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ABSTRACT

Objective: The aim of this investigation was to compare the self-reported frequency of awake bruxism (AB) behaviours by
means of a validated single-observation point questionnaire (i.e., Oral Behaviour Checklist [OBC]) with the frequency reported
in real-time with an Ecological Momentary Assessment (EMA) over 1 week.

Materials and Methods: One hundred healthy young adults took part in the study. The frequency of some activities belonging
to the spectrum of AB behaviours (i.e., teeth contact, mandible bracing, teeth clenching, teeth grinding) was evaluated using the
EMA approach with smartphone technology support over 1 week. The OBC questionnaire was used to evaluate the self-reported
frequency of the same AB behaviours. Spearman'’s rank correlation coefficient was adopted to test the correlation between the
average score of each OBC question considered (i.e., teeth contact, mandible bracing, teeth clenching, teeth grinding) and the
average frequency of the corresponding EMA item.

Results: Statistical analysis showed a weak-to-moderate level of correlation between the two different AB assessment methods.
Mandible bracing showed the highest level of correlation, while teeth grinding had the lowest one.

Conclusions: While the OBC represents a valid and easy-to-administer screening tool for evaluating bruxism behaviours, the
EMA approach provides a more detailed real-time report on AB behaviours.

1 | Introduction bruxism is no longer considered a pathology nor a parafunc-

tion [3]. More specifically, AB is an umbrella term that com-

In 2013, an international group of experts defined bruxism as a
masticatory muscle activity (MMA) with two distinct circadian
manifestations: awake bruxism (AB) and sleep bruxism [1]. In
2018, a second consensus paper provided a specific definition of
AB: a masticatory muscle activity during wakefulness character-
ised by repetitive or sustained tooth contact and/or by bracing or
thrusting of the mandible [2]. In the current state of knowledge,

prehends different types of MMA, such as teeth contact, teeth
clenching, mandible bracing, and teeth grinding [4].

The most recent systematic review on AB epidemiology re-
ported a prevalence ranging from 22.1% to 31%. No differ-
ence was found for gender, while it was demonstrated that
the prevalence of AB decreases with age [5, 6]. However, the
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systematic review's authors suggested that data from such ep-
idemiological studies must be taken cautiously due to the AB
assessment method that was adopted in all studies. Indeed,
most investigations evaluated AB by administering a ques-
tionnaire with a single dichotomous question, such as asking
if the participant is aware of clenching or grinding the teeth
during the day. Despite being cost-effective and easy to imple-
ment in clinical and research settings, such an approach does
not evaluate bruxism in its continuum, as it should be done ac-
cording to current strategies proposed by the latest scientific
evidence [1, 4, 7-9].

To overcome such shortcomings, the STAB (Standardised Tool
for the Assessment of Bruxism) was developed to provide the
first non-stackable, multidimensional evaluation system for
bruxism [10-12]. The STAB proposes a dual axis, multiple-
domain approach for the identification of the bruxism status
as well as the aetiology and clinical consequences, based on a
combination of subject-based assessment (SBA), clinical-based
assessment, and instrumentally based-assessment (IBA).

Among the SBA approaches, the authors proposed a series of
items gathered from the Oral Behaviour Checklist (OBC) ques-
tionnaire [13]. The OBC questionnaire is based on a series of
questions regarding the various AB conditions, asking the pa-
tient to indicate their frequency in the last month using a Likert-
type 5-point scale. Such a self-report approach still represents
the easiest and fastest way to collect data on AB behaviours,
allowing researchers to perform studies in large sample sizes
[14-16]. However, such an approach may be affected by recall
bias since individuals might not be able to correctly recall the
frequency and type of behaviour occurring in a monthly span
[2]. Therefore, the STAB additionally includes the adoption of
a smartphone-based Ecological Momentary Assessment (EMA)
approach in the IBA section [17]. The EMA evaluation is not a
novel concept. It was adopted for years in the field of behavioural
medicine, while only in recent years has it been found to be ap-
plicable to the AB assessment [18-28].

The EMA approach proved to be a reliable method to quan-
tify and qualify the frequency of AB behaviours after compli-
ance and comprehension are achieved [19-22]. Several studies
on AB were performed on different categories of healthy in-
dividuals, such as preparatory college students [23], univer-
sity students from different countries [24-26], and the general
population [27, 28], using a dedicated smartphone-based EMA
application [18].

Based on these premises, the present study aims to test the cor-
relation between the score of the OBC questionnaire and the
mean frequency of AB behaviours assessed by the EMA ap-
proach in a sample of healthy young adults.

2 | Materials and Methods
2.1 | Participants Recruitment
On 13 March 2019, 133 subjects were recruited among under-

graduate students of the Dentistry and Dental Prosthodontics
course at the University of Siena, Siena, Italy. A research study

invitation email was sent to the students for enrollment into the
study. Inclusion Criteria were the absence of any documented
oral, systemic, psychiatric, or neurological disease. The tem-
poromandibular disorder (TMD) pain screener was adopted to
rule out temporomandibular disorders [29].

All individuals gave their informed consent in accordance with
the Helsinki Declaration and understood that they were free
to withdraw from the study at any time. They were informed
about the scope of the study and gave written consent before
enrolment. The research protocol was approved by the Review
Board of the Orofacial Pain Unit, University of Siena, Siena, Italy
(#0033-2019).

2.2 | Experimental Design

After the participants signed the informed consent to partic-
ipate in the study, they were invited to attend a 2-h seminar
session. The leading researchers (O.1.S., A.C.) and the study
coordinator (D.M.) gave participants information about the
study protocol. In detail, in the first-hour, participants listened
to an explanatory lesson regarding the new insights into the
field of AB, with a special focus on the various AB behaviours
(https://www.youtube.com/watch?v=xL79AcnpBCY). In the
second part of the session, they received the OBC question-
naire. They also received an instruction sheet with the nec-
essary information for downloading the research version of
Bruxapp (BruxApp, World Medical Applications Srl, Italy), a
smartphone-based application for the real-time report of AB
behaviours. The instruction sheet also contained an ID code
unique for each participant. After all, AB behaviour frequency
was assessed both with the EMA approach (item A8.1 of the
STAB) and with four AB items from the OBC (items A2.1, A2.2,
A2.3, A2.4 of the STAB).

2.3 | Ecological Momentary Assessment

The app was pre-set with a specific number of notifications ac-
companied by an alert sound to be received at random times
during the day. Upon receiving the alert sound, the participant
was required to tap on the notification and select, among five
possible current behaviours (i.e., relaxed jaw muscle, mandible
bracing, teeth contact, teeth clenching, teeth grinding), the op-
tion that best fit with his/her current jaw condition. Moreover,
participants were required to indicate the behaviour within
5min after the alert sound to avoid recall bias. After 5min,
the notification disappears, and no answer can be reported.
Participants were instructed to ignore the alert sounds received
while performing physiological activities unrelated to the AB
spectrum, such as speaking, eating, drinking, and yawning.
They were required to perform the EMA protocol for 7days. At
the end of the week, the application automatically generates a
report with a summary.

The app was set to send alerts from 08:00 to 12:00, 15:00 to
19:00, and 21:00 to 22:00 to reduce the probability of receiving
an alert during meals. For the generated report to be valid,
students were asked to answer to at least 60% of the daily
alerts (12 out of 20). Such a threshold was chosen according to
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https://www.youtube.com/watch?v=xL79AcnpBCY

recommendations from previous compliance studies [19, 20].
If a participant did not reach such a threshold, the app au-
tomatically extended his/her observation period for the days
necessary to generate the seven-day report. The data from
the days in which fewer than 12 alerts were answered were
discarded. During the assessment period, participants did not
have access to the data. After generating the report, the app
automatically generated an anonymous CSV file that the par-
ticipants were invited to share with the researchers involved
in data collection (A.C., O.S.I., M.V.), along with the unique ID
code. For any technical support, they could contact the study
coordinators (A.B., D.M.) at any time.

2.4 | Self-Reported Awake Bruxism Assessment

For the assessment of self-report AB, the following four OBC
items that are part of the STAB (items A2.1, A2.2, A2.3, A2.4)
were considered [13];

« How often do you grind your teeth together during waking
hours, based on the last month?

« How often do you clench your teeth together during waking
hours, based on the last month?

« How often do you press, touch, or hold your teeth together
other than while eating (i.e., contact between upper and
lower teeth), based on the last month?

« How often do you hold, tighten, or tense your muscles with-
out clenching or bringing teeth together, based on the last
month?

Each item assessed the frequency of a specific AB behaviour,
and the response option was based on a 5-point Linker scale as
follows: “none of the time” (0), “a little of the time” (1), “some of
the time” (2), “most of the time” (3), “all of the time” (4).

2.5 | Statistical Analysis

Statistical analysis was performed with Microsoft Office Excel
2021 (Los Angeles, CA, USA). A descriptive analysis of the AB
conditions was performed, reporting mean, standard devia-
tion, range, and coefficient of variation. Spearman'’s rank cor-
relation coefficient was used to test the correlation between
the average score of each OBC question considered (i.e., teeth

contact, mandible bracing, teeth clenching, teeth grinding)
and the average frequency of the corresponding EMA item.
Gender comparison for the EMA assessed AB behaviours fre-
quency was assessed via Student's t-test. The level of signifi-
cance was set at p <0.05.

3 | Results

Among the 133 students invited to participate in the study, 15
ignored the invitation. The remaining 118 met the inclusion cri-
teria and attended the 2-h seminar. All of them completed the
questionnaire and were instructed to perform the seven-day as-
sessment of AB behaviours frequency via EMA. Eighteen fur-
ther students did not reach the necessary alert response rate to
be included in the study even after multiple days of prolonged
observation period, and their data were discharged. This led to a
final sample of 100 subjects (31 males and 69 females, mean age
22.5years +£2.5, range 19-29) taking part in the study (Figure 1).
Eleven participants did not reach the required threshold in the
first instance and needed an extension of the observation period.
All the other subjects did not need additional days to obtain
seven valid assessment days.

The average EMA response rate was 76.1% + 8.3%, without any
statistically significant difference between genders (Table 1).
Considering the individual frequency of each oral condition over
1week, relaxed jaw muscles was the most frequent behaviour
(77.3% £ 21.3%), followed by teeth contact (13.4% + 15.7%), man-
dible bracing (6.9% + 10.8%), teeth clenching (2.5% + 4.6%), teeth
grinding (0.4% +1.2%). Besides relaxed jaw muscles, teeth con-
tact was the most reported AB behaviour. The coefficient of vari-
ation (CV) is expressed as the ratio between SD and mean for
each of the 7days of AB assessment (Table 1).

Table 2 summarises the results of the OBC questionnaire for
each AB behaviour (i.e., teeth contact, mandible bracing, teeth
clenching, teeth grinding). None of the time was the most indi-
cated frequency (136 times), followed in order by a little of the
time (n=97), some of the time (n=95), most of the time (n =62),
and all of the time (n=12). The most chosen option was none
of the time for teeth grinding (n=61), while no participant in-
dicated to perform mandible bracing and teeth grinding all of
the time.

The level of correlation between the average score of each
OBC item (i.e., teeth contact, mandible bracing, teeth

n=133

Undergraduate dentistry students invited to take part into the study

Students that ignored

the invitation
n=15

n=118

Enrolled students that met inclusion criteria and filled the questionnaire

Students did not

complete the seven days
observation period
n=18

Final sample
n=100

FIGURE1 | Flowchart of volunteer selection.
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TABLE 1 | Frequency data in percentage (mean, standard deviation, coefficient of variation) for the alert response rate and awake bruxism

behaviours during the 7-days of observation.

Activity D1 D2 D3 D4 D5 Do D7 Mean SD Range Ccv
Alert response rate 74.5 76.1 75.9 77.3 75.0 74.9 75.3 76.1 8.3 62.9-100 9.2
Relaxed jaw muscles 73.2 72.5 75.1 77.2 79.6 78.4 77.3 77.3 21.3 7.8-100 0.3
Teeth contact 15.5 13.8 13.5 12.3 11.5 12.8 12.8 134 15.7 0-80 1.2
Mandible bracing 7.8 8.8 7.7 6.9 5.7 5.4 7.0 6.9 10.8 0-62.5 1.6
Teeth clenching 2.0 3.6 3.6 2.2 2.2 2.1 2.2 2.5 4.6 0-18.4 1.8
Teeth grinding 0.6 0.5 0.5 0.3 0.1 0.1 0.6 0.4 1.2 0-4-4.3 3.0
Abbreviations: CV, Coefficient of variation; D, Day; SD, Standard deviation.
TABLE 2 | Number of times each condition was indicated (Oral Behaviour Checklist).
None of the A little of the Some of the Most of the All of the
time=0 time=1 time=2 time=3 time=4
Teeth contact 26 17 30 16 11
Mandible bracing 30 29 25 16 0
Teeth clenching 17 30 27 25 1
Teeth grinding 61 21 13 5 0
Total 134 97 95 62 12

TABLE 3 | Spearman rank index correlation test between the OBC
and the EMA.

r p
Teeth contact EMA/OBC 0.3 0.02
Mandible bracing EMA/OBC 0.55 <0.001
Teeth clenching EMA/OBC 0.33 <0.05
Teeth grinding EMA/OBC 0.23 0.015

Abbreviations: EMA, Ecological Momentary Assessment; OBC, Oral Behaviour
Checklist.

clenching, teeth grinding) and the average frequency of the
corresponding EMA question is reported in Table 3. A weak-
to-medium level of correlation (r=0.3-0.55) was found be-
tween the two different methods of AB assessment. Teeth
grinding had the lowest level of correlation (r=0.23), while
mandible bracing had the highest (r=0.55). All the results of
the Spearman rank index correlation test were statistically
significant (p <0.05).

4 | Discussion

Self-reported approaches represent a universally accepted
approach for assessing AB [4, 7]. Despite the self-report can
affected by recall bias [2], various assessment methods proved
to be easy to administer, cost-effective, and reliable [12].
Another possible strategy to assess and phenotype AB be-
haviours is represented by surface electromyography (EMG)
[30], but such an approach is unfortunately partly limited by
the costs and incomplete software development to interpret

EMG traces based on the current bruxism definition. In addi-
tion, a feasible combination of EMG hardware and software is
still lacking [31].

Based on that, the present cross-sectional observational study
aimed to implement the knowledge on self-reported strategies
by assessing the level of correlation between two methods
included in the STAB, viz., the EMA approach (item A8.1 of
the STAB) via a dedicated smartphone application (Bruxapp)
and the single-recall point approach via the OBC (items
A2.1, A2.2, A2.3, A2.4 of the STAB). Regarding the EMA,
the main alert response rate during the 7days of assessment
was 76.1%, similar to other studies present in the literature
[19, 20]. Besides relaxed jaw muscles, which was the most fre-
quently reported condition (77.3%), teeth contact was the most
common AB behaviour (13.4%), followed by mandible brac-
ing (6.9%), teeth clenching (2.5%), and teeth grinding (0.4%).
Such results are comparable with other studies conducted on
undergraduate students [19, 20, 22-24] and the general pop-
ulation [28]. Statistical analysis showed a weak-to-moderate
significant association between the frequency reported with
EMA and the scores of the specific OBC questions. This can
be explained by the participants’ lack of awareness regarding
masticatory muscle activity during wakefulness. Some sub-
jects might become aware of their AB behaviours only thanks
to the 7days of self-monitoring through the EMA. This would
imply that the strength of the association could be different if
the OBC had been administered after the monitoring session.
As such, a recent investigation found that the frequency of AB
via EMA remained quite constant for 6 months [32]. Further
studies should test the OBC consistency over time for the AB
report and the possible impact of awareness training on its
outcomes.

4 0of 7

Journal of Oral Rehabilitation, 2024

85UB01] SUOWIWIOD SARER1D 3|qed! [dde aup Aq pausenoh e Sap1e VO ‘88N JO SaIn Joj AReiq1T8UIIUO AB]IM UO (SUORIPUOD-PUR-SWLBIALIOD" A3] 1M AReIq 1[Bu1UO//SARY) SUORIPUOD PUB SWLB L U3 88S *[7202/TT/9T] uo Ariqiauiuo A|im * ceuely 14 1011418 1S BUBIS JO AISIBAIIN - UIpS1Ue N @PIUeq Aq SEBET"I00TTTT 0T/10p/W00"A8 1M Aelq1jpul|uo//Sdny Woj pepeojumoq ‘0 ‘Zy8ZS9ET



Due to the paucity of literature on the topic, a direct comparison
with other papers is not always possible since most of the studies
on EMA are focused on the frequency of AB behaviours and the
compliance level [19-23, 25, 26]. Only three other investigations
compared the OBC results with the EMA. In an Italian study on
a sample of 151 participants recruited from the general popula-
tion, the authors found a statistically significant association be-
tween the two assessment methods and a nonlinear association
concerning mandible bracing [28]. This latter finding contrasts
with the results of this study, which found the highest level
of correlation between EMA and OBC for mandible bracing
(r=0.55). Such discrepancy might be explained by the different
study samples. Undergraduate dentistry students have a dental
background, which provides them with a more comprehensive
understanding of bruxism, influencing the EMA and the OBC
results. A second investigation on a smaller sample of college
preparatory students in Brazil found a different but comparable
level of correlation between the self-report and the EMA [24].
Conversely, a study conducted on Portuguese University stu-
dents found very similar results to this study, as the level of the
Pearson correlation test between the two assessment approaches
was 0.5 for mandible bracing and 0.38 for teeth contact [26]. It
is worth mentioning that in the latter study, the authors under-
went different rounds of AB assessment before reaching such
findings.

The main difference between the two approaches consists in
the assessment's timing. The OBC strictly relies on the memory
of the participant since he/she is required to answer a series
of retrospective questions formulated as follows: “How often
do you do each of the following activities, based on the last
month?” [13]. In addition to the potential recall bias, it must
also be remarked that the answer can be influenced by the mo-
ment of the day the questionnaire is filled out [33]. Conversely,
the EMA approach assesses oral behaviours during different
times of the day in natural settings, relying only on patient
compliance and understanding of the conditions [27]. Thus,
the two approaches might be indicated for different purposes.
The OBC can serve as a screening tool in clinical settings,
while the EMA can be prescribed by the clinician or the re-
searcher when there is a suspect of high masticatory muscle
activity to quantify and qualify the AB behaviours more reli-
ably for potential treatment purposes.

Furthermore, with respect to recall strategies, the real-time as-
sessment of AB can have other important functions. In the first
stage, after the initial period of AB monitoring, the generated
report can help patients become aware of their behaviours as
part of cognitive-behavioural therapy (CBT), which is one of the
strategies available for managing bruxism and TMDs [34, 35].
Secondly, smartphone-based applications can also be used for
ecological momentary interventions (EMI) strategies [36]. In
psychological care settings, the EMI approach has proved to be
an effective method for inducing behavioural changes and pro-
moting mental health through cognitive behavioural strategies
[37]. When a patient receives an alert, he/she is invited to pay
attention to his/her condition, focusing on the teeth's position
and muscle tension, trying to reverse AB behaviours [38]. The
efficacy of such a strategy in the field of AB has yet to be proved
in a clinical setting [39].

The present study presents some limitations. The sample
comprised undergraduate dentistry students representing a
specific population. Thus, the level of compliance with using
a smartphone-based application in the general population
might be lower since it requires a series of interactions from
the participants during the day, which might not be possible
for individuals with certain work occupations. Moreover, it is
known that dentistry university students are more prone to
anxiety and psychological distress compared to the general
population [40-42]. Considering the determinant impact of
psyche on the frequency of AB behaviour [43-45], the AB fre-
quency assessed in this study could be higher than in healthy
adults. The mean frequencies of AB did not show any signifi-
cant difference between the 7days of monitoring; however, a
wide range was found. Given the impact of psyche on the fre-
quency of AB behaviours [46], further studies should confirm
if the fluctuations of AB behaviours could be explained by the
daily variation in the level of psychological distress assessed
via questionnaires. Another limitation is represented by the
fact that no clinical examination was performed to look for
signs of bruxism, such as the presence of linea alba on checks
mucosa and muscle hypertrophy.

However, this study adds important findings to further refine
the different methods of AB assessment, as part of the needed
research to cross-correlate the different approaches proposed
in the STAB [12]. Ideally, these data should be included in
a protocol with the wake-time analysis of the masseter and
temporalis muscle EMG recordings [30, 47]. In contrast to the
past, such analysis should be based on evaluating bruxism ac-
tivity in its continuum, as the EMA approach, rather than by
adopting specific cut-off points [9]. Interestingly, the present
study based the self-reported evaluation on a 5-point Likert
scale and not on a single-point evaluation system, as in most
epidemiological studies on AB [6]. Such an approach allows
clinicians to obtain a tentative quantitative report based on
the patient’s awareness of his/her behaviours, which could
eventually be compared with the results of the EMA. However,
patients might not be able to report with enough accuracy the
frequency of AB conditions, leading to an underestimation of
a potentially harmful behaviour [48]. Matching the two as-
sessment methods could provide clinicians and patients with
a more realistic picture of the AB behaviour frequency com-
pared to the patient's initial beliefs as part of CBT, a first-line
strategy for managing AB [49-51].

5 | Conclusions

In a sample of healthy young adults, the correlation between
the self-reported OBC and the smartphone-based EMA ap-
proach was weak-to-moderate. Mandible bracing behaviour
had a higher level of correlation. Such findings suggest a dif-
ferent use of the two assessment methods. The OBC could be
adopted as a first screening tool for a general overview of the
possible presence of AB behaviours; on the other hand, the
EMA approach should be prescribed when a more detailed
evaluation of AB behaviours is needed, as its results, collected
in the natural environment and in real-time, are less affected
by recall bias.
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