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Abstract: Background: Sleep bruxism (SB) is a common sleep-related movement behavior with a
multifaceted etiology and a deficiently understood pathophysiology. A recent hypothesis suggests a
link between SB and systemic inflammation. The scope of the study was to determine whether bruxers
have altered sleep structure and different levels of inflammatory parameters compared to nonbruxers.
Methods: A total of 83 adults underwent full-night polysomnography. The polysomnograms were
evaluated using the American Academy of Sleep Medicine (AASM) guidelines. Then, the blood samples
were obtained from the participants by venipuncture and the analyses were performed. The study
group was divided based on bruxism episode index (BEI) into two groups: BEI ≤ 4 and BEI > 4.
Results: In comparison with nonbruxers, the oxygen desaturation index (ODI) was significantly higher
in severe bruxers (7.5 ± 11.08 vs. 3.33 ± 5.75, p < 0.005), as well as the arousal parameters (7.77 ± 4.68 vs.
4.03 ± 2.97, p < 0.001), and the mean oxygen desaturation (3.49 ± 0.69 vs. 3.01 ± 0.67, p < 0.05). Moreover,
the differences in sleep architecture and deprivation of the deep sleep phase were observed, the non-
REM sleep stage 3 was significantly shorter in severe bruxers (p < 0.03). Differences were also noted
in non-REM sleep stage 1 and REM sleep phase. In the investigated group, there were no statistical
differences in inflammatory cytokines levels between bruxers and nonbruxers. Conclusions: Sleep
bruxism is associated with sleep structure alterations and may be associated with deep sleep phase
deprivation. The inflammatory markers are not linearly correlated with the severity of sleep bruxism
expressed as BEI.

Keywords: sleep bruxism (SB); inflammation; sleep architecture; inflammatory markers; polysomnog-
raphy; REM sleep stage

1. Introduction

Sleep bruxism (SB) is one of the cardinal sleep-related movement behaviors [1] with a
multifaceted etiology and a deficiently understood pathophysiology [2]. With the preva-
lence of SB reaching up to 31.4% [3], it becomes one of the major challenges that current
sleep medicine is facing. Numerous causes of SB have been reported [4], however despite
an infinite endeavor to establish a comprehensive definition of bruxism covering all as-
pects of this complex topic, the sleep bruxism construct seems to endlessly shift parallel
to the extensive growth of knowledge on this subject [5]. It has been converted from a
pathology to a motor activity with possibly even physiological or protective relevance [6].
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After reaching a consent in 2013 [7], which has then been updated by the international
consensus on bruxism in 2018 [8], we seemed to agree SB should no longer be regarded as
a parafunctional act of grinding teeth leading to tooth wear or other damage to masticatory
system structures [9,10]. It is widely accepted SB is a rhythmic (phasic) or non-rhythmic
(tonic) masticatory muscle activity during sleep and it is not a movement disorder or a
sleep disorder in otherwise healthy subjects [8].

The RDC/TMD Consortium Network Bruxism Consensus Meeting (“Assessment of
Bruxism Status”) on 20 March 2017 has proposed a grading system for categorizing bruxism
into three categories: possible, probable, and definite [8]. Basing on a positive interview
bruxism is described as “possible”, basing on a clinical examination with or without a
positive interview it is “probable”, and basing on a positive instrumental examination with
or without a positive interview or positive clinical inspection it is “definite” [8]. In short, SB
is regarded not to be a disorder nor disease in healthy individuals [8]. SB can be a harmful
as well as a protective behavior, depending on its health outcomes [10]. According to the
International Classification of Sleep Disorders, the third edition, bruxism is defined as a
“sleep-related movement disorder characterized by teeth grinding or clenching associated
with an excessive sleep arousal activity” [11].

The search of bruxism etiology seems to never end [12,13]. There have been proposed
theories focusing on the genetic origin [14,15], psychosocial factors [16], and vulnerability to
stress or anxiety [17], the role of various neurotransmitters: serotonin [18], dopamine [19],
gamma aminobutyric acid (GABA), and noradrenaline [18]. There has been even an observed
link between dietary fiber intake and the prevalence of sleep bruxism [20]. Among numerous
other potential triggering factors, autonomic nervous system modulation [21] and exposure to
exogenous risk factors, e.g., tobacco, alcohol, or drugs, and comorbidities [22] are mentioned.
Another risk factor for the increased intensity of SB is habitual coffee consumption [23]. SB can
also be associated with simple snoring [24]. Moreover, the prevalence of other sleep-related
disorders, like obstructive sleep apnea, sleep-related gastroesophageal reflux disease, periodic
limb movement during sleep, restless leg syndrome, REM behavior disorder (RBD) and
sleep-related epilepsy increases the incidence of sleep bruxism in comparison with the general
population [25]. In a recently performed systematic review, it has been observed sleep bruxism
could be associated with systemic inflammation [26]. Taken into account that patients with
systemic autoimmune disease are at a substantially higher risk of developing cardiovascular
disease (CVD) in comparison with the general population [27], we designed a case-control
study to support the foregoing premise.

Foregoing data on the relationship between SB and the systemic inflammation are
scarce [26]. Only five original studies have investigated this relationship in a way allowing
them to be included in the systematic review [28–32]. Moreover, the literature contains only
one study based on polysomnography [32], which is a gold standard in the diagnosis of SB.
Due to the heterogeneity of the compared studies, only a qualitative comparison and narrative
summary could be performed; however, the results supported the thesis that sleep bruxism
could be associated with systemic inflammation [26]. In the last few years, more attention
has been paid to the study of sleep architecture in patients experiencing bruxism during
sleep, as it has been proven successive micro-arousals increased cardiovascular risk [33].
In the international case-control study of patients presenting with first acute stroke called
INTERSTROKE, it has been observed sleep disturbance symptoms were common and they
were significantly associated with a graded increased risk of stroke [34]. The proven link
between cardiovascular and cerebrovascular health [35,36] and sleep deterioration opened
an obvious challenge to investigate the causality between sleep disorders and systemic
inflammation, which could be the mediator of the cardio- and cerebrovascular events.

2. Objectives

The main hypothesis of the study was bruxers had increased proinflammatory pa-
rameters and altered sleep architecture. The scope of the study was to determine whether
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bruxers have altered sleep structures and different levels of inflammatory parameters
compared to nonbruxers.

3. Materials and Methods
3.1. General Characteristics of the Performed Study

This prospective observational case-control study was conducted in accordance with
the amended Declaration of Helsinki. The study was approved by the Ethical Commit-
tee of Wroclaw Medical University (no. KB-369/2022). Written informed consent was
obtained from all the patients prior to their inclusion in the study. A total of 83 adult
Caucasian individuals hospitalized in the Sleep Laboratory of the Clinical Department of
Internal Medicine, Occupational Diseases, Hypertension, and Clinical Oncology of Wro-
claw Medical University were included in the study. This study has been prepared based
on the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
checklist [37].

Patients with possible bruxism [8] were examined by qualified dentists in the Outpa-
tient Clinic for Temporomandibular Disorders at the Wroclaw Medical University, Poland.
Basing on a clinical investigation with or without a positive interview, all the examined
individuals were diagnosed with probable SB according to the international consensus on
the assessment of bruxism from 2018 [8]. For an assessment of the teeth and oral soft tissue
for each individual, a standard physical extra- and intraoral examination was conducted.
Among the observed clinical symptoms were abnormal tooth wear and damage to the
dental hard tissues (i.e., cracked teeth), hypertrophy of masseter and temporalis muscles,
tongue and lip indentations, injury to the inner surface of the cheeks (linea alba), and
repetitive damage of restorative work or prosthodontic constructions. The calculator’s
standard assumptions for our population were used: population size 3,000,000, confidence
level 0.95, fraction size 0.3, and a maximum error of 10%. The required group size was 81.
We recruited a group of 83 people, thus the minimum sample size was achieved.

3.2. Eligibility Criteria

The inclusion criteria were as followed: age between 18 and 90 years, clinical suspicion
of sleep bruxism, and willingness to participate in the study. The following exclusion criteria
were applied: unwillingness to provide informed consent or undergo polysomnography;
coexistence of respiratory insufficiency, or active inflammation; diagnosis of secondary
bruxism associated with neurological conditions; history of treatment with medications
potentially interfering with the functions of the nervous and muscular systems; presence of
severe mental disorders, cognitive disability, or severe systemic diseases including active
malignancy; presence of neurological disorders and/or neuropathic pain; addiction to
analgesics and/or drugs that could affect the muscles and breathing; or treatment with
foregoing medications.

3.3. Polysomnography and Sleep Bruxism Assessment
3.3.1. Polysomnography

All the included patients underwent a single-night full polysomnography (PSG) ex-
amination performed with a NoxA1 device (NOX Medical, Reykjavik, Iceland) in the Sleep
Laboratory of Wroclaw Medical University. Scoring and analysis of the tests were carried
out by a qualified, certified physician, following the AASM guidelines. Polysomnograms
were assessed in 30 s epochs in accordance with the 2013 AASM standard criteria for sleep
scoring. The PSG outcome variables included sleep latency (SL), total sleep time (TST),
sleep efficiency (SE, %), and the percentages of N1 (sleep stage 1), N2 (sleep stage 2), N3
(sleep stage 3), and rapid eye movement (REM) sleep. Abnormal respiratory events were
scored based on the pressure airflow signal evaluated in accordance with the standard
criteria of the AASM Task Force [38]. The arterial oxygen saturation (SpO2) was measured
using finger pulse oximetry. Apnea was defined as the absence of airflow for ≥10 s, while



J. Clin. Med. 2024, 13, 687 4 of 12

hypopnea was defined as a reduction in the amplitude of breathing by ≥30% for ≥10 s
with a ≥3% decline in blood oxygen saturation or arousal.

3.3.2. Sleep Bruxism

SB was assessed using bilateral masseter electromyography (EMG) and by audio–video
evaluation. Bruxism episode index (BEI) was scored according to the AASM standards [11].
In addition, the three forms of EMG pathways—phasic, tonic, and mixed—were scored.
The new SB episodes were scored after at least 3 s of stable EMG and when the activity was
at least twice the amplitude of the background EMG [38,39]. The electrodes were placed
on the right and left masseter muscles to measure electromyographic activity. EMG bursts
within 3 s were considered part of the same episode. Persistent episodes lasting >2 s were
rated as tonic bruxism and more than three cyclic EMG increases lasting 0.25–2 s as phase
bruxism. Episodes combining the features of a tonic episode and a phase episode were
assessed as mixed bruxism. Events that mimicked sleep bruxism in EMG (e.g., coughing,
swallowing saliva, or yawning) after video evaluation were excluded from BEI.

3.4. Blood Sampling and ELISA

Blood samples were obtained from the participants by venipuncture and the analysis
was performed at the Department of Population Health, Division of Environmental Health
and Occupational Medicine, Wroclaw Medical University, Poland. The detection and
quantification of cytokines were obtained based on the enzyme-linked immunosorbent
assay (ELISA). Following the manufacturer’s instructions diligently, we utilized the E0563h,
E0079h, E0080h, and E0133h ELISA Kit (EIAab, Wuhan, China) to measure Interleukin-1
(IL-1), Interleukin-6 (IL-6), Interleukin-8 (IL-8), and tumor necrosis factor alpha (TNF-a),
respectively. The concentrations of investigated proinflammatory markers were expressed
in ng/mL.

3.5. Statistical Analysis

The statistical package “Dell Statistica 13.1” (Dell Inc., Round Rock, TX, USA) was used
to perform statistical analysis. The arithmetic means and SDs of the estimated parameters
were calculated for the quantitative variables. The distribution of variables was examined
using the Lilliefors test and the W-Shapiro–Wilk test. For the independent quantitative
variables with normal and non-normal distribution, we used the Student’s t-test and
the Mann–Whitney U test, respectively. The results were considered to be statistically
significant at p < 0.05.

4. Results

The study group comprised 83 participants. The mean age of participants was
34.48 years. The study group parameters are included in Table 1. The mean BEI of the
participants overall was 4.37 ± 3.44. According to the AASM standards [38], we divided
participants based on BEI into two groups: BEI ≤ 4—not significant to moderate SB and
BEI > 4—severe sleep bruxism. Statistical analysis supported the SB principles: all sleep
bruxism parameters: bruxism burst index (BBI), apnea to bruxism, arousal to bruxism, as well
as total, phasic, tonic, and mixed bruxism episodes were significantly increased among severe
bruxers (Table 2). As some authors split the groups with cut-off of more and less than 2, we
have consequently distinguished two subgroups with asymmetric size: BEI < 2 (n = 20) and
BEI ≥ 2 (n = 63) and presented the results in Table 3.
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Table 1. Clinical characteristics of the study group.

Mean ± SD 95% Confidence Interval

age (years) 34.48 ± 10.7 32.14–36.83
height (m) 1.69 ± 0.09 1.68–1.71

body mass (kg) 66.07 ± 14.53 62.84–69.31
body mass index 22.88 ± 3.97 22.00–23.77

BEI (n/h) 4.37 ± 3.44 3.63–5.12
BEI—Bruxism episode index.

Table 2. Sleep bruxism parameters: comparison between the BEI ≤ 4/h and >4/h groups.

Mean ± SD

BEI
≤4/h >4/h p Value

(n = 49) (n = 34)

BEI (n/h)
2.15 ± 1.06 7.64 ± 3.10 p < 0.001 *
(1.85–2.45) (6.55–8.72)

BBI (n/h)
2.67 ± 1.70 8.70 ± 6.08 p < 0.001 *
(2.19–3.16) (6.57–10.82)

Apnea to Bruxism 0.27 ± 0.38 1.72 ± 2.40 p < 0.001 *
(0.16–0.38) (0.89–2.56)

Arousal to Bruxism
0.89 ± 0.80 3.83 ± 2.06 p < 0.001 *
(0.66–1.12) (3.11–4.55)

Phasic bruxism
episode index (n/h)

0.52 ± 0.54 2.99 ± 2.46 p < 0.001 *
(0.37–0.67) (2.13–3.85)

Tonic bruxism
episode index (n/h)

1.15 ± 0.64 2.97 ± 1.73 p < 0.001 *
(0.97–1.33) (2.37–3.57)

Mixed bruxism
episode index (n/h)

0.52 ± 0.43 1.76 ± 1.06 p < 0.001 *
(0.40–0.65) (1.39–2.13)

BEI—Bruxism episode index; BBI—bruxism burst index; * p statistically significant; Data format: mean ± standard
deviation (95% confidence interval).

Table 3. Sleep bruxism parameters: comparison between the BEI < 2/h and ≥2/h groups.

Mean ± SD

BEI
<2/h ≥2/h p Value

(n = 20) (n = 63)

BEI (n/h) 1.13 ± 0.52 5.45 ± 3.32 p < 0.001 *
BBI (n/h) 1.54 ± 1.01 6.30 ± 5.27 p < 0.001 *

Apnea to Bruxism 0.28 ± 0.41 1.05 ± 1.91 p = 0.069
Arousal to Bruxism 0.67 ± 0.65 2.60 ± 2.09 p < 0.001 *

Phasic bruxism
episode index (n/h) 0.28 ± 0.49 1.93 ± 2.16 p < 0.001 *

Tonic bruxism
episode index (n/h) 0.67 ± 0.39 2.29 ± 1.51 p < 0.001 *

Mixed bruxism
episode index (n/h) 0.27 ± 0.30 1.27 ± 0.98 p < 0.001 *

BEI—Bruxism episode index; BBI—bruxism burst index; * p statistically significant; Data format: mean ± standard
deviation (95% confidence interval).

Furthermore, we studied the relationship between the differences in BEI and sleep and
respiratory parameters in the entire studied group, which showed statistically significant
differences. The oxygen desaturation index (ODI) was significantly higher in severe bruxers
(7.5 ± 11.08 vs. 3.33 ± 5.75, p < 0.005), as well as the arousal parameters (7.77 ± 4.68 vs.
4.03 ± 2.97, p < 0.001), and mean desaturation (3.49 ± 0.69 vs. 3.01 ± 0.67, p < 0.05).
Moreover, the differences in sleep architecture and deprivation of the deep sleep phase
were observed, the non-REM sleep stage 3 (N3) was significantly shorter in severe bruxers
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(p < 0.03), differences were also noted in non-REM sleep stage 1 (N1) and rapid eye
movement sleep stage (R) (Table 4). There was no statistically significant difference in the
concentration of investigated inflammatory markers in groups of patients with BEI ≤ 4/h
(n = 49) and >4/h (n = 34) (Table 5). Nor has it been observed in the groups with cut-off
point of BEI = 2.

Table 4. Sleep and respiratory parameters in the BEI ≤ 4/h and >4/h groups.

Mean ± SD

BEI
≤4/h >4/h p Value

(n = 49) (n = 34)

AHI (n/h) 3.84 ± 6.86 7.66 ± 12.25 p > 0.05
(1.89–5.79) (3.38–11.93)

ODI (n/h) 3.33 ± 5.75 7.53 ± 11.08 p < 0.005 *
(1.69–4.97) (3.66–11.40)

Snore (% of TST) 6.66 ± 12.43 9.45 ± 17.84 p > 0.05
(3.13–10.19) (3.23–15.68)

TST (min) 415.02 ± 66.60 434.68 ± 41.47 p > 0.05
(396.10–433.95) (420.21–449.15)

SL (min) 21.05 ± 23.68 22.34 ± 16.71 p > 0.05
(14.33–27.78) (16.50–28.17)

REML (min) 107.28 ± 73.46 101.42 ± 48.67 p > 0.05
(86.41–128.16) (84.44–118.41)

WASO (min) 36.85 ± 35.10 31.08 ± 23.85 p > 0.05
(26.88–46.83) (22.75–39.40)

SE (%) 85.28 ± 11.89 88.11 ± 6.17 p > 0.05
(81.90–88.66) (85.95–90.26)

N1 (% of TST) 4.22 ± 3.48 6.08 ± 4.19 p < 0.05 *
(3.23–5.21) (4.61–7.54)

N2 (% of TST) 52.03 ± 8.79 49.87 ± 5.96 p > 0.05
(49.54–54.53) (47.79–51.95)

N3 (% of TST) 22.78 ± 6.35 19.74 ± 6.07 p < 0.05 *
(20.98–24.59) (17.62–21.86)

R (% of TST) 20.96 ± 5.05 24.32 ± 4.65 p < 0.05 *
(19.52–22.39) (22.70–25.95)

ArI (n/h) 4.03 ± 2.97 7.77 ± 4.68 p < 0.001 *
(3.19–4.88) (6.13–9.40)

OAI (n/h) 0.22 ± 0.66 1.09 ± 3.84 p > 0.05
(0.03–0.40) (0.25–2.42)

MAI (n/h) 0.01 ± 0.06 0.02 ± 0.10 p > 0.05
(0.00–0.03) (0.01–0.06)

CAI (n/h) 0.25 ± 0.49 0.27 ± 0.39 p > 0.05
(0.11–0.39) (0.14–0.41)

Mean SpO2 (%) 94.97 ± 1.33 94.53 ± 2.23 p > 0.05
(94.59–95.34) (93.76–95.31)

Min. SpO2 (%) 89.88 ± 6.25 87.24 ± 7.60 p > 0.05
(88.11–91.65) (84.58–89.89)

SpO2 < 90% (%) 0.54 ± 2.70 1.79 ± 3.84 p > 0.05
(0.23–1.30) (0.45–3.12)

Mean desat. (%) 3.01 ± 0.67 3.49 ± 0.69 p < 0.05 *
(2.82–3.20) (3.24–3.74)

Mean Pulse (bpm) 61.71 ± 8.84 61.61 ± 6.90 p > 0.05
(59.17–64.26) (59.20–64.02)

AHI: apnea–hypopnea index, ODI: oxygen desaturation index, TST: total sleep time, SL: sleep latency, REML:
REM latency, WASO: wake after sleep onset, SE: sleep efficiency, N1: non-REM sleep stage 1, N2: non-REM sleep
stage 2, N3: non-REM sleep stage 3, R: rapid eye movement sleep stage, ArI: arousal index, OA: oral sleep apnea,
MA: mixed sleep apnea, CA: central sleep apnea, mean SpO2: mean oxygen saturation, Min. SpO2: minimal
oxygen saturation, Mean desat.: mean desaturation; * p statistically significant. Data format: mean ± standard
deviation (95% confidence interval).
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Table 5. Inflammatory markers; comparison between patients with BEI ≤ 4/h and >4/h.

Mean ± SD

BEI
≤4/h >4/h p Value

(n = 49) (n = 34)

IL-1 (pg/mL) 11.59 ± 2.30 11.33 ± 4.46 p > 0.05
(10.92–12.26) (9.74–12.91)

IL-6 (pg/mL) 9.08 ± 1.51 9.37 ± 1.66 p > 0.05
(8.64–9.52) (8.78–9.96)

IL-8 (pg/mL) 21.94 ± 13.68 20.35 ± 14.13 p > 0.05
(17.96–25.91) (15.34–25.36)

TNF-a (pg/mL) 13.40 ± 6.28 13.16 ± 2.42 p > 0.05
(11.79–16.40) (12.30–14.02)

IL-1: Interleukin-1, IL-6: Interleukin-6, IL-8: Interleukin-8, TNF-a: tumor necrosis factor alpha; Data format: mean ±
standard deviation (95% confidence interval).

Statistically significant differences were observed in total, phasic, tonic, and mixed
bruxism episodes (Table 3).

5. Discussion
Sleep Bruxism as a Behavior

To our best knowledge, this study is the first one to reveal the restriction of deep sleep
phase among bruxers. The significant differences in sleep architecture and deprivation of
the deep sleep phase have vital consequences [40–42]. The N3 sleep stage was significantly
shorter in severe bruxers. Fragmented sleep, expressed with a higher arousal index (ArI),
was proven to be less efficient in comparison with consolidated sleep [43]. The higher
number of arousals is followed by greater sleep phase changes and longer intrasleep
wakefulness in sleep bruxers [44]. The increase of SB intensity is linked with increased
REM [45]. Our study supports the existing evidence [46] of N1 and REM phase extension
in bruxers. Ineffective sleep cannot be regarded only in terms of daytime sleepiness and
lack of concentration during the day. The systemic complications involve the development
of hypertension and as a result increase overall cardiovascular risk and reduce healthy
life expectancy [47,48]. The formidable challenge is aggravated by the fact that symptoms
accompanying hypertension such as headaches and tinnitus can equally be the symptoms
of SB [49,50].

In recent years, more attention is being paid to the systemic consequences of sleep
bruxism. Bruxers have increased blood pressure variability [51], which remained a relevant
risk factor for arterial hypertension [52]. The intensity of sleep bruxism is correlated
not only with hypertension [51], but it is also a predominant component of altered sleep
architecture [53]. Interestingly, the association between oxygen desaturations and bruxism
episodes is found only in hypertensives, but not in normotensives [54]. Diagnosis of SB
should activate the screening for hypertension to provide early and optimal treatment,
preventing long-term cardiovascular events [55]. Sleep fragmentation is another negative
appearance observed in patients with SB [56]. Depending on the clinical setting, however,
SB can potentially be a harmful as well as a protective behavior [10]. The undisputed
association between sleep bruxism and tooth wear [57] is expressed as musculoskeletal pain,
fractures, and failures of dental restorations and implants or advanced mechanical tooth
wear. However, it needs to be kept in mind that tooth wear is not a pathognomonic sign of
active SB [58]. Another already mentioned phenomenon linked with SB was the alteration
of sleep architecture [56]. It is expressed as shorter total sleep duration and shorter non-
rapid eye movement (NREM) and rapid eye movement (REM) sleep, and higher arousals
during REM and NREM sleep [53,59], and what is first made evident by this study—the
restriction of N3 sleep stage. Elevated stress and anxiety, which remain the determinants of
SB, can modulate sympathetic activity [60]. A growing body of evidence has investigated
the association between increased heart rate and arousals which in turn were accompanied
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by increased sympathetic activity and decreased parasympathetic activity [61]. Patients
experiencing tooth clenching during the night are also more likely to suffer from headaches
in the morning. The onset of jaw clenching and pain is observed to be often unevenly timed,
which emphasizes potential differences in the pathophysiology of those conditions [62].
As emphasized above, SB can also have positive consequences in some patients [63].
Therefore, treatment should be focused on investigating the pathologies, comorbidities,
or associated factors that led to the onset of SB instead of treating SB as such [64]. For
example, patients suffering from Parkinson’s disease are at higher risk not only of drooling
but also of xerostomia. In those patients, as well as in those with gastroesophageal reflux
disease (GERD) [65,66], SB can be regarded as a protective behavior, as it enhances the
salivation [67]. Noteworthy, there is evidence for a strong link between autoimmune
diseases and Parkinson’s Disease (PD) [68,69], which leaves an open door for further
research on SB as an immune disorder. Another protective implication of SB is suspending
the apnea in patients with obstructive sleep apnea (OSA) [70].

The findings from the recent systematic review [26] based on original studies [28–32]
indicated a higher intensity of SB could be associated with higher levels of proinflammatory
parameters. Moreover, there have not been found any papers suggesting the inflammatory
status in bruxers was comparable to nonbruxers [26]. Recently, there has also been pub-
lished a systematic review supporting the thesis there was a positive correlation between
inflammation and masticatory muscle myalgia [71]. In this context, the results of our study
concerning systemic inflammation in bruxers may appear surprising. The reason for such a
result may be, on the one hand, an insufficient group of patients enrolled to the study and
on the other hand the way the systemic inflammation was measured. Despite definitive evi-
dence on the link between SCI and mortality [72], we seem to lack standardized biomarkers
for indicating the presence of health-damaging chronic inflammation [73]. According to the
systemic reactivity levels [74], it should be noted in the group with BEI ≤ 4/h as well as in
group with BEI > 4/h the mean values of investigated parameters have exceeded what was
regarded as a norm [75]. Lack of elevation of the proinflammatory cytokines in patients
with severe bruxism can also be a result of the fact that concentrations of SIR factors in
blood are usually characterized by non-linearity and non-normal distribution [74].

In our study, we observed a statistically significant difference in mean desatura-
tion between groups with severe SB and moderate SB (3.49% ± 0.69 vs. 3.01% ± 0.67,
p < 0.05). This could confirm the preliminary report by Dumais I.E. et al. [76] stating the
onset of RMMA episodes may be associated with transient hypoxia. According to Suzuki Y.
et al. [77], however, the mild and brief oxygen fluctuations occurring prior to RMMA onset
may be the reflection of physiological response without significant influence on SB genesis.
Whether or not the desaturations are correlated with SB independently of concomitant
sleep arousal or body movements needs further investigation.

SCI has the potential of increasing cardiovascular risk [27] and SB, if proven to be an
inflammatory-based condition, could also be potentially associated with higher cardiovas-
cular risk. Therefore, the systemic response to sleep bruxism and above all, the causality
between sleep bruxism and elevation of proinflammatory markers need further investiga-
tion. The disruptive finding arising from our study is the deprivation of deep sleep phase in
bruxers. Hopefully, with the portable EMG device [78] and recently published translation
guideline [79] for the new tool for bruxism screening—BruxScreen [80], the assessment of
sleep bruxism with a high level of accuracy in both awake and sleep bruxism [45] would
become more achievable.

Our study is not free from limitations. The most important one is the findings are
based only on a single-night polysomnography. The second one was the investigated group
of subjects included in the study derived from outpatient clinic for temporomandibular
disorders, where no healthy individuals appear. The distinguished groups BEI ≤ 4 and
BEI > 4 categorized the participants into subgroups of unequal sizes, n = 49 and n = 34,
respectively. Additionally, patients were checked for conditions that may introduce con-
founding factors. Notably, conditions such as gastroesophageal reflux, obstructive sleep
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apnea, and TMD, with chronic pain as a potential confounder, have not been accounted
for. This could raise challenges in establishing a clear association between sleep bruxism
and the reported outcomes. Therefore, the study’s design inherently lacks the capacity to
infer causality conclusively. The limitations in the study design undermine the ability to
establish direct causal relationships between the variables under investigation. Therefore,
caution must be exercised in interpreting the findings within the context of causation.

6. Conclusions

1. Sleep bruxism is associated with sleep structure alterations potentially leading to an
increase of cardiovascular risk.

2. Sleep bruxism may be associated with deep sleep phase deprivation.
3. The inflammatory markers and/or the sleep architecture perturbances are not linearly

correlated with the severity of sleep bruxism, expressed as BEI.
4. The oxygen desaturation index and mean desaturation were significantly higher in

severe bruxers.
5. Diagnostic of SB by dentists and preliminary screening of sleep disorders, with

posterior reference to a sleep center and specialist in the field, can prevent and protect
patient from dangerous health consequences.

Author Contributions: Conceptualization, M.F. and H.M.; methodology, M.F., H.M. and A.W.;
software, P.G. and R.P.; investigation, M.F. and H.M.; resources, M.F., A.S.-C., A.W. and I.M.-G.;
writing—original draft preparation, M.F.; writing—review and editing, M.F., M.W. and H.M.; super-
vision, H.M., M.W. and G.M.; project administration, G.M.; funding acquisition, G.M. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by Wroclaw Medical University (grant no. SUBZ.A210.23.040).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the Wroclaw Medical University (consent no.
ID KB-369/2022).

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

Data Availability Statement: Data are contained within the article.

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

References
1. Reda, B.; Lobbezoo, F.; Contardo, L.; El-Outa, A.; Moro, L.; Pollis, M.; Aarab, G.; Manfredini, D. Prevalence of oral behaviours in

general dental patients attending a university clinic in Italy. J. Oral Rehabil. 2023, 50, 370–375. [CrossRef] [PubMed]
2. Manfredini, D.; Ahlberg, J.; Lobbezoo, F. Bruxism definition: Past, present, and future—What should a prosthodontist know? J.

Prosthet. Dent. 2022, 128, 905–912. [CrossRef] [PubMed]
3. Manfredini, D.; Winocur, E.; Guarda-Nardini, L.; Paesani, D.; Lobbezoo, F. Epidemiology of bruxism in adults: A systematic

review of the literature. J. Orofac. Pain 2013, 27, 99–110. [CrossRef] [PubMed]
4. Manfredini, D.; Thomas, D.C.; Lobbezoo, F. Temporomandibular Disorders within the Context of Sleep Disorders. Dent. Clin.

North Am. 2023, 67, 323–334. [CrossRef] [PubMed]
5. Kato, T.; Higashiyama, M.; Katagiri, A.; Toyoda, H.; Yamada, M.; Minota, N.; Katsura-Fuchihata, S.; Zhu, Y. Understanding the

pathophysiology of sleep bruxism based on human and animal studies: A narrative review. J. Oral Biosci. 2023, 65, 156–162.
[CrossRef] [PubMed]

6. Mungia, R.; Lobbezoo, F.; Funkhouser, E.; Glaros, A.; Manfredini, D.; Ahlberg, J.; Taverna, M.; Galang-Boquiren, M.T.; Rugh,
J.; Truong, C.; et al. Dental practitioner approaches to bruxism: Preliminary findings from the national dental practice-based
research network. Cranio 2023, 1–9. [CrossRef] [PubMed]

7. 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]

8. 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]

https://doi.org/10.1111/joor.13427
https://www.ncbi.nlm.nih.gov/pubmed/36718600
https://doi.org/10.1016/j.prosdent.2021.01.026
https://www.ncbi.nlm.nih.gov/pubmed/33678438
https://doi.org/10.11607/jop.921
https://www.ncbi.nlm.nih.gov/pubmed/23630682
https://doi.org/10.1016/j.cden.2022.10.004
https://www.ncbi.nlm.nih.gov/pubmed/36965934
https://doi.org/10.1016/j.job.2023.04.005
https://www.ncbi.nlm.nih.gov/pubmed/37086888
https://doi.org/10.1080/08869634.2023.2192173
https://www.ncbi.nlm.nih.gov/pubmed/37016587
https://doi.org/10.1111/joor.12011
https://doi.org/10.1111/joor.12663


J. Clin. Med. 2024, 13, 687 10 of 12

9. Manfredini, D.; Ahlberg, J.; Wetselaar, P.; Svensson, P.; Lobbezoo, F. The bruxism construct: From cut-off points to a continuum
spectrum. J. Oral Rehabil. 2019, 46, 991–997. [CrossRef]

10. Lobbezoo, F.; Ahlberg, J.; Aarab, G.; Manfredini, D. Why using “harmless behaviour”, “risk factor” and “protective factor” as
terms describing the various possible consequences of bruxism is still the best option. J. Oral Rehabil. 2021, 48, 762–763. [CrossRef]

11. Darien, I.L. International Classification of Sleep Disorders, 3rd ed.; American Academy of Sleep Medicine: Darien, IL, USA, 2014.
12. Yap, A.U.; Chua, A.P. Sleep bruxism: Current knowledge and contemporary management. J. Conserv. Dent. 2016, 19, 383–389.

[CrossRef] [PubMed]
13. Lobbezoo, F.; Ahlberg, J.; Manfredini, D. The advancement of a discipline: The past, present and future of bruxism research. J.

Oral Rehabil. 2023, 51, 1–4. [CrossRef] [PubMed]
14. Nicot, R.; Raoul, G.; Vieira, A.R.; Ferri, J.; Sciote, J.J. ACTN3 genotype influences masseter muscle characteristics and self-reported

bruxism. Oral Dis. 2023, 29, 232–244. [CrossRef] [PubMed]
15. Ahlberg, J.; Lobbezoo, F.; Hublin, C.; Piirtola, M.; Kaprio, J. Self-reported sleep bruxism in 1990 and 2011 in a nationwide twin

cohort: Evidence of trait persistence and genetic liability. J. Oral Rehabil. 2022, 51, 119–124. [CrossRef] [PubMed]
16. Manfredini, D.; Lobbezoo, F. Role of psychosocial factors in the etiology of bruxism. J. Orofac. Pain 2009, 23, 153–166.
17. van Selms, M.K.A.; Thymi, M.; Lobbezoo, F. Psychological distress and the belief that oral behaviours put a strain on the

masticatory system in relation to the self-report of awake bruxism: Four scenarios. J. Oral Rehabil. 2024, 51, 170–180. [CrossRef]
18. Giovanni, A.; Giorgia, A. The neurophysiological basis of bruxism. Heliyon 2021, 7, e07477. [CrossRef] [PubMed]
19. Bhattacharjee, B.; Saneja, R.; Bhatnagar, A.; Gupta, P. Effect of dopaminergic agonist group of drugs in treatment of sleep bruxism:

A systematic review. J. Prosthet. Dent. 2022, 127, 709–715. [CrossRef]
20. Toyama, N.; Ekuni, D.; Fukuhara, D.; Sawada, N.; Yamashita, M.; Komiyama, M.; Nagahama, T.; Morita, M. Nutrients Associated

with Sleep Bruxism. J. Clin. Med. 2023, 12, 2623. [CrossRef]
21. Lavigne, G.J.; Huynh, N.; Kato, T.; Okura, K.; Adachi, K.; Yao, D.; Sessle, B. Genesis of sleep bruxism: Motor and autonomic-cardiac

interactions. Arch. Oral Biol. 2007, 52, 381–384. [CrossRef]
22. Beddis, H.; Pemberton, M.; Davies, S. Sleep bruxism: An overview for clinicians. Br. Dent. J. 2018, 225, 497–501. [CrossRef]

[PubMed]
23. Frosztega, W.; Wieckiewicz, M.; Nowacki, D.; Poreba, R.; Lachowicz, G.; Mazur, G.; Martynowicz, H. The effect of coffee and

black tea consumption on sleep bruxism intensity based on polysomnographic examination. Heliyon 2023, 9, e16212. [CrossRef]
[PubMed]

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] [PubMed]

26. Fulek, M.; Wieckiewicz, M.; Szymanska-Chabowska, A.; Michalek-Zrabkowska, M.; Fulek, K.; Lachowicz, G.; Poreba, R.; Mazur,
G.; Martynowicz, H. Systematic Review on the Link between Sleep Bruxism and Systemic Chronic Inflammation. Brain Sci. 2023,
13, 1104. [CrossRef] [PubMed]

27. Conrad, N.; Verbeke, G.; Molenberghs, G.; Goetschalckx, L.; Callender, T.; Cambridge, G.; Mason, J.C.; Rahimi, K.; McMurray,
J.J.V.; Verbakel, J.Y. Autoimmune diseases and cardiovascular risk: A population-based study on 19 autoimmune diseases and 12
cardiovascular diseases in 22 million individuals in the UK. Lancet 2022, 400, 733–743. [CrossRef] [PubMed]

28. Louca Jounger, S.; Christidis, N.; Svensson, P.; List, T.; Ernberg, M. Increased levels of intramuscular cytokines in patients with
jaw muscle pain. J. Headache Pain 2017, 18, 30. [CrossRef] [PubMed]

29. Kara, M.I.; Yanık, S.; Keskinruzgar, A.; Taysi, S.; Copoglu, S.; Orkmez, M.; Nalcacı, R. Oxidative imbalance and anxiety in patients
with sleep bruxism. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2012, 114, 604–609. [CrossRef]

30. Lago-Rizzardi, C.; Siqueira, J.; Siqueira, S. Spirituality of Chronic Orofacial Pain Patients: Case-Control Study. J. Relig. Health 2014,
53, 1236–1248. [CrossRef]

31. Keskinruzgar, A.; Kalenderoglu, A.; Yapici Yavuz, G.; Koparal, M.; Simsek, A.; Karadag, A.S.; Utkun, M. Investigation of
neurodegenerative and inflammatory processes in sleep bruxism. CRANIO J. Craniomandib. Sleep Pract. 2020, 38, 358–364.
[CrossRef]

32. Michalek-Zrabkowska, M.; Wieckiewicz, M.; Smardz, J.; Gac, P.; Poreba, R.; Wojakowska, A.; Mazur, G.; Martynowicz, H.
Determination of Inflammatory Markers, Hormonal Disturbances, and Sleepiness Associated with Sleep Bruxism among Adults.
Nat. Sci. Sleep 2020, 12, 969–979. [CrossRef]

33. Zhong, Q.; Qin, Z.; Wang, X.; Lan, J.; Zhu, T.; Xiao, X.; Su, L.; Pei, P.; Long, J.; Zhou, L. Healthy sleep pattern reduce the risk of
cardiovascular disease: A 10-year prospective cohort study. Sleep Med. 2023, 105, 53–60. [CrossRef]

34. Mc Carthy, C.E.; Yusuf, S.; Judge, C.; Alvarez-Iglesias, A.; Hankey, G.J.; Oveisgharan, S.; Damasceno, A.; Iversen, H.K.; Rosengren,
A.; Avezum, A.; et al. Sleep Patterns and the Risk of Acute Stroke: Results from the INTERSTROKE International Case-Control
Study. Neurology 2023, 100, e2191–e2203. [CrossRef] [PubMed]

35. Mohamed, B.; Yarlagadda, K.; Self, Z.; Simon, A.; Rigueiro, F.; Sohooli, M.; Eisenschenk, S.; Doré, S. Obstructive Sleep Apnea
and Stroke: Determining the Mechanisms Behind their Association and Treatment Options. Transl. Stroke Res. 2023. [CrossRef]
[PubMed]

https://doi.org/10.1111/joor.12833
https://doi.org/10.1111/joor.13063
https://doi.org/10.4103/0972-0707.190007
https://www.ncbi.nlm.nih.gov/pubmed/27656052
https://doi.org/10.1111/joor.13562
https://www.ncbi.nlm.nih.gov/pubmed/37458517
https://doi.org/10.1111/odi.14075
https://www.ncbi.nlm.nih.gov/pubmed/34773324
https://doi.org/10.1111/joor.13368
https://www.ncbi.nlm.nih.gov/pubmed/36062358
https://doi.org/10.1111/joor.13460
https://doi.org/10.1016/j.heliyon.2021.e07477
https://www.ncbi.nlm.nih.gov/pubmed/34286138
https://doi.org/10.1016/j.prosdent.2020.11.028
https://doi.org/10.3390/jcm12072623
https://doi.org/10.1016/j.archoralbio.2006.11.017
https://doi.org/10.1038/sj.bdj.2018.757
https://www.ncbi.nlm.nih.gov/pubmed/30237554
https://doi.org/10.1016/j.heliyon.2023.e16212
https://www.ncbi.nlm.nih.gov/pubmed/37229165
https://doi.org/10.3390/ijerph17238960
https://www.ncbi.nlm.nih.gov/pubmed/33276496
https://doi.org/10.1016/j.sleep.2021.11.008
https://www.ncbi.nlm.nih.gov/pubmed/34879286
https://doi.org/10.3390/brainsci13071104
https://www.ncbi.nlm.nih.gov/pubmed/37509035
https://doi.org/10.1016/S0140-6736(22)01349-6
https://www.ncbi.nlm.nih.gov/pubmed/36041475
https://doi.org/10.1186/s10194-017-0737-y
https://www.ncbi.nlm.nih.gov/pubmed/28243900
https://doi.org/10.1016/j.oooo.2012.05.010
https://doi.org/10.1007/s10943-013-9768-0
https://doi.org/10.1080/08869634.2018.1543829
https://doi.org/10.2147/NSS.S268470
https://doi.org/10.1016/j.sleep.2023.03.003
https://doi.org/10.1212/WNL.0000000000207249
https://www.ncbi.nlm.nih.gov/pubmed/37019662
https://doi.org/10.1007/s12975-023-01123-x
https://www.ncbi.nlm.nih.gov/pubmed/36922470


J. Clin. Med. 2024, 13, 687 11 of 12

36. Lin, H.-J.; Yeh, J.-H.; Hsieh, M.-T.; Hsu, C.-Y. Continuous positive airway pressure with good adherence can reduce risk of stroke
in patients with moderate to severe obstructive sleep apnea: An updated systematic review and meta-analysis. Sleep Med. Rev.
2020, 54, 101354. [CrossRef]

37. Von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gøtzsche, P.C.; Vandenbroucke, J.P. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. J. Clin. Epidemiol.
2008, 61, 344–349. [CrossRef] [PubMed]

38. Berry, R.B.; Budhiraja, R.; Gottlieb, D.J.; Gozal, D.; Iber, C.; Kapur, V.K.; Marcus, C.L.; Mehra, R.; Parthasarathy, S.; Quan, S.F.; et al.
Rules for scoring respiratory events in sleep: Update of the 2007 AASM Manual for the Scoring of Sleep and Associated Events.
Deliberations of the Sleep Apnea Definitions Task Force of the American Academy of Sleep Medicine. J. Clin. Sleep Med. JCSM
Off. Publ. Am. Acad. Sleep Med. 2012, 8, 597–619. [CrossRef] [PubMed]

39. The AASM Manual for the Scoring of Sleep and Associated Events Summary of Updates in Version 2.6. 10 January 2020. Available
online: https://aasm.org/wp-content/uploads/2020/01/Summary-of-Updates-in-v2.6-1.pdf (accessed on 22 January 2024).

40. Killick, R.; Stranks, L.; Hoyos, C.M. Sleep Deficiency and Cardiometabolic Disease. Sleep Med. Clin. 2023, 18, 331–347. [CrossRef]
[PubMed]

41. Russell, K.L.; Rodman, H.R.; Pak, V.M. Sleep insufficiency, circadian rhythms, and metabolomics: The connection between
metabolic and sleep disorders. Sleep Breath. 2023, 27, 2139–2153. [CrossRef] [PubMed]

42. Nashed, A.; Lanfranchi, P.; Rompré, P.; Carra, M.C.; Mayer, P.; Colombo, R.; Huynh, N.; Lavigne, G. Sleep bruxism is associated
with a rise in arterial blood pressure. Sleep 2012, 35, 529–536. [CrossRef]

43. Benkirane, O.; Delwiche, B.; Mairesse, O.; Peigneux, P. Impact of Sleep Fragmentation on Cognition and Fatigue. Int. J. Environ.
Res. Public Health 2022, 19, 15485. [CrossRef]

44. González González, A.; Montero, J.; Gómez Polo, C. Sleep Apnea-Hypopnea Syndrome and Sleep Bruxism: A Systematic Review.
J. Clin. Med. 2023, 12, 910. [CrossRef]

45. Wang, C.; Verma, A.K.; Guragain, B.; Xiong, X.; Liu, C. Classification of bruxism based on time-frequency and nonlinear features
of single channel EEG. BMC Oral Health 2024, 24, 81. [CrossRef]

46. Kishi, A.; Haraki, S.; Toyota, R.; Shiraishi, Y.; Kamimura, M.; Taniike, M.; Yatani, H.; Kato, T. Sleep stage dynamics in young
patients with sleep bruxism. Sleep 2020, 43, zsz202. [CrossRef] [PubMed]

47. Chen, L.; Bai, C.; Zheng, Y.; Wei, L.; Han, C.; Yuan, N.; Ji, D. The association between sleep architecture, quality of life, and
hypertension in patients with obstructive sleep apnea. Sleep Breath. 2023, 27, 191–203. [CrossRef]

48. Nieto, F.J.; Young, T.B.; Lind, B.K.; Shahar, E.; Samet, J.M.; Redline, S.; D’Agostino, R.B.; Newman, A.B.; Lebowitz, M.D.; Pickering,
T.G. Association of sleep-disordered breathing, sleep apnea, and hypertension in a large community-based study. Sleep Heart
Health Study. JAMA 2000, 283, 1829–1836. [CrossRef] [PubMed]

49. Guillard, R.; Korczowski, L.; Léger, D.; Congedo, M.; Londero, A. REM Sleep Impairment May Underlie Sleep-Driven Modulations
of Tinnitus in Sleep Intermittent Tinnitus Subjects: A Controlled Study. Int. J. Environ. Res. Public Health 2023, 20, 5509. [CrossRef]
[PubMed]

50. Emodi-Perlman, A.; Soliman, J.; Frideman-Rubin, P.; Eli, I. Symptoms of Nocturnal Masticatory Muscle Activity among Women
of Different Age Groups and Their Association to Obstructive Sleep Apnea-A Cross Sectional Study. J. Clin. Med. 2022, 11, 1199.
[CrossRef] [PubMed]
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