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Abstract: Background/Objectives: The study aimed to validate the diagnostic system
proposed by the Standardized Tool for the Assessment of Bruxism (STAB) by correlating
the results obtained based on questionnaire and non-instrumental and instrumental tools.
Methods: The study had three stages (questionnaire, clinical examination, and electromyo-
graphic study). The subjects completed a questionnaire and clinical exam. Positive signs
of bruxism included oral mucosal signs and the presence of dental wear according to the
BEWE index. In stage three, sEMG was performed after allocating subjects into four groups
according to the questionnaire and clinical exam results: sleep bruxism (SB), awake bruxism
(AB), sleep and awake bruxism (SB AB), and no bruxism (no B). After the third stage, a
new selection was made, and the subjects were divided into four groups, according to
sEMG results. Diagnostic accuracy was computed for possible bruxism SB and grinding
and clenching sound diagnosis, possible bruxism AB and AB acknowledgment, possible
bruxism SB AB, and tooth wear index. Results: For SB, the sensitivity and specificity of
the tools were the highest. The non-instrumental questionnaire and clinical assessment
identified 67% of SB cases and 89% without SB. For AB, the specificity was higher (84%),
while the sensitivity was lower (55%), as almost half of the subjects were not aware of the
presence of AB. The tests showed a low sensitivity (15%) but a high specificity (83%) for
tooth wear. The absence of tooth wear was frequently associated with the absence of brux-
ism, while the presence of tooth wear did not necessarily imply the existence of bruxism.
Conclusions: Non-instrumental evaluation of bruxism through questionnaires and clinical
exams is valuable, especially for SB. Instrumental evaluation through electromyography
remains a gold standard for bruxism diagnosis.

Keywords: bruxism diagnostic; questionnaire; clinical exam; clenching; grinding; sEMG;
stress; anxiety; dental wear; masticatory muscles activity

1. Introduction
Bruxism is a motor behavior of the masticatory muscles [1] whose effects on the

masticatory system are important [2], leading to tooth wear [3,4], tooth fractures [5,6], pain
of the masticatory muscles [7] and temporomandibular dysfunction [8]. The diagnosis
of bruxism and its association with tooth wear have been the subject of much discussion
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over time [1,9,10], both for [11] and against [12]. In recent years, researchers worked to
create a system (Standardized Tool for the Assessment of Bruxism or STAB) that integrates
data obtained from medical history, clinical examination, and complementary/instrumental
examinations [13,14]. As a result, a certain diagnosis of bruxism can be made, bruxism can
be managed, and adverse effects of bruxism on the masticatory system are avoided [13,15].
The definition of bruxism has evolved in the last decade due to two international consensus
papers published in 2013 and 2018 [1,9,16]. The latest consensus considers that sleep bruxism
should be separated from awake bruxism based on different etiologies and manifestations,
and individual definitions should be used. Thus, sleep bruxism (SB) is defined as an activity
of the masticatory muscles during sleep characterized as rhythmic (phasic) or non-rhythmic
(tonic) activity and is not a movement disorder or sleep disorder in healthy individuals.
Awake bruxism (AB) is defined as an activity of the masticatory muscles during wakefulness
characterized by sustained or repetitive tooth contact and/or bracing or thrusting of the
mandible and is not a movement disorder in healthy individuals [1].

According to the second consensus, bruxism should no longer be considered a disease,
condition, or disorder but a motor behavior with a multifactorial etiology [1]. Therefore,
it can be an involuntary (sleep bruxism) or a conscious behavior (awake bruxism). Brux-
ism can have three connotations: harmless behavior (without consequences), risk factor
(bruxism associated with one or more health problems), or protective factor (bruxism
associated with one or more positive aspects of health) [1]. In any event, bruxism affects
the oral cavity and can have consequences like tooth destruction, headaches, orofacial
pain or temporomandibular dysfunction, and oral mucosa lesions produced by biting [10].
Therefore, bruxism is a risk factor for oro-dental diseases [17,18]. The following factors may
exacerbate bruxism: stress [19,20], smoking [21,22], type A anxious personality [10,23], and
sleep disorders, such as snoring [10,24]. Approximately 60–80% of sleep bruxism episodes
are associated with restless legs syndrome [25,26].

Regarding prevalence, data vary for sleep and awake bruxism. The prevalence of
bruxism varies according to the evaluation method but also depends on the continent, type
of bruxism, and study type [27,28]. The last review of prevalence reports a global value of
22.22% for bruxism in general, estimating that one in four individuals is affected [27]. In
Europe, sleep bruxism prevalence was 21% and awake bruxism 18%, with women being
the most affected [27]. Other reported values for SB include an average of 16.5%, with a
range between 8.31% and 21% [29]. In Romania, in a study conducted in 2021 on young
dental students and published in 2022, the average prevalence of SB was 16.28% and of AB
was 68.99%, while 14.73% presented a combined form of bruxism [19].

Lavigne recommended that for young, healthy subjects, the final diagnosis of moderate
to severe sleep bruxism should be based on the following criteria: (i) the presence of a
frequent grinding noise during sleep for at least five nights per week for the past 3–6 months,
as confirmed by a sleeping partner; (ii) tooth wear and/or masseter muscle hypertrophy;
(iii) a positive polygraphic diagnosis of sleep bruxism: at least two episodes of grinding
noise per night, more than four episodes of sleep bruxism, and more than 25 bursts of
bruxism per hour of sleep [10]. The validity of self-report, anamnestic and clinical tools
to determine sleep bruxism was tested against data from electromyography in previous
studies [30–34]. In 2008, Lavigne defined awake bruxism differently from sleep bruxism.
Awake bruxism was defined as the state of awareness of jaw clenching in subjects in a
waking state [10].

The Standardized Tool for Assessment of Bruxism (STAB) [13,14] represents an im-
plementation of the guidelines established by the 2018 consensus. The STAB guidelines
overlap with the recommendations made by Lavigne in 2008 [10]. According to STAB,
the two main categories of tools used for diagnosing and assessing bruxism are axis A,
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which evaluate the status of bruxism and its consequences, and axis B, which include
the etiological factors and comorbidities associated with bruxism [13]. For axis A, three
categories of information are collected from subjects regarding bruxism: first, self-reported
information (from questionnaires) (the subjective report corresponding to the anamnesis),
second, clinical information as a result of a clinical examination (dentist’s report) (the objec-
tive report corresponding to the clinical assessment) and third, instrumental evaluation
(technological report) (the paraclinical report corresponding to the paraclinical or com-
plementary examinations) [13]. Axis B evaluation provides a self-report of psychological
assessment of anxiety and depression, concurrent sleep-related conditions assessment,
concurrent non-sleep conditions, report of taking medications and drugs, and additional
factors [13].

The study aimed to validate the diagnostic system for sleep bruxism and awake brux-
ism proposed by STAB by correlating the results obtained from the questionnaire, the
clinical exam and electromyographic examination. The null hypothesis was that there are
no statistically significant differences between the results provided by non-instrumental
evaluation (self-report and clinical exam) of sleep bruxism and awake bruxism and instru-
mental evaluation (sEMG) according to STAB.

2. Materials and Methods
2.1. Study Design and Participants

The study was conducted between October 2022 and June 2024 in the Dental Pros-
thetics and Oral Rehabilitation Clinic of the Faculty of Dental Medicine Craiova (FDM
Craiova). The Ethics Committee of the University of Medicine and Pharmacy of Craiova
approved the study according to report no. 156/25 July 2022. The study complied with the
Declaration of Helsinki. Participation was voluntary. All participants were informed about
the study and gave their consent.

The subjects included in the study were all students enrolled in the dentistry program
from the FDM Craiova, IVth, Vth, and VIth years of study, respectively—305 students in
total. The subjects had studied bruxism through the bruxism course delivered in the IVth
year as part of the dental prosthetics course, and the bruxism management course in the
oral rehabilitation program in the VIth year.

The inclusion criteria in the study were as follows: healthy subjects, without drug
and orthodontic treatments, with a healthy dentition, without prosthetic restorations, with
stable occlusion and with a maximum of one tooth edentulous gap, not wearing orthodontic
appliances, residing in Craiova. The exclusion criteria were as follows: knowledge of the
presence of bruxism, neurological and psychiatric disorders, drug treatments, extensive
edentulism, unstable occlusion, presence of prosthetic restorations, orthodontic patients,
and occlusal splints wear.

The study had three stages: 1. Questionnaire; 2. Clinical exam; 3. sEMG recording for
24 h (Figure 1).

The first stage of the study: after applying the inclusion/exclusion criteria, 227 students
remained in the study and underwent a non-instrumental assessment based on a questionnaire.
The sample size was computed using G*Power 3.1.9.7, Heinrich Heine University Düsseldorf,
Germany, considering a significance level α of 0.05, a power 1 − β equal to 0.95, and a medium
effect size value of 0.3 [35] (with an awareness of practical significance), resulting in a study
requirement of a minimum of 220 participants.

The 227 students completed the questionnaire to establish a self-reported diagnosis of
bruxism—possible bruxism. Following this stage, four groups were defined: participants
with awake bruxism (AB), participants with sleep bruxism (SB), participants with combined
bruxism (SB AB), and participants without bruxism (No B).
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In the second stage of the study, the participants underwent a clinical examination of
the dental arches, the buccal mucosa, and the tongue to highlight clinical signs of bruxism
(teeth marks on the tongue, linea alba, and tooth wear). Among all participants, subjects
who responded positively to the questionnaire and who presented clinical signs of bruxism
were diagnosed with probable bruxism and qualified for the third stage of the study. The
groups were adjusted according to the clinical findings.

The third stage of the study included an instrumental assessment of masseter muscle
activity. sEMG recording over 24 h was performed for each participant in all four groups.
A certain diagnosis of bruxism was established, and the four groups were redefined.

The diagnostic accuracy of the non-instrumental stage of the study was tested for
sensitivity and sensibility using the sEMG results as a reference value.

2.2. Interview and Questionnaire

Data collection in the self-reporting stage was carried out based on a questionnaire that
has proven helpful in other studies [36,37] and for didactic purposes within the learning
program of FDM Craiova. The questionnaire included demographic data, data regarding
possible bruxism diagnostic sounds heard by bed partner for sleep bruxism and bruxism
acknowledgment in awake bruxism, data regarding the characteristics of sleep and awake
bruxism (clenching and grinding activities), manifestations associated with bruxism at
the level of the masticatory muscles, manifestations associated with temporomandibular
dysfunction, the involvement of stress, anxiety, and other sleep disorders (insomnia, snor-
ing, and restless legs syndrome), and smoking. For anxiety assessment, nine questions
were formulated, with multiple answers depending on the severity, to which numerical
values were associated for the answers, from 0 to 4 (never = 0, rarely = 1, sometimes = 2,
often = 3, continuously = 4). Depending on the arithmetic mean obtained, anxiety was
considered absent at an average below or equal to 2 and present at an average above 2 [38].
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A single-item measurement with a 5-point scale was used for stress assessment, represent-
ing absent, moderate, and severe stress [39]. For sleep disorders assessment, a numerical
scale was created depending on their presence, the maximum value being 9. Compared to
STAB, data collected through the questionnaire obtained information regarding axis A1
(about sleep bruxism), A2 (about awake bruxism), A3 (about patient’s complaints), and
B1 (psychological assessment by self-report) and B2 (concurrent sleep-related conditions
assessment by self-report) [13].

2.3. Clinical Examination

During the clinical examination, lesions on the oral mucosa, such as the linea alba, teeth
impressions, and oral lesions, were observed. A BEWE (basic erosive wear examination)
index evaluation was performed to assess dental wear [40,41]. The BEWE index is a partial
scoring system that records the most-affected tooth surface on a sextant and then sums
the values obtained for the 6 sextants. The score used has 4 values: 0—no loss of tooth
structure, 1—initial loss of surface texture, 2—distinct defect with loss of dental hard tissue
less than 50% of the surface area, 3—loss of dental hard tissue more than 50% of the surface
area. All surfaces (buccal, occlusal, lingual or palatal) are examined, and the highest score
is recorded. For scores 2 and 3, dentin is usually also involved [40]. Compared to STAB,
data collected through clinical examination provided information from axis A5 (intraoral
examination) and A6 (tooth wear index) [13].

2.4. Electromyography

A portable surface electromyograph with a 24 h record was used for the instrumental
evaluation (dia-Bruxo, Biotechnovation, San Remo, Italy). dia-Bruxo is a single-channel
device (dimensions 43 × 50 × 10 mm) that records the electromyographic activity of the
left masseter. The device uses disposable bipolar electrodes of AgAgCl (interelectrode
distance of 22 mm) provided with an adhesive gel. The recorded signals are transmitted to
an analog circuit that processes the signal, amplifies it, filters it between 110 and 550 Hz,
and adapts it so that it is transmitted in a digital format with a discrimination level of 4096
(12-bit analog/digital converter) and acquisition every 100 mS. The data are subsequently
entered into computer software that transforms the signal into RMS (root mean square)
waves. For each subject, the software is programmed with their data and the exact period
of sleep and wakefulness for the correct interpretation of the results. More details about
this device can be found in a previously published article by our team [42]. The dia-Bruxo
software analyzes bruxism episodes, differentiating between clenching, grinding, and other
electromyographic activities specific to bruxism [37,42,43]. The dentist who performed
the EMG recordings did not know that the bruxism diagnostic was already established
(blinded). After the left masseter area was prepared through skin disinfection with alcohol,
the sensor was fixed on the preauricular area. The device was calibrated as indicated by
the producer [37]. The cut-off criteria for electromyographic activity were the number of
bruxism events of clenching and grinding per hour of sleep for sleep bruxism and the sEMG
indices values published by the producer onsite [42,44,45]. Sleep bruxism presence was
considered when the device recorded two events of clenching, grinding, or other bruxism
activity per hour of sleep [42,45]. Awake bruxism was also considered according to the
sEMG indices values recommended by the producer [37,42].

The sEMG indices computed by the device were the bruxism indices, personal (brux-
ism personal index or BPI), time (bruxism time index or BTI), and work (bruxism work
index or BWI). The device also computes masseter muscle activity (MMA), expressed as a
masseter personal index (MPI), masseter time index (MTI), masseter work index (MWI),
and muscular power (MP). Compared to STAB, data collected through electromyogra-
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phy provided information from axis A7.1 (electromyography for sleep bruxism) and A8.2
(electromyography for awake bruxism) [13].

2.5. Statistical Analysis

Statistical analysis included all subjects who completed the questionnaire to determine
the association of bruxism with muscle and temporomandibular problems, orofacial pain,
stress, anxiety, sleep disorders, smoking, and tooth wear. Possible and probable diagnostics
of bruxism were developed. In the subgroup with sEMG analysis, the diagnosis of sleep
bruxism established with certainty was compared with possible and probable diagnosis of
sleep bruxism.

The analysis included data from questionnaires, clinical charts, and sEMG recordings.
Data were collected in Microsoft Excel (Microsoft Corporation, Redmond, Washington,
DC, USA). SPSS (Statistical Package for Social Sciences) software, version 26 (SPSS Inc.,
Armonk, NY, USA) was used to complete the corresponding data analysis. Continuous
variables were defined as median values and “mean ± standard deviation” (SD). Ordinal
and nominal parameters were determined as frequency distributions and corresponding
percentages. For all sEMG parameters representing continuous data series, normality
was assessed using the Kolmogorov–Smirnov/Shapiro–Wilk test. The chi-square test
was used to evaluate associations between groups. Comparisons between groups were
performed using the Mann–Whitney U or the Kruskal–Wallis H tests. The diagnosis of AB,
SB, and combined bruxism determined based on the questionnaire was compared with the
diagnosis provided by the sEMG recordings. For each type of bruxism, this comparison
yielded four different values: true positive (TP), when the type of bruxism was correctly
determined through the questionnaire; false positive (FP), false negative (FN), or true
negative (TN), when the questionnaire indicated a specific type of bruxism, or no bruxism,
when not confirmed by the sEMG recording. Then, the sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV) were computed as follows:
sensitivity represents the ratio between TP and TP + TN; specificity represents the ratio
between TN and TN + FP; PPV represents the ratio between TP and TP + FP; and NPV
represents the ratio between TN and TN + FN.

For the chi-square test, the effect size, or magnitude of the association between the two
variables, was given by the index ω, which was computed as the square root of the chi-square
value divided by the sample size. For the Mann–Whitney yest, the effect size was given
by r and was computed by dividing the absolute value of the standardized test statistic z
by the square root of the number of observations (the sample size). For the Kruskal–Wallis
yest, the effect size was given by η2 and was computed as the ratio between the value H,
representing the test statistic, minus the number of groups plus 1 (H − k + 1), and the
difference between the total number of observations and the number of groups (n–k). The
effect size was considered very small for values < 0.1, small for values between 0.1 and 0.3,
moderate for values between 0.3 and 0.5, and large for values > 0.5, based on thresholds
suggested by Cohen [35]. A p-value < 0.05 was interpreted as statistically significant in a
confidence interval (CI) of 95%.

3. Results
The first- and second-stage study group included 227 participants aged 20–45 who

completed a questionnaire. From analysis of the demographic data, the study included
227 subjects, of whom 158 (69.6%) were females and 69 (30.4%) were males. The provided
answers and the self-evaluation of the frequency of bruxism episodes revealed that almost
half of the participants did not have bruxism (Figure 1).
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Participants were divided as follows: AB subgroup (39 participants, representing
17.18% of the entire study group), SB subgroup (49 participants, 21.59%), AB and SB
subgroup (27 participants, 11.89%), and a subgroup without bruxism (112 participants,
49.34%) (Table 1).

Table 1. Demographic aspects of the subjects included in the study.

Parameter Value
AB SB AB and SB No Bruxism Total

p
39 (17.18%) 49 (21.59%) 27 (11.89%) 112

(49.34%) 227 (100%)

Gender

F 32 (20.25%) 38 (24.05%) 19 (12.03%) 69 (43.67%) 158 (100%)

0.052 *
ω = 0.184

82.05% 77.55% 70.37% 61.61%
M 7 (10.14%) 11 (15.94%) 8 (11.59%) 43 (62.32%) 69 (100%)

17.95% 22.45% 29.63% 38.39%

Age group

Young 21 (15.44%) 31 (22.79%) 17 (12.5%) 67 (49.26%) 136 (100%)

0.818 *
ω = 0.064

53.85% 63.27% 62.96% 59.82%
Adult 18 (19.78%) 18 (19.78%) 10 (10.99%) 45 (49.45%) 91 (100%)

46.15% 36.73% 37.04% 40.18%

Self-
assessment
of bruxism
episodes

Never 12 (12.77%) 8 (8.51%) 0 (0%) 74 (78.72%) 94 (100%)

<0.0005 **
η2 = 0.417

30.77% 16.33% 0% 66.07%
Rarely 18 (26.47%) 10 (14.71%) 6 (8.82%) 34 (50%) 68 (100%)

46.15% 20.41% 22.22% 30.36%
Sometimes 8 (22.86%) 13 (37.14%) 12 (34.29%) 2 (5.71%) 35 (100%)

20.51% 26.53% 44.44% 1.79%
Often 1 (4.76%) 14 (66.67%) 4 (19.05%) 2 (9.52%) 21 (100%)

2.56% 28.57% 14.81% 1.79%
Continuously 0 (0%) 4 (44.44%) 5 (55.56%) 0 (0%) 9 (100%)

0% 8.16% 18.52% 0%
* Chi-Square test. ** Kruskal–Wallis H test. F = female, M = male, AB = awake bruxism, SB = sleep bruxism. Values
in grey are percentages summed by columns for each parameter.

The distribution of subjects by type of bruxism shows that of the 115 subjects with
bruxism, most had sleep bruxism, followed by those with awake bruxism and those with
both types of bruxism. Thus, over half of the study participants had possible bruxism
(50.66%). This distribution observed for the whole group was observed also in the case of
female subjects. Male subjects had bruxism in lower percentages, with sleep bruxism at
15.94%, then combined bruxism, followed by awake bruxism (Table 1).

The enrolled participants belonged mainly to the young age group (20–24 years old),
(59.91%), the rest being adults up to 45 years old (40.09%).

Similar percentages of young participants were identified within each subgroup.
Gender and age group distributions were similar, without statistically significant differences
between the four subgroups (p > 0.05, Table 1).

According to the data from the questionnaire, the participants did not recognize the
presence of bruxism except partially. Frequent episodes of bruxism (defined as “Some-
times”) were reported by participants with possible SB and combined bruxism (around
one third each), while only 22.86% of participants with possible AB acknowledged fre-
quent episodes. Participants with possible AB were rarely or never aware of their bruxism
episodes, participants with possible SB were more aware of their bruxism, reporting fre-
quent episodes, and participants with possible combined bruxism reported frequent and
very frequent episodes. There was a statistically significant difference between the four
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subgroups and the self-reported frequency of bruxism episodes, χ2(3) = 96.015, p < 0.0005
(Table 1).

Regarding motor muscle activities (clenching and grinding) during sleep or wakeful-
ness, over half of the participants diagnosed with possible bruxism following the question-
naire analysis did not recognize the presence of these motor activities. Almost all subjects
without bruxism recognized the absence of clenching and grinding activity in 95–100% of
cases (Table 2).

Table 2. Bruxism masticatory muscle activity of clenching and grinding reported by the study group.

Parameter Value
AB SB AB and SB No Bruxism

Total p *
39 (17.18%) 49 (21.59%) 27 (11.89%) 112

(49.34%)

A1 SB
Clenching

Yes 2 (5.26%) 18 (47.37%) 15 (39.47%) 3 (7.89%) 38 (100%)

<0.0005
ω = 0.526

5.13% 36.73% 55.56% 2.68%

No 37 (19.58%) 31 (16.4%) 12 (6.35%) 109
(57.67%) 189 (100%)

94.87% 63.27% 44.44% 97.32%

A1 SB
Grinding

Yes 0 (0%) 11 (47.83%) 11 (47.83%) 1 (4.35%) 23 (100%)

<0.0005
ω = 0.707

0% 22.45% 40.74% 0.89%

No 39 (19.12%) 38 (18.63%) 16 (7.84%) 111
(54.41%) 204 (100%)

100% 77.55% 59.26% 99.11%

A2 AB
Clenching

Yes 20 (31.25%) 20 (31.25%) 19 (29.69%) 5 (7.81%) 64 (100%)

<0.0005
ω = 0.551

51.28% 40.82% 70.37% 4.46%

No 19 (11.66%) 29 (17.79%) 8 (4.91%) 107
(65.64%) 163 (100%)

48.72% 59.18% 29.63% 95.54%

A2 AB
Grinding

Yes 9 (34.62%) 5 (19.23%) 12 (46.15%) 0 (0%) 26 (100%)

<0.0005
ω = 0.463

23.08% 10.2% 44.44% 0%

No 30 (14.93%) 44 (21.89%) 15 (7.46%) 112
(55.72%) 201 (100%)

76.92% 89.8% 55.56% 100%
* Chi-Square test. A1 and A2 are the non-instrumental bruxism axes established in STAB. Data from the study
were interpreted according to them. Values emphasized in dark grey represent a motor activity characteristic for
each type of bruxism, while those in light grey represent an activity common for combined bruxism. AB = awake
bruxism, SB = sleep bruxism.

Regarding axis A3 of the STAB, the questionnaire addressed questions about pain,
tension, and muscle fatigue present upon awakening and during the day. Thus, according
to the data, the participants answered as follows: those with SB complained of pain in the
masticatory muscles upon awakening in a proportion of 34.69%, of muscle fatigue upon
awakening in a proportion of 42.86% and of headaches upon awakening in a proportion of
30.61%, and those with AB complained of muscle tension during the day in a proportion of
5.13% and of muscle fatigue during the day in a proportion of 12.82% (Table 3).

Subjects with combined bruxism most often reported muscle fatigue upon awakening,
muscle tension during the day, followed by muscle fatigue during the day and headache
upon awakening, and then muscle pain upon awakening, all in various percentages as
shown in Table 3. Subjects without bruxism reported 100% or almost 100% of having no
pain, tension, or muscle fatigue either upon awakening or during the day. Regarding
headache upon awakening, 8.93% presented with this type of pain.
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Table 3. Bruxism masticatory muscle pain, tension and fatigue and headache in the study group.

Parameter Value
AB SB AB and SB No Bruxism

Total p *
39 (17.18%) 49 (21.59%) 27 (11.89%) 112

(49.34%)

A3 (TMD)
Muscle pain
waking up

Yes 0 (0%) 17 (60.71%) 11 (39.29%) 0 (0%) 28 (100%)

<0.0005
ω = 0.531

0% 34.69% 40.74% 0%

No 39 (19.6%) 32 (16.08%) 16 (8.04%) 112
(56.28%) 199 (100%)

100% 65.31% 59.26% 100%

A3 (TMD)
Muscle fatigue

waking up

Yes 0 (0%) 21 (55.26%) 17 (44.74%) 0 (0%) 38 (100%)

<0.0005
ω = 0.649

0% 42.86% 62.96% 0%

No 39 (20.63%) 28 (14.81%) 10 (5.29%) 112
(59.26%) 189 (100%)

100% 57.14% 37.04% 100%

A3 (TMD)
Muscle tension
during the day

Yes 2 (5.26%) 21 (55.26%) 13 (34.21%) 2 (5.26%) 38 (100%)

<0.0005
ω = 0.534

5.13% 42.86% 48.15% 1.79%
No 37 (19.58%) 28 (14.81%) 14 (7.41%) 110 (58.2%) 189 (100%)

94.87% 57.14% 51.85% 98.21%

A3 (TMD)
Muscle fatigue
during the day

Yes 5 (15.15%) 15 (45.45%) 12 (36.36%) 1 (3.03%) 33 (100%)

<0.0005
ω = 0.453

12.82% 30.61% 44.44% 0.89%

No 34 (17.53%) 34 (17.53%) 15 (7.73%) 111
(57.22%) 194 (100%)

87.18% 69.39% 55.56% 99.11%

A3 (TMD)
Headache
waking up

Yes 0 (0%) 15 (40.54%) 12 (32.43%) 10 (27.03%) 37 (100%)

<0.0005
ω = 0.393

0% 30.61% 44.44% 8.93%

No 39 (20.53%) 34 (17.89%) 15 (7.89%) 102
(53.68%) 190 (100%)

100% 69.39% 55.56% 91.07%
* Chi-Square test. A3 is a bruxism axis established in STAB. Data from the study were interpreted according
to it. Values emphasized in dark grey represent muscle pain, tension and fatigue characteristic for each type
of bruxism, while values in light grey are common for combined bruxism. AB = awake bruxism, SB = sleep
bruxism, TMD = temporo-mandibular disorder.

Following the answers from the questionnaire, less than 10% of the participants from
the entire study group were anxious (17 participants, 7.49%) (Table 4).

Around a quarter of all participants experienced severe stress (62 participants),
43.61% reported a moderate stress level, while 27.31% reported no stress (Table 4). Most
participants with moderate or no stress did not have possible bruxism (more than 50%).
More participants with possible AB reported moderate stress compared to the other par-
ticipants with possible bruxism. Overall, participants without bruxism reported feeling
less stressed compared to participants with possible bruxism. Only 7.41% of participants
with possible combined bruxism reported no stress, significantly less than participants with
possible AB or possible SB. Thus, there were statistically significant differences between
the different forms of bruxism regarding the stress level, χ2(3) = 22.592, p < 0.0005 (Table 4).

Only 30 participants (13.22% from the entire study group) were dissatisfied with their
current occupation, and most of them were participants with possible SB (36.67% from
participants with no satisfaction related to their occupation), or without bruxism (26.67%).
Participants with possible combined bruxism represented only 13.33% of all dissatisfied
participants. Thus, there was a statistically significant association between possible bruxism
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subgroup and job dissatisfaction, χ2(3) = 8.066, p = 0.045. The association was small [35]
with Cramer’s V = 0.188 (Table 4).

Table 4. Stress level, anxiety level and job dissatisfaction in study group (axis B in STAB, possible risk
factors for bruxism).

Parameter Value
AB SB AB and SB No Bruxism

Total p
39 (17.18%) 49 (21.59%) 27 (11.89%) 112

(49.34%)

Stress

No stress 9 (13.64%) 14 (21.21%) 2 (3.03%) 41 (62.12%) 66 (100%)

<0.0005 **
η2 = 0.088

23.08% 28.57% 7.41% 36.61%
Moderate 20 (20.2%) 16 (16.16%) 9 (9.09%) 54 (54.55%) 99 (100%)

51.28% 32.65% 33.33% 48.21%
Severe 10 (16.13%) 19 (30.65%) 16 (25.81%) 17 (27.42%) 62 (100%)

25.64% 38.78% 59.26% 15.18%

B1 Anxiety

Present 2 (11.76%) 4 (23.53%) 4 (23.53%) 7 (41.18%) 17 (100%)

0.443 *
ω = 0.109

5.13% 8.16% 14.81% 6.25%
Absent 37 (17.62%) 45 (21.43%) 23 (10.95%) 105 (50%) 210 (100%)

94.87% 91.84% 85.19% 93.75%

B1 Anxiety
level

Never 0 (0%) 2 (50%) 1 (25%) 1 (25%) 4 (100%)

0.371 **
η2 = 0.001

0% 4.08% 3.7% 0.89%
Rarely 23 (23%) 21 (21%) 11 (11%) 45 (45%) 100 (100%)

58.97% 42.86% 40.74% 40.18%
Sometimes 14 (13.21%) 22 (20.75%) 11 (10.38%) 59 (55.66%) 106 (100%)

35.9% 44.9% 40.74% 52.68%
Often 2 (12.5%) 4 (25%) 4 (25%) 6 (37.5%) 16 (100%)

5.13% 8.16% 14.81% 5.36%
Continuously 0 (0%) 0 (0%) 0 (0%) 1 (100%) 1 (100%)

0% 0% 0% 0.89%

Job
dissatisfaction

Yes 7 (23.33%) 11 (36.67%) 4 (13.33%) 8 (26.67%) 30 (100%)

0.045 *
ω = 0.188

17.95% 22.45% 14.81% 7.14%

No 32 (16.24%) 38 (19.29%) 23 (11.68%) 104
(52.79%) 197 (100%)

82.05% 77.55% 85.19% 92.86%
* Chi-Square test. ** Kruskal–Wallis H test. B1 is a bruxism axis established in STAB. Data from the study were
interpreted according to it. AB = awake bruxism, SB = sleep bruxism. Values in grey are percentages summed by
columns for each parameter.

Less than half of the entire study group had experienced oro-facial pain in the past
month (Table 5). As the frequency increased, more participants with that reported frequency
had possible bruxism, compared to those without bruxism. Overall, there was a statistically
significant difference between participants with and without bruxism, U = 4754, z = −4.002,
p < 0.0005. Similar trends were observed for chronic oro-facial pain in the past 6 months, as
only participants with possible bruxism experienced chronic pain sometimes and often, as
well as most of the participants with rare episodes. Thus, there was a statistically significant
difference between participants with and without bruxism related to chronic oro-facial
pain, U = 5143, z = −3.878, p < 0.0005 (Table 5).
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Table 5. Orofacial pain, sleep disorder, insomnia, restless feet syndrome and smoking in the study
groups (B2 in STAB—concurrent sleep-related consequences and conditions).

Parameter Value
Possible Bruxism No Bruxism

Total p *
115 (50.66%) 112 (49.34%)

Oro-facial
pain in the
past month

Never 61 (42.07%) 84 (57.93%) 145 (100%)

<0.0005 **
r = 0.266

53.04% 75%
Rarely 30 (54.55%) 25 (45.45%) 55 (100%)

26.09% 22.32%
Sometimes 13 (81.25%) 3 (18.75%) 16 (100%)

11.3% 2.68%
Often 11 (100%) 0 (0%) 11 (100%)

9.57% 0%
Continuously 0 (0%) 0 (0%) 0 (0%)

0% 0%

Chronic
oro-facial

pain in the
past 6 months

Never 83 (44.86%) 102 (55.14%) 185 (100%)

<0.0005 **
r = 0.257

72.17% 91.07%
Rarely 16 (61.54%) 10 (38.46%) 26 (100%)

13.91% 8.93%
Sometimes 11 (100%) 0 (0%) 11 (100%)

9.57% 0%
Often 5 (100%) 0 (0%) 5 (100%)

4.35% 0%
Continuously 0 (0%) 0 (0%) 0 (0%)

0% 0%

Sleep disorders
score

Median values 4.00 2.00 -
<0.0005 **
r = 0.319

Mean values 3.88 ± 1.97 2.51 ± 2.14
CI [3.51; 4.24] [2.11; 2.91]

Insomnia
score

Median values 3.00 3.00 -
0.116 **

r = 0.104
Mean values 2.74 ± 2.16 3.12 ± 1.87

CI [2.34; 3.14] [2.77; 3.47]

Restless feet

Yes 26 (70.27%) 11 (29.73%) 37 (100%)

0.009 *
ω = 0.173

22.61% 9.82%
No 89 (46.84%) 101 (53.16%) 190 (100%)

77.39% 90.18%

Smoking

Yes 51 (53.68%) 44 (46.32%) 95 (100%)

0.440 *
ω = 0.051

44.35% 39.29%
No 64 (48.48%) 68 (51.52%) 132 (100%)

55.65% 60.71%
* Chi-Square test. ** Mann–Whitney U test. Values in grey are percentages summed by columns for each
parameter.

A Mann–Whitney U test was run to determine if there were differences in the sleep
disorders score between participants with and without possible bruxism. The distributions
of the scores for both groups were similar, as assessed by visual inspection. The median
sleep disorder score was statistically significantly higher in participants with possible brux-
ism (4.00) than in participants without bruxism (2.00), U = 4082.50, z = −4.812, p < 0.0005.
A similar test was run to determine the difference between the same groups regarding
the insomnia score. With a median insomnia score of 3.00 for both participants with and



Diagnostics 2025, 15, 200 12 of 22

without possible bruxism, there was no statistically significant difference between the
groups, U = 7209.00, z = 1.572, p = 0.116 (Table 5).

The analysis of restless feet syndrome revealed that 70.27% of participants with possi-
ble bruxism experienced this syndrome, compared to only 29.73% of participants without
possible bruxism. Thus, there was a statistically significant association between the presence
of possible bruxism and restless feet syndrome, χ2(1) = 6.801, p = 0.009. The association was
small [35], Cramer’s V = 0.173. Smoking, however, did not seem to influence the existence
of possible bruxism, as there were similar percentages of participants with and without
possible bruxism who smoked, χ2(1) = 0.597, p = 0.440, Cramer’s V = 0.051 (Table 5).

A Kruskal–Wallis test was conducted to determine if there were differences in BEWE
scores between groups with different types of possible bruxism and no bruxism (both by
questionnaire and by sEMG). The distributions of BEWE scores were similar for all groups,
as assessed by visual inspection of a boxplot. Median BEWE scores were statistically signif-
icantly different between the different forms of possible bruxism defined by questionnaire,
χ2(3) = 114.029, p < 0.0005. Subsequently, pairwise comparisons were performed using
Dunn’s procedure. A Bonferroni correction for multiple comparisons was performed with
statistical significance accepted at the p < 0.0083 level. This post hoc analysis revealed
statistically significant differences in BEWE score between the group with no bruxism and
all the other groups, as well as between possible combined bruxism and AB, as well as
SB. Median BEWE scores were not statistically significantly different between the different
forms of possible bruxism defined by sEMG, p > 0.05.

The risk of tooth wear interpreted as low according to Bartlett scale is justified by the
mean age of 25 years of the participants in the study (Table 6 with values corresponding
to all 227 participants; Table 7 with values corresponding to the 48 participants from the
third stage).

Table 6. BEWE index in study group—bruxism type defined by questionnaire (227 participants) (A6
in STAB—tooth wear index).

Parameter Value
AB SB AB and SB No Bruxism

Total p
39 (17.18%) 49 (21.59%) 27 (11.89%) 112

(49.34%)

BEWE score
Median values 3.00 3.00 6.00 0.50 -

<0.0005 **
η2 = 0.498Mean values 2.38 ± 1.69 4.18 ± 2.05 5.30 ± 2.44 0.87 ± 1.23 -

CI [1.84; 2.93] [3.59; 4.77] [4.33; 6.26] [0.64; 1.10] -

BEWE
category

Risk 17 (18.90%) 32 (35.60%) 14 (15.60%) 27 (30.00%) 137 (100%)

<0.0005 *
ω = 0.343

43.60% 65.30% 51.90% 24.10%
No risk 22 (16.10%) 17 (12.40%) 13 (9.50%) 85 (62.00%) 90 (100%)

56.40% 34.70% 48.10% 75.90%
* Chi-Square test. ** Kruskal–Wallis H test. AB = awake bruxism, SB = sleep bruxism. Values in grey are
percentages summed by columns for each parameter.

In Table 8, the results of the sEMG reports are presented in two ways: in the non-
instrumental allocation groups (after self-report and clinical exam) and in the instrumental
allocation groups (after sEMG). Almost all the indices are different between the two analy-
ses, the second reorganization of groups being more accurate for bruxism diagnosis. As
a cut-off criterion for sleep bruxism, the number of bruxism events per hour was charac-
teristic: AB and no bruxism groups had a value under 2, while the SB group and the SB
AB group had over 4 bruxism events per hour—respectively, 5.4 and 4.58. These events
were more related to clenching activity in sleep, with SB and SB AB groups having a
significantly higher number of clenching episodes during sleep compared with the AB and
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no bruxism groups. The bruxism indices (personal, time and work bruxism indices) were
different according to the type of bruxism and the period of the day when registration was
performed. For sleep bruxism, the work index was significantly higher in the SB and SB
AB groups compared to the AB and no B groups. The cut-off criterion for awake bruxism
was the work index for awake bruxism as given by the device software and recommended
by the producer.

Table 7. BEWE index in study group—bruxism type defined by sEMG (48 participants) (A6 in
STAB—tooth wear index).

Parameter Value
AB SB AB and SB No Bruxism

Total p
39 (17.18%) 49 (21.59%) 27 (11.89%) 112

(49.34%)
BEWE score Median values 2.00 4.50 6.00 3.00 -

0.099 **
η2 = 0.075Mean values 3.27 ± 2.49 4.50 ± 1.56 5.17 ± 1.69 4.31 ± 2.52 -

CI [1.60; 4.95] [3.50; 5.50] [4.09; 6.24] [2.78; 5.84] -
BEWE

category Risk 5 (12.50%) 12 (30.0%) 12 (30.0%) 11 (27.50%) 8 (100%)

0.001 *
ω = 0.267

45.50% 100.0% 100.0% 84.60%
No risk 6 (75.0%) 0 (0.0%) 0 (0.0%) 2 (25.0%) 40 (100%)

54.50% 0.0% 0.0% 15.40%
* Chi-Square test. ** Kruskal–Wallis H test. AB = awake bruxism, SB = sleep bruxism. Values in grey are
percentages summed by columns for each parameter.

Table 8. 24 h sEMG indices for study groups in non-instrumental and instrumental allocation
of groups.

Questionnaire and Clinical Exam
(Non-Instrumental Allocation of Groups)

sEMG 24 h
(Instrumental Allocation of Groups)

Parameter
AB

(n = 12)
SB

(n = 12)
SB and AB

(n = 12)
No B

(n = 12)
AB

(n = 11)
SB

(n = 12)
SB and AB

(n = 12)
No B

(n = 13)

Median Median Median Median Median Median Median Median

SB-BWI 0.082 0.286 0.281 0.101 0.093 0.423 0.389 0.058
SB-BTI 0.186 0.421 0.355 0.191 0.196 0.576 0.480 0.140
SB-BPI 0.151 0.376 0.331 0.174 0.162 0.525 0.485 0.113

no events/h 1.610 3.485 3.675 2.055 1.980 5.395 4.580 1.740
SB-clenching 6.500 25.000 29.000 9.000 8.000 38.000 33.000 11.000
SB-grinding 2.000 1.000 2.500 1.000 2.000 1.000 3.000 0.000

SB-others 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
S-MWI 0.402 0.515 0.513 0.284 0.303 0.738 0.593 0.282
S-MTI 1.625 1.874 1.852 1.108 1.293 2.767 2.330 1.103
S-MPI 1.212 1.420 1.405 0.813 0.963 2.090 1.771 0.833

AB-BWI 0.453 0.424 0.474 0.364 0.453 0.411 1.037 0.150
AB-BTI 0.867 0.535 0.848 0.540 0.979 0.535 1.334 0.239
AB-BPI 0.719 0.489 0.738 0.470 0.766 0.489 1.235 0.232

AB-clenching 93.500 87.000 61.000 71.500 112.000 76.500 167.000 18.000
AB-grinding 6.000 3.000 9.500 3.000 12.000 2.500 27.500 1.000

AB-others 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000
A-MWI 3.236 3.141 3.550 2.560 2.857 3.141 4.051 2.054
A-MTI 14.038 16.583 15.224 11.272 11.272 17.356 15.783 9.413
A-MPI 10.463 12.272 11.408 8.467 8.467 12.618 11.907 6.776

MP 330.500 352.000 325.000 299.000 333.000 348.000 334.000 277.000

AB = awake bruxism, SB = sleep bruxism. BPI = bruxism personal index, BTI= bruxism time index, BWI = bruxism
work index. MPI = masseter personal index, MTI = masseter time index, MWI = masseter work index, S = sleep,
A = awake, MP = muscular power. Data collected through electromyography obtained information from STAB
axis A7.1 (electromyography for sleep bruxism) and A8.2 (electromyography for awake bruxism).
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According to Table 9, the highest sensitivity observed corresponds to the clenching and
grinding sounds reported by the bed partner (a sign for possible SB). The same parameter
also recorded the highest specificity, followed by daytime awareness of clenching (a sign of
possible AB). The frequency of bruxism episodes used to define the diagnosis of possible
SB and AB had a specificity of 83%. The sign expressed by the sounds reported by the bed
partner had the highest PPV value, while the signs of daytime awareness of clenching or
combined bruxism recorded values of 50%. Figure 2 presents the associated ROC curves.

Table 9. Diagnostic test accuracy.

Parameter Sensitivity (%) Specificity (%) PPV NPV

Possible AB 55 84 50 86
Daytime awareness of clenching 55 84 50 86
Possible SB 67 89 67 89
Sounds reported by bed partner 67 89 67 89
Possible SB AB 50 83 50 83
No bruxism 46 83 50 81
BEWE 15 83 25 73

PPV = possible predictive value, NPV = negative predictive value. AB = awake bruxism, SB = sleep bruxism.
BEWE = basic erosive wear examination.
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The presence of bruxism sounds during the night and awareness of clenching during the
day may be used to screen patients with AB and SB. A low frequency of reported episodes of
bruxism or the lack of muscular pain or fatigue could indicate the absence of bruxism.
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4. Discussion
This clinical study tested the non-instrumental assessment in bruxism performed

according to the STAB criteria [13] with tools (questionnaire, clinical examination) val-
idated by previous studies [19,36,46], against the standard instrumental assessment in
bruxism, namely, portable electromyography [37,42], also present within STAB. To our
knowledge, this is the first study with this type of design, using a portable sEMG device
with 24 h recording that included both awake and sleep manifestations of bruxism. Pre-
viously, studies have been published in which the diagnostic capacity of questionnaires
and clinical examination was evaluated against the gold standard in sleep bruxism, namely,
polysomnography [34,44,47], but also electromyography [30–34]. The results of our study
showed that the sensitivity and specificity of the tools were the highest for sleep bruxism.
Thus, our non-instrumental questionnaire assessment identified 67% of sleep bruxism
cases and 89% of cases that did not have sleep bruxism. In the case of awake bruxism,
the specificity was higher, while the sensitivity of the test was lower because almost half
of the subjects were not aware of the presence of awake bruxism. Regarding tooth wear,
the tests showed low sensitivity but high specificity. It is evident that the absence of tooth
wear is frequently associated with the absence of bruxism, while the presence of tooth wear
does not imply the existence of bruxism. The multifactorial etiology of tooth wear is the
reason for this result. In the last two decades, dental erosion has been much more frequent
because of changes in eating habits, oral hygiene, and living and working conditions [48,49].
In a study on SB clinical exam and diagnostic criteria validation with polysomnography,
Palinkas et al. [34] obtained similar results for signs and symptoms of SB as in our study.

Bruxism diagnosis is performed using several tools, such as questionnaires or inter-
views, clinical examination, and electromyography or polysomnography [1,9,13,14]. Since
their diagnostic values are variable, the resultant diagnosis of bruxism is graded as possible
(after questionnaires or interviews), probable (after clinical examination), and certain (after
electromyography and polysomnography) [1,9]. In epidemiology, bruxism is determined
in large populations by questionnaires/self-reporting or clinical examination (e.g., dental
wear) [19,29].

Bruxism frequency is variable, depending on the time frame, population, and other
factors like the evaluation method and study type [27,28]. In our study, bruxism frequency
was 50.66% for possible bruxism, according to non-instrumental data. The frequency for SB
was 21.59%, for AB 17.18%, and for SB AB 11.89%. One study reported an average value for
the prevalence of SB of 21%, similar to our study [29]. In Romania, the average prevalence
of SB was 16.28%, and AB was 68.99%, while 14.73% of people presented a combined form
of bruxism [19]. It should be noted that the study conducted by questionnaire on dental
students suggests a high value because the subjects knew about the condition and were
familiar with data about it from the faculty, and thus were more able to correctly evaluate
by self-assessment the presence or absence of bruxism.

As Lavigne stated in 2008, bruxism occurs predominantly in women. In our study,
women presented bruxism in a higher percentage than men [10]. As mentioned in another
article [42], this distribution reflects the proportion of people enrolled in dentistry: two-
thirds females and one-third males. In this study, females present bruxism in a much higher
percentage (89 people, 56.33%) than males (26 people, 37.68%).

SB is frequently concurrent with AB (in one-third of subjects), according to Carlsson
et al. [50]. According to these authors, AB is characterized by clenching of the teeth. Our
results showed a higher number of clenching events in awake time compared to sleep
time. AB tends to occur more frequently with advancing age, being found in only 12% of
children [51] compared to 20% of adults [52]. Also, in our study, the frequency of SB was
higher than that of AB in young groups of participants compared to adult participants,
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where both frequencies are almost equal. It is interesting to note that in our study, there
were no differences in the presence of bruxism between young and adult groups, with both
groups having bruxism in a proportion of over 50%. In young people, sleep bruxism is
the most frequent, followed in descending order by awake bruxism and then by combined
bruxism. In adults, sleep and awake bruxism have similar percentages, followed by
combined bruxism, which is half as common as sleep or awake bruxism. The descending
trend of sleep bruxism frequency confirms that, as people age, awake bruxism is more
common, and sleep bruxism, which is typical of children and young people, decreases.

As a subject of interest for several medical specialties, sleep bruxism has been studied
more and is considered a sleep disorder [53,54]. ASDA (American Sleep Disorders Associa-
tion) defined sleep bruxism as a stereotyped movement disorder characterized by teeth
grinding or clenching during sleep [44,55]. The diagnosis relies on reporting grinding or
clenching sounds during sleep in combination with one of the following signs: abnormal
tooth wear, hypertrophy of the masseter muscles on voluntary clenching, discomfort, and
fatigue or pain of the masticatory muscles [17,56].

In 2005, the American Academy of Sleep Medicine (AASM), together with the Euro-
pean Society for Sleep Research, the Japanese Society for Sleep Research, and the Latin
Society for Sleep, published a second edition of the International Classification of Sleep
Disorders, which included the minimum criteria for the clinical exam in diagnosis of sleep
bruxism [56]. These criteria are the following: 1. the presence of grinding and clench-
ing of the teeth during sleep, and 2. the existence of at least two of the following signs:
pathological wear of the teeth, noises associated with grinding the teeth, discomfort of
neck muscles [46,56]. In 2013, the first international consensus on bruxism attempted to
standardize the approach to bruxism by creating a standard definition for all specialists,
a graded diagnostic system, and the acceptance of awake bruxism as a separate entity
from sleep bruxism [9]. The 2018 consensus continued the first international consensus
on bruxism [1]. Based on the evidence in the bruxism literature, the second consensus
established two separate definitions for sleep bruxism and awake bruxism. In 2010 and
2012, our team performed and published several studies on bruxism that differentiated
sleep bruxism from awake bruxism [36,46].

In his 1996 classic study, Lavigne tested the validity of the clinical diagnostic criteria of
sleep bruxism based on polysomnographic recordings [44]. Clinical examination revealed
dental wear in almost all (16 of 18 bruxists) and masticatory muscle discomfort in less than
half of the group. Polysomnographic examination showed that asymptomatic subjects
had an average of 1.7 bruxism episodes per hour of sleep, while bruxists had 5.4 bruxism
episodes per hour of sleep. In our study, the median values of sleep bruxism events per
hour were the same as in Lavigne’s study (1.74 episodes per hour for the no bruxism group
and 5.4 episodes per hour in the SB group).

The diagnosis of SB is usually clinical, although the gold standard remains a whole
night of PSG recording with audio-video recording [57]. In a pilot study, Yoshizawa
et al. [47] studied the association between the clinical diagnosis criteria for sleep bruxism
and video-polysomnographic bruxism activity. The report of grinding sounds certified by
an eyewitness correlated positively with a higher frequency of RMMA (rhythmic mastica-
tory muscle activity) episodes, as did the presence of teeth attrition. In contrast, Raphael
et al. showed that self-report of teeth grinding awareness in sleep bruxism, compared to
polysomnographic registration, was a poor indicator of sleep bruxism [32].

In a recent clinical study, Ohlmann et al. evaluated the validity of self-report and
clinical signs of sleep bruxism against electromyographic/electrocardiographic data regis-
tered with a portable device, Bruxoff [30]. Analyzing results for a German dental clinical
population, this study showed that self-report questionnaires (based on questions in Axis
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II of the Research Diagnostic Criteria for Temporomandibular Disorders) had reduced
sensitivity, higher specificity, and moderate accuracy compared to electromyographic de-
vices. Conversely, clinical signs correlated better with electromyographic data, showing
better sensitivity, specificity, and accuracy (over 70%). Their results are in contradiction
to results obtained by Castroflorio et al. in 2015, which showed that clinical diagnostic of
sleep bruxism was not correlated with the electromyographic diagnosis of sleep bruxism
obtained with Bruxoff [31].

The future direction for the assessment of bruxism should be the development of a
portable tool that directly, quickly, and accurately measures bruxism activity and that can
be used both in the clinic (for diagnosis, evaluation of treatment results, and follow-up) and
in research. Other authors, like Bracci [58], are more skeptical, considering that a graded
diagnostic system of bruxism for possible, probable, and definite awake and sleep bruxism
cannot be achieved under the current conditions of knowledge and available strategies.

In a clinical study on a group of dental students in Norway, Jonsgar et al. [33] sought
to compare the electromyographic activity in subjects with attrition and subjects without
attrition. The EMG investigation used a portable, single EMG device, Grindcare, that recorded
the EMG activity of the anterior temporal muscle, unilaterally. According to their study,
there was not a notable difference in EMG activity of the temporal muscle between attrition-
positive subjects and attrition-negative subjects. However, the prevalence of sleep bruxism
self-reported activity was more common in the attrition group compared to the non-attrition
group. Also, in this study as in our study, the researchers concluded that tooth wear (in their
case attrition) should not be used as a direct indication of active sleep bruxism.

According to STAB [13,57], the diagnostic approach to bruxism includes non-
instrumental and instrumental measures. Non-instrumental measures include self-report
(questionnaires and anamnesis) and clinical examination. These methods can be used for
both awake and sleep bruxism. It should be noted that the clinical examination mainly
assesses the consequences of bruxism and bruxism per se almost not at all [13]. It is chal-
lenging to differentiate the clinical aspects of awake bruxism from those of sleep bruxism,
except for intrinsic mechanical wear of the attrition type, which is more difficult to assess
in the waking state because grinding occurs rarely during the waking state. The same
considerations can be highlighted regarding the complications of prosthetic work. In our
study, the most intense motor activity was clenching in both types of bruxism. The number
of clenching events, as well as grinding, was higher in the SB AB and in the AB groups
in daytime but also in the SB group, compared to the no bruxism group. Self-reporting
through structured questionnaires and interviews can be useful for obtaining information
on bruxism activities and associated factors, but the intensity and duration of specific
actions cannot be quantified.

Another problem is generated by the fact that the psyche influences self-reporting,
which is very subjective [20,59,60]. For this reason, the assessment of bruxism through
self-reporting has limited value. However, self-reporting is the best strategy for obtaining
data for epidemiological studies and for identifying bruxism at the individual level. There
are no specific questionnaires for AB. The most used approach involves the use of instru-
ments designed for a broader purpose, such as for reporting bruxism, e.g., Bruxscale, for
temporomandibular disorders, the DC/TMD (Diagnostic Criteria for Temporomandibular
Disorders), or the Oral Behavior Checklist, for oral behaviors. As a possible means of
improving the data collected, patients can be taught to monitor their oral behavior of
clenching, as well as other oral motor behaviors like bracing, thrusting, and tooth-to-tooth
contacts for 1–2 weeks. This ecological momentary approach (EMA) or experience-based
identification methodology (ESM) can improve the quality and quantity of data collected
through data obtained from a diary or phone application. The problem with this approach
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is that the patient needs more time to become aware of these manifestations and requires
repeated reinforcement. Most of our patients (90% from the clinical ward, unpublished
data) do not recognize the existence of bruxism, regardless of its type, sleep or awake. Only
after the appearance of dental or prosthetic complications and detailed discussions about
this problem do they understand the condition and become aware of it, thus being able to
pay attention to the clinical manifestations and note them in a diary or application.

It is worth observing that, in our group of subjects, stress was strongly correlated with
bruxism, compared to anxiety. According to STAB, stress related to bruxism is no longer
taken into consideration [13]. In our opinion, this situation represents a weak point of
STAB, because many studies have highlighted the association between stress and bruxism
compared to the anxiety–bruxism association [19,61,62], which is not as consistent (in our
study, the association was insignificant, and the same is found in other studies) [63]. We
suggest that stress should be introduced as an aspect of evaluation for subjects suspected
of experiencing bruxism.

The clinical evaluation should include an extraoral and an intraoral examination to
identify signs and symptoms related to bruxism [13,57]. The extraoral examination should
evaluate the masticatory muscles (masseter hypertrophy, for example), the presence of
pain (muscle pain, TMJ pain, headaches), and other signs of TMD (temporomandibular
dysfunction) [1,59]. The intraoral examination should include a detailed dental-periodontal
examination to monitor the dental effects of bruxism (dental wear, enamel cracks and
fractures, broken tooth syndrome, vertical or horizontal root fractures in vital and non-vital
teeth, failure of prosthetic restorations, tooth mobility—occlusal trauma) and inspection
of the mucous membranes of the cheeks to identify the linea alba, dental impressions on
the tongue and traumatic lesions, e.g., of the tongue and cheeks, as well as the presence of
intraoral pain (teeth soreness or hypersensitivity) [1,57]. The intraoral examination usually
detects the consequences of bruxism at the dental, mucosal and periodontal levels and
cannot identify bruxism per se nor the difference between awake and sleep bruxism. Even
though the two forms of bruxism may have different etiology, they can coexist, and sleep
bruxism from the youth period is replaced by awake bruxism towards the old age period,
because of changes in the neurological and psychological traits and behaviors related to
stressful events and stress coping. In the present study, bruxism was associated with stress,
but not with anxiety [20].

To identify bruxism and its type, we should consider a differential diagnosis
scheme/procedure. Instrumental evaluation, which may be available and has been used
for many years to record bruxism activities, can be recommended for the evaluation of
both SB and AB. Because polysomnography is difficult to perform for sleep bruxism,
polysomnography laboratories are rare and not available to practitioners, and for awake
bruxism, electromyography (EMG) evaluation is superficial because it cannot capture the
characteristics of bruxism at the time of their occurrence, these approaches to evaluating
bruxism have limitations, though are widely used in research [64]. Therefore, researchers
have tried to use devices for electromyographic recording of the activity of the masseter or
temporal muscles over a longer period (e.g., 24 h) that can be easily worn by the patient
to monitor muscle contractions [58]. This type of device includes the dia-Bruxo, used in
this study, that can evaluate awake and sleep bruxism activity and provide a report with
multiple indices of bruxism [37,42], some of them recommended by STAB [13].

The current study used STAB criteria for validation of non-instrumental tools of
bruxism assessment (a questionnaire and clinical exam) with the instrumental tool (portable
sEMG 24 h recording) and the results obtained proved to be valuable in the research context.
The study used STAB to explore bruxism association with the main bruxism signs (clenching
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and grinding), but also with temporo-mandibular dysfunction and masticatory muscles
motor activity and with psychological traits of the subjects included in the study.

According to the results of the present study, the null hypothesis was not confirmed be-
cause the results obtained through self-report and clinical exam revealed an overestimation
of awake bruxism.

Limitations of the study consist of the reduced number of participants in the third
stage of the study, as well as the fact that our questionnaire, constructed according to
older recommendations, is not perfectly aligned with the current STAB questions. Another
limitation could be the short period of instrumental registration, only 24 h, a day and a
night, compared to other studies that registered over a longer period of time.

5. Conclusions
Non-instrumental evaluation in our study provided data regarding the frequency

of bruxism, according to gender and age of the subjects but also by bruxism type. In
clinical settings, non-instrumental evaluation of bruxism through questionnaire and clinical
exam has its value, especially for sleep bruxism, indicating that the possible and probable
diagnostic of bruxism is a starting point for bruxism management. For an accurate and
certain diagnosis of bruxism, instrumental evaluation as a gold standard can complete the
clinical evaluation. The STAB criteria proved to be useful in bruxism diagnosis, but they
should be tested on larger groups. Portable devices are useful both in research and clinical
settings, and their properties should be validated through extensive research.

Author Contributions: Conceptualization, A.M.P., S.M.P., M.S. and V.M.; methodology, D.E.V., S.M.P.
and V.M.; software, M.I. and I.R.M.; validation, A.M.P. and D.E.V.; formal analysis, D.E.V. and
I.R.M.; investigation, A.M.P. and D.E.V.; resources, M.I. and I.R.M.; data curation, M.I. and I.R.M.;
writing—original draft preparation, A.M.P., M.I. and S.M.P.; writing—review and editing, M.S. and
V.M.; visualization, A.M.P. and M.S.; supervision, S.M.P. and V.M.; project administration, V.M. All
authors have read and agreed to the published version of the manuscript.

Funding: The Article Processing Charges were funded by the University of Medicine and Pharmacy
of Craiova, Romania.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the University of Medicine and Pharmacy in
Craiova (156/25 July 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The authors declare that the data of this research are available from the
corresponding authors upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Lobbezoo, F.; Ahlberg, J.; Raphael, K.G.; Wetselaar, P.; Glaros, A.G.; Kato, T.; Santiago, V.; Winocur, E.; De Laat, A.; De Leeuw,

R.; et al. International consensus on the assessment of bruxism: Report of a work in progress. J. Oral Rehabil. 2018, 45, 837–844.
[CrossRef] [PubMed]

2. Thayer, M.; Ali, R. The dental demolition derby: Bruxism and its impact—Part 1: Background. Brit. Dent. J. 2022, 232, 515–521.
[CrossRef]

3. Wetselaar, P.; Manfredini, D.; Ahlberg, J.; Johansson, A.; Aarab, G.; Papagianni, C.E.; Reyes Sevilla, M.; Koutris, M.; Lobbezoo, F.
Associations between tooth wear and dental sleep disorders: A narrative overview. J. Oral Rehabil. 2019, 46, 765–775. [CrossRef]

4. Tsiggos, N.; Tortopidis, D.; Hatzikyriakos, A.; Menexes, G. Association between self-reported bruxism activity and occurrence of
dental attrition, abfraction, and occlusal pits on natural teeth. J. Prosthet. Dent. 2008, 100, 41–46. [CrossRef]

5. Popescu, A.M.; Diaconu, O.A.; Popescu, S.M.; Lascu, L.C.; Ionescu, M.; Scrieciu, M.; Vlădut,u, D.E.; Mercut, , V. Cracked teeth and
vertical root fractures in pandemic crisis—Retrospective study. Curr. Health Sci. J. 2024, 50, 237–245.

https://doi.org/10.1111/joor.12663
https://www.ncbi.nlm.nih.gov/pubmed/29926505
https://doi.org/10.1038/s41415-022-4143-8
https://doi.org/10.1111/joor.12807
https://doi.org/10.1016/S0022-3913(08)60135-3


Diagnostics 2025, 15, 200 20 of 22

6. Kruzic, J.J.; Hoffman, M.; Arsecularatne, J.A. Fatigue and wear of human tooth enamel: A review. J. Mech. Behav. Biomed. Mater.
2023, 138, 105574. [CrossRef]

7. Martynowicz, H.; Lavigne, G.; Kato, T.; Poreba, R.; Michalek-Zrabkowska, M.; Macek, P.; Gac, P.; Wojakowska, A.; Surowiak,
P.; Mazur, G.; et al. A case-control study on the effect of rhythmic masticatory muscle activity (RMMA) clusters on sleep
fragmentation and severity of orofacial muscle pain in sleep bruxism. J. Sleep Res. 2024, 33, e14072. [CrossRef]

8. Manfredini, D.; Lobbezoo, F. Sleep bruxism and temporomandibular disorders: A scoping review of the literature. J. Dent. 2021,
111, 103711. [CrossRef]

9. Lobbezoo, F.; Ahlberg, J.; Glaros, A.G.; Kato, T.; Koyano, K.; Lavigne, G.J.; de Leeuw, R.; Manfredini, D.; Svensson, P.; Winocur, E.
Bruxism defined and graded: An international consensus. J. Oral Rehabil. 2013, 40, 2–4. [CrossRef]

10. Lavigne, G.J.; Khoury, S.; Abe, S.; Yamaguchi, T.; Raphael, K. Bruxism physiology and pathology: An overview for clinicians.
J. Oral Rehabil. 2008, 35, 476–494. [CrossRef]

11. Beddis, H.P.; Davies, S.J. Relationships between tooth wear, bruxism and temporomandibular disorders. Br. Dent. J. 2023, 234,
422–426. [CrossRef] [PubMed]

12. Bronkhorst, H.; Kalaykova, S.; Huysmans, M.C.; Loomans, B.; Pereira-Cenci, T. Tooth wear and bruxism: A scoping review.
J. Dent. 2024, 145, 104983. [CrossRef]

13. Manfredini, D.; Ahlberg, J.; Aarab, G.; Bender, S.; Bracci, A.; Cistulli, P.A.; Conti, P.C.; De Leeuw, R.; Durham, J.; Emodi-Perlman,
A.; et al. Standardised Tool for the Assessment of Bruxism. J. Oral Rehabil. 2024, 51, 29–58. [CrossRef]

14. Manfredini, D.; Ahlberg, J.; Aarab, G.; Bracci, A.; Durham, J.; Ettlin, D.; Gallo, L.M.; Koutris, M.; Wetselaar, P.; Svensson, P.;
et al. Towards a Standardized Tool for the Assessment of Bruxism (STAB)-Overview and general remarks of a multidimensional
bruxism evaluation system. J. Oral Rehabil. 2020, 47, 549–556. [CrossRef]

15. Bruxism|National Institute of Dental and Craniofacial Research. Available online: https://www.nidcr.nih.gov/health-info/
bruxism (accessed on 22 November 2024).

16. Lobbezoo, F.; Verhoeff, M.C.; Ahlberg, J.; Manfredini, D.; Aarab, G.; Koutris, M.; Svensson, P.; Thymi, M.; Visscher, C.M.; Lavigne,
G.J. A century of bruxism research in top-ranking medical journals. Cephalalgia Rep. 2024, 7, 25158163241235574. [CrossRef]

17. Sateia, M. (Ed.) International Classification of Sleep Disorders–3–TR, 3rd ed.; American Academy of Sleep Medicine: Westchester, IL,
USA, 2023.

18. Lavigne, G.J.; Manzini, C.; Kato, T. Sleep bruxism. In Principles and Practice of Sleep Medicine, 4th ed.; Elsevier Saunders:
Philadelphia, PA, USA, 2005; pp. 946–959.

19. Vlădut,u, D.; Popescu, S.M.; Mercut, , R.; Ionescu, M.; Scrieciu, M.; Glodeanu, A.D.; Stănus, i, A.; Rîcă, A.M.; Mercut, , V. Associations
between Bruxism, Stress, and Manifestations of Temporomandibular Disorder in Young Students. Int. J. Environ. Res. Public
Health 2022, 19, 5415. [CrossRef]

20. Wieczorek, T.; Jodkowska, A.; Orzeszek, S.; Wieckiewicz, M.; Michalek-Zrabkowska, M.; Mazur, G.; Rymaszewska, J.; Smardz, J.;
Wojakowska, A.; Martynowicz, H. Why am I grinding and clenching? Exploration of personality traits, coping strategies, oral
parafunctional behaviors, and severe sleep bruxism in a polysomnographic study. Front. Psychiatry 2024, 15, 1362429. [CrossRef]

21. Frosztega, W.; Wieckiewicz, M.; Nowacki, D.; Michalek-Zrabkowska, M.; Poreba, R.; Wojakowska, A.; Kanclerska, J.; Mazur, G.;
Martynowicz, H. Polysomnographic Assessment of Effects of Tobacco Smoking and Alcohol Consumption on Sleep Bruxism
Intensity. J. Clin. Med. 2022, 11, 7453. [CrossRef]

22. Rintakoski, K.; Ahlberg, J.; Hublin, C.; Lobbezoo, F.; Rose, R.J.; Murtomaa, H.; Kaprio, J. Tobacco use and reported bruxism
in young adults: A nationwide Finnish Twin Cohort Study. Nicotine Tob. Res. Off. J. Soc. Res. Nicotine Tob. 2010, 12, 679–683.
[CrossRef]

23. Goulart, A.C.; Arap, A.M.; Bufarah, H.B.; Bismarchi, D.; Rienzo, M.; Syllos, D.H.; Wang, Y.P. Anxiety, Depression, and Anger in
Bruxism: A Cross-sectional Study among Adult Attendees of a Preventive Center. Psychiatry Res. 2021, 299, 113844. [CrossRef]

24. Michalek-Zrabkowska, M.; Wieckiewicz, M.; Macek, P.; Gac, P.; Smardz, J.; Wojakowska, A.; Poreba, R.; Mazur, G.; Martynowicz,
H. The Relationship between Simple Snoring and Sleep Bruxism: A Polysomnographic Study. Int. J. Environ. Res. Public Health
2020, 17, 8960. [CrossRef] [PubMed]

25. Kuang, B.; Li, D.; Lobbezoo, F.; de Vries, R.; Hilgevoord, A.; de Vries, N.; Huynh, N.; Lavigne, G.; Aarab, G. Associations between
sleep bruxism and other sleep-related disorders in adults: A systematic review. Sleep. Med. 2022, 89, 31–47. [CrossRef]

26. Lavigne, G.J.; Montplaisir, J.Y. Restless legs syndrome and sleep bruxism: Prevalence and association among Canadians. Sleep
1994, 17, 739–743.
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36. Mercuţ, V.; Scrieciu, M.; Popescu, S.M.; Ţuculina, M.J. Sleep bruxism versus diurnal bruxism. In Proceedings of the The

international Conference Education and Creativity for a Knowledge-Based Society, Vienna, Austria, 22–23 September 2012;
pp. 140–150.

37. Vlădut,u, D.E.; Ionescu, M.; Mercut, , R.; Noveri, L.; Lăzărescu, G.; Popescu, S.M.; Scrieciu, M.; Manolea, H.O.; Iacov Crăit,oiu, M.M.;
Ionescu, A.G.; et al. Ecological Momentary Assessment of Masseter Muscle Activity in Patients with Bruxism. Int. J. Environ. Res.
Public Health 2022, 20, 581. [CrossRef] [PubMed]

38. Jensen, H.H.; Mortensen, E.L.; Lotz, M. Scl-90-R symptom profiles and outcome of short-term psychodynamic group therapy.
ISRN Psychiatry 2013, 27, 540134. [CrossRef] [PubMed]

39. Elo, A.L.; Leppänen, A.; Jahkola, A. Validity of a single-item measure of stress symptoms. Scand. J. Work. Environ. Health 2003, 29,
444–451. [CrossRef]

40. Bartlett, D.; Ganss, C.; Lussi, A. Basic Erosive Wear Examination (BEWE): A new scoring system for scientific and clinical needs.
Clin. Oral Investig. 2008, 12, S65–S68. [CrossRef]

41. Carvalho, T.S.; Colon, P.; Ganss, C.; Huysmans, M.C.; Lussi, A.; Schlueter, N.; Schmalz, G.; Shellis, R.P.; Tveit, A.B.; Wiegand, A.
Consensus report of the European Federation of Conservative Dentistry: Erosive tooth wear--diagnosis and management. Clin.
Oral Investig. 2015, 19, 1557–1561. [CrossRef]

42. Popescu, A.P.; Vlădut,u, D.E.; Ionescu, M.; Tartea, A.D.; Popescu, S.M.; Mercut, , V. The Role of Occlusal Appliances in Reducing
Masseter Electromyographic Activity in Bruxism. J. Clin. Med. 2024, 13, 7218. [CrossRef]

43. Colonna, A.; Noveri, L.; Ferrari, M.; Bracci, A.; Manfredini, D. Electromyographic Assessment of Masseter Muscle Activity: A
Proposal for a 24 h Recording Device with Preliminary Data. J. Clin. Med. 2022, 12, 247. [CrossRef]

44. Lavigne, G.J.; Rompré, P.H.; Montplaisir, J.Y. Sleep bruxism: Validity of clinical research diagnostic criteria in a controlled
polysomnographic study. J. Dent. Res. 1996, 75, 546–552. [CrossRef]

45. Rompré, P.H.; Daigle-Landry, D.; Guitard, F.; Montplaisir, J.Y.; Lavigne, G.J. Identification of a sleep bruxism subgroup with a
higher risk of pain. J. Dent. Res. 2007, 86, 837–842. [CrossRef]
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