identify RMMA/phasic SB atop of the diagnostic hierarchy was 
increasingly questioned.21 A group of experts worked on the con-
ceptualisation of a comprehensive multidimensional evaluation sys-
tem for bruxism – the STAB (Standardised Tool for the Assessment 
of Bruxism).22–24 A short screening version (i.e., BruxScreen) has also 
been prepared.25 The full version of the STAB includes two axes for 
the evaluation of several items concerning bruxism aetiology, status, 
comorbid conditions, and consequences, thereby providing a com-
prehensive adoption of data collection strategies based on the indi-
vidual, the examiner, and instruments.24

Within these premises, similar to what has been recently pro-
posed for SB,26 defining clinically oriented research routes to imple-
ment knowledge on awake bruxism is of paramount importance for 
a better comprehension of the full bruxism spectrum. In this manu-
script, we aim to summarise knowledge on AB as a starting point to 
discuss the present strategies for its assessment and to propose a 
research route for future improvements.

2  |  CURRENT KNOWLEDGE ON AWAKE 
BRUXISM

A literature search showed that most literature focuses on brux-
ism in general or sleep bruxism in particular. In support of this no-
tion, a search in the Scopus database performed on March 1, 2023, 
identified 6409 articles retrieved with the keyword “bruxism”, of 
which only 272 remained after adopting only the keywords “awake 
bruxism”. The number of articles/year has markedly increased over 
the past decade, from 10 articles/year to 48 in the peak year 2021 
(Figure 1). The literature has been mainly produced by a limited num-
ber of researchers, most of which are involved as coauthors of this 
publication.

ecological momentary assesment (EMA). Phenotyping of different AB activities 
should be the target of a research task force. In the absence of available data on the 
frequency and intensity of wake-time bruxism-type masticatory muscle activity, any 
speculation about the identification of thresholds and criteria to identify bruxers is 
premature. Research routes in the field must focus on the improvement of data reli-
ability and validity.
Conclusions: Probing deeper into the study of AB metrics is a fundamental step to as-
sist clinicians in preventing and managing the putative consequences at the individual 
level. The present manuscript proposes some possible research routes to advance 
current knowledge. At different levels, instrumentally based and subject-based infor-
mation must be gathered in a universally accepted standardised approach.

K E Y W O R D S
awake, bruxism, assessment, bruxism, evaluation, STAB
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The prevalence of self-reported AB has been reported to be up 
to 30% across populations,20 but knowledge is fragmental due to 
the limited epidemiological data on AB and the adoption of differ-
ent assessment strategies.27 Additionally, most of the information 
on AB prevalence has been reported from researches on single-
observation point studies.28,29 The development of EMA strategies 
allowed evaluating the frequency of AB behaviours report compared 
to the self-reported activities identified in questionnaires.30–32 As 
a general remark, it emerged that about one-third of the times an 
individual received an alert he/she is engaged in some type of AB 
activity (i.e., teeth contact, clenching, grinding, or mandible brac-
ing)5,33 and that bracing is the most frequent report.34,35 Currently, 
prevalence data on EMG-measured AB are not available, but studies 
are pending.

From an etiological viewpoint, AB may be viewed as a stress-
coping habit that, especially in patients with musculoskeletal symp-
toms, is associated with psychological factors.36,37 Indeed, whilst the 
past literature was very unspecific on this issue,38,39 more recent 
evidence supports of a close association between AB and certain 
personality traits.40–43 Other factors and comorbid conditions that 
may be of interest for a potential relationship with SB (e.g., obstruc-
tive sleep apnea, gastroesophageal reflux, medication or substance 
intake, neurological disorders, and genetic issues)44–54 or to specific 
disorders with awake manifestations (e.g., ADHD, medications or 
substance assumption)52,55 may also play a role, even if indirect.

The consequences of AB are poorly studied as well. Due to the 
extremely low frequency of teeth grinding,35 a direct link between 
AB and tooth wear can be reasonably excluded in most individu-
als. On the other hand, patients with TMDs have reported a two-
fold frequency of AB activities, and mandible bracing in particular, 
as compared to healthy individuals.56 These findings are in line with 
previous observations, when higher teeth contacting habits in pa-
tients with TMD symptoms were reported.57–59 This suggests that 
repetitive, low-level, tonic activity, that is typical of teeth contact 
and mandible bracing, may play an important role in the onset and 
maintenance of musculoskeletal symptoms in the orofacial area, thus 
constituting a target for clinical research purposes. Such hypothe-
sis is hard to test with experimental studies performed in healthy 

individuals, as suggested by the low-to-moderate self-reported 
symptoms after supervised and standardised bracing and thrusting 
short-lasting exercises with the mandible.60 This could indicate that, 
as discussed below, phenotyping AB and identifying factors that are 
responsible for symptoms onset at the individual level is a goal of 
future researches.

3  |  AWAKE BRUXISM A SSESSMENT

AB assessment can be based on non-instrumental or instrumental 
approaches. The former include self-report (questionnaires, history 
taking) and clinical examination, whilst the latter include electro-
myography (EMG) of jaw muscles during wakefulness as well as the 
technology-enhanced EMA .1,34,61

3.1  |  Non-instrumental assessment

Self-reported information can be obtained from questionnaires 
and history taking oral interviews, allowing collection of data on 
perceived awake bruxism activities and their possible associated 
factors.48,50,62,63 Whilst the advantage of this approach is intui-
tively represented by the possibility to recruit large samples and to 
screen for the possible presence of bruxism at the individual level, 
the limitations are also well known. In particular, the intensity and 
duration of specific masticatory muscle activities cannot be exactly 
quantified via self-report. In addition, it cannot be excluded that the 
bruxism-psyche relationship could affect self-reporting, reflecting 
either distress or a patient's belief rather than masticatory muscle 
activity per se.64–67 Factors such as discriminatory ability, cognitive 
awareness and memory may also influence the report68 and, subse-
quently, the derived evaluation of bruxism status.

As pointed out in an early paper on the STAB project, there are 
currently no universally adopted questionnaires specifically desig-
nated for the assessment of AB.22 Thus, depending on the case-by-
case need, researchers have used AB items included in self-report 
instruments that were designed for broader scopes. The timespan 

F I G U R E  1  Number of publications per 
year retrieved with the Keywords “Awake 
Bruxism” (source: Scopus Database, 
access March 1st, 2023).
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and frequency in which the report of AB is referred varies amongst 
the different questionnaires. Examples of such instruments are 
the BRUX scale,69 the Diagnostic Criteria for Temporomandibular 
Disorders (DC/TMD),70 and the Oral Behaviours Checklist (OBC).71

Amongst those, the OBC has been selected for the STAB24 
and a modified version of the BRUX scale has been included in the 
BruxScreen.25 The OBC is widely used to investigate the prevalence 
of various oral behaviours,72,73 and it contains four questions refer-
ring to behaviours that may be part of the AB spectrum (i.e., teeth 
grinding, teeth clenching, teeth contact, mandible bracing).71 The 
questions are formulated in the form of “How often do you do each 
of the following activities, based on the last month?”. For each item, 
a score of 0–4 points is assigned, which for awake questions is based 
on the following coding: 0, none of the time; 1, a little of the time; 
2, some of the time; 3, most of the time; 4, all of the time. Whilst 
scoring criteria exist for the full OBC,71 the psychometric properties 
of the four selected questions have never been tested.

Self-reported data collection may benefit from implementation 
strategies based on EMA, also called experience sampling methodol-
ogy (ESM).74,75 In this mode of assessment, subjects may be asked to 
monitor and report their behaviour in real time over a certain period 
of time (e.g., one or multiple weeks with or without interval time) 
after being informed of the possible conditions belonging to the 
spectrum of AB behaviours (i.e., clenching, bracing, thrusting, teeth 
contact habit).76 This multiple time-point reporting in real time over 
an observation period can be performed through the use of pagers, 
paper diaries, or even smartphone apps.77–80 Several studies recom-
mended the use of such EMA strategies in the field of AB and com-
pared it to single time-point reports, such as the OBC.30,31 However, 
patients' compliance and comprehension of questions emerged as 
critical factors for the internal validity of findings.32,79

Concerning the clinical examination, there are two issues that 
must be considered as important limitations to its usefulness to 
identify AB status: 1. As a general remark, clinical assessment is ac-
tually deemed to evaluate the presence of purported consequences 
of bruxism, rather than current bruxism status itself,61,81,82 and 2. 
Clinical signs related to AB are hard, if not impossible, to distinguish 
from the consequences of SB.16,61,83,84 Based on the STAB recom-
mendations, a comprehensive clinical examination should include 
an extraoral evaluation and an intraoral inspection to identify signs 
putatively related with bruxism. The extraoral evaluation should 
assess the jaw muscles (e.g., evident muscle hypertrophy), the TMJ 
(e.g., presence of TMJ noises, suggestive of disc displacement or 
joint degeneration), the presence of pain (e.g., jaw-muscle pain, TMJ 
pain, headache, and other types of orofacial pains), and functional 
symptoms (e.g., difficulty with wide mouth opening). The intraoral 
inspection consists of a dental examination (e.g., tooth wear, tooth 
enamel chipping, cracks and fractures of natural teeth, restoration 
failures, tooth mobility, periodontal ligament widening on radio-
graphic imaging) and an inspection of the mucosa of the cheeks, lips, 
and tongue (e.g., linea alba, tongue indentations, traumatic lesions) 
as well as the presence of intraoral pain (e.g., teeth soreness / pain 
and/or hypersensitivity, lateral pterygoid muscles pain).24 Given the 

above-mentioned shortcomings concerning the lack of specificity for 
AB, all clinical signs and symptoms should thus be assessed within 
the framework of a comprehensive differential diagnostic process.

3.2  |  Instrumental assessment

Instrumental approaches have been available for years to record SB 
activities, where EMG and PSG findings are fundamental to study 
the role of SB within the sleep architecture.1,6,21 In line with this, 
measurement of muscle activities is also recommended for AB evalu-
ation. Such EMG recording requires a combination of hardware (e.g., 
electrode quality and positioning, long-duration battery, miniature 
size, wireless functioning) and software (e.g., data analysis, graphical 
interface) features,85 which are not easy to fit for wake-time use. 
Recent developments on the technical perspective are promising, 
but field studies are yet to be performed, especially as far as the 
discrimination between muscle activities belonging, or not belong-
ing to the AB spectrum is concerned.86,87 Artificial intelligence (AI) 
analysis of AB muscle activities will probably contribute to such 
advancement.

Wake-time EMG has been included in the STAB domain pur-
ported to AB assessment, under the general premise that details for 
standardised data collection should be developed in the near future. 
Based on that, the area of instrumental measurement of AB should 
surely be an important focus of clinical research.

The recent introduction of smartphone applications based on 
EMA principles also belongs to the category of instrumental ap-
proaches, even if data are gathered via self-report. This approach 
will drive an era of potentially combined approaches to AB assess-
ment that help recruiting large study samples whilst concurrently 
trying to gather real time information on the type and frequency of 
bruxism activities. Early studies were based on pagers, paper dia-
ries, cell phone, or wrist clock alerts,58,88,89 and the recent optimi-
sation of applications with user-friendly interface yields promising 
perspectives, opening up a new era for the EMA approach.78 Until 
now, most EMA data have been based on convenience samples of 
healthy young adults and non-representative populations, such as 
university students, but findings are interesting as far as the low co-
efficient of daily variation for the report of the relaxed jaw-muscle 
condition is concerned.5,33 Compliance and comprehension studies 
suggest that both aspects are fundamental to enhance the internal 
validity of findings and to optimise the self-reported discrimination 
of the different AB activities.32,79

4  |  RESE ARCH ROUTES ON AWAKE 
BRUXISM METRIC S

The suggestion of adopting the appropriate metrics for the evalua-
tion of a phenomenon or a condition, in terms of the ideal outcome 
assessment for clinical and research purposes, has been recently 
discussed for obstructive sleep apnea.90 Subsequently, an expert 
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committee provided an elaboration on the best strategies to improve 
SB metrics and identified 15 pathways to improve validity and clini-
cal relevance.26 In the field of SB, focus should be mainly directed 
to the adaptation of currently available technological devices to the 
updated bruxism definition. Such task requires strong efforts after 
three decades of education and training based on the concept that 
SB criteria should address the identification of cut-offs for presence/
absence of a certain number of RMMA.91

Within these premises, the same needs can be perceived in the 
field of AB, with two notable differences: 1. A metrics to assess AB 
should be proposed for the first time, rather than discussing/adjust-
ing traditional approaches as for SB; 2. Alongside instrumental mea-
surements (e.g., EMG), indirect approaches based on patients' report 
can be useful tools to retrieve information based on valid metrics, 
which is not possible for self-reported SB.

4.1  |  Identification of AB status

The rationale behind the development of the STAB was the need 
“to assess an individual's bruxism in a reliable, valid, and relevant 
way”.22 The word “relevant” is important because of its implication 
that, in addition to the presence or absence of masticatory muscle 
activity, the clinicians should be able to determine the point at which 
bruxism is likely to be associated with clinical consequences.1 The 
simple fact that the current definition of bruxism includes different 
muscle activities, both for the type of muscle contraction and for 
the presence of teeth contact, makes it impossible to envisage that a 
single parameter can be used as a standard of reference for identify-
ing AB status. In addition to that, no literature data are available on 
the relevance of AB, viz., when, which, and how much activity can 
be considered a manifestation of clinically meaningful AB. The same 
considerations that emerged for SB, which can be harmless and even 
potentially associated with positive health outcome in some cases, 
should be applied to AB. Indeed, a multitude of vulnerability factors 
influence the occurrence of symptoms at the individual level.92 In the 
case of AB, a certain amount of activity could be even considered a 
physiological strategy to cope with stress.93–96

Thus, the diagnostic grading (i.e., possible, probable, definite) 
that was originally proposed in the first consensus publication2 has 
been progressively reconceptualised.21 Based on that, the STAB is 
a multidimensional instrument aiming to collect as much informa-
tion as possible without any preconceived assumption of standard 
of reference.22–24 Nonetheless, instrumental measurement remains 
atop of the assessment hierarchy, having the potential to identify the 
different activities of the bruxism spectrum.

In this context, phenotyping of AB activities should be the target 
of a research task force. In the absence of available data on the fre-
quency and intensity of wake-time bruxism-type masticatory mus-
cle activity, any attempt to define thresholds and criteria to identify 
bruxers is premature. The epidemiology of bracing, clenching, grind-
ing, together with the mixed and intermediate-force activities should 
be investigated at the general population level. Only in the aftermath 

of the accomplishment of such a huge task, further considerations 
on AB in selected populations with certain risk factors/comorbid 
conditions and/or potential clinical consequences will be possible.

4.1.1  |  Research strategies for detecting 
AB/EMG events

As stated above, EMG measurement of the different masticatory 
muscle activities belonging to the bruxism spectrum should be a 
fundamental target for research, given the relevant clinical implica-
tions. Two types of concerns must be considered for designing the 
future research routes, viz., the implementation of hardware and the 
refinement of software.

Devices for studying AB should be developed under the premise 
that wearing them during everyday life is possible only if they satisfy 
the highest standard as far as miniaturisation, wireless function, and 
electrode comfort are concerned. The discussion of these techni-
cal issues is beyond the scope of a dental journal. The implementa-
tion of electrode quality, the reduction of cross talk, and a correct 
elaboration and amplification of EMG signal are just some examples 
of features that, from a clinical researcher's perspective, must be 
considered responsibility of the engineering and manufacturing 
companies.85,97

Importantly, software analysis should be adjusted to the more 
recent conceptualisation and definition of bruxism. Research proj-
ects should be routed to identify the EMG patterns of the most 
common AB activities (e.g., teeth clenching, teeth contact habit, 
mandible bracing) as well as the less frequent ones (e.g., teeth grind-
ing, mandible thrusting) and discriminate them from functional (e.g., 
chewing, swallowing, talking, yawning) and other non-functional 
oral behaviours (e.g., nail, cheek, lip biting). The basic premise for de-
signing such studies is that not all bruxism events are equal in terms 
of duration and EMG amplitude. Thus, as anticipated in the STAB,24 
parameters based on the amount or time of bruxism (e.g., bruxism 
time index, duty factor, bruxism work index) might emerge as the 
ideal targets for software analysis.98–100

The discrimination between bruxism-related and the aforemen-
tioned functional activities will thus emerge as a compelling need, 
also concerning the analysis of SB. Some studies have attempted to 
depict the different patterns of EMG signals during different orofa-
cial motor events (OME),101–105 but standardised protocols are nec-
essary to advance clinical bruxism research within the framework of 
the updated definition. Many challenges can be expected to label 
the different bruxism activities based on specific patterns of EMG 
activation in terms of duration, intensity, rhythm of contraction, 
presence of teeth contact and its influence on motor recruitment, 
and interindividual anatomical variability. Indeed, whilst tonic pro-
longed activities such as bracing/clenching and phasic short-lasting 
activities such as grinding can be considered the two extremes of 
muscle recruitment, EMG traces commonly show a variety of find-
ings that do not fit exactly with the theoretical label of a clenching 
or grinding episode.

 13652842, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joor.13514 by U

niv of Sao Paulo - B
razil, W

iley O
nline L

ibrary on [25/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  155BRACCI et al.

The next step of the research route might be phenotyping the 
most common functional activities. Artificial intelligence analysis 
can be then used to screen and exclude them from the evalua-
tion of potential bruxism-related muscle activities, also consider-
ing that many confounding factors (e.g., skeletal class, body mass 
index, muscle volume, fat tissues, dentition status, age, gender) 
might have an impact on the inter-individual differences in the ex-
pression of such activities. An assessment of the baseline activity 
is also needed for the data normalisation process. Afterwards, a 
complex task will be the identification of the many activities be-
longing to the bruxism spectrum. Until now, bruxism events have 
been identified by the detection of muscle activations featuring a 
certain amount of EMG signal amplitude with respect to the po-
tential maximum voluntary clenching.85 Threshold has been usu-
ally set at 10% or, in a minority of studies, at 20% of MVC or at n 
times the baseline levels.106,107 This approach has been inconclu-
sive to retrieve clinically relevant findings, likely due to the lack 
of information on prolonged low threshold activities, which are 
unlikely to be as strong as it is needed to be recorded over 10% or 
even 20% of MVC.19

The clinical importance of long-lasting contractions and back-
ground activity has been hypothesized by several authors.21,108,109 
In the clinical setting, this kind of activity is likely reconductable 
to the bracing and mild clenching activities that are included in 
the updated bruxism definiton.1,2 Some recent studies are sup-
portive of this hypothesis.59,110 Based on that, the necessity to 
identify EMG patterns of prolonged, tonic, isometric activities is 
evident.111–113 Such identification over a 24-hour timespan, also 
including AB, is therefore a fundamental step to provide the foun-
dation for the whole bruxism spectrum as a risk factor for clinical 
consequences.

4.1.2  |  Research strategies for subject-based 
information

In the STAB, the subject-based assessment includes self-report (e.g., 
questionnaires, history taking) of current bruxism status; a history 
report of bruxism behaviour; and a report of complaints possibly 
related to bruxism.24 Complaints due to awake and sleep bruxism 
can hardly be discriminated. Also, subject-based information on SB, 
both current and past, is not necessarily reliable,61 and is mostly re-
lated with the report of putative consequences upon awakening (e.g, 
functional limitation, muscle stiffness, pain).114,115 However, the col-
lection of self-reported data based on activities performed during 
wakefulness offers promising developments.34

As a general remark, studies on self-reported bruxism have al-
ways been considered biased due to the purported questionable 
reliability and validity of this approach, which has a poor correlation 
with PSG and EMG findings in SB.116–118 Actually, it can now be sug-
gested that self-reported and instrumental strategies can be consid-
ered simply as two different domains of evaluation, with different 

features, advantages, and shortcomings. For instance, SB scores 
based on the number of RMMA events cannot be compared with a 
self-reported clenching-type bruxism, since the two approaches do 
not address the same muscle activity, or they do so only partially.21 
In addition, such considerations do not apply to AB, for which cor-
relation studies between self-reported and measurement strategies 
do not exist. The role of AB gained importance in the clinical setting 
because it may represent a main risk factor for orofacial musculo-
skeletal signs and symptoms, thus being the focus of several recent 
researches.56,62,95,110,119–122 Data collection on AB can be more eas-
ily conceptualised than SB.34 Based on that, a detailed specific do-
main for subject-based assessment (i.e., self-reported information) 
has been provided in the STAB.24

Research routes in the field must be tracked onto the improve-
ment of data reliability and validity.123 As for reliability, very little 
information exists on the repeated use of single-observation point 
questionnaires. Interestingly, administering the Italian version of 
the OBC questionnaire at a two-week interval, with focus on tooth-
clenching wake-time behaviours, showed excellent reliability, even 
if the authors recommend that further subjects' instructions are 
needed.37 Similar findings were retrieved for the original English 
version and for a culturally adapted Portuguese version.73,124 No in-
formation is currently available on the reliability of any other single-
observation point data collection strategy based on questionnaires 
or interviews, thus limiting any conclusions on the epidemiology of 
AB.20 On the other hand, reliability of approaches based on real 
time report of AB in the natural environment finds support in a 
recent study, which showed that giving adequate information to 
both the clinicians who prescribe the use of smartphone-EMA and 
to the patients who use it allowed to achieve similar reported AB 
prevalence between two university samples of healthy students.33 
In particular, it can be suggested the use of the same supporting 
educational materials (viz., slides, images, videos) presented by the 
same investigators is an important factor to enhance homogene-
ity of information and to “calibrate” self-report at the individual 
and group levels. Besides, adequate user training to help them un-
derstand the intended meaning of the terms that are formulated 
to indicate the different AB conditions improves the test–retest 
repeatability of reports.32 Thus, the challenge for the future is to 
collect subject-based information with carefully organised and 
standardised educational sessions. Factors such as the features of 
a study population might influence the results of all educational ef-
forts, since participants with different age, educational level and 
socioeconomic status, and even concurrent health problems, may 
differ in response to educational sessions and in compliance to the 
observation protocols.63,79,125,126

Concerning validity, information is actually lacking due to the ab-
sence of a standard of reference approach for the assessment of the 
different activities of the AB spectrum. To this aim, validation stud-
ies should be performed to test the hypothesis that the strategy to 
report AB correlates with the actual jaw muscle activity, as discussed 
in the section below.
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4.1.3  |  Research strategies to cross-
correlate findings

Cross-correlating findings of AB assessment gathered with differ-
ent approaches may be useful to refine the assessment strategies 
both for self-reported and instrumental strategies, in line with the 
recent expert recommendations.1,24,34 In particular, the circular rea-
soning that has characterised two decades of research on SB should 
be avoided. PSG/SB criteria were proposed as a screening strategy 
based on the best compromise between the sensitivity and specific-
ity to identify individuals with a report and some potential clinical 
signs/symptoms related with SB,6 but they were then assumed as 
the standpoint to validate all the other approaches.116 The research 
on the purported validity of history report or clinical findings with 
respect to PSG is still ongoing,127,128 but it might lead to unfruitful 
debates if the different bruxism phenotypes are not considered as 
the ultimate targets.45,129–132 In as much as the RMMA/SB events 
may be considered markers of arousal-related phasic short-lasting 
SB (with or without tooth grinding), and not of bruxism as a whole, 
other EMG patterns must be identified as markers to recognise tonic 
long-lasting clenching or bracing activities.

In the field of AB, approaches to measuring the broad spec-
trum of activities have just emerged. Their reliability and their 

clinical validity have not been tested yet.86 Thus, as per STAB 
recommendations, it is important to collect as much data as pos-
sible with the three different subject-based, clinically based, and 
instrumentally based approaches, and elaborate them with AI 
strategies before any diagnostic hierarchy construct is built. AI 
data mining has already been suggested, for instance, for studies 
on the interaction between sleep and pain.133 In the field of brux-
ism, TMDs and orofacial pain, an important step will also be the 
acceptance of digitalization processes in data gathering and anal-
ysis, to facilitate machine learning strategies based on large scale 
epidemiological information. Within these premises, “measured” 
bruxism still remains the ideal target for comparison with other 
approaches and for the identification of bruxism status proxies 
as well as to test other technologies.134–137 Deeper probing into 
this area will allow for an increase in knowledge on several as-
pects of AB, even including the clinical validity of subject-based 
information and the association with consequences. The natural 
course and fluctuations of signs and/or symptoms, the relation-
ship with SB, and the exposure to etiological factors are other 
examples of issues that can be further explored with a compre-
hensive approach.

The use STAB and the BruxScreen24,25 will allow getting deeper 
into the epidemiology of the various items at the individual (e.g., 

F I G U R E  2  Hypothetical bruxism 
network representation of a patient 
with high levels of awake bruxism and 
musculoskeletal complaints.

F I G U R E  3  Hypothetical bruxism 
network representation of apatient with 
high levels of sleep bruxism and dental 
complaints (e.g., tooth wear, damage to 
restorations).
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case series) as well as at the population level (e.g., cross-sectional 
and longitudinal large-sample studies). Data will be used to stan-
dardise future reports for comparison purposes. As an important 
clinical implication, self-reported strategies to monitor bruxism 
evolution over time should be initially validated for diagnostic pur-
poses. However, they might find their better placement as part of a 
cognitive-behavioural approach to bruxism management (i.e., eco-
logical momentary intervention).75,138

In the STAB, as part of a bigger goal to implement and stan-
dardise metrics for bruxism as a whole, scores and ratings for both 
subject-based (Domain A2) and instrumentally based (Domain 
A8) assessment for AB should be determined. Based on that, in 
line with similar approaches adopted for other fields of dentistry 
and medicine, a bruxism network can be visualised to pheno-
type the activity based on the aetiology and the potential con-
sequences.139,140 Based on the current evidence of an association 
between AB, TMDs, and psychological factors,2,56 the possible 
bruxism network representation of a patient phenotype with high 
anxiety scores, poor stress coping skills, and high AB scores can be 
hypothesized in Figure 2, with a predominance of musculoskeletal 
complaints rather than damage to teeth and restorations. On the 
other hand, a possible phenotype of an individual with high levels 
of RMMA-SB and tooth wear, with low awake bruxism scores, is 
hypothesized in Figure 3. Research is needed to create scoring cri-
teria and test the feasibility of the above-hypothesized graphical 
visualisation.

5  |  CONCLUSIONS

Advancing the study of AB metrics is a fundamental step to assist 
clinicians in preventing and managing the possible consequences at 
the individual level. The present manuscript proposes some possible 
research routes to advance current knowledge, which can be sum-
marised in Figure  4. At different levels, instrumentally based and 

subject-based information must be gathered in a standardised ap-
proach and correlated to each other. This will help, amongst others, 
to compensate the potential disadvantages of using a stand-alone 
strategy and to identify the potential clinical consequences that are 
predictors of a bruxism status.

A comprehensive approach, including a combination of self-
reported and measurement strategies, will thus likely emerge as 
the gold standard for evaluating awake bruxism and standardise its 
metrics.
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