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ABSTRACT

Objective To provide an update on what is known about bruxism and some of the major clinical
highlights derived from new insights into this old problem in dentistry. Materials and methods A
selective, non-systematic but critical review of the available scientific literature was performed.
Results There are two main different types of bruxism, which are related to different circadian
periods (sleep and awake bruxism) that may differ in terms of pathophysiology, but they share
some common signs and symptoms. Approximately one out of 10 adult individuals may suffer from
bruxism, but not all bruxers may need treatment. Bruxism is complicated to diagnose in the clinic
and self-report of bruxism may not necessarily reflect the true presence of jaw muscle activity.
Better understanding has been acquired of bruxism relationships with sleep stages, arousal
responses and autonomic function with the help of polysomnography and controlled sleep studies.
Meanwhile, there is still much more to learn about awake bruxism. With the available scientific
knowledge it is possible to systematically assess the effects of bruxism and its potential risk factors
for oral and general health. Moreover, we can be aware of the realistic possibilities to manage/treat
the patient suffering from bruxism. Conclusion Bruxism is a parafunctional activity involving the
masticatory muscles and probably it is as old as human mankind. Different ways have been
proposed to define, diagnose, assess the impact and consequences, understand the pathophysiol-
ogy and treat or manage bruxism. Despite the vast research efforts made in this field, there are still
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significant gaps in our knowledge.

Introduction

Most of the patients suffering from sleep bruxism (SB) have
found out that they grind or clench their teeth during sleep
by the report from somebody who sleeps in the same room.
This parafunctional activity not only bothers others with the
unpleasant sound of the ‘gnashing of teeth’, but it may also
be associated with several other problems. Dentists among
other professionals can help to recognize this parafunctional
activity, explain its characteristics and consequences to the
patients and manage these problems. In this review we will
try to help to organize and understand the available scientific
knowledge related to this topic by answering the following
questions:

What is bruxism and sleep bruxism?

How many people grind/clench their teeth?

How do we diagnose it?

Why do we grind/clench our teeth?

What problems can teeth grinding/clenching cause?
Can we treat/manage bruxism?

It should be mentioned that the purpose is not to provide a
systematic review on bruxism and the reader is referred to
some of the several recent publications.[1-6]

What is bruxism and sleep bruxism?

Bruxism is considered a parafunctional activity of the mastica-
tory muscles that has been reported in the history since early
times.[7] This oral parafunctional activity is known scientifically
as bruxism that comes from the Greek word ‘brygmos’
(Bpuypog) and it means gnashing of the teeth. Marie and
Pietkiewicz [8] were the first to describe bruxism in the
scientific literature and defined it as ‘La Bruxomanie'. A recent
publication from an international expert group has discussed
all the different definitions available.[9] They have proposed a
new and simple definition: ‘Bruxism is a repetitive jaw-muscle
activity characterized by clenching or grinding of the teeth
and/or by bracing or thrusting of the mandible’.[9] It is, indeed,
challenging to define a grading and classification system for
bruxism due to the different variables that have been proposed
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to be associated with bruxism (e.g. idiopathic and iatrogenic,
sleep and awaken, painful or asymptomatic, EMG activity:
phasic, tonic or mixed, etc.). Several classification systems and
interactions of the different variables have been proposed. For
example, bruxism could be sub-divided as primary idiopathic
and secondary iatrogenic (e.g. as a manifestation of neuro-
logical disorders and psychiatric sleep disorders). In this review
we will use the circadian rhythm to classify bruxism into awake
bruxism (AB) and SB.[10] These two different circadian mani-
festations of bruxism may have a different pathophysiology.[4]
From these two types of bruxism, SB is the one that has been
most studied. SB is included in the International Classification
of Sleep Disorders-Third Edition (ICSD-3) under the group of
sleep-related movement disorders.[11] The sleep-related move-
ment disorders are characterized by simple and stereotypic
movements that disturb sleep while the patients may or may
not be aware of such movements.[11]

How many people grind/clench their teeth?

Most people grind or clench their teeth once in a while.
Scientific epidemiological studies have shown that interviews
or questionnaires (self-report based method) asking: ‘do you
grind/clench your teeth during sleep? will give results of
~10% of the adult population answering ‘yes’ to the option of
‘frequent as three times a week'.[4,12,13] Epidemiological
studies show that bruxism tends to decrease with age.
Nevertheless, there is a big variability in the reports about
bruxism in children (3.5-40.6%) due to the different age groups
reported and the problems that may arise applying the self-
report method to children/or their parents. As people become
older (>65 years), the frequency of teeth grinding/clenching
during sleep drops to 1.1%.[14] It is interesting to note that no
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difference has been found between men and women who
grind/clench their teeth during sleep. It is, however, important
to point out that these frequencies are based on information
that people have provided and, clearly, there is significant
uncertainty relative to the accuracy of such figures.

Recently an epidemiological study of bruxism has been
published using the polysomnographic (PSG) method without
video and audio recordings in which an overall prevalence of
7.4% has been reported.[15] This study also demonstrated
the discrepancies between self-report and PSG methods to
diagnose SB.[15]

How do we diagnose it?

The up-to-date gold standard for diagnosis of SB is a full PSG
study including video and audio assessments and following
the diagnostic criteria proposed by Lavigne and col-
leagues.[16,17] The PSG method assesses an exclusive type of
muscle activity that characterizes bruxism. This characteristic
muscle activity is well described in the scientific literature and
it is known as ‘rhythmic masticatory muscle activity’ (RMMA)
[16] (Figure 1). The PSG method has a sensitivity and specificity
>80% to detect SB. Unfortunately, the PSG is a method
that requires highly trained professionals to score and
interpret the PSG data, as well as expensive and not easy to
access equipment. All these factors limit its application to
research purposes and complex patients.

Other diagnostic methods have been proposed and are
used as an alternative to diagnose SB. These methods range
from self-report (interview/questionnaires), clinical examination
to the use of additional methods such as portable EMG
devices.[18] All these methods have been questioned because
they do have some limitations to assess bruxism.[19]
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Figure 1. Time course of a tooth-grinding (TG) event in sleep bruxism. The figure illustrates the time course of the different biological events needed to occur before
TG is assessed as rhythmic masticatory muscle activity (RMMA) following the ‘gold standard’ criteria for bruxism assessment in a polysomnographic (PSG) study. The
RMMA could be phasic, tonic or mixed. This figure is adapted from Lavigne et al. [54].
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Patients’ interviews and questionnaires about their dental
history can help dentists to be able to screen whether or not
the patient is likely to grind/clench her/his teeth during
sleep.[20] Using simple questions such as ‘has your bed partner
noticed that you clench/grind your teeth when you sleep?’, ‘do
you wake up with tenderness/pain in your jaw muscles?” and
‘do your teeth often hurt when you wake up?’ may be useful.
The next step after the interview/questionnaire would be a
clinical examination searching for clinical signs or symptoms
related to SB: jaw-muscle fatigue/pain upon awakening,
masseter muscle hypertrophy on voluntary contraction,[12]
visual evidence of moderate-to-severe hyperkeratosis of
cheeks/lips/tongue, visual evidence of advanced tooth wear
(>grade 1¢),[21,22] loss of cusp protection and frequent non-
iatrogenic/non-material-related fractures and failures of teeth/
restorations/implants. All these clinical signs assess the pos-
sible outcomes of the bruxism activity, but not the real bruxism
event, i.e. the jaw muscle activity itself. It has to be considered
that maybe some of these signs represent an old or
accumulated lesion/effect that does not correspond to the
actual status of the patient.

The use of additional methods to assess bruxism is an area
that has been of interest for many researchers in the last
decades.[18,19,23-32] These methods mainly focus on the
ambulatory EMG assessment of the jaw-closing muscles. The
key point of the validity of these methods has been built up on
their correlation to the assessment of PSG-derived measures
RMMA (gold standard). The application of these possible
correlated assessments may become a real possibility to offer a
more affordable and practical method to assess bruxism and
increase the accuracy of the available clinical diagnostic
process in dental practice.[33]

In addition to use in dental practice, the portable EMG
activity assessment devices provide excellent opportunities for
addressing various scientific questions, such as better and
more precise assessment of how many people actually grind/
clench their teeth too much during the day and/or at
night.[18,23,31,32] Furthermore, the connection between attri-
tion, implant problems and the occurrence of temporoman-
dibular pain and headache may now be studied much more
accurately. Nevertheless, a recent systematic review on port-
able devices to assess SB has concluded that the scientific
evidence of the accuracy to diagnose bruxism with these types
of devices is ‘still scarce and not solid enough as a stand-alone
diagnostic method'.[19]

The scarcity of reliable and valid diagnostic tools for bruxism
inspired an international group of bruxism experts to propose
a diagnostic grading system for clinical and research pur-
poses.[9] This diagnostic grading system takes into account the
circadian rhythm (SB and AB). The reliability of the diagnostic
methods used to determine the existence of bruxism was used
to sub-divide SB and AB. The experts proposed a 3-level
grading system: ‘possible’, ‘probable’ and ‘definite’. ‘Possible
AB or SB’ should be based on ‘self-report’ using anamnestic
methods or questionnaires. ‘Probable AB or SB’ will be the
same conditions for ‘possible’ plus some positive finding
during the clinical examination. ‘Definite SB” will continue the
grading system using the criteria for determining ‘probable’
plus a PSG study following the gold standard method

indications [16] for SB [9] (Figure 2). Finally ‘definite AB" will
include self-report, clinical examination and an EMG recording,
preferably combined with the so-called ecological momentary
assessment methodology [9]. Future studies will be needed to
operationalize these proposed criteria and demonstrate the
usefulness of this approach.

Why do we grind/clench our teeth?

In order to be able to grind or clench the teeth together, the
jaw closing muscles must be used (masseter, temporalis,
internal pterygoid muscles). We now know that particular
groups of motor neurons in the brain stem, constituting what
is known as the central pattern generator, are responsible for
rhythmic masticatory action and SB [12]. So the question is:
‘Why does this central pattern generator click in when we
sleep? The current hypothesis is that several factors in the
central nervous system may affect the central pattern gener-
ator, such as changes in the sleep pattern and in the parts of
the brain that control sleep [12,33]. Microarousals appear to be
crucial in the sequence of events leading to activation of the
central pattern generator and jaw closing muscles. For
example, elaborate studies on the cyclic alternating pattern
(CAP) of sleep have indicated that sleep bruxers have subtle
difference in the A3-phase, which are characterized by more
pronounced arousal responses. Autonomous regulation of the
heart rhythm may, furthermore, affect the central pattern
generator, just as drugs affecting the central nervous system
(such as anti-depressants, hypnotics and anxiolytics) may cause
changes in the occurrence of SB. Genetic factors presumably
also play a certain role and work is currently being done to
identify genetic markers for pronounced SB.[34] Preliminary
results also indicate that there is a very marked individual
difference in the occurrence of teeth grinding/clenching.[34]
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Figure 2. Proposed diagnostic grading system for sleep bruxism. The figure
illustrates the criteria required in order to establish the grade of accuracy of the
diagnostic in sleep bruxism. This figure is adapted from Lobbezoo et al. [9].



For example, one twin may be a teeth grinder/clencher, while
the other twin is not.[34]

Whether or not stress has an influence on teeth grinding/
clenching is a recurring question.[35] The data currently
available indicate that stress does not significantly affect SB,
but does, on the other hand, indicate that there is a strong
connection between people’s self-perception of stress and the
occurrence of AB. Psychosocial factors may, thus, be partially
responsible for more people ‘grinding/clenching their teeth’
during their waking hours.[35] Even though there is no
scientific evidence, clinical experience with patients suggests
that physical stress or considerable physical efforts may also
cause people to grind/clench their teeth together. It suffices to
think of pictures of athletes struggling to perform their utmost,
with their teeth clamped together.

It is interesting to note that bruxism, apart from these
‘parafunctions’, apparently may also have a physiological
function. For example, grinding/clenching the teeth causes
increased activity in the mechanoreceptors located in the
periodontal membrane, giving rise to reflex stimulation of
saliva secretion and, hence, increase in the lubrication of the
oral cavity and pharynx, which may be of advantage during
sleep. SB is also associated with a slight protrusive movement
of the lower jaw and the tongue musculature, which increases
the pharyngeal volume and facilitates passage of air to the
lungs.[12]

In summary, we are today able to say that it is important to
differentiate between SB and AB. Extreme SB may be
considered as a sleep-related movement disorder of the
nature of periodical leg movements, while AB is to a large
extent conditioned by stress and emotional factors. It should
also be pointed out that the once widespread odontological
assumption that (mal)-occlusion (such as supracontacts) could
cause bruxism and that the grinding and equilibration of the
teeth or occlusal rehabilitation could eliminate bruxism, is not
supported by scientific documentation.[6,9] The focus, we
might say, has shifted from the periphery (e.g. the teeth and
their occlusion or craniofacial morphology) to the central
nervous system.[5]

What problems can teeth grinding/clenching cause?

As described above, it is probably completely natural to grind/
clench the teeth once in a while. However, bruxism may also
constitute a risk for various problems of which dentists should
be aware.

The most obvious consequence of bruxism is likely attrition
of the teeth or occlusal reconstructions.[36,37] Bruxism may,
therefore, become a problem, causing filling fractures and, in
rare cases, even tooth fractures. There is today increased
concern that bruxism is a risk factor in implant treatment, since
the stress of an osseo-integrated implant has a markedly
different effect on control of the jaw closing muscles.[38]
Bruxism was once associated with progression of periodontal
attachment loss, but this is not supported by scientific
studies.[39] From the odontological point of view, it is
important to record and document the degree of attrition,
for which various scales may be used (Table I).
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SB may also cause problems not only for people who grind/
clench their teeth, but also for their bed partners, as mentioned
earlier.[12] This is perhaps not a major problem, but it may well
be irritating and may affect personal life.

Muscles may become too ‘developed’ due to bruxism. We
do not know how much training (that is, teeth grinding or
clenching) is needed to cause muscle hypertrophy, but it is
common to hear patients reports claiming that particularly
large-sized masseter muscles may be a consequence of years of
bruxism. In such cases, attempts have been made to paralyse
the muscle with the help of botulinum toxin injections
and irreversible ‘shrinking’ (atrophy) of the muscle has
been seen.[40]

Too much muscle action can be associated with tenderness
or pain in the musculature. Self-reported bruxism has also been
found to be a significant risk factor for painful temporoman-
dibular disorder (TMD) and headache [41] It is important to
point out that the relationship between bruxism and pain
disorders is not 1:1, since extreme degrees of tooth attrition are
also seen without any pain or tenderness in the jaw muscu-
lature.[42] The explanation is likely that there are considerable
individual differences in the degree and intensity of muscle
activity and of the feeling of pain and its control. Dentists must
also be aware that pain is not merely pain, but that there are
various forms/types of pain.[43,44] One pain form is character-
ized by the fact that it arises after strong muscle effort—known
as post-exercise muscle soreness (PEMS)—which may include
slight inflammatory changes in the musculature due to micro-
ruptures of the muscle fibres.[45] SB may give rise to a form of
PEMS characterized by tenderness/pain that is most intense in
the morning and decreases during the day, whereas myofascial
TMD pain may have a different pattern of pain intensity during
the day.

In any case, there are several good reasons, summarized in
Table 2, why dentist should be aware of bruxism.

Can we treat/manage bruxism?

The management of bruxism could be divided into three
different approach areas: occlusal, cognitive/behavioural and
pharmacological.[37] The occlusal approach is perhaps the
most used and it could be sub-divided into ‘non-reversible’ and
‘reversible’. The ‘non-reversible’ is usually chosen when it is
thought that bruxism has an occlusal aetiology and by altering
it the parafunction will be controlled. This approach will use
methods that range from selective permanent occlusal adjust-
ments, orthodontics and even prosthetics. The up-to-date
knowledge does not support a relationship between bruxism
and occlusion [5,46]; therefore, occlusal intervention as a
treatment method for managing or curing bruxism is not
justified [5,6].

Table 1. Example of graduated attrition scale [21,22].

0=no enamel loss

1 =enamel loss, minimal surface change

2 =enamel loss with limited (< 1/3) dentine exposure

3 =enamel loss with extensive (>1/3) dentine exposure

4 = complete enamel loss with exposure of pulp or secondary dentine
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The ‘reversible’ occlusal approach is the most commonly
used method by clinicians. Most clinicians following this
approach will ask themselves the question: ‘why not make a
mouth guard? Mouth guard mechanisms of actions have
several hypotheses, but from all of them only one could be
confirmed scientifically: mouth guards do work very well as
tooth protectors [6], but mouth guards do not stop or cure
bruxism [6]. This strongly indicates that bruxism is to a large
extent regulated by the central nervous system and is not
directly affected by the teeth (the peripheral factor) [5].
Scientific studies with PSG techniques have shown that
muscle activity during sleep decreases as soon as a new
mouth guard is used; however, after 2-4 weeks it returns to its
original level[47] Various shapes of mouth guards do not seem
to alter this effect. The most effective mouth guard, however, is
a form of mandibular advancement device that keeps the
lower jaw in a slightly anterior, displaced position. This type of

Table 2. List of possible negative effects of bruxism. Note that not all effects are
scientifically documented.

Tooth attrition

Occlusal changes and loss of vertical dimension of the face
Filling/restoration fractures

Tooth loosening

Implant loss

Tenderness/pain in teeth, jaw muscles

Headache

Disturbance of bed partner’s sleep

50

45

40

35

30 Baseline without MAD

25

Grinds per hour

20

Ju—
(=]

First week with MAD

ANOVA =

guard may cause reactions from the jaw joints or musculature
[48,49] and clinicians have reported occlusal changes as a
result of the use of this device. Our own experiments with non-
bruxers show that, in fact, EMG activity of the masticatory
muscles is reduced, but this reduction is transient and will be
back to normal levels after a short period (Figure 3).

At this time point there is no pharmacological protocol for
the treatment or management of bruxism. Side-effects to
different experimental pharmacological approaches for bruxism
have been reported. Therefore, pharmacological treatment for
bruxism is not a favourable option for most patients.[50] Some
drugs that regulate blood pressure (such as clonidine) have a
demonstrable inhibitory effect on jaw muscle activity during
sleep, but other drugs, such as the selective serotonin re-uptake
inhibitors (SSRI; anti-depressants) and dopamine antagonists
(anti-psychotics) may actually increase bruxism.[50] The recent
scientific literature has shown that this approach could be
developed still because successful results with the use of
Hydroxyzine to decrease bruxism in children have been
reported. Hydroxyzine is usually used as an antihistamine, but
it also has applications to decrease anxiety.[51]

Various forms of physiotherapy and more cognitive/behav-
ioural treatment strategies are often used to deal with AB and
SB. Hypnosis and acupuncture have also been proposed.
Characteristically, the actual basis of bruxism—jaw muscle
activity initiated from the central pattern generator—is not
directly attacked by these treatments. Another option pro-
posed for SB in this cognitive/behavioural approach is

+ 3-4 weeks with MAD

W

OIIII
123 4

1 2 3 4 1

2 3 4

nights

N =26

Unpublished data

Figure 3. EMG activity (grinds/clench per hour + SEM) of the masticatory muscles assessed during sleep with a portable EMG device. The graph shows the EMG activity
before and during the use of a mandibular advancement device (MAD) in snorer patients (n =26). ANOVA analyses show that there are significant differences in
time (*) between weeks (p <0.01). It can be appreciated that the EMG activity is decreased during the first week of use of the MAD and it returns to baseline levels
after 3-4 months of continued use. There were no other statistically significant differences. Graph made from unpublished data.



‘contingent electrical stimulation’ (CES), which is a form of
biofeedback that may induce a learning process while sleeping
[52]. The muscle activity that triggers this electrical stimulation
is based on measurement and assessment of the EMG signal
from the temporalis muscle when the teeth are ground or
clenched. The electrical stimulation causes a reflex inhibition of
the muscle activity [32]. This reflex inhibition has been studied
for decades and the neuronal circuits in the brain stem
involved in this jaw muscle response have been specifically
identified. In physiology, it is known as the ‘exteroceptive
suppression period’. Studies have shown that painless electrical
stimulation of the various parts of the face triggers this reflex
inhibition of the jaw-closing muscles [18,23]. CES may be,
therefore, useful therapeutically to interrupt muscle activity.
We have shown in a proof-of-concept study that CES causes an
~40% reduction in jaw muscle activity [23]. However, it
remains unclear whether biofeedback is an effective method
for treatment of SB [37] and/or if biofeedback therapy holds
the potential for inducing long-term changes in behaviour that
could include reduction or elimination of symptoms [1].

Recently published data from a pilot experiment using
repeated transcranial magnetic stimulation (rTMS) aimed to
investigate the effects of rTMS on the abnormal jaw muscle
activities and jaw muscle soreness of patients with SB. The
authors found out that the intensity of EMG was suppressed
during and post rTMS compared to baseline and the ratings of
soreness decreased compared with baseline values [53].

We can conclude based on the scientific knowledge
available until now there is no definite treatment or cure
for this parafunction. However, the dentists have some tools
for managing the negative effects of bruxism. This parafunc-
tional activity has a central nervous system aetiology that
does not support local peripheral treatment/management/
cure options (occlusal). Mouth guards may be used for the
protection of teeth. Pharmacological approaches could per-
haps be a future option, but, until now, it is still in early
stages and so far is not readily available for the use by
clinicians. Finally, the cognitive/behavioural approach has a
great potential as an option and it is already available;
nevertheless, up to this time point it has some limitations
that still need further development.

In conclusion, the present selective, non-systematic but
critical review has highlighted some of the most important
findings in our understanding of bruxism. Clearly, there is a
need for more research and developments of evidence-based
guidelines for management protocols in clinical practice. We
believe that, with the help of modern technology focused on
personalized medicine, it will be possible to unveil and perhaps
control better the pathophysiology of bruxism.
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