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Abstract

Introduction: Sleep Bruxism (SB) is a non-functional rhythmic movement of the mandible with multifactorial
aetiology and complex diagnose. It has been the subject of various studies over the past decades and it is considered
a result of actions of the Central Nervous System modulated by Autonomous Nervous System. In this work, we
test the hypothesis that SB subjects present a typical and defined neurobehavioral pattern that can be distinct
from that of non‑bruxers subjects and can be measured during wakefulness. Methods: Fifteen sleep bruxers
(experimental‑group EG) and fifteen non-bruxers (control-group CG) took part in the experiments. To verify the
presence and severity of SB, clinical examinations, anamneses and questionnaires, including Visual Analogic
Scale - faces (VAS-f) and State-Trait Anxiety Inventory (STAI) were applied. To legitimate the diagnoses of SB,
a disposable instrument (Bitestrip) to assess the masseter activity during sleep was employed. All subjects were
submitted to a set of experiments for measuring various visual evoked responses during the presentation of visual
stimuli (pleasant, unpleasant and neutral images). Events in Visual Evoked Potential (VEP) were used to compare
the neural responses of both CG and EG. Results: VAS-f showed EG with higher perception of stress than CG
(trait: p=0.05), and lower quality of life for (state: p=0.007). STAI I and II showed significant differences of
anxiety between CG and EG (p=0.013 and p=0.004, respectively), being EG the highest. The EG Bitestrip scores
confirmed that 100% of subjects were sleep bruxers. Significant differences were found between EG and CG for
events associated with emotional (pleasant and unpleasant) images in the first 250 ms after stimulation. In general,
EG subjects showed higher amplitude and shorter latency of VEP events. Conclusion: It is possible to distinguish
between SB and non-bruxers subjects during wakefulness, based on differences in amplitude and latency of cortical
event related potentials elicited by visual stimulation. SB subjects show greater amplitudes in specific events in
frontal areas when non-pleasant images are shown. Latencies tend to be anticipated in SB compared to CG subjects.
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Introduction
Sleep Bruxism (SB) is a complex phenomenon
considered to be primarily a sleep-related movement
disorder with a multifactorial aetiology, involving
intricate multisystem physiological processes. It is no
longer considered a parasomnia and its aetiology is not
believed to be based on purely mechanical factors or
psychological issues (Klasser et al., 2015). It has been
observed that bruxism has a relevant role as a relief
mechanism for psychosomatic disorders induced by
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stress (Sato et al., 2008). SB is present in childhood
and may persist into adulthood (Kato et al., 2012).
It occurs after abrupt changes in physiological rhythms
including cortical hyperactivity, fast breathing, fast
cardiac activity and muscle hyperactivity with final
dental contact (Dubé et al., 2004; Lavigne et al., 2007).
When this phenomenon was registered and identified by
polysomnography in various studies, a major shift in the
understanding of sleep bruxism took place (Dubé et al.,
2004; Huynh et al., 2007). The most recent hypotheses on
the aetiology of SB supports the roles of the central (CNS)
and autonomous (ANS) nervous systems in the genesis of
the oromandibular activity during sleep, which happens
when a stressor agent (emotion, fear, anger or pain) is
present and alters the activity of the ANS, exacerbating
the sympathetic activity as a response (Sato et al., 2008;
Sato and Slavicek, 2008). Those hypotheses are supported
by the so-called, cardio-trigeminal reflex theory, which
states that when there is emotional suffering, stress is
generated leading to the activation of motoneurons,
which triggers muscle tension (Barreto and Silva, 2010;
Lobbezoo, 2016). This resulting dental pressure triggers
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the trigeminal nervous system that spreads electrical
signals to its nucleus in the brain stem, inducing the
activity of the parasympathetic system, which in turn
decreases the state of cardiac, respiratory and muscular
excitation. That is why SB is also considered as part of a
stress relief system in subjects high stressed or anxious
(Schames et al., 2012).
SB is a disorder of high prevalence, especially in
the most productive adult phase. Compared to awake
bruxism, SB is considered to cause greater damage, as
it generates unconscious movement and co-contraction
forces about 30% stronger than those at maximum
voluntary contraction (Behr et al., 2012).
Several authors have claimed that sleep bruxers
have a typical behavioral profile that differs from
non-bruxers, being more prone to anxiety and prompt
to react (Bayar et al., 2012; Lobbezoo et al., 2013).
Ahlberg et al. (2013) suggest that underlying anxiety
and stress may exacerbate bruxism, and also cause more
frequent arousals during sleep. Finally, Hajcak et al.
(2010), in a major review on event-related potentials
and emotion regulation, described a number of studies
that strongly correlated specific cortical responses with
emotion regulation. Since SB subjects tend to be highly
stressed and anxious individuals, those finds lead to
hypothesize that it may be possible that the different
behavioral profiles of sleep bruxers and non-bruxers may
be revealed during the evaluation of cortical responses
to stressful stimuli during wakefulness.
In the light of such arguments, we propose a novel
method to discriminate subjects with and without SB by
assessing the cortical responses to various visual stimuli
during vigilance. In so doing, we hope to contribute
towards the comprehension of the peculiar behavioral
expression of SB subjects and to the establishment of a
proven scientific diagnostic criterion for sleep bruxism.

Methods
Thirty healthy subjects (20-33 years old) participated
in the experiment. The experimental procedures were
explained in detail to each subject, who also signed an
informed consent form (Ethics Committee Protocol
CEP/UFU/650.649). All subjects presented complete
dentition (except for orthodontic or third molars extractions),
reported no use of antidepressants or anxiolytic drugs and
were not in orthodontic treatment. In order to assess if they
would be categorized as sleep bruxers or non‑bruxers, the
volunteers underwent clinical examination by a senior
dentist. Oral and extra-oral examinations, Modified
Fonseca’s Anamneses, Research Diagnostic Criteria
Index (RDC I and II), and Oral Health Impact Profile
14 (OHIP Br 14) were applied to identify symptoms of
bruxism, temporomandibular disorder, dental history
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and oral habits. All subjects also responded anxiety
questionnaires (Néri’s Life Satisfaction Questionnaire;
State-Trait Anxiety Inventory - STAI I and STAI II;
Visual Analog Scale-faces Trait - VAS-f T and Quality
of Life - VAS-f QL) to recognize how they perceive
their daily lives and their current situation. Furthermore,
the EMG activity of masseter muscles was measured
during sleep, using the BiteStrip device (Up2dent Inc,
Germany) (Shochat et al., 2007; Mainieri et al., 2012).
Those who were diagnosed with SB were assigned to
the experimental group (EG, n = 15) and the others to
the control group (CG, n = 15).
All volunteers were submitted to a set of experiments
for measuring various visual evoked responses during the
presentation of visual stimuli (static images displayed
on a monitor). For measuring the cortical visual
evoked responses (or Visual Evoked Potentials - VEP),
electroencephalographic (EEG) signals were acquired
via an EEG data acquisition system (EBNeuro, Firenze
- Itália, 16-bit A/D resolution, 1024 Hz sampling rate).
Nineteen individual electrodes were placed on the scalp,
in accordance with the international 10/20 system (Fp1,
Fp2, F7, F3, Fz, F4, F8, T3, C3, Cz, C4, T4, T5, P3,
Pz, P4, T6, O1 and O2), two reference electrodes were
placed on both auricles and one on the mastoid area as
ground reference.
To elicit the evoked potentials, a sample of 60 color
images were selected from The International Affective
Picture System (IAPS) database (Lang et al., 2005).
IAPS images are also classified by their valences as
‘negative’, ‘neutral’ and ‘positive’, according to the
emotions they arouse in the individual. 20 images were
randomly chosen from the databank for each of the three
levels of valences to compose the set of 60 images, which
were randomly displayed on a monitor positioned in
front of the subjects while the EEG data was acquired.
An auxiliary signal was also acquired to allow for the
synchronization of the presentation of each image, as
well as its valence level. Figure 1 illustrates the process
used to present the images during the experiment. First
a blank screen was presented for 2250 ms (relaxation
phase), followed by a fixation cross on the center of
the screen displayed during 750 ms; next, the image
was displayed during 500 ms. This procedure, adapted
from Capela and Georgieva (2012), continued until all
60 images were shown to the volunteer. Figure 2 shows
the setup used for acquiring the visual evoked responses.

Artifact removal
Prior to any processing, all EEG signals were filtered
by means of 60/120 Hz notch filters (Butterworth,
5 poles) and a 0.1-30 Hz bandpass filter (Butterworth,
4 poles), in order to reduce power line interference and
DC artifacts.
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all epochs were referred to the mean amplitude of the
pre-stimulus baseline (Guo et al., 2015).

Feature extraction

Figure 1. Steps and timeline used to present the set of images during
the VEP experiment.

The grand averages for all EEG channels and all
subjects were calculated for each type of valence (negative,
neutral and positive). Thus, 57 grand averages were
calculated for each subject (3 valences x 19 channels).
Next, amplitude (µV) and latency (ms) were measured,
for each one of those grand averages, for the following
events: N100 and P100 (50-150ms); N200 and P200
(150-250 ms); N300 and P300 (250-350 ms). The choice
of events and the different intervals were based on related
literature (Olofsson et al., 2008). To detect the onset of
the events in each grand average, a search for the global
maxima and minima (if P100/200/300 or N100/200/300)
was performed at the pre-defined intervals. Furthermore,
after the automatic process was executed, the onsets
were inspected to make sure they were correct. Once
the onsets were considered satisfactory, their latency
and amplitude were stored for the further processing.

Statistical analysis
Clinical evaluation
To evaluate the correlation between bruxism and the
various parameters measured during the anamneses and
clinical evaluations, the Phi Coefficient (a variation of
the Pearson correlation and measures the relationship
of binary data, related to the chi-square statistic) and
the p-value (correlation of nominal data) were used
(Witz et al., 1990; Brown and Donovan, 2014).
Figure 2. The experimental setup used for the VEP experiments.
The volunteers sat comfortably in a chair while a set of images were
presented on a computer screen placed at a distance of 70 cm. EEG data
were collected throughout the experiment along with a synchronization
signal used to indicate the presentation and valence of each image.

In addition, Independent Component Analysis (ICA)
was used to remove ocular artifacts. To identify the
independent component (IC) for the blinking signal, the
correlation coefficient between each IC and the cortical
signals measured on the Fp1 and Fp2 channels were
calculated. The IC with the highest correlation coefficient
was eliminated from all EEG channels (Jung et al.,
2000; Gómez‑Herrero et al., 2006). Once the IC was
eliminated, a threshold of 40µV was established and the
EEG epochs that exceeded this value were excluded.
Furthermore, the trials were visually inspected to ensure
that no residual artifacts would affect the analyses.

Epoch extraction
The epochs were extracted from all channels from
100 ms before the stimulus-onset (image presentation)
to 1000 ms after the stimulus-onset. After extraction,

Evaluation of cortical evoked responses
To evaluate the statistical differences between
the evoked responses of the two groups of volunteers
(CG x EG), the events in the grand averages of each
valence and channel were compared (Pfurtscheller and
Lopes da Silva, 1999). The normality of the data set
was first calculated and then a paired t-test (normal) or
Wilcoxon signed-rank test (non-normal) was applied
to evaluate the statistical significance of differences
between the features extracted (latency and amplitude
of the events).

Results
Clinical evaluation
Evaluations of anamneses and clinical data were
performed to find out which elements were related
to bruxism. Considering the various elements of the
anamneses and the questionnaires that were applied to
both groups, the statistical analysis showed that only
STAI and VAS were significant when testing possible
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differences between EG and CG: STAI I (p = 0.013),
STAI II (p = 0.003), VAS-f T (p = 0.05) and VAS-f QL
(p = 0.007).
The Bitestrip device was used to count the episodes
of bruxism during sleep, thus measuring the presence and
severity of BS. The device was designed to screen masseter
EMG events and discriminate normal activity from SB
events (Mainieri et al., 2012). Bitestrip scores can be used
to discriminate four possible outcomes: L - no event;
1 - mild; 2 - moderate; 3 - severe. Our results showed that
SB subjects (EG) graded from 2 (moderate) to 3 (severe),
while non-bruxers (CG) graded L or 1. These findings
are consistent with the literature (Mainieri et al., 2012)
and provide further support for the clinical evaluations
performed to discriminate between sleep bruxers and
non-bruxers.

Visual evoked responses
57 grand averages (3 valences x 19 EEG channels)
were calculated for each subject and the latencies and
amplitudes of the relevant events (N100, P100, N200,
P200, N300 and P300) were measured. Figure 3 shows
an example of grand averages calculated for channel C3
when neutral images were shown to control (CG) and
experimental (EG) subjects.
To test the differences in amplitude and latency for
the various events occurring during the presentation
of images, the normality of the data (events across
all volunteers/channels/valences) was first tested.
Since the results showed a normal distribution, the
paired t-test was used to look for differences in the

amplitude and latency of the events found between
CG and EG.
Tables 1 and 2 show the amplitude and latency
of the events, along with the related EEG channel
and valence, that were statistically different between
CG and EG (p < 0.05).
Of all channels, only FP1, FP2, F4 and F7 showed
statistically significant differences within groups when
the amplitude of the events for the different valences and
channels were compared. Notice that, except for P200
in F7 (for images with positive valence), the amplitude
of all events in the EG group was consistently higher
(absolute value) for the experimental group. Besides,
negative images show a much stronger effect on the
differences of amplitude.
As shown in Table 2, differences in latency were
observed only in channels P3, C3, T6, T5, O2 and P3.
Except for channel P3, all channels showed an early
manifestation of the events in the EG group in relation
to CG.
Table 1. Statistically significant correlations for the differences in
amplitude of the VEP components, regarding channel sources and image
valences in both groups.

EEG
channel

Valence

Event

p-value

Amplitude
CG (µV)

Amplitude
EG (µV)

FP1
FP2
F4
F7
F7

Negative
Negative
Negative
Positive
Positive

N100
N100
N100
P100
P200

0.0024
0.0099
0.0312
0.0381
0.0142

-1.02
-0.46
-0.51
0.84
0.32

-2.36
-2.39
-1.18
0.98
0.22

EG: experimental; CG: control.

Figure 3. CG (blue) and EG (red) grand averages of ‘Neutral’ epochs for C3. The vertical dashed line indicates the stimulus onset (image
presentation = 0 ms); Colored dots on the waveforms show the events detected (note that, for this specific example, a P300 event was not detected
for the CG group within the pre-defined interval (250-350 ms).

4/8 4

Neuro-behavioral pattern of sleep bruxism

Res. Biomed. Eng. 2018 March; 34(1): 1-8

Table 2. Statistically significant correlations for the differences in latency of the VEP components, regarding channel sources and image valences
in both groups.

EEG channel

Valence

Event

p-value

Latency CG (ms)

Latency EG (ms)

P3
T6
T6
C3
T5
O2
Fp1

Negative
Negative
Negative
Neutral
Neutral
Neutral
Positive

P200
N100
P300
N300
P200
N300
P300

0.0360
0.0340
0.0001
0.0268
0.0136
0.0040
0.0336

209.57
83.59
344.34
299.41
230.08
297.46
347.27

218.36
67.97
268.16
277.93
209.57
275.98
292.58

EG: experimental; CG: control.

Discussion
In this research, the evaluation of the cortical activity
of sleep bruxers and non-bruxers during wakefulness
revealed distinct neurobehavioral patterns. Compared
to CG subjects, SBs showed VEP components of
higher amplitude and earlier manifestation (latency)
when subjected to visualization of affective images of
different valences.
Besides cortical activity, we also investigated various
clinical aspects by means of questionnaires, anamneses,
scales, inventories and clinical examinations. Among
all signs and symptoms investigated, the State-Trait
Anxiety Inventory (STAI) and the Visual Analogic
Scale - faces (VAS-f) were the indexes that showed the
highest correlation with SB. In fact, those indexes are
commonly used for assessing how each individual cope
with stress and anxiety (STAI being the gold standard to
diagnose anxiety) (Kaipper, 2008). Our results showed
an outstanding statistical significance associating daily
anxiety with sleep bruxers. With regard to the masseter
activity during sleep, the Bitestrip measurements confirmed
that EG individuals (sleep-bruxers) had also the highest
ranges of non-normal EMG activity when sleeping.
The literature considers that perfectionist individuals,
with distinct threshold of tolerance, repressed aggression,
anxiety, frustration and depression, among other emotional
characteristics, may have increased cortical activity when
submitted to intense emotions (Seger, 1998). SB subjects
have been cited as individuals with typical behavioral and
mood profiles (Ahlberg et al., 2013; Mayer et al., 2016),
with greater difficulty to adapt to new situations, and
are usually goal-oriented, sensitive, anxious and stressed
(Mayer et al., 2016). For many individuals, such intense
emotional and even physical responses may persist until
bedtime (Manfredini et al., 2011). This psychobiological
state of hyper excitation may contribute to give raise,
during the night, to repetitive masticatory muscle
activity (RMMA) in SB subjects (Riemann et al., 2010).
Also, highly interoceptive individuals tend to be more
perceptive to internal, visceral, and affective events
(Herbert et al., 2007). Furthermore, emotional changes

related to stress and emotions have been identified in
the cerebral cortex and subcortical regions by means of
event related potentials (ERPs) (Polich, 2007; Capela and
Georgieva, 2012). In our study, the cortical responses
of the experimental group seem to be in line with those
findings, since the SB subjects also showed a significant
level of anxiety and stress.
When analyzing Tables 1 and 2, one can observe a
tendency of higher cortical activity (amplitude) in the neural
substrate of EG individuals for VEP components around
100ms (N100 for negative images, and P100 and P200
for positive images) in channels FP1, Fp2, F4 and F7.
When the differences in latency were investigated, the
results also showed that CG individuals had a later
initiation of VEP components in relation to the response
of EG subjects, indicating that the EG subjects tend to
react to stimuli faster than CG subjects. The latency of
the P200 and N300 events occurred more frequently
for neutral figures than for unpleasant and pleasant
figures, and were anticipated in EG compared to CG.
This behavior of later latency is presumably related to
higher processing stages (Amrhein et al., 2004).
N100 has been regarded as a rapid neural response
associated with the detection of unpleasant visual
phenomena, with an important role in bringing our brain
to a state of alertness (Keil et al., 2002; Schupp et al.,
2003; Foti et al., 2009). Nevertheless, the tendency to over
process threat-related information has been identified as a
major cause of anxiety disorders (Mathews and MacLeod,
2002; Bar-Haim et al., 2007). In our research, N100 was
found to be highly associated with emotional images,
both for amplitude and latency, with negative images
generating greater neural activity in the EG than CG.
The origin of this fast response is thought to start in the
prefrontal cortex (Kawasaki et al., 2001; Carretié et al.,
2004) when negative stimulus is briefly presented or
even perceived unconsciously (Carretié et al., 2006).
Anatomical studies on ventromedial prefrontal cortex
connections show that this area sends projections to
executor structures, such as the amygdala and pre-motor
cortex, responsible for motor and autonomic responses
to aversive events (Codispoti et al., 2006) and to the
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posterior areas of the brain involved in visual attention
and object recognition (Sarter et al., 2001; Armony and
Dolan, 2002). Evidence suggests that N100 does not
originate in the primary visual cortex, but rather in several
generators in the frontal and occipito-temporal‑parietal
regions (Clark et al., 1994), as observed also in this study.
This rapid response to negative stimulus may be related
to a neural adaptation mechanism, which helps survival
by facilitating fast coping with aversive or dangerous
events (Cacioppo and Gardner, 1999; Taylor et al.,
2006). Similarly, the P100 component, which occurred
in F7 with amplitudes higher in the EG than in CG, is
considered a sensitive component to physical stimuli
and indicates early processes in prefrontal, frontal and
striated visual cortex.
Studies on the origins of P100, P200 and N200,
suggest that, as soon as the sequence progresses from
P100 to N200, the anterior cingulate cortex (ACC) is
increasingly involved, with activation moving from dorsal
to ventral ACC (Carretié et al., 2004). However, in our
research, the N200 component did not show statistical
significance for any of the selected channels, neither
for latency nor amplitude. On the other hand, P200 has
been hypothesized to be part of longer neural processing
associated with the manifestation of a cognitive system
located around the parieto-occipital and central-frontal
regions, which compares sensory inputs with stored
memory (Freunberger et al., 2007). This corroborates our
findings for the latency of P200 – occurring in channel
P3 during the presentation of negative emotional images;
being longer for EG than for CG. P200 also showed
statistical significance for differences in amplitude
between EG and CG on frontal substrate (channel F7).
P300 and N300 only showed statistically significant
differences in the latency of the events between EG and
CG for channels T6, C3, O2 and Fp1.
N300 has been recognized as a component particularly
sensitive to visual stimuli generated by emotional images
(Rossignol et al., 2005). With regard to the latency of the
N300, subjects with anxiety, fears or phobias showed
faster reaction time than control group subjects in the
experiments performed by Flykt and Caldara (2006) and
Michalowski et al. (2009). In our study, EG subjects,
who also had higher levels of anxiety compared to
CG subjects, showed faster reaction times (shorter
latencies) in channels C3 and O2.
P300 has also been shown to be sensitive to the
emotional contents of visual images in highly anxious
individuals (Schupp et al., 2004; Weinberg and Hajcak,
2010). Those findings are also correlated with our results,
were emotional images, with negative and positive
valences, showed significant statistical differences
between EG and CG for the latencies of P300 in channels
T6 (negative) and Fp1 (positive).
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In our experiments, most of the differences found in
events associated with emotional (pleasant and unpleasant)
images occurred in the first 250 ms after stimulation, as
also perceived in the work of Codispoti et al. (2006).
Similar results were also found by other researchers,
when studying the influence of anxiety and stress in
the cortical responses of different subjects (Foti et al.,
2009; Hajcak et al., 2010).
ERPs associated with emotional processing have
also been used to examine the hypothesis that negative
information may hold a more privileged status (importance
of an event, memory or previous experience) among
emotional contents. It was found that, negative information
evokes stronger physiological and emotional reactions in
comparison to neutral and positive information (Cacioppo
and Gardner, 1999). This has also been highlighted in
our results. In fact, the occurrence of negative valence
prevailed over positive and neutral valences. Furthermore,
the dominance occurred mostly for events within the
first 250 ms (P100, N100 and P200).
Overall, our findings suggest that it is possible to
distinguish between SB and non-bruxers subjects during
wakefulness, based on differences in the amplitude and
latency of cortical event related potentials elicited by
visual stimulation using emotional and non-emotional
images. SB subjects show greater amplitudes in specific
events in the frontal areas when non-pleasant images are
shown, when compared to non-bruxers. Latencies tend
to be anticipated in SB compared to CG subjects. Those
results, along with the information gathered by clinical
examination and specific questionnaires, allow us to
conclude that SB individuals show a distinct behavioral
pattern that influences cortical activity, persists during
the day, and can be detected by means of VEPs.
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