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ABSTRACT
Objective: The relationship between periodontitis and bruxism has always been a matter of debate. The aim of the present paper 
is to investigate the association between advanced stages of periodontitis (Stage III/IV) and the intensity and duration of sleep 
bruxism events, measured as bruxism work index (BWI) and bruxism time index (BTI) through surface electromyography.
Methods: Subjects were selected from patients regularly attending the School of Dentistry of the University of Siena, Siena, Italy, 
with the aim of having a test group of patients with periodontitis and a control group without periodontitis. Two calibrated oper-
ators performed the periodontal assessment. The sleep-time surface electromyographic activity of the left masseter muscle was 
registered through a portable device (dia-BRUXO, Biotech-Novations, Sanremo, Italy). Differences between cases and controls in 
the outcome variables concerning masseter activities were assessed.
Results: No significant difference was found between the two groups for the sleep bruxism work index and bruxism time index. 
Instead, a moderately negative significant correlation was found between the bruxism work index and the full mouth bleeding 
score.
Conclusion: Patients with advanced stages of periodontitis (Stage III and Stage IV) do not exhibit a higher frequency and inten-
sity of sleep bruxism events compared to healthy individuals.

1   |   Introduction

According to the latest updated international consensus, brux-
ism is an umbrella term for a spectrum of repetitive masticatory 
muscle activities (Verhoeff et al. 2025). These activities can have 
two different circadian manifestations, as they can occur during 
sleep (i.e., sleep bruxism [SB]) and/or during wakefulness (i.e., 
awake bruxism [AB]) (Lobbezoo et al. 2018). AB is defined as 
a masticatory muscle activity during wakefulness that is charac-
terized by repetitive or sustained tooth contact and/or by bracing 
or thrusting of the mandible and is not a movement disorder in 
otherwise healthy individuals. SB is considered a masticatory 
muscle activity during sleep that is characterized as rhythmic 

(phasic) or non-rhythmic (tonic) and is not a movement disorder 
or a sleep disorder in otherwise healthy individuals (Lobbezoo 
et al. 2018). Five years after the consensus paper, a commentary 
note specified that bruxism cannot be considered a disorder by 
itself, but it is a sign of an underlying condition and, in turn, it 
may or may not be a factor associated with oral health outcomes 
(Manfredini, Ahlberg, Lavigne, Svensson, and Lobbezoo 2024).

Given these conceptual definitions, bruxism has been associated 
with various clinical outcomes, both harmful and potentially pro-
tective. The various bruxism activities, with different specificities, 
can represent a risk factor for tooth wear, tooth fracture, prostho-
dontic failures (Saracutu, Ferrari, et al. 2025), temporomandibular 
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disorders (TMDs) (Manfredini, Häggman-Henrikson, Al Jaghsi, 
et al. 2025; Manfredini and Lobbezoo 2021), facial pain, and head-
aches (Moreno-Hay and Bender 2024). Conversely, sleep arousal-
related bruxism episodes, albeit not yet proven, were hypothesized 
to be a protective factor for certain medical conditions, such as 
obstructive sleep apnea (OSA) (Pollis et al. 2024), by preventing 
the collapse of the upper respiratory airways or gastroesophageal 
reflux disease (GERD) by stimulation of salivary production, buff-
ering the gastric acids (Pollis et al. 2026).

Among the various potential clinical issues, the relationship 
between bruxism and periodontal diseases has always been a 
matter of controversy. Early speculative hypotheses by Karolyi 
and Ramfjord linked bruxism to periodontitis through occlusal 
trauma, a view that persists among some clinicians despite a lack 
of supporting evidence (Karolyi  1901). Such a hypothesis was 
later supported by some pioneer studies in an era when the etiol-
ogy of both bruxism and periodontitis was far from being clear 
(Glickman and Smulow 1969; Glickman 1965). According to the 
European Federation of Periodontology (EFP), periodontitis is 
now defined as a chronic inflammatory disease that is triggered 
by bacterial microorganisms and involves a severe chronic inflam-
mation that causes the destruction of the tooth-supporting appa-
ratus and can lead to tooth loss (Caton et al. 2018). In the last two 
decades, the pathophysiology of the disease has been clearly elu-
cidated as a complex biological process characterized by specific 
molecular pathways that lead to the activation of host-derived 
proteinases that induce loss of marginal periodontal ligament 
fibers and apical migration of the junctional epithelium (Tonetti 
et al. 2018). Within this complex pathway, bruxism-related mas-
ticatory muscle activities are not considered to have a role in the 
initiation or progression of the pathology. However, some clini-
cians still believe that occlusal trauma contributes to periodon-
titis, despite evidence showing no association between occlusal 
features and bruxism frequency (Ramfjord  1961; Manfredini, 
Landi, Tognini, et al. 2004; Manfredini, Landi, Romagnoli, and 
Bosco 2004; Landi et al. 2004).

As for periodontitis, a systematic review concluded that, whilst 
no investigation found a clear-cut association between the fre-
quency of bruxism behaviors and the severity of periodontitis, 
the few available studies have major methodological limitations 
(Manfredini et  al.  2015). Indeed, all the studies failed to pro-
vide information regarding the dose-effect response or the tem-
poral relationship between masticatory muscle activities and 
periodontitis. This limitation is mainly related to the difficul-
ties in the assessment of bruxism. Additionally, contradictory 
findings characterized more recent studies (Botelho et al. 2020). 
On one hand, some papers found that bruxism was associated 
with lower odds of periodontitis and severity of probing depth 
and clinical attachment loss (Nakayama et  al.  2018), whilst 
other studies found that bruxers are associated with more than 
double the odds of periodontitis (Bilgin Çetin et al. 2021; Kato 
et al. 2018). Furthermore, a recent systematic review suggested 
that bruxism can be a risk factor for molar loss in patients under-
going periodontal maintenance therapy (Chen et al. 2024).

Such contrasting findings may be due to the subjective-based 
evaluation of bruxism, which is not suitable to provide specific 
details on the type of activity as well as its frequency and inten-
sity (Saracutu, Manfredini, et al. 2025; Bracci et al. 2024). Thus, 

the best option is the assessment of bruxism via instrumental 
approaches (Manfredini et al. 2020). The STAB (Standardized 
Tool for the Assessment of Bruxism) is the first multidi-
mensional, integrative tool for the assessment of bruxism 
(Manfredini, Ahlberg, Aarab, Bracci, et al. 2024; Manfredini, 
Ahlberg, Aarab, Bender, et  al.  2024). Despite the emergence 
of EMG-based bruxism measures (e.g., BWI, BTI), no studies 
have investigated their relationship with periodontitis, leaving 
a key gap in the objective quantification of this association. The 
STAB proposes surface electromyography (EMG) as the strat-
egy for quantifying bruxism-related masticatory muscle activi-
ties. More specifically, the various papers consider two possible 
strategies to assess bruxism via EMG. The most commonly used 
approach identifies bruxism events just by counting the EMG 
peaks exceeding 10% of the maximum voluntary contraction 
(MVC) (Manfredini, Ahlberg, Aarab, Bender, et al. 2024). This 
approach, based on a pioneer and frequently cited polysomno-
graphic study by Lavigne et al. (1996) and frequently cited in 
the literature, provides the bruxism event count over a defined 
time span, but it does not provide any information on their 
intensity and duration (Manfredini et  al.  2016). Such a strat-
egy for categorizing patients into bruxers or non-bruxers just 
based on the number of SB events is not optimal (Manfredini 
et al. 2016; Kudo et al. 2023), as it did not correlate with clini-
cal outcomes such as TMDs (Raphael et al. 2012), presumably 
due to the lack of quantification for the total muscle activity 
(Raphael et al. 2013). Thus, the adoption of the bruxism work 
index (BWI) and bruxism time index (BTI) was recommended 
(Manfredini, Ahlberg, Aarab, Bender, et  al.  2024). The BWI 
has been defined as the percentage of muscle work during 
bruxism-related masticatory muscle activity (MMA) compared 
to the potential work that could be exerted if the highest peak 
of power registered during the 24 h had been kept unvaried 
during all the bruxism episodes. Conversely, the BTI is the 
percentage of time with bruxism-related MMA with respect to 
the total recording time (Colonna et  al.  2022; Van Der Zaag 
et al. 2008). Such indexes have been recently used in the field 
of orthodontics to study the association between bruxism and 
the use of invisible aligners (Colonna et al. 2024).

In the field of periodontology, the only recent study on the rela-
tionship between bruxism and periodontitis, based on the use of 
EMG, adopted the protocol that identifies bruxism events as the 
EMG peaks exceeding a specific threshold of the maximum vol-
untary contraction (MVC) (Jung and Im 2022). The study found 
a positive association between bruxism and the severity of peri-
odontitis (Kato et al. 2018). Conversely, no studies exist on the 
association between the severity of periodontitis and the new in-
dexes proposed by the STAB, the BTI, and the BWI. In this view, 
the evaluation of the BTI and BWI on patients with periodontitis 
would allow to better understand how the reduced and unstable 
periodontal status can influence the intensity and the duration 
of the sleep bruxism events with respect to healthy individuals.

Within these premises, the present paper is to investigate the 
possible association between advanced stages of periodontitis 
(Stages III/IV) with the BTI and BWI, measured through sur-
face EMG of the masseter muscle. The study aims to determine 
whether there is a statistically significant difference in BTI and 
BWI between patients with and without periodontitis, using 
EMG-based assessment.
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2   |   Materials and Methods

2.1   |   Patients Recruitment

The patients were recruited in the period between June 2023 
and December 2024. Subjects were selected from patients regu-
larly attending the School of Dentistry of the University of Siena, 
Siena, Italy, with the aim of having a test group of patients with 
periodontitis and a control group without periodontal disease. 
Exclusion criteria were ongoing orthodontic treatment, wearing 
dentures, presence of temporomandibular disorders (TMD), or 
any other orofacial pains, use of drugs altering the masticatory 
muscle activities, diabetes, and presence of systemic or psychi-
atric diseases.

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. The research protocol 
was approved by the Institutional Review Board of the Orofacial 
Pain Unit, University of Siena, Siena, Italy (#0087-2022).

The group of patients with periodontitis accessed the Unit of 
Periodontology for the first time. For them, the inclusion criteria 
were age between 28 and 50 years, ability to perform oral hy-
giene maneuvers, willingness to give informed consent to take 
part in the investigation, and a diagnosis of stage III or stage IV 
periodontitis at the first visit. The control group was enrolled 
in the Unit of Dental Hygiene and was composed of sex- and 
age-matched individuals, with a willingness to give informed 
consent to take part in the investigation and absence of any form 
of periodontal disease.

2.2   |   Periodontal Assessment

Two calibrated operators (T.G. and I.D.) performed the peri-
odontal assessment. The inter-examiner correlation coefficient 
ranged from 0.94 to 0.98 and between 0.91 and 0.99 for Probing 
Pocket Depth (PPD) and Clinical Attachment Loss (AL), respec-
tively. Cases were defined according to the American Academy 
of Periodontology/European Federation of Periodontology 2017 
guidelines (Caton et al. 2018), with a patient being a periodontitis 
case if interdental CAL is detectable at ≥ 2 non-adjacent teeth or 
buccal or oral CAL ≥ 3 mm with pocketing > 3 mm detectable in 
≥ 2 teeth. After the diagnostic process, patients were informed 
about their periodontal status.

Subsequently, the full-mouth periodontal examination was per-
formed using a manual UNC-15 periodontal probe (PCP15; Hu-
Friedy, Chicago, IL, USA) at six sites per tooth (Lang et al. 1991). 
Residual roots and third molars were excluded from the exam-
ination. Probing pocket depth (PPD), gingival recession (REC), 
plaque (O'Leary et  al.  1972), and Bleeding on Probing (BOP) 
(Ainamo and Bay  1975) were recorded on six sites per tooth. 
PPD was measured as the distance from the free gingival mar-
gin to the bottom of the pocket, and REC as the distance from 
the cementoenamel junction (CEJ) to the free gingival margin, 
assigning to it a negative sign if the gingival margin was located 
coronally to the CEJ. AL was calculated as the algebraic sum 
of REC and PPD of each site. Measurements were rounded to 
the lower whole millimeter. A Nabers probe was used to assess 

furcation involvement (FI) according to the Hamp classification 
(Hamp et al. 1975). Tooth mobility was assessed as well, accord-
ing to the Miller Classification (Miller 1950). For each patient, 
the total number of teeth exhibiting increased mobility was re-
corded. Additionally, the highest mobility grade among these 
teeth was reported, representing the most severe diagnosis. 
Full mouth bleeding score (FMBS) and full mouth plaque score 
(FMPS) were calculated as the proportion of tooth surfaces 
bleeding and presenting plaque upon probing. Periodontitis' 
stage and grade were assigned according to the current classi-
fication (Tonetti et al. 2018). Smoking status was self-reported 
and recorded accordingly, with patients categorized as current 
smokers (S), former smokers (FS), or never smokers (NS). The 
presence of diabetes or other systemic comorbidities was veri-
fied through a review of the patients' medical records.

2.3   |   Instrumental Assessment of Bruxism

After the periodontal assessment, patients received adequate 
instruction to perform the EMG data recording. The surface 
EMG activity of the left masseter muscle was registered through 
a portable surface EMG device (dia-BRUXO, Biotech-Novations, 
Sanremo, Italy; Saracutu, Pollis, et al. 2025). The advantage of 
using a portable EMG device relies on the possibility of perform-
ing the registration in the natural home environment rather 
than in a sleep laboratory, which can influence the usual sleep 
pattern of the patients (Ahlberg et al. 2008; Gallo et al. 1999). 
Given the absence of first-night impact on the masticatory mus-
cle activity in previous studies, a single-night protocol was ad-
opted (Hasegawa et al. 2013).

Considering that the patients of the test group were composed 
of individuals seeking periodontal treatment and coming for the 
first time to the attention of the University clinic, it was decided 
to perform the EMG monitoring of the masseter muscle before 
the start of the periodontal treatment to avoid the possible in-
fluence of the treatment on the masticatory muscle activity. The 
TMD Pain screener was adopted to exclude patients with TMD 
(Gonzalez et al. 2011), which can influence masticatory muscle 
activity.

The measurement was conducted by one investigator (T.G.) fol-
lowing the manufacturer's instructions. Surface EMG was car-
ried out on the same day in which the periodontal assessment 
was performed. The investigator in charge of the bruxism as-
sessment directly performed all the necessary procedures for the 
correct use of the device dia-BRUXO. After the application of 
the device, participants were requested to wear it for 24 h and 
instructed to keep a diary describing all the activities, with a 
special focus on sleep time and awake time.

Before the electrodes were placed, the skin was cleaned with a 
pad soaked in 70% ethyl alcohol. Male patients were required 
to shave before the start of the registration. EMG signals were 
detected by means of disposable bipolar electrodes with solid 
gel, AgAgCl sensors, and an interelectrode distance center-
to-center of 22 mm. The detected signal is then processed by a 
three-stage analog circuit: an amplification circuit, an active 
bandpass filter (between 110 Hz and 550 Hz), and an RMS (root-
mean-square) integrator, which finally adapts it for acquisition 
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within a high-performance processor. The analog information 
is digitalized in the processor by a 12-bit analog/digital con-
verter (4096 discriminating levels), with data acquisition every 
100 ms. The signal processing of the device (bandpass filtering 
110–550 Hz, rectification, integration, or other processing) oc-
curs entirely in the analog domain, before digitization. Thus, 
the data saved every 100 ms is not the raw EMG signal, but a 
pre-processed analog value, representative of the average EMG 
activity over the period (the data is already provided in RMS). 
In this way, these acquisitions are made every 100 ms of a single 
analog data point processed analogically, avoiding the loss of in-
formation that occurs with digital filtering. Figure 1 provides an 
example of a part of the EMG trace provided by the device after 
a registration. After its attachment, the device starts the regis-
tration of the signal for the next 24 h and stores the whole EMG 
trace resulting from data collection. The acquired signal can be 
treated in several ways for interpretation and data processing 
through the dedicated software released by the manufacturer 
(dia-BRUXO, Biotech-Novations, Sanremo, Italy). The BWI was 
calculated according to the formula:

where xi is the EMG sample value (in μV), xmax is the maximum 
EMG value recorded (in μV), and ki is the activation coefficient 
for the i-th sample.

The BTI was calculated according to the following formula:

where T is the total duration of EMG acquisition and t = 100 ms 
is the sampling interval of the device.

2.4   |   Data Analysis

After 24 h had passed since the attachment of the device, pa-
tients were required to come back to the University clinic to 
detach it from the masseter muscle and download the collected 
data stored in the device through the dedicated software. The 

dia-BRUXO software allows downloading the whole EMG trace 
of the left masseter muscle and visualizing the whole muscle ac-
tivity during sleep.

To download the data, the device must be connected to a com-
puter with the installed software through the USB cable provided 
by the manufacturer. The software, when turned on, automat-
ically recognizes if the device is connected to the computer. 
Upon connection, the investigator in charge of the instrumental 
assessment of bruxism (T.G.) downloaded the report generated 
by the software. Prior to the download, the software asks the op-
erator to indicate the approximate time of sleeping and waking, 
which were taken from the diary that patients were instructed 
to write, along with the biographical information. The software 
requires a few minutes to generate a PDF report containing the 
biographical information of the patient, along with the BWI 
and the BTI for the indicated sleep time (Manfredini, Ahlberg, 
Aarab, Bender, et al. 2024; Colonna et al. 2022) and the whole 
EMG trace, indicating the continuous activity of the left masse-
ter muscle every 100 milliseconds. To avoid a potential risk of 
bias, the statistician in charge of the statistical analysis was not 
involved in any part of the clinical procedures and therefore was 
blinded to group allocation.

2.5   |   Study Outcomes and Power

The primary outcomes of the study were the comparison of 
the bruxism work index (BWI) and bruxism time index (BTI) 
between patients with periodontitis and periodontally healthy 
controls. Sample size calculation was performed assuming a 
moderate effect size (Cohen's d = 0.5), in line with the variabil-
ity reported in previous EMG-based studies on bruxism activity 
(Vlăduțu et  al.  2022). With an alpha level of 0.05, a power of 
80%, and an estimated dropout rate of 10%, the required total 
sample size was approximately 40 participants. The sample size 
included was enough to find a mean 30% difference in the BTI 
and BWI between the two groups.

2.6   |   Statistical Analysis

To perform the statistical analysis, the operator in charge of 
the EMG assessment of bruxism (T.G.) inserted all the data 

BWI =
100 ×

∑n

i=1
xiki

∑n

i=1
xmaxki

BTI =

100 × t
n
∑

i= 1

ki

1000 × T

FIGURE 1    |    Example of sleep bruxism trace detected by dia-BRUXO. The x-axis indicates the duration of the event in seconds, while the y-axis 
shows the intensity of the signal of the left masseter muscle in microvolts. The sleep bruxism event was detected between the 14th and 16th second 
of the registration, with an intensity that is higher than 40 microvolts.
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regarding each patient in a unique Excel file. For each patient, 
data were added concerning the biographical characteristic, the 
periodontal status, specifying the % of sites with PPD ≥ 4 with 
BoP, the % of the FMBS and of the FMPS, and the BWI and BTI. 
Continuous data were reported as mean and standard deviation 
(SD), while categorical and dichotomic variables were expressed 
as absolute frequencies and percentages (%).

Intergroup comparisons were computed using the Fisher's exact 
test for categorical variables, and the Mann–Whitney U test for 
non-parametric numerical variables, including the BWI and 
BTI between subjects with and without periodontal disease. 
Spearman correlation test was used to measure the correlation 
existing between the BTI and BWI with the periodontal status 
of all participants, using as indicators the % of sites with PPD ≥ 4 
with BoP, the % of the FMBS, and the % of FMPS. A significance 
level of 0.05 was adopted for all the statistical tests, and two-
sided tests were applied. Data analyses were performed using 
SPSS 26.0 (IBM Corp., Chicago, IL, USA).

3   |   Results

A total of 40 patients, 20 in each group, were enrolled (Figure 2). 
The mean age for participants without and with periodontitis 
was 47.55 ± 11.5 and 56.12 ± 7.8 years, respectively. Of the peri-
odontitis group, 9 were males and 11 were females, while in the 

periodontally healthy group, 8 patients were males and 12 were 
females. All patients with periodontitis had an FMPS above 
40%, while in the periodontally healthy group, all patients had 
an FMPS < 20%. In the periodontitis group, 5 patients had dia-
betes, and 7 had comorbidities related to cardiovascular diseases 
(CVDs), while only 1 individual of the control group had diabe-
tes, and 2 had CVDs. Of the total number of participants, 18 were 
never smokers (11 of the healthy group and 7 of the periodonti-
tis group), 15 were current smokers (5 of the healthy group and 
10 of the periodontitis group), and 7 were former smokers (4 of 
the healthy group and 3 of the periodontitis group). In the peri-
odontitis group, 14 participants reported a history of periodonti-
tis, while in the control group, there were only 6. Table 1 shows 
the characteristics of the participants. Regarding the clinical 
periodontal variables, the periodontitis group reported a signifi-
cantly higher % of PPD > 4 with BOP, PPD ≥ 5 mm, PPD ≥ 6 mm, 
mean PPD, mean AL, FMPS, FMBS, number of teeth lost due 
to periodontitis, and mobility compared to the control group. In 
the periodontitis group, 13 participants had stage III periodon-
titis, while 7 had stage IV periodontitis. Table  2 presents the 
clinical periodontal variables registered in the cohort. Table 3a 
reports the BTI and BWI values stratified for never smokers, cur-
rent smokers, and former smokers. No statistically significant 
difference was found between the three groups (p-value > 0.05; 
Table 3b). The mean values of the BWI and BTI for the periodon-
titis group were 0.081 ± 0.177 and 0.790 ± 0.783, while they were 
0.059 ± 0.047 and 0.0950 ± 0.871 for the control group. No signif-
icant differences were found between the two groups of the BWI 
and BTI (p = 0.054 and p = 0.432; Table 4).

Table 5 reports the results of the Spearman correlation between 
the BWI, the BTI, and the periodontal variables: % of sites with 
PPD ≥ 4 mm and BoP, the % of the FMBS, and the % of FMPS. 
No significant correlation (p > 0.05) was found between the peri-
odontal variables and the BWI and BTI with the exception for 
BoP. The analysis showed a negative, moderately significant cor-
relation between the BWI and the percentage of sites with BoP 
(r = −0.041, p = 0.0012; Figure  3), but not with BTI (r = −0.21, 
p = 0.182).FIGURE 2    |    CONSORT flow diagram.

Enrollment

TABLE 1    |    Demographic characteristics of the patients with and without periodontitis.

Variables
Periodontally healthy 

group (n = 20)
Periodontitis 
group (n = 20) p Total (n = 40)

Gender (N [%])

Males 8 (40) 9 (45) 1.00 17 (42.5)

Females 12 (60) 11 (55) 23 (57.5)

Age (years) (Mean [SD]) 47.6 ± 11.5 56.1 ± 7.8 0.06 51.5 ± 10.6

Diabetes (N [%]) 1 (5) 5 (25) 0.18 6 (15)

Other comorbidities (N [%]) 2 (10) 7 (35) 0.13 9 (22.5)

Family history of periodontitis (N [%]) 6 (30) 14 (70) 0.03 20 (50)

Smoking status (N [%])

Current smokers 5 (25) 10 (50) 0.28 15 (37.5)

Former smokers 4 (20) 3 (15) 7 (17.5)

Never smokers 11 (55) 7 (35) 18 (45)
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TABLE 2    |    Clinical periodontal variables of the patients with and without periodontitis.

Variables Periodontally healthy group (n = 20) Periodontitis group (n = 20) p

%PPD ≥ 4 mm with BOP (Mean ± SD) 1.1 ± 2.1 25.2 ± 1.6 < 0.001

%PPD ≥ 5 mm (Mean ± SD) 1.5 ± 0.6 14.8 ± 3.0 < 0.001

%PPD ≥ 6 mm (Mean ± SD) 0.4 ± 0.4 6.8 ± 1.6 < 0.001

Mean PPD (Mean ± SD) 2.4 ± 0.6 4.4 ± 0.8 0.0007

Mean AL (Mean ± SD) 2.5 ± 0.5 5.2 ± 0.7 0.00002

FMBS (Mean ± SD) 7.7 ± 4.8 37.6 ± 13.4 < 0.001

FMPS (Mean ± SD) 28.6 ± 20.8 55.5 ± 8.9 < 0.001

N of teeth lost due to peridontitis 
(Mean ± SD)

/ 3.6 ± 1.6

Mobility (N [%])

Grade I / 5 (25)

Grade II / 9 (45)

Grade III / 5 (25)

N of teeth with mobility (Mean ± SD) / 3.3 ± 1.5

Periodontitis stage and grade (N [%])

III A / 2 (10)

III B / 5 (25)

III C / 6 (30)

IV B / 5 (25)

IV C / 2 (10)

Periodontitis extent (N [%])

Localized / 2 (10)

Generalized / 18 (90)

Abbreviations: AL, attachment loss; FMBS, full mouth bleeding score; FMPS, full mouth plaque score; N, number; PPD, probing pocket depth.

TABLE 3    |    (a) Mean sleep BWI and BTI between current smokers, former smokers, and never smokers and (b) Comparison between the BTI and 
BWI indexed between never smokers, current smokers and former smokers (p-values).

Smoking status BWI (Mean ± SD) BTI (Mean ± SD)

(a)

Never smokers (n = 18) 0.057 ± 0.047 0.869 ± 0.719

Current smokers (n = 15) 0.109 ± 0.200 0.939 ± 1.056

Former smokers (n = 7) 0.024 ± 0.014 0.731 ± 0.512

Bruxism indexes NS vs. CS NS vs. FS CS vs. FS

(b)

BWI 0.731 0.155 0.860

BTI 0.759 0.717 0.833

Note: Mann–Whitney U test for comparison between the three groups.
Abbreviations: BTI, Bruxism time index; BWI, Bruxism work index; CS, Current Smokers; FS, Former Smokers; NS, Never Smokers; SD, Standard Deviation.
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4   |   Discussion

The aim of the present investigation was to assess if a significant 
difference exists in the intensity and frequency of sleep bruxism 
activities between patients with and without periodontitis. To test 
such a hypothesis, a group of patients with stage III and stage IV 
periodontitis was recruited and compared with a control group of 
individuals without periodontitis. An instrumental assessment 
of sleep bruxism was performed through surface EMG, adopting 
the recently introduced BWI and BTI that were elaborated in the 
STAB (Manfredini, Ahlberg, Aarab, Bender, et al. 2024). This is 
the first study to use such indexes to assess bruxism in subjects 
affected by severe periodontitis. The statistical analysis showed 
no significant difference between BWI and BTI in the two groups. 
Based on these results, the null hypothesis could not be rejected.

As an interesting secondary finding, a negative significant 
correlation was found between BWI and FMBS of the whole 
population included in the study. Thus, the present study sug-
gests that individuals with a higher level of inflammation of 
the periodontal tissues present a tendency to have a signifi-
cantly lower intensity of bruxism episodes. Periodontitis was 
also correlated with a shorter duration of sleep bruxism ep-
isodes (BTI); however, such correlation was not statistically 
significant. These findings support the hypothesis that sub-
jects with inflamed periodontium tend to exert a lower inten-
sity of bruxism activities.

There could be different reasons for such findings. Patients with 
periodontitis have fewer teeth than subjects without periodontitis, 
and the lower number of dental elements can lead to reduced bite 
strength (Su et al. 2024), especially in subjects with loss of posterior 
support (Gibbs et al. 2002) and, subsequently, potentially reduced 
intensity of the masticatory muscle activities. Secondly, subjects 
with advanced stages of periodontitis suffer from tooth extrusion 
and hypermobility, which are features that tend to worsen the well-
being of the patients (Agnese et al. 2025), masticatory dysfunction, 
and possibly induce patients to avoid contact between the two 
arches due to eventual discomfort. Thus, a potential self-protective 
attitude can be hypothesized. Moreover, no significant difference T

A
B

L
E

 4
    

|    
M

ea
n 

sl
ee

p 
BW

I a
nd

 B
TI

 fo
r t

he
 p

er
io

do
nt

al
ly

 h
ea

lth
y 

gr
ou

p 
an

d 
th

e 
pe

ri
od

on
tit

is
 g

ro
up

.

B
W

I
B

T
I

M
ea

n 
±

 S
D

M
ed

ia
n

IQ
R

95
%

 C
on

fi
de

nc
e 

in
te

rv
al

U
Z

M
ea

n 
±

 S
D

M
ed

ia
n

IQ
R

95
%

 C
on

fi
de

nc
e 

in
te

rv
al

U
Z

Pe
ri

od
on

ta
lly

 h
ea

lth
y 

gr
ou

p 
(n

 =
 20

)
0.

05
9 ±

 0.
04

7
0.

04
65

0.
07

9
12

7.
60

–2
72

.4
0

27
1.

5
1.

92
0.

95
0 ±

 0.
87

1
0.

64
9

1.
03

1
12

7.
55

–2
72

.4
5

22
9.

5
0.

78
5

Pe
ri

od
on

ta
l d

is
ea

se
 g

ro
up

 
(n

 =
 20

)
0.

08
1 ±

 0.
17

7
0.

02
0

0.
05

1
0.

79
0 ±

 0.
78

3
0.

54
9

1.
25

4

p
0.

05
4

0.
43

2

N
ot

e:
 M

an
n–

W
hi

tn
ey

 U
 te

st
 fo

r t
he

 c
om

pa
ri

so
n 

be
tw

ee
n 

th
e 

gr
ou

ps
.

A
bb

re
vi

at
io

ns
: B

TI
, B

ru
xi

sm
 ti

m
e 

in
de

x;
 B

W
I, 

Br
ux

is
m

 w
or

k 
in

de
x.

TABLE 5    |    Correlation between the percentage of sites with PPD ≥ 4 
with BoP, the % of the FMBS and the % of FMPS with the BWI and BTI 
recorded during sleep.

BWI BTI

%PPD ≥ 4 mm with BOP −0.256 0.338

p 0.111 0.156

%FMBS −0.410 −0.210

p 0.012* 0.182

%FMPS 0.005 0.123

p 0.976 0.449

Note: Spearman Correlation Analysis between bruxism work index, bruxism 
time index and periodontal variables.
Abbreviations: AL, attachment loss; BTI, bruxism time index; BWI, bruxism 
work index; FMBS, full mouth bleeding score; FMPS, full mouth plaque score; 
PPD, probing pocket depth.
*Statistically significant at p < 0.05.
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was found between the BWI and BTI of smokers and never smok-
ers. Such a finding is in line with the recent evidence showing that 
smoking has no direct impact on the frequency of SB (Ahlberg 
et al. 2024). Indeed, it could be seen as an indicator of underlying 
psychological distress (Pollis et al. 2025), which instead has a much 
higher impact on SB and may thus be the mediator between smok-
ing and bruxism (Kurup et al. 2024; Ekman et al. 2023).

A systematic review published in 2015 showed that there was 
not enough evidence to suppose an association between brux-
ism and periodontitis, concluding that from a biological point 
of view, there is no rationale to state that bruxism can damage 
the healthy periodontium (Manfredini et al. 2015). In the sub-
sequent years, a few other articles tried to shed more light on 
the topic. In 2019, Botelho et al. (2020) in a cross-sectional in-
vestigation, found even a negative association between the se-
verity of periodontitis and the self-reported presence/absence of 
bruxism, which is in accordance with the results of the present 
study. In that investigation, patients with self-reported bruxism 
had significantly lower values of PPD, CAL, and BOP compared 
to patients who did not report bruxism (Botelho et  al.  2020). 
In contrast with this paper, two cross-sectional studies pub-
lished by Martinez-Canut et  al. found instead a positive asso-
ciation between bruxism and tooth loss in patients undergoing 
periodontal maintenance therapy (Martinez-Canut et al. 2017; 
Martinez-Canut 2015). The reason for such discrepancy could 
be explained by the different methodologies adopted. Martinez-
Canut et al. assessed bruxism by adopting the Tooth Wear Index 
proposed in 1990 by Ekfeldt et al. (Ekfeldt et al. 1990), supposing 
that the presence/absence of tooth wear should imply the pres-
ence/absence of bruxism. Such common belief, which largely 
characterized the early literature on bruxism, was shown to be 
incorrect by investigations performed using electromyography 
as well as by analyses of the differential diagnosis of tooth wear 
etiology. Indeed, a recent investigation found no correlation be-
tween the number of SB episodes per night and the degree of 
tooth wear (Manfredini et al. 2019). Additionally, a recent scop-
ing review on the topic found a huge gap in the literature on the 
topic, with the absence of longitudinal studies proving a dose–
response ratio between tooth wear and bruxism (Bronkhorst 
et  al.  2024). Practice recommendations suggest, in case of the 
presence of extensive tooth wear, to investigate for the presence 
of medical conditions such as gastroesophageal reflux disease 

or eating disorders, along with the presence of an acidic diet 
(Leven and Ashley 2023; Wetselaar et al. 2020). In this regard, 
the recently proposed tooth wear evaluation system (TWES 2.0) 
recommends interesting strategies, looking for all the possible 
causes (Wetselaar et al. 2020).

Another limitation of the currently available studies is related 
to the old belief that bruxism is a behavior mostly manifesting 
as clenching and grinding of the teeth. The questionnaires used 
in the previously mentioned studies on a positive association 
between bruxism and periodontitis have been based on just 
two items, that is, asking patients if they are awake of clench-
ing and/or grinding of the teeth during sleep or wakefulness. 
Nevertheless, it must also be considered that not all bruxism 
events necessarily involve tooth contact. In the last year, the 
importance of mandible bracing rapidly emerged as a behav-
ior characterized by the isometric contraction of the mastica-
tory muscle, without tooth contact, capable of overloading the 
temporomandibular joint and associated structures (Colonna 
et al. 2025; Câmara-Souza et al. 2023). As such, there could be 
a cluster of patients with bruxism behavior with a complete ab-
sence of tooth wear due to bruxism mostly manifesting through 
masticatory muscle activities without teeth contact.

The third important limitation of the available literature is the 
dichotomization of patients into two discrete categories, bruxers 
and non-bruxers, which is often still common for statistical pur-
poses, albeit biologically unfounded, in light of the absence of 
clear-cut thresholds (Mungia et al. 2025). It is well known that 
bruxism is an umbrella term to indicate a spectrum of mastica-
tory muscle activities that can be present in every individual up 
to a certain extent and whose clinical relevance is determined 
by its frequency and intensity (Manfredini, Ahlberg, Aarab, 
Bender, et al. 2024).

A recent EMG study was conducted on a group of 31 patients di-
vided into subjects with no or mild periodontitis in comparison 
with subjects with moderate or severe periodontitis (Nakayama 
et al. 2018). The authors found an association between the du-
ration of the masseter activity and patients with moderate and 
severe periodontitis. A direct comparison with such an inves-
tigation is complicated by two factors. Firstly, the authors ad-
opted a different classification of periodontitis and did not 

FIGURE 3    |    Scatter plot of full mouth bleeding score (FMBS) (x-axis) and bruxism work index (BWI) (y-axis). Spearman's rank correlation: 
ρ = [−0.410], p = [0.012], n = 40.
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divide them according to the EFP grading and staging system 
(Glickman 1965), as we did in the present study. Instead, they 
adopted the consensus paper of the Center for Disease Control/
American Association of Periodontology working group by Eke 
et al. in 2012 (Eke et al. 2012). Secondly, the paper adopted the 
criteria for the assessment of PSG/SB proposed by Lavigne et al. 
in 1996, which are not suitable for assessing the background 
masticatory muscle activity with the risk of underestimating 
the total intensity of bruxism-related muscle work during sleep 
(Manfredini, Ahlberg, Aarab, Bracci, et al. 2024).

The present cross-sectional study is limited by the lack of fol-
low-up. The study design showed that no significant difference 
is present between patients with stage III and stage IV peri-
odontitis and patients without periodontitis for sleep BWI and 
BTI but does not allow the study of the effect of such reduced 
activity on periodontium. Moreover, FMBS was negatively 
correlated with a significantly lower sleep BWI. Smoking and 
diabetes were recorded and found to be evenly distributed be-
tween groups; however, their potential role as confounding fac-
tors cannot be fully excluded and should be addressed in larger 
prospective studies. Moreover, the interpretation of the present 
findings should take into account giving that the sample size 
calculation was conducted on a sample of healthy individuals, 
since no previous studies on the association between periodon-
titis and the bruxism work and time indexes exist. Additionally, 
no conclusion can be drawn as to whether such a reduced level 
of bruxism activity can still influence the evolution of periodon-
titis. For such purposes, an investigation with a prospective 
study design is needed. Secondly, the paper limits the analy-
sis to sleep bruxism without considering the possible effect of 
the masticatory muscle activity occurring during wakefulness. 
Future studies should consider analyzing the 24-h bruxism ac-
tivities in relation to periodontitis, given that AB and SB often 
tend to co-occur (Manfredini et al. 2025). Another limitation to 
consider is the fact that the data were software-generated and 
that they refer only to one masseter muscle. The study design 
can be improved by analyzing the BTI and BWI of both right 
and left masseter muscles. Moreover, given the impact of the 
psychological sphere on the frequency of sleep bruxism, future 
studies should consider performing a psychological assessment 
of participants, as it can be an important confounder. The use of 
the instrumentally assessed frequency of bruxism through the 
recently conceptualized BWI and BTI, with the specification of 
the exact formula for calculation, along with the use of the EFP 
classification for periodontitis, are, however, points of strength 
that will help standardize future studies on the topic.

5   |   Conclusion

The present cross-sectional study showed that no significant 
difference is present between patients with advanced stages of 
periodontitis (Stage III and Stage IV) and patients without peri-
odontitis for the sleep bruxism work index and the sleep bruxism 
time index. Moreover, the patient's level of full mouth bleeding 
score was negatively correlated with the bruxism work index, 
suggesting that the intensity of the bruxism-related masticatory 
muscle activities is negatively influenced by the degree of peri-
odontal inflammation.
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