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vacations, on the week when data collection should start, the par-
ticipants received a phone call reminding them to start filling in
the questionnaire. On schooldays, the researcher went to the classes
to remind the students and to verify that the questionnaires had
been duly filled in.

Comparison between sleep schedules on the five weekdays and
the two weekend days both during the school period and during the
vacation period was performed with the use of a dependent T-test.
SWS was evaluated by comparing the standard deviation in bed-
time and wake-up time schedules on weekends during schooldays
and during vacation days by means of a dependent T-test.

Sleepiness levels on both schedules were evaluated through a
repeated measures Anova. In addition, sleepiness on each schedule
was evaluated through a dependent T-test. The significance index
for all tests was 5%.

RESULTS

Adolescents’ sleep schedules are different on schooldays and
on vacation days. Bedtime during vacations was delayed 107 min-
utes (¢(197)= -10,57, p= 0.001); wake-up schedule was delayed
208 minutes (¢(197)= -24,44, p= 0.001); and the time that the
adolescents remain in bed increased 88 minutes (t(197)= -5,54,
p= 0.001) (Table 1).

On weekends, the adolescents’ bedtime was delayed 35 min-
utes (¢(81)= -2,18, p= 0.001), and wake-up time, 48 minutes
(¢(81)= -3,68, p= 0.001). There was not, however, a significant
difference between the time that they remain in bed on schooldays
(517 minutes) and on vacation days (537 minutes) (¢(81)= -1,06,
p>0.05) (Table 1). Figure 1 depicts the sleep patterns of an adoles-
cent on schooldays and on vacation days.

Table 1: Bedtime and wake-up time schedules; night sleep duration;
and nap schedules of adolescents on schooldays and on vacation days
(Dependent T-test, * p< 0,05).

Schooldays Vacation days

CVS Parameters (average + SD) (average + SD) p
Week

Bedtime schedule (h:min) 22:33+70 24:21+135 *

Wake-up schedule (h:min) 6:21+77 9:48+124 *

Time in bed (min) 489+191 577+110 *
Naps

Beginning (h:min) 13:45+116 14:24+131 ns

End (h:min) 15:24+130 16:15+144 ns

Duration (min) 98+52 110+88 ns
Weekend

Bedtime schedule (h:min) 24:09+110 24:45+137 *

Wake-up time schedule

(h:min) 8:54+106 9:42+120 *

Time in bed (min) S17+117 537+134 ns
Naps

Beginning (h:min) 13:51+125 13:48+122 ns

End (h:min) 15:46+134 15:25+116 ns

Duration (min) 126+74 119+56 ns
Irregularity

Sleeping 77+£35 81+50 ns

Waking up 99=43 6124 *
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Figure 1: Actogram representing the sleep-wake cycle of an student during

a school week (compact bars) and on a vacation week (intercepted bars).

The percentage of individuals who report waking up by them-
selves was greater during vacations than during schooldays (X?=
115, p=0.001). No difference in the way of waking up on week-
ends could be observed (X?= 1,49 p>0.05).

During vacations, sleep irregularity concerning bedtime
remained (t(42)= -0,36, p>0.05). On schooldays, however, this
pattern underwent an inversion, and sleep duration was greater
on weekends (t(80)= -2,37, p=0.01); during vacations, adoles-
cents had a more extended sleep period on weekdays (¢(80)= 3,0,
p=0.001) (Figure 2), whereas during schooldays, wake-up time
was earlier (t(42)= 4,07, p=0.001) (Table 1).

Figure 2: Student’s sleep duration (average + standard deviation) on
weekdays and between weekdays and weekends during schooldays and
during vacation days; (*) extended sleep duration on weekends; (**)

extended sleep duration on weekdays (dependent T-test, p< 0.05).

During schooldays, the incidence of naps was greater than dur-
ing vacations, both on weekdays and on weekends (X2=28,73,
p=0.001) (X2=11,18, p=0.001). On schooldays, the incidence
of naps was greater on weekdays than on weekends (X2=6,48,
p=0.01), and this difference was not observed during vacations
(X2=0,66, p>0.05) (Figure 3).

S|eep science VOLUME 2+ ISSUE 1+ JANUARY/FEBRUARY/MARCH 2009



SWC on schooldays and on vacation days

0 week
@ weekend

Frequency

schooldays vacations
Figure 3. Frequency of naps on schooldays and on vacation days;(¥)
difference between weekdays and weekends; (**) difference between

schooldays and vacation days. (Qui-square, * p<0.05).

No difference with respect to the beginning, end, and dura-
tion of naps between the two weeks could be observed (t; p>0.05)
(Table 1).

Sleepiness levels were similar on both periods (Anova, F(1,
266) = 0.69, p>0.05). A variation in sleepiness depending on the
time of the day could be observed; the highest sleepiness levels
were observed at wake-up time and at bedtime (Anova, F(4, 1064)
152,67, p=0.001) (Figure 4).
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Figure 4. Sleepiness evaluated through KSS along the day on schooldays
and on vacation days. (dependent T-test, * p<0.05).

Sleepiness levels during the vacation period were lower at
wake-up time (¢(173)= 5,53, p= 0.001) and at 02:00pm (t(157)=
5,39, p= 0.001) compared to those during the school period.
At 08:00am (¢(59)= -1,37, p>0.05), 11:00am (¢(141)= -0.45,
p>0.05), and at bedtime (¢(166)= 1,22, p>0.05), no difference
could be observed. On weekends, no difference in sleepiness levels
could be observed in any of these schedules (T-test, p>0.05), nei-
ther on schooldays nor on vacation days.

During the vacation period, the KSS referring to the 08:00am
schedule was not filled in by 68% of the adolescents, who reported
being asleep at that time (X2=182, p=0.001).
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DISCUSSION

According to Hansen et al. (29) and Crowley et al. (30),
morning school schedules do have an influence upon the adoles-
cents’ SWC, leading them to sleep earlier and have shorter sleep
duration. Irregularity in sleep schedules was maintained during
the vacation period; thus, sleepiness cannot be attributed solely
to partial sleep deprivation induced by school schedules. Daily
sleepiness decreased during the vacation period as compared to the
school period at wake-up time and at 02:00pm; on the other hand,
no difference was observed on weekends.

During vacations, a bedtime delay and an increase in sleep
duration on weekdays represent the expression of the biological
rhythm, without any influence of school schedules. Thus, the
adolescents wake up spontaneously, similarly to the adolescents
observed by Carskadon on a study comparing schooldays with
vacation days (5).

Nevertheless, freedom to “choose” bedtime during vacations
does reduce irregularity in adolescents’ sleeping schedules. In
contrast to schooldays, during vacations, when their sleep period
was greater on weekends, the adolescents slept more on weekdays.
Thus, the pattern of reducing the sleep period on weekdays and
extending it on weekends was inverted. It is probable that the
weekend ceased to be the period when they compensated for sleep
missed during the week; perhaps this has become the period when
they develop stimulant social activities such as going to parties,
navigating on the internet, or watching TV until late, a common
practice among adolescents (20-23). With this in mind, consider-
ing that one of the main recommendations related to sleep hygiene
measures is the maintenance of regularity in sleep schedules, it
would be necessary to investigate the extent to which irregularity
may be detrimental to the individual’s sleep quality. However, in
view of the adolescent’s socio-cultural context, such measure may
be difficult to implement in day-to-day life.

Even if adolescents maintain an irregular bedtime schedule, the
increase in night sleep duration during the vacation period may have
contributed to reduced sleepiness at wake-up time and at 02:00pm,
as well as decreased frequency of naps. In healthy individuals, sleepi-
ness levels show a daily pattern (32), with the highest values being
observed at wake-up time, at the beginning of the afternoon (propi-
tious moments for taking a nap), and close to bedtime. Neverthe-
less, partial sleep deprivation, common on weekdays and workdays,
may raise the daily sleepiness curve, thus facilitating sleep episodes
(33-35). On the other hand, during the vacation period, an increase
in night sleep duration on weekdays was associated with a reduction
in sleepiness levels at moments propitious to sleep and with a 50%
reduction in frequency of naps.

The changes observed in adolescents’ sleep patterns and daily
sleepiness between schooldays and vacation days confirm prior
findings on the negative effects of morning school schedules upon
these parameters (4-7,11). Corroborating such findings, experi-
ments conducted in schools evaluating later morning schedules
represent a promising alternative for minimizing this problem.
For example, Epstein and collaborators (36) observed that in
students who started classes at 08:00am, the night sleep period
was longer, they had fewer complaints about fatigue and daily

S|eep science VOLUME 2+ ISSUE 1+ JANUARY/FEBRUARY/MARCH 2009

33




SWC on schooldays and on vacation days

sleepiness, and they had a lower level of difficulty in concentrating
and paying attention in classes, when compared to students who
started classes at 07:10am. Similar results were observed in US
students who started classes at 08:40am instead of 07:15am (37),
and in university students who started classes at 10:00am (38).

Nevertheless, a change in school schedules should be carefully
evaluated among each population (39), as it involves several sec-
tors of the society, making its implementation difficult. Moreover,
the change in itself may not be effective, as the students might
take advantage of later school schedules by continuing to surf the
internet, watch TV, or study until late at night (40). Even so,
the possibility of planning bedtime and wake-up time schedules
favors a reduction in sleep schedules (19,38) and an increase in its
duration (19), as observed in adolescents who attend classes in the
afternoon.

Thus, in this study and previous studies, the characteristics of
adolescent sleep patterns point to the need for implementing sleep
educational programs in schools, as some sleep habits may derive
from the adolescent’s lack of knowledge on the subject. However,
such educational programs should take into consideration the ado-
lescent’s socio-cultural context, so that sleep hygiene measures are
understood as proposals that might contribute to improve their
welfare, not as a limitation to behaviors that are part of the adoles-
cent’s day-to-day life.

In the short run educational programs may help the adoles-
cents acquire knowledge that might be utilized for promoting
behavioral changes that favor sleep, as per what was observed in
previous studies (10,25). In the long run, such knowledge might
facilitate the school schedule changing process through a gradual
and continuous enlightenment of today’s adolescents, the adults
of the future.
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ABSTRACT

Background and objective: Patients with Parkinson’s disease (PD) often suffer from sleep disorders that impair their quality of life.
The purpose of this study was to investigate how dietary supplementation with fish oil, which is rich in the omega -3 family fatty acids

Docosahexaenoic acid (DHA) and Eicosapentaenoic (EPA), may affect sleep quality and excessive daytime sleepiness (EDS) in Parkinson

patients lacking comorbidity or depression.

Methods: Thirty-seven patients from the Parana Association of Parkinson Carriers were divided into two groups; patients in one

group (n=19, average age 66.6=11.6 years) were administered fish oil capsules while patients in the other group were given mineral oil

(n=18, average age 62.1+13.3 years) for eight consecutive weeks. The two groups were evaluated using the Pittsburgh Sleep Quality

Index (PSQI) and Epworth Sleepiness Scale (ES).

Results: We found that supplementation with fish did not affect daytime sleepiness in patients (F= 2.18; p = 0.15); both groups
showed a reduction in daytime sleepiness (F= 4.26; p<0.05). We also did not observe an effect of supplementation on patients sleep
quality (F=0, 27; p<0.61); both groups had an improvement in sleep quality (F= 5.46; p<0.05).

Conclusion: We found that polyunsaturated fatty acids, which ameliorate psychiatric disorders like depression, do not affect sleep

alterations in Parkinson patients under the clinical conditions evaluated, although our conclusions are limited by a reduced sample size.

Keywords: Parkinson’s Disease; fish oil, omega-3 fatty acids; daytime sleepiness.

INTRODUCTION

Parkinson’s disease (PD) is a progressive neurodegenerative
disease characterized by motor, behavioral and cognitive altera-
tions. The etiology of the disease remains unknown (1). Included
in these alterations are sleep pattern disturbances, with a reduc-
tion in nighttime sleep and excessive daytime sleepiness (EDS).
Little attention has been paid to these disturbances in the last
two decades (2). The large majority of Parkinson patients suffer
from poor sleep quality, experiencing an increasing number of
night awakenings and daytime naps, resulting in a reduction in

sleep efficiency and a poor quality of life (3,4). Insomnia and other
sleep disorders can be associated with the presence of psychiatric
diseases that are present concomitantly with Parkinson’s disease
(3,5,6). Such sleep alterations significantly affect the patient’s
psychological and cognitive aspects and may be associated with
depression (6).

Polyunsaturated fatty acids (AGPs) are the major phospholyp-
idic components of cell membranes. They can be divided into two
families, omega-6 and omega-3, which are synthesized from two
independent essential fatty acids, linoleic acid and a-linoleic acid,
respectively. Docosahexaenoic acid (DHA) and Eicosapentaenoic
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acid (EPA) are essential polyunsaturated fatty acids that can be
isolated from fish and phytoplankton. The presence of AGPs in
the cell membrane is important for a smooth functioning of the
lypidic bilayer (7,8). Neuronal membranes are rich in AGPs,
which can change the physical-chemical characteristics of the
membrane. AGPs play an important role in both cell structure
and function; they actively participate in cell signaling processes,
the regulation of enzymatic activity, and apoptosis (8,9). Thus,
changes in the AGPs composition affect the fluidity and perme-
ability of neuronal membranes. Consequently, alterations in the
dietary lipidic profile might be associated with different neuro-
logical conditions (7,10).

Recent studies have indicated that variations in the AGP
composition of neuronal membranes can modify the structure and
function of receptors, transporters, ion channels, and other signal-
ing proteins. In addition, it has been suggested that eicosanoids
participate in sleep induction (11,12). Eicosanoics are synthesized
from aracadonic acid (omega-6 family), which is present in the
phospholipids of cell membranes. They can also be EPA-synthe-
sized, though to a lower extent (13).

Research conducted with elderly humans has demon-
strated that the aging process is associated with a reduction in the
capacity to convert o-linolenic acid (ALA) into DHA, compared
with children, young people, and animals (14). The amount of
DHA in the neuronal membranes of elderly people declines due
to an increase in lipidic peroxidation products upon aging. In
addition, the elderly patient with Parkinson’s disease may have
altered AGP concentrations in their neuronal membranes as a
consequence of levodopa therapy (15).

A reduction in AGPs in erythrocyte membranes of
patients with depression has been previously investigated (7,16).
In a double-blind study conducted with Parkinson patients, the
amount of DHA in the lipid profile of erythrocyte membranes
was found to be three times higher after three months of dietary
supplementation with fish oil, which is rich in DHA and EPA.
Similarly, supplementation was also found to reduce the symp-
toms of depression in PD carriers (17).

The objective of the present study was to assess whether fish
oil supplementation could affect sleep quality and daytime sleepi-
ness in Parkinson patients.

MATERIALS/METHODS

This randomized double-blind study was conducted with
patients cared for by professionals at the Parana Association of
Parkinson Carriers. The project was approved by the Committee
for Ethics in Research of UFPR Biological Sciences Department.
Patients with a clinical diagnosis of depression associated with
Parkinson’s disease and/or using antidepressant medications were
excluded from the study. In the initial screening, a total of 118
subjects were evaluated with the use of Beck Depression Inventory
(BDI). From this total, 44 subjects were selected for the study,
as their score was equal to or below 20 using the Beck’s scale; a
criterion that has been used in previous studies (18). The selected
patients were subdivided into two groups: an experimental group
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(E), which received capsules containing fish oil, and a control
group (C), which received mineral oil. Patients signed an informed
consent form prior to participating in the study and were evalu-
ated with the use of the Pittsburgh Sleep Quality Index (PSQI)
and Epworth Sleepiness Scale (ESS). The application of these two
instruments was performed prior to and at the conclusion of the
eight-week supplementation. Group E received 4g daily doses of
a marine extract compound that is rich in family omega-3 fatty
acids, containing 180mg of eicosapentaenoic acid (EPA), 120mg
of docosahexaenoic acid (DHA), and tocofenol antioxidant; these
dosease were administered over 4 capsules/day. Group C received
the same number of capsules of mineral oil. Of the 44 subjects
that were initially recruited, seven were withdrawn from the
study; four had to interrupt supplementation after experiencing
gastrointestinal alterations; two gave up treatment because they
had interrupted supplementation for more than one week, report-
ing forgetfulness; one subject chose to give up treatment because
he/she had to be hospitalized. Thirty-seven (12 female and 25
male) patients completed the study. Group E was composed of 19
subjects (6 female and 13 male, age averaging 66.6=11.6 years).
Group C was composed of 18 subjects (6 female and 12 male, aver-
age age 62.1+13.3 years). The average scores in the PSQI and ESS
before and after fish oil supplementation are expressed as mean =
standard error of the mean, and were submitted to two-way vari-
ance analysis (ANOVA), considering group and supplementation
factors as dependent variables.

RESULTS

Figure 1 depicts the average scores and respective standard
errors for daytime sleepiness, evaluated through ESS for both
groups before and after supplementation. We observed no effect
of supplementation on daytime sleepiness (F= 2.18; p=0.15), as
both groups showed a reduction in daytime sleepiness (F= 4, 26;
p<0.05).
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Figure 1: Effect of a two-month supplementation with fish oil upon
daily sleepiness evaluated under the Epworth Sleepiness Scale (ESS)
before and after supplementation carried out for both groups: E (exper-
imental group) and C (control group). Values were expressed as average

+ average standard error.
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Figure 2 depicts the average scores and standard errors for sleep
quality evaluated through PSQI for both groups before and after
supplementation. No effect of supplementation on patient sleep
quality was observed (F= 0.27; p<0.61), as both groups showed an
improvement in sleep quality (F= 5.46; p<0.05).
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Figure 2. Effect of a two-month supplementation with fish oil upon
daily sleep quality evaluated under Pittsburgh Sleep Quality Index
(PSQI) before and after supplementation carried out for both groups: E
(experimental group) and C (control group). Values were expressed as

average = average standard error.

DISCUSSION

The objective of this study was to evaluate whether fish oil
supplementation could affect daytime sleepiness and sleep quality
in patients with Parkinson’s Disease. We found no significant dif-
ferences between the two treatments that we studied; both groups
exhibited an improvement in sleep quality as evaluated by PSQI,
as well as a reduction in daytime sleepiness evaluated by ESS, sug-
gesting that there was a placebo effect with both treatments.

The placebo effect is highly prevalent in Parkinson’s disease
carriers (19), as this disease involves the brain’s reward circuitry.
(20,21,22). Damico and collaborators (19) have demonstrated that
in Parkinson patients, the placebo effect may be related to the
expectation of clinical improvement and might be mediated by a
release of dopamine into the nigrostriatal pathways and into the
nucleus acumbens. Thus, any improvement in patient sleep qual-
ity may have been masked by a placebo effect, considering the
reduced size of our trial groups.

The daily dose of fish oil administered in this study was equiva-
lent to, or higher than, supplementation doses that have been used
in other studies with patients carrying neurodegenerative diseases
(17,23). Still, two months may not have been a sufficient length
of time to observe the desired effects; previous studies have used
longer periods of supplementation (17,23).

To our knowledge, ours is the first study that has investi-
gated the potential effects of the above-mentioned fatty acids
on sleep quality and daytime sleepiness in Parkinson patients. It
is unknown whether the sleep alterations in these patients are a
primary manifestation of dopaminergic alterations, or a secondary

M. N. Santos et al. | Sleep Science 2009; 2(1): 36 — 39

dysfunction related to disorders present in Parkinson’s disease (24).
We found that AGPs, which ameliorate psychiatric disorders like
depression, do not affect sleep alterations in Parkinson patients
under the clinical conditions evaluated, although our conclusions
are limited by a reduced sample size.
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ABSTRACT

Primary SB pathophysiology has been associated with mild dysfunction of the basal ganglia, psychological social factors, tooth inter-
ference, genetic influences and a combination of these factors that lead to increased motoneural excitability during sleep. In primary SB,
arousals trigger autonomic nervous system and chewing muscle activity, which lead to teeth grinding. The main signs and symptoms
of SB include grinding noises, dental wear, masseter and temporal muscle hypertrophy, local pain, temporomandibular joint disorders,
and unrefreshing nocturnal sleep. Primary SB manifestations are highly variable over time. A primary SB clinical diagnosis is made
by evaluation of a patient’s history and a dental examination. Sleep studies are indicated to rule out anassociated sleep pathology, such
as sleep-disordered breathing, and to evaluate sleep-state teeth grinding and arousals. Therapeutic approaches to secondary SB consist
of managing the underlying medical, psychiatric or substance-related conditions. Primary SB therapeutic treatment includes several
approaches which are customized to the subject’s clinical characteristics. Dental treatment with mouth guards primarily aims to prevent
orofacial damage and pain. Pharmacologic therapy with muscle relaxers, benzodiazepines, antidepressants other than Selective Seratonin
Reupatake Inhibitor (SSRIs), or anti-epileptic drugs can be employed. Botulin toxin type A IM applications into masticatory muscles
might be considered as an alternative for unresponsive cases of primary and secondary SB.

Keywords: teeth grinding, sleep bruxism, physiopathology, treatment.

INTRODUCTION

Bruxism is described as a parafunctional motor activity, no
matter whether it occurs during sleep or wakefulness (1). Brux-
ism occurring during wakefulness, or daytime bruxism (DB), and
primary sleep bruxism (SB) are different clinical entities as they
have different causes, occur during distinct states of consciousness
(sleep and wakefulness) and have different etiologies, which call
for different treatment strategies (2).

DEFINITION OF SLEEP BRUXISM

Sleep bruxism is conceptually defined as a movement disorder,
as it is an involuntary and undesirable activity that occurs dur-
ing sleep. In operational terms, sleep bruxism is characterized
by activity of the masticatory muscles during sleep, resulting in
dental contact, local secondary symptoms and systemic symptoms
(2). According to the International Classification of Sleep Dis-
orders (ICSD - 2005), SB is a movement disorder related to the
sleep state, and is defined as stereotyped and periodic movements
characterized by teeth grinding or jaw clenching caused by rhyth-
mic contraction of masticatory muscles during sleep, thus causing
both local and systemic symptoms (3). Sleep bruxism is classi-
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fied into two types: primary or idiopathic, and secondary, which
is associated with other medical diseases, drugs, mental disorders
and sleep disorders (1,2).

EPIDEMIOLOGY

SB onset occurs soon after tooth eruption, and its prevalence
Nevertheless, SB
punctual prevalence ranges from 14 to 20% in children up to

throughout the life cycle is close to 100%.

eleven years of age; among these, 85% suffer from SB in adult-
hood (4,5).

The most comprehensive study on SB prevalence was performed
by Ohayon et al. in 2001 (6). The authors conducted 1,057 phone
interviews with people living in Germany, the United Kingdom
and Italy, and found, in the people interviewed, the prevalence of
SB episodes occurring at least twice a week was between 8 and
20%; the highest rates were registered among subjects aged 19-44
years, but no significant differences between genders were found.
Two Brazilian studies reported by Braz and Palma et al. in 1987
and 1995 evaluated the parasomnia prevalence among 1000 people
living in the city of Sao Paulo, Brazil. They registered complaints
of teeth grinding among 6-8% of the study population (7,8).

SB prevalence declines with age, as it is only 3% among people
aged above 60 years (9,10).

SB ETIOLOGY AND COMORBIDITIES

SB is classified as primary when no clear medical cause is
present. Etiology of most SB cases is primary. SB is classified
as secondary when it is a comorbidity or when it is caused by a
clinical, neurological or psychiatric disorder, use or suppression of
substances or medications, or when it is associated with another
primary sleep disorder (1, 2) (Table 1).

Secondary SB may be associated with other movement dis-
orders (Parkinson’s Disease, Huntington’s Disease, Shy-Drager
Syndrome, cervical dystonia, oromandibular dystonia, epilepsy,
late oral dyskinesia, Gilles de la Tourette syndrome, hemifacial
spasms, base ganglion infarction) (2,11-14). Patients with cer-
ebellar hemorrhage, olivo-ponto-cerebellar atrophy, dementia,
fibromialgia, miofacial pain, or tinittus, may show secondary SB
(2,15). Children and adults with development disorders, such as
cerebral paralysis, autism with mental retardation, hyperactivity,
and attention deficit in patients suffering from Rett syndrome,
schizophrenia, post-traumatic stress disorder, and nervous bulimia
show a higher prevalence of secondary SB (2,16).

SB may be caused by or be associated with abuse of substances,
including alcohol, tobacco, caffeine (high doses), cocaine, amphet-
amines, ecstasy, or antipsychotic drugs that antagonize dopamin-
ergic neurotransmission, serotonin reuptake (fluoxetin, sertraline,
paroxetine, citalopram, escitalopran, venlafaxine), fenfluramine, or
calcium channels (flunarizine) (17-20).

SB is associated with restless leg syndrome and nocturnal
myoclonus (periodic limb movement), as these syndromes are
present in approximately 10% of SB cases (10). Approximately

E Alde | Slegp Science 2009; 2(1): 40 — 48

3-5% of obstructive sleep apnea-hypoapnea syndrome suffer show
SB, with full remission when sleep obstructive apnea-hypoapnea
is treated (6,21).

SB may show a subclinical and early manifestation of REM
sleep behavior disorder, a parasomnia most frequently reported in
elderly males (22-24). SB may be associated with comorbid non-
organic insomnia coupled with anxiety and/or depression (2).

Table 1: Sleep bruxism classification

Sleep Bruxism Classification

1 - Primary or Idiopathic

1.a - Peripheral

- Occlusal factors

1.b - Central

- Central nervous system aminergic imbalance
2 - Secondary

2.a - Associated with medications or other substances:
- Selective seratonin reupatake inhibitor antidepressants
- Calcium channel blockers (flunarizine)

- Antidomaminergic drugs

- Antipsychotics (dopamine neurotransmission antagonists)
- Amphetamines, ecstasy

- Caffeine

- Cocaine

- Tobacco

2.b - Associated with Sleep Disorders (according to ICSD 2005*)
- Restless Legs Syndrome

- REM Sleep Behavior Disorder

- Obstructive sleep apnea-hypoapnea

2.c - Neurological disorders

- Huntington’s Disease

- Hemifacial spasm

- Parkinson’s Disease

- Demencies

- Multiple system atrophy

- Olivopontocerebellar atrophy

- Gilles de la Tourette syndrome

- Cerebellar vascular accident

- Myofascial pain

- Mental retardation

- Attention deficit-hyperactivity disorder

- Rett Syndrome

- Comatose state

- Post-anoxia encephalopathy

2.d - Psychiatric Disorders

- Schizophrenia

- Affective Disorders

- Nervous Bulimia — Nervous Anorexy

2.e - Other Diseases

- Xerostomy

- Gastroesophageal reflux

- Fibromyalgy

- Sjogren’s Syndrome
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CLINICAL MANIFESTATIONS

Primary SB is a highly heterogeneous chronic condition with
a broad spectrum in terms of frequency, variety and severity of
symptoms; in milder cases, several weeks may pass without any
clinical manifestation, or bursts of extended periods of activity
may be observed, coupled with psychological stress (5,9,25,26).

Table 2 summarizes the main clinical characteristics of bruxism

Table 2

Sleep Bruxism Clinical Characteristics

- teeth grinding

- noises heard by other people

- orofacial automatisms and excessive tongue and lips movements
- leg movements

- excessive sweating during sleep (23%)

- nightmares

- palpitations (62%)

- short awakenings/arousals

- sudden awakenings plus taquicardy

According to what is reported by patient, symptoms felt upon
arousal in the morning

- pain or discomfort in jaw muscles (86%)
- temporal headache (48-65%)

- jaw rigidity and reduction of its motility, generating masticatory
difficulties at breakfast (40%)

- reduction in intensity of teeth griding triggered by local muscular pain
- exacerbation of symptoms above added by emotional tension

- teeth hypersensibility to liquid cold or hot nutrients, and to air

- sensation of a dry mouth

- tongue, lips and cheek wounds

- toothaches

- sore throat (69%)

- cervicalgy (69%)

- thoracic and abdominal pain (69%)

- diffuse muscular pain

Symptoms related to sleep (72%-80%)

- nonrefreshing sleep

- excessive daytime sleepiness

- fatigue

Observed by dentists or doctors

- exacerbation of periodontal diseases

- dental wear/shining fillings

- abrasion and enamel wear with dentine exposure

- rupture of dental restaurations

- broken teeth

- reduction in saliva flux

- masseter, temporal, medial and lateral pterigoid muscles hypertrophy
- pain upon muscle palpation, and painful temporomandibular articulation
- tongue slashes

- parotitis or sialolithiasis

- gengivitis

Other symptoms

- traces of personality prone to anxiety

- decrease in libido (31-50%)

- systemic arterial hypertension

E. Alde | Sleep Science 2009; 2(1): 40 — 48

Secondary SB clinical manifestations are more persistent.

The most important symptom of teeth grinding is the charac-
teristic noise similar to that produced by rubbing “granite against
granite”.

Approximately 40% of patients suffering from bruxism com-
plain about orofacial pain, masticatory myalgia, and morning jaw
rigidity. Toothaches and symptoms of temporomandibular articu-
lation dysfunction often lead suffers to search for dental treatment
(2,9,27-29).

Bader et al. report that 19% of SB sufferer have systemic arte-
rial hypertension; from 31% to 50% have erectile dysfunction,
tinittus, muscular tension, nocturnal sudoresis, and palpitations
9,30).

In general, SB patients do not show any side effect due to their
interrupted sleep for extended periods of time (26). Nevertheless,
around 70-80% of individuals diagnosed with SB show symptoms
of fragmented sleep with moderate daytime sleepiness, a percep-
tion of not getting refreshing sleep, nocturnal arousals, a larger
number of body movements during sleep, excessive sweating or
nightmares; these symptoms develop over a period of up to five
years of the onset of bruxism (31,32,33). Daytime neurocognitive
symptoms, such as attention and memory deficits, may occur both
in adults and children suffering from SB (16,34).

Stress and anxiety are contributing factors to SB. In fact, SB
sufferers have a more aggressive and hyperactive temper, being
prone to anxiety, stress, and development of psychosomatic symp-
toms (35). SB sufferers are 1.3 times more prone to develop anxiety
disorders compared to the population in general (28,36). Preva-
lence of teeth grinding is higher in adult patients who live under
constant emotional tension and who are hyperactive, aggressive,
or whose personality has traces of impulsiveness (37,38).

PHYSIOPATHOLOGY

Multiple factors with different weights participate in pri-
mary SB physiopathology. It is believed that an association exists
between the development of SB and masticatory motor control
alterations, autonomic nervous system activity during sleep,
alterations in psychological factors related to central nervous sys-
tem (CNS) aminergic neurotransmission factors related to saliva
homeostasis and gastric control and dental occlusional disorders.

RHYTHMIC MASTICATORY MUSCLE ACTIVITY DUR-
ING SLEEP

Alterations in motor control and in sympathetic autonomic
nervous system control during sleep play a central role in normal
and abnormal masticatory organization during sleep, as well as in
SB genesis (2,36,39).

The sleep period is characterized by a partial reduction (NREM
sleep) and a total reduction (REM sleep) in motor activity and
axial skeletal neuromuscular, apendicular and masticatory tone
(40). Despite these findings, phasic orofacial muscular activity
remains during NREM sleep. Such activity is termed rhythmic
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masticatory muscle activity during sleep (RMMA) (41). RRMA
is a normal and automatic activity of the masticatory muscular
system (41). It shows a characteristic coactivation pattern of open-
ing and closing of the jaw muscular system followed by salivation
and swallowing. RMMA bursts have a short duration and are
registered exclusively during sleep, in both normal individuals
and SB sufferers (41).

Studies conducted at Montreal University, Canada, with vol-
unteer subjects demonstrated that 58% of the normal individuals
showed RMMA without dental contact and/or teeth grinding
(2,41). The registered RMMA episodes were not associated with
arousals by the sleep EEG, nor were phasic raises in cardiac fre-
quency registered (41). The present study has found that the fre-
quency of RMMA episodes declines significantly from the fourth
decade of life onwards, in parallel with a decline in SB prevalence.
RMMA episodes are thus considered a normal orofacial motor
manifestation (2,39,41). However, SB sufferers show quantitative
and qualitative differences with respect to RMMA bursts.

RMMA frequency in primary sleep bruxism sufferers is from
three to eight times greater than in normal volunteers (5,39,41).
In SB sufferers, with each occurring RMMA episode, there is an
increase in the duration of the episode and in the amplitude of
neuromuscular discharge. There is also an increase in the number
of bursts, and a reduction in intervals times between bursts. In SB
sufferers, over 90% of RMMA bursts evolve to dental contact and
teeth grinding (5,41). Dental contact during RMMA episodes
generates a physical strength which may range from 300 to 8000
g (42). Such physical strength may cause schemia of the dental
structure, leading to acute pain and, subsequently, to a chronic
inflammatory process with chronic dental pain.

Moreover, RMMA episodes occurring in association with den-
tal contact show a typical temporal sequence. Approximately 4
seconds before the occurrence of an RMMA episode, a aousal takes
place. This event is registered in the NREM sleep EEG. It is fol-
lowed by a rise in cardiac frequency and, soon afterwards, dental
contact (5,41,43) (Figure 1).

Figure 1. Temporal sequency typical of RMMA bursts. As per what has
been registered in NREM sleep encephalogram, approximately 4 sec-
onds before a RMMA episode happens an arousal occurs, followed by
a phasic increase in cardiac frequency; soon afterwards, dental contact
takes place.
Fig 1
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Arousal is thus the first step that triggers RMMA episodes
in SB; no arousals take place during RMMA episodes in normal
volunteers who do not suffer from SB (43).

In 2003, Kato et al. demonstrated that young sufferers of
bruxism showed seven times more RMMA episodes with teeth
grinding, induced by artificial sound stimuli with intensity to
provoke an arousal when compared to normal volunteers paired for
age and sex (44). Both the arousal recorded by EEG during sleep
with activation of the sympathetic autonomic nervous system
and artificial sound awakening occur before the RMMA episode,
which includes jaw contact and teeth grinding.

An arousal typically does not cause motor activation in normal
volunteers, but does cause excessive motor activation in SB suffer-
ers (44). Thus, teeth grinding during sleep might be considered
a response to excessive activation of the mastcatory motor system,
with abnormal oromotor activity secondary to arousal (1,2,5,9,39).
As a matter of fact, a study using transcranial magnetic stimula-
tion demonstrates an excessive motor response with an increase in
excitability of the trigeminal tract in young adults suffering from
SB (42). For susceptible phenotypes, factors such as medical dis-
eases, anxiety, consumption of recreational drugs, and stress trig-
ger arousals which lead to tooth grinding bursts during RMMA
episodes (2). The cause of spontaneous arousals during primary SB
is not well established (43).

AUTONOMOUS NERVOUS SYSTEM ACTIVITY IN SB
SUFFERERS

There are two types of functional alterations in the autonomic ner-
vous system of SB sufferers; phasic alterations and tonic alterations.

Autonomic nervous system phasic alterations are represented
by the transitory activation of the sympathetic autonomic nervous
system associated with arousals, and with RMMA episodes fol-
lowed by teeth grinding (43,45).

A study conducted in 2003 demonstrated that an alteration in
the autonomic nervous system occurs during sleep in subjects with
SB (46). The study included a spectral analysis of the cardiac fre-
quency in SB sufferers during NREM sleep; this analysis showed
an increase in the sympathetic tonus around 3 minutes before the
occurrence of a sleep bruxism episode. An increase in sympathetic
tonus leads to an arousal, which follows the sequence of RMMA.
Such an imbalance in the autonomic nervous system may lead to
an arousal, as well as to RMMA with dental contact.

Sympathetic nervous system tonic alterations have been dem-
onstrated in a recent study that performed spectral analysis of
the cardiac frequency among volunteer SB sufferers and healthy
volunteers that were paired for sex and age. The spectral analysis
shows a statistically significant increase in cardiac frequency in SB
sufferers (47).

Thus, there are indications that an autonomic dysfunction
with an increase in sympathetic nervous system tonus is present in
primary SB sufferers (2,46).
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NEUROTRANSMITTERS AND NEURAL CHANNELS IN
BRUXISM

A functional anatomic structure in the CNS has not yet been
identified as a neural center responsible for the involuntary oro-
mandibular movements (1,2). Nevertheless, there is evidence of
integrated participation of dopaminergic neurotransmission in the
mesencephalic ventral tegmental area, noradrenergic channels in
the locus ceruleus and serotonergic channels in the raphe dorsal
nucleus and prefrontal cortex, in SB genesis and modulation.

Figure 2 depicts the serotonergic and dopaminergic channels
involved in normal masticatory activity. The axons of the seroton-
ergic neurons in the dorsal raphe nucleus are projected via the raphe
tegmental tract to the ventral area of the dopaminergic mesenceph-
alic tegment, and to the prefrontal cortex via the prefrontal raphe
cortex. The prefrontal raphe cortex tract is excitatory, whereas the
raphe tegmental tract inhibits the dopaminergic neurons of the
ventral mesencephalic tegmental area. The dopaminergic neurons
of the ventral mesencephalic tegmental area are projected towards
the prefrontal cortex via the prefrontal mesencephalic cortex tract,
thus inhibiting involuntary oromandibular activity (1).

Figure 2: Neural channels in SB
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An increase in serotonergic and noradrenergic activity caused
by selective serotonin reuptake inhibitors increases synaptic
transit in the raphe tegmental tract, which in turn inhibits the
dopaminergic activity of the ventral mesencephalic tegmental
area and increases synaptic transit in the prefrontal raphe cortex
excitatory tract (17). Reduction in dopaminergic activity in the
ventral mesencephalic tegmental area reduces synaptic transit in
the prefrontal cortex mesencephalic tract, leading to disinhibition
of prefrontal cortex activity. The combined effects of an increase
in serotonergic excitatory activity of the prefrontal raphe cortex
tract and a reduction in dopaminergic inhibitory activity of the
prefrontal cortex mesencephalic tract would disinhibit the pre-
frontal cortex, thus allowing for the expression of oromandibular
automatisms during NREM sleep (2,39).

HYPOTHESIS FOR THE SB DOPAMINERGIC EFFECT

Indications of an imbalance in dopaminergic neurotransmis-
sion in the context of SB are found in CNS imaging, pharmaco-
logical and epidemiological study results.

Parkinson’s disease sufferers may show teeth grinding during
treatment with levodope, which is likely the result of drug effect of
presynaptic inhibition. Administration of low dose levodope has a
therapeutic effect for the treatment of primary SB as it attenuates
tooth grinding episodes (1,2,9).

It is known that chronic use of dopaminergic drugs results in
dopamine receptor hypersensitivity and may lead to manifestations
of late dyskinesia and teeth grinding (20). Hyperdopaminergic
states induced by amphetamines, MDMA (methylenedioxymetan-
phetamine or ecstasy) and cocaine may induce teeth grinding both
during sleep and wakefulness (1).

Association of SB with other disorders related to alterations in
dopaminergic transmission supports a role for the dopaminergic
system in primary SB. Approximately 10-20% of SB sufferers
show restless leg syndrome symptoms with periodic limb move-
ments during sleep (PLMD) (10).

Selective serotonin reuptake inhibitor antidepressants (SSRIs)
may cause extrapyramidal symptoms, such as fine tremors of the
upper limbs, acatysia, dystonia, parkinsonism, tardive dyskine-
sia, and teeth grinding. An increase in serotonergic transmission
induced by SSRIs produces a dopaminergic reduction in mesocorti-
cal and nigroestriatal circuits; this reduction would disinhibit the
prefrontal cortex, causing oromandibular automatisms and teeth
grinding during sleep (17). SSRIs are thus contraindicated for the
treatment of anxiety or depression symptoms in SB sufferers (1,2).

Studies using CNS neuroimaging suggest a role for alterations
in dopaminergic neurotransmission in SB sufferers (48-50).

PSYCHOPHYSIOLOGICAL ASPECTS

Studies utilizing physiological registers demonstrate that SB
sufferers and normal controls show increases in the masticatory
neuromuscular tonus, voluntary masticatory activity, and cardiac
frequency when facing stressing stimuli (37,51,52).
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Hypothetically, behavioral factors, such as anxiety, tension, neg-
ative emotions and frustrations would cause an increase in activity
of the hypothalamic pituitary adrenal axis, with an increase in CRE,
ACTH, cortisol and adrenaline secretion by supradrenal glands,
both during sleep and wakefulness (36). Release of adrenaline by
supradrenal glands would facilitate an increase in neuromuscular
tonus, reduction in the saliva secretion rate, both during sleep and
wakefulness, and tonic increase in basal activity of the sympathetic
nervous system, with a subsequent increase in the frequency of
RMMA episodes and teeth grinding during sleep (1).

Some individuals showing these behavioral factors continue to
grind their teeth even after specific treatment for dental malocclu-
sion; this reinforces the importance of the behavioral theory of SB.
Despite the fact that SB is not a primary psychological disorder,
the behavioral component may be an important causal factor. We
suggest that this component should be adequately assessed and
treated when present. Psychological responses to stressing factors
in SB sufferers are quite distinct, in view of the personality profile
characteristic of SB sufferers (34).

PERIPHERAL DENTAL FACTORS

In the 1960’s, dental theory stated that “peripheral” elements,
such as dental malocclusion and dental and jaw mechanical fac-
tors, were the cause of SB. This theory has since been challenged
and has now been deemed inconclusive (2). Three important
observations act to dispute a required role for dental malocclusion
in the generation of SB:

1. Toothless individuals also present RMMA episodes, indicat-
ing that dental surface contact is not a causal factor that triggers
oromotor activity during sleep (1,2).

2. The first event occurring in the SB sequence is activation of
the autonomic nervous system followed by awakening, an increase
in cardiac frequency and eventually, coactivation of masticatory
muscles and dental surface contact; not the other way round. That
is, dental contact is not required as the first event that leads to
awakening (41,43,44,53).

3. The study conducted by Lazic et al. did not document a
significant correlation between occlusal alterations in SB suffer-
ers and the degree of masticatory electromyographic activity in
individuals carrying moderate to severe SB. This finding indicates
that peripheral factors are likely not instrumental in SB genesis
and intensity (53,54).

We conclude that dental mechanical contact is a late occur-
rence in the sequence of SB events, and that peripheral factors
derived from a presumed dental contact via periodontal mechano-
receptors are not required for coactivation of masticatory muscle
activity (39,53).

XEROSTOMY

RMMA episodes with or without teeth grinding stimulate saliva
secretion and lubrication of the upper digestive aerial tract (55).
Medical and psychiatric disorders or medications which cause
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a reduction in saliva secretion may induce a compensatory increase
in RMMA episodes, which may develop into teeth grinding. Fac-
tors that may lead to a reduction in saliva secretion include:

1. Medications: antidepressants, antihypertensives, anticho-
linergics, antihistamines, muscle relaxers, antihemetics, anti-
parkinsonians, chemotherapeutics;

2. Head and neck radiotherapy;

3. Systemic diseases: Sjogren’s Syndrome, cystic fibrosis,
sarcoidosis, tuberculosis, diabetes mellitus, thyroid diseases,
hepatic insufficiency, chagasic megaesophagus, cerebral palsy,
paralysis of the 7th cranial pair, AIDS;

4. Mental disorders: bulimia, nervous anorexia, depression, anxiety.

GASTROESOPHAGEAL REFLUX - GERD

The causal hypothesis that correlates gastroesophageal reflux
with reduced salivation is based on the well-known fact that the
presence of acid in the distal third of the esophagus stimulates
saliva secretion, in order to neutralize the acid present in the
esophagus 55. The presence of saliva in the oral cavity triggers
swallowing, and RMMA which, in turn, stimulate salivation.

According to some authors, the presence of GERD is a risk
factor for SB (56).

CLINICAL DIAGNOSIS

It is crucial to screen for all risk factors for secondary SB by
checking for the use of antidepressive medications, recreational
drugs, and associated medical or mental conditions in order to
establish an etiological diagnosis of SB.

Seven major symptoms and signs significantly contribute to
the bruxism clinical diagnosis (1):

1. Noises due to teeth grinding;

2. Dental wear (one or more teeth);

3. Complaints about pain and masticatory muscle weakness
and occasional headaches or migraines (temporal muscles);

4. Tooth sensibility to cold and/or heat;

5. Masseter and temporal muscle hypertrophy;

6. Crepitation of the temporomandibular articulation or
reduction in the amplitude of jaw opening;

7. Signs of wounds to the tongue.

According to the International Classification of Sleep Disor-
ders published in 2005, diagnosis of primary bruxism calls for the
following items 2:

The patient or their relatives are aware of tooth grinding noises
during the patient’s sleep period.

1. Presence of abnormal dental wear;

2. Presence of jaw discomfort, jaw fatigue or pain, or muscle
pain upon arousal in the morning;

3. Signs of masseter muscle hypertrophy.
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POLYSOMNOGRAPHIC EVALUATION

The physiologic variables that are monitored during polysom-
nography for the investigation of SB are: EEG, electrooculogram
(EOG), electromyogram (EMG), electrocardiogram (ECG), aerial
flux (nasal and oral), breath effort (thoracic and abdominal), and
blood gases (oxygen and hemoglobin saturation) (1).

SB video-polysomnographic evaluation should include electro-
myography using masseter and temporal muscle electrodes, as well
as a simultaneous audiovisual register of the anterior tibialis mus-
cles. The audiovisual register is important for identifying bruxism
episodes, as well as swallowing and snoring. It is also important for
registering body movements and tooth grinding sounds (2).

Video-polysomnography is not necessary for the diagnosis of
SB, but it is important for ruling out other sleep disorders, such
as sleep apnea syndrome, PLMD, REM sleep behavioral disorders,
and gastroesophageal reflux (1-4).

OROMANDIBULAR POLYSOMNOGRAPHIC MANIFES-
TATIONS DURING SLEEP

The large majority (80-85%) of bruxism bursts occur in
NREM sleep stages 1 and 2, which precede the transition from
stage 2 to REM sleep in the second half of the sleep period (2)
(Figures 3 and 4).

Figures 3 and 4: Polysomnography with bruxism episode associated
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Episodes of neuromuscular activity with teeth grinding occur-
ring during REM sleep are termed destructive bruxism.

Variability of oromotor activities occurring during sleep is
greater in cases of mild to moderate SB, calling for the use of poly-
somnography for two consecutive nights. In severe SB cases, there
is lower variability and, therefore, polysomnography performed
over just one night is sufficient (26).

OTHER MANIFESTATIONS DURING SLEEP

Approximately 60-80% of tooth grinding episodes are asso-
ciated with abnormal and periodic electromyographic activity of
anterior tibial muscles that is characteristic of PLMD (1,2).

SLEEP ARCHITECTURE

In general, sleep macroarchitecture in SB sufferers below 40
years of age without manifestations of chronic pain is normal; that
is, sleep latencies, quantity of different sleep stages and number of
arousals are normal (2,16).

In populations of patients above 40 years of age, SB is gener-
ally accompanied by complaints of poor sleep quality. Alterations
in sleep architecture with an increase in the number of changes in
sleep stages, increase in the frequency of arousals, reduction in the
amount of delta sleep and REM sleep, and increase in the amount
of REM sleep normally occur in this group (32,33).

Arousals with sympathetic activation and subsequent tooth
grinding bursts cause sleep fragmentation which, in turn, moti-
vates subjective symptoms, such as poor sleep quality, excessive
daytime sleepiness and fatigue, without substantially altering
sleep architecture (40,57).
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ABSTRACT

SB treatment is based on a combination of behavioral treatment, pharmacological treatment, and dental treatment according to the car-

rier’s profile. Secondary SB treatment should be tailored to the specific cause, in addition to any necessary procedures described below.

Behavioral treatment encompasses drugs suppression, sleep hygiene measures, relaxation techniques, and behavioral treatment for anxiety.

Primary and secondary SB pharmacology employs dopaminergic agonistic drugs, anxyolitic benzodiazepinics, clonidine, buspirone, non-

benzodiazepinic hypnotics (zolpiden), muscle relaxers, antidepressants, such as mirtazapine, trazodone, and antiepileptic drugs, such as gabap-

entine. Local application of botulinic toxin to the masseter and temporal muscles may be used in cases of secondary bruxism or severe SB.

Association of behavioral strategies and dental protection appliances seem to be the most adequate therapeutic measures for mid- and

long-term bruxism treatment.

Keywords: sleep bruxism, behavioral treatment, pharmacological treatment, dental treatment

SLEEP BRUXISM TREATMENT

At present there is not a single treatment regimen or strategy
that results in the remission of SB. A few years ago, the objectives
of primary SB treatment aimed to prevent damage to orofacial
structures and relieve complaints of pain. Today, primary SB treat-
ment is also based on the physiopathological mechanisms of the
condition(1,2).

Evaluation of SB treatment results is difficult for several
reasons. There is a broad inter- and intra-individual variability
in the intensity and frequency of SB medical and odontological
objectives and subjective symptoms. In addition, there are no well
delimited clinical rates, such as standardized scales or question-
naires for post-treatment reassessment (2-4). Utilization of the
golden standard, that is, videopolysomnography, is technically
limited, economically prohibitive in some contexts, restricted by
local availability, in addition to the abovementioned limitation

related to inter- and intra-individual variability in the intensity
and frequency of polysomnographic markers. SB treatment utilizes
a combination of behavioral treatment, dental and pharmacologi-
cal treatment according to the carrier’s profile (1-3,5). Secondary
SB treatment should focus on the specific cause, coupled with the
measures described below whenever these are also indicated.

1. General Measures

Avoidance of medications that trigger SB, such as antipsy-
chotic dopaminergic neurotransmission antagonists, serotonin
reuptake inhibitor antidepressants, and calcium channel blockers
and inhibitors (6-13).

2. Behavioral Treatment

Behavioral treatment includes sleep hygiene measures, bio-
feedback, relaxation techniques, stress control techniques, and
hypnotherapy.
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2.a. Sleep hygiene

Sleep hygiene is a set of instructions which aims to correct
personal habits and environmental factors that interfere with sleep
quality (14). These instructions are as follows:

1. Avoid consumption of coffee, tea, stimulants, chocolate, and
medications containing caffeine.

2. Avoid drinking alcohol at least six hours before bedtime.

3. Avoid smoking for at least six hours before bedtime.

4. Avoid eating heavy meals before bedtime.

2.b. Biofeedback

Biofeedback is a relaxation technique with concomitant monitor-
ing of certain physiological variables, such as electromyography, skin
temperature, cardiac frequency, blood pressure, and electrodermal
activity. The patient receives specialized training with the objective
of teaching them how to relax. More specifically, the patient observes
and controls the physiological functions that are monitored by
equipment. The positive effects of the treatment are generally only
observed during the treatment period (15) — the beneficial effects are
generally not observed after the treatment ends (11).

2.c.
Relaxation techniques include (1) specific methods for relaxing

Relaxation techniques

mandibular muscles, such as relaxing the jaw with the lips closed
and separated several times a day and (2) voluntary clenching and
subsequent unclenching of the teeth for five seconds each; this
exercise should be repeated for a total of five times per series with
six series per day over a two-week period (11,16,17).

2.d. Anxiety bebavioral treatment

Personality profile, stress and anxiety are major factors in SB.
Nevertheless, no controlled studies determining the effectiveness
of anxiety behavioral treatment for clinical SB symptoms have
been developed. Cognitive behavioral psychotherapy, cognitive
relaxation techniques for managing stress and anxiety coupled
with changes in lifestyle have been suggested (1,16).

2.e. Hypnotherapy

Hypnotherapy or self-hypnosis is a specific relaxation tech-
nique. A study conducted by Clarke et al. with 8 SB carriers
demonstrated that hypnotherapy produced objective and subjec-
tive improvements in SB symptoms during a 36-month follow-up
period (18).

3. Pharmacological Treatment

No specific pharmacological treatment for primary SB or diur-
nal bruxism (DB) has reported long-term effectiveness (1-3,16).
A range of drugs have been suggested for pharmacological treat-
ment, but only a few controlled studies that have evaluated effi-
cacy, pharmacological safety and corresponding effects upon SB
have been conducted (13,16) (Table 1).
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Table 1. Drugs and sleep bruxism

Pharmacological agents Efficacy
Muscle relaxants, sedatives, anxiolytics:

Diazepan Reduction
Clonazepan Reduction
Metocarbamol, baclofen ?

Zolpiden ?
Dopaminergic agents:

L-dopa Reduction
Bromocriptine Without studies

Pramipexole / Ropirinole Without studies

Pergolide ?
Beta-adrenergic agonists:

Clonidine Reduction
Antidepressants:

Amitriptilyne Exacerbation
SSRI Exacerbation
Venlafaxine Exacerbation
Mirtazapine Without studies
Trazodone Without studies
Agomelatine Without studies
Others

Buspirone Reduction
Botulinum toxin A Reduction

3.a. Zolpiden

Zolpiden (5-10 mg per dose) is a non-benzodiazepine non-
anxiolytic agonist hypnotic of the imidazopyridine class that
selectively binds to the omega-1 GABA-benzodiazepine receptor
complex. This drug has a short half-life (2 to 3 hours) and is used
for treating acute insomnia and comorbid chronic insomnia (14).

Zolpiden is also marketed in a second format, with two release
phases: one quick phase (30 minutes) for sleep induction, and one
slower phase with a half-life of approximately 6 hours.

Clinical studies reporting zolpiden’s positive effects upon
sleep have been conducted. Such studies involved patients with
Parkinson’s disease, supranuclear progressive paralysis, restless leg
syndrome, and REM sleep behavioral disorders. Significant motor
symptom improvements for these four hypodopaminergic condi-
tions were observed in these studies (19-23).

The reason for improvement in cases of Parkinson’s disease,
progressive supranuclear paralysis, and restless leg syndrome
are likely due to the high density of zolpiden receptors in base
ganglions (24). Thus, according to hypodopaminergic evidence
in SB genesis, the positive effects of zolpiden on diseases that
involve dopaminergic alterations may indicate similar improve-
ment in sleep bruxism. In addition, zolpiden would also likely act
positively upon arousals that occur before abnormal masticatory
muscle activity (14,25). This is, however, an untested hypothesis;
clinical studies for the treatment of SB using zolpiden in either of
its two presentation modes have not yet been developed.

3.b. Antidepressants
A double-blind study of amitriptilyne (25 mg per dose) con-
ducted ina study population of ten female SB carriers demonstrated
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that amitriptilyne did not reduce masseter electromyographic
activity, nor did it increase the total sleep period in a statistically
significant manner (26,27).

An antidepressant with an agonist dopaminergic profile, such
as amineptine or bupropion, may be useful for the treatment of
SB, pursuant to the hypothesis that dopaminergic deregulation is
important in SB (28,29).

An antidepressant with an SHT2A postsynaptic receptor
blocker antagonist profile, such as mirtazapine (7.5-30 mg per
dose), trazodone (50-100 mg per dose), ritanserine (5-10 mg per
dose), or agomelatine (25-50 mg per dose), increases the amount
of slow wave sleep in both normal volunteers and individuals suf-
fering from depression (28-30). These agents are alternatives to be
considered in SB treatment, as abnormal oromandibular activity
is less plentiful and intense in deep sleep or delta sleep stages, and
an increase in delta sleep quantity would play a protective role
against SB (1,2,3,23,28). Another effect of the blocking action
performed by the SHT2A postsynaptic receptor is increased dop-
aminergic neurotransmission in the prefrontal cortex (29).

Despite these associations, a controlled study of mirtazapine,
trazodone, ritanserine, mianserine, or agomelatine for the treat-
ment of SB has not yet been conducted. Agomelatine, a mela-
tonin receptor agonist with antidepressant activity and a SHT2A
antagonist profile shows the best potential among antidepressants
for the treatment of SB.

3.c. Buspirone

Buspirone is a partial agonist serotonergic agent used for the
treatment of generalized anxiety. Buspirone shows a pharmaco-
logical profile, with activity on 5-HT1 postsynaptic receptors and
5-HT2A receptor antagonist activity (7).

A report of four bruxism cases indicates that patients admin-
istered sertraline felt subjective relief of SB after introduction of a
10 mg buspirone night dose. Buspirone (10-40 mg per dose) can
be particularly useful for treating SB when co-administered with
a selective serotonin reuptake inhibitor antidepressant and duals
agents, such as venlafaxine (7,13).

3.d. Anticonvulsant agents

Some anticonvulsant agents (ACA), such as gabapentine,
topiramate, tiagabine, and pregabaline, promote sleep stability in
epileptic subjects (31). In addition to this effect, such agents pro-
mote a reduction in arousals and increases in delta and REM sleep
in healthy individuals, epileptic subjects, and patients suffering
from insomnia (31).

Gabapentine,a GABAergicagonist, is indicated as a coadjuvant
agent in the treatment of generalized anxiety, essential tremors, as
a central painkiller in postherpetic pain, diabetic peripheral neu-
ropathy or trigeminal neuralgia, and for treating restless leg syn-
drome and nocturnal myoclonus (14,19,31). Anxiety and pain are
frequently associated with SB. The frequency decrease of arousals
and the increase of delta sleep associated with central painkillers
in addition to the ansiolytic effects and an improvement of restless
leg syndrome and nocturnal myoclonus treatment make gabapen-
tine and attractive option for treating SB. Gabapentine (1200 to
1800 mg/day) is quite effective for treating restless leg syndrome
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and nocturnal myoclonus, which are comorbid conditions that are
associated with approximately 10% of SB cases (19).

A previous study has demonstrated the therapeutic effect
of gabapentine (300 mg per dose) administered at bedtime to a
patient carrying secondary bruxism relative to treatment with
venlafaxine. Another study has demonstrated benefits achieved
with tiagabine (9,32). So far, no studies assessing the therapeutic
effect of topiramate, pregabaline, valproic acid or lamotrigine for
SB have been conducted.

3.e.

Clonazepan is a benzodiazepine ansiolytic with an extended

Clonazepan

half-life. It is used for treating anxiety disorders, epileptic syn-
dromes and involuntary movement disorders (tremors). It is also
used as a muscle relaxer and as a hypnotic agent for treating acute
insomnia or comorbid chronic insomnia. In addition, clonazepan
is used as a coadjuvant agent for the treatment of restless leg syn-
drome and nocturnal myoclonus, which are related to a central
dopamine deficiency (19). Clonazepan is the first choice treatment
for REM sleep behavior disorders. REM sleep motor disorders are
highly prevalent in Parkinson’s syndrome (23). Clinical evidence
of the effectiveness of clonazepan for controlling involuntary
movements cause by hypodopaminergic syndromes, as well as its
ansiolytic effects qualify clonazepan as an potentially effective and
safe agent for the treatment of SB. In addition, clonazepan should
also reduce arousals that occur before RMMA episodes (14).

The only reported randomized double-blind study conducted
with clonazepan for the treatment of SB included ten subjects with
SB showing anxiety and depression symptoms. These subjects
were administered one dose of clonazepan (1 mg dose) 30 minutes
before bedtime. This group showed positive results in anxiety and
depression psychometric tests and improved subjective sleep qual-
ity. In addition, based upon polysomnographic rates, clonazepan
administration resulted in improved sleep efficiency, sleep latency
and total sleep period, and reductions in the number of lower limb
periodic movements and bursts of masticatory muscle activity
during sleep (33).

Benzodiazepine’s neurocognitive effects, such as sedation and
ataxia, should be considered before starting treatment. Moreover,
extended use of benzodiazepines exposes the patient to risks con-
cerning tolerance and dependence (14).

3.f. Dopaminergic agents

The association of restless leg syndrome and other dopaminer-
gic disorders with SB suggests a therapeutic role of dopaminergic
agents in SB (34). Literature regarding the efficacy of dopamin-
ergic agents for SB is limited and inconclusive. The clinical
double-blind study conducted by Lobbezoo et al. in 1997 with
low L-dopamine doses and benserazide administered to primary
SB carriers demonstrated only one attenuating effect upon 30% of
bruxism symptoms (35).

Bromocriptine, a dopamine D2 receptor agonist, was evalu-
ated only one placebo-controlled double-blind study for the treat-
ment of SB (36). Bromocriptine (7.50 mg dose) did not reduce
the frequency of tooth grinding episodes during sleep, nor did it
decrease the amplitude of masseter muscle contractions as evalu-
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ated by polysomnography (36).

So far, no studies with other synthetic dopamine agonists (per-
golide, cabergoline, pramipexole, or ropinirole) for the treatment
of SB have been conducted.

3.g. Adrenergic agents

The hypothesis that deregulation of central mechanisms occurs
with an increase in sympathetic tonus 3 minutes before a bruxism
episode during sleep supports the use of sympatholitic agents for
the treatment of SB (37,38). Two agents that act upon adrenergic
transmission, propranol and clonidine, have been evaluated for the
treatment of SB. Since propranol acts upon the peripheral auto-
nomic nervous system, a central action agent may provide greater
positive effects than propranol (39). Clonidine, a central selective
alpha-2 agonist (0.1-0.3 mg per dose), is used for the treatment of
arterial hypertension, attention-deficit hyperactivity disorder, and
restless leg syndrome, and as a central painkiller. Clonidine sup-
presses REM sleep and increases the quantity of NREM sleep at
stage II, but does not increase the quantity of delta sleep (14,19).

It has been reported that propranol (120 mg per dose) is effec-
tive for treating patients with primary SB, and also for treating
patients with secondary SB who are medicated with an antipsy-
chotic (30).

In a randomized, placebo-controlled cross-over study coupled
with active treatment (propranol 120 mg and clonidine 0.30 mg)
conducted in 2006, it was demonstrated that clonidine, not pro-
pranol, was clinically effective for treatment SB symptoms. Cloni-
dine significantly (70% positive rate response) reduced abnormal
masticatory activity and reduced the frequency of teeth grinding
bursts and the sympathetic tonus one minute before each teeth
grinding burst (39).

Clonidine side effects include dry mouth, constipation, reduced
libido, sleepiness, cognitive deficit, and clinically limiting arterial
hypertension for 4 hours after arousal. In the present study, pro-
pranol with a 120 mg dose before bedtime was not shown to be
clinically effective.

3.h. Muscle relaxers

Baclofen, a GABA type B agonist (10-60 mg per dose), can be
utilized for the treatment of SB symptoms; however, no controlled
studies of its efficacy for the treatment of SB have been reported
(1).

3.i. Botulinum toxin

Botulinum toxin type A (TXB-A) is an effective treatment for
certain neurological disorders (40). The mechanism of action of
TXB-A is blockage of acetylcholine release into neuromuscular
junctions, which establishes a chemical denervation with muscular
focal paresia. TXB-A has been used for the treatment of second-
ary bruxism related to other movement disorders, such as cervical
dystonia, oromandibular facial dystonia, and Huntington’s disease
(40).

The clinical effect of TXB-A upon secondary bruxism can be
observed within 2 to 4 days after injection. Its beneficial effects
last for approximately 4 months. It also promotes a reduction in
daily symptoms and in masseter and temporal muscle hypertrophy
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(41). Treatment with TXB-A is relatively safe, and occurrence of
dysphasia and facial and masticatory muscle palsy is rare.

A study that evaluated the use of TXB-A in 18 individu-
als that presented with teeth grinding refractory to other forms
of clinical and odontological treatment was reported in 2000.
According to the results of this study, TXB-A (25 to 100 MU
per dose) effectively treated this SB symptom (42). TXB-A has
been used for treating cases of secondary bruxism as well (41). No
long-term studies of TXB-A efficacy for the treatment of primary
or secondary bruxism have been reported.

3.7. Other medical treatments

It is important to treat gastroesophageal reflux in SB carriers,
since the presence of gastroesophageal reflux and/ xerostomy are
risk factors for development or progression of SB (43).

Approximately 3-5% of obstrusive sleep apnea-hypoapnea
syndrome carriers show SB. A study of this patient group indi-
cated full remission of SB symptoms upon treatment of obstrusive
sleep apnea-hypopnea (44,45).

4. Dental Treatment

In cases of bruxism, dental alterations, as well as occlusal
defects and dental restorations, should be duly treated (1,3,11).

Several types of intraoral appliances (dental plates) have been
developed for the purpose of relieving local pain, preventing
lesions in orofacial structures, and preventing temporomandibular
articulation dysfunction (3).

The mechanisms of action of intraoral appliances and their
effectiveness at reducing neuromuscular activity during sleep have
not yet been well established (17,46).

The efficacy and safety of a non-occlusional intraoral appli-
ance have been compared with those of a palatal control device
in 9 bruxism carriers. Both devices led to 50% reductions in the
frequency of teeth grinding episodes per hour of sleep. They also
reduced the level of tooth grinding noise. No difference in the
efficacy or safety of the two devices was observed (47). Recent
studies that compared a stabilizer device and a palatal control
device showed a reduction in masseter activity. Importantly, this
reduction was transitory, as the device was used for just six weeks
(48,49).

Long term adherence to treatment with dental plates is low —
after one year, less than 20% of patients continue using the device
(2). Moreover, data demonstrate that the number of respiratory
pauses during sleep tends to increase with the use of non-occlu-
sional intraoral appliances, including dental plates, in obstrusive
sleep apnea-hypoapnea syndrome carriers (50).
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