
Controlled Assessment of the Efficacy of Occlusal
Stabilization Splints on Sleep Bruxism

Sleep bruxism (SB) has classically been described by the
American Sleep Disorders Association (ASDA) as a stereo-
typed movement disorder, characterized by grinding or

clenching of the teeth during sleep.1 More recently, Kato et al2

after thoroughly reviewing the literature, specified that SB is a
parasomnia and an oral parafunctional activity during sleep that is
characterized by either jaw clenching (tonic activity) and/or repeti-
tive phasic jaw muscle activity that produces tooth grinding.

SB is a common disorder. Its prevalence has been reported in
questionnaire studies to be the highest in childhood (about 14%)
and decreases from about 8% in younger adults to about 3% in
elderly people.3,4 The discussion about the etiology of SB encom-
passes peripheral factors (eg, occlusal discrepancies, orofacial mor-
phology) and central factors such as neuropathophysiology (eg,
sleep arousal, altered brain chemistry) and psychology (eg, stress,
personality).2,5 Nowadays, the central factors seem to be more
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Aims: To assess the efficacy of occlusal stabilization splints in the
management of sleep bruxism (SB) in a double-blind, parallel,
controlled, randomized clinical trial. Methods: Twenty-one partic-
ipants were randomly assigned to an occlusal splint group (n = 11;
mean age = 34.2 ± 13.1 years) or a palatal splint (ie, an acrylic
palatal coverage) group (n = 10; mean age = 34.9 ± 11.2 years).
Two polysomnographic recordings that included bilateral masseter
electromyographic activity were made: one prior to treatment, the
other after a treatment period of 4 weeks. The number of bruxism
episodes per hour of sleep (Epi/h), the number of bursts per hour
(Bur/h), and the bruxism time index (ie, the percentage of total
sleep time spent bruxing) were established as outcome variables at
a 10% maximum voluntary contraction threshold level. A general
linear model was used to test both the effects between splint
groups and within the treatment phase as well as their interaction
for each outcome variable. Results: Neither occlusal stabilization
splints nor palatal splints had an influence on the SB outcome
variables or on the sleep variables measured on a group level. In
individual cases, variable outcomes were found: Some patients had
an increase (33% to 48% of the cases), while others showed no
change (33% to 48%) or a decrease (19% to 29%) in SB outcome
variables. Conclusion: The absence of significant group effects of
splints in the management of SB indicates that caution is required
when splints are indicated, apart from their role in the protection
against dental wear. The application of splints should therefore be
considered at the individual patient level. J OROFAC PAIN
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prominent.2,5 In the clinical setting, questionnaires,
oral history taking, and a clinical examination are
most commonly used to establish the presence of
SB.6,7 The main disadvantage of these techniques,
however, is that the presence of SB may be difficult
to establish.7,8 For that reason, for the diagnosis of
SB for research purposes, the use of polysomnog-
raphy is recommended.6,7,9

Bruxism is usually held responsible for clinical
problems such as attrition (ie, mechanical tooth
wear resulting from mastication or grinding activi-
ties)10 and pain in the masticatory muscles or tem-
poromandibular joints (ie, painful temporo-
mandibular disorders [TMD]).6,11–13 Convincing
evidence for the validity of these possible causal
relationships is still lacking.14,15 Nevertheless, the
relationships seem plausible from a clinical point
of view. In bruxism research, the presence of both
tooth wear and TMD should therefore be taken
into account.

Treatment modalities that have been suggested
to be appropriate for the management of SB
include medication, sleep hygiene, relaxation,
behavioral therapy, and occlusal stabilization
splints.16 Splints have already been used for a long
time, not only for the management of SB but also
for that of (painful) TMD. As for the application
of splints in the management of SB, previous stud-
ies have shown variable results.16 This suggests
that the main effect of splints is probably limited
to a protection against attrition.16 However, there
is a lack of well-designed, controlled, randomized
clinical trials with regard to the efficacy of splints
in reducing SB activities. Therefore, the aim of the
present study was to evaluate the effects of splints
on the frequency and duration of SB. Furthermore,
since SB is also described as a parasomnia,1,2,7,17

the effect of splints on sleep variables was also
tested in this double-blind, parallel, controlled,
randomized clinical trial.

Materials and Methods

Population Sample

A total of 27 participants, 8 men and 19 women,
fulfilled the inclusion criteria and entered the
study. Two of them canceled both appointments
for sleep registrations and 2 others cancelled the
second appointment for unrelated private reasons.
For another 2 participants, 1 of the registrations
failed due to technical problems. Thus, a total of 5
men and 16 women, with a mean (± SD; range)
age of 34.8 years (± 12.2; 18 to 68 years), com-

pleted the entire protocol. Four men and 7 women
with a mean age of 34.2 years (± 13.1; 21 to 68
years) entered the occlusal splint group; 1 man and
9 women with a mean age of 34.9 years (± 11.2;
18 to 55 years) were designated the palatal splint
group.

Participants were recruited from patients attend-
ing the Department of Oral Function, Section Oral
Kinesiology, of the Academic Centre for Dentistry
in Amsterdam (ACTA) or the Department of
Clinical Neurophysiology of the Slotervaart
General Hospital in Amsterdam. An announce-
ment in a local newspaper was also used to recruit
participants. Participants gave their informed con-
sent prior to the experiment. The Medical Ethics
Committee of the Slotervaart General Hospital
approved the procedures.

Each participant (or his or her partner) had to
confirm a recent history of tooth-grinding sounds
for at least 3 nights per week during the last 6
months.9 Participants had to have tooth wear to at
least the degree of exposed dentine (ie, grade 2).18

All participants who met these criteria, were at
least 18 years of age, and signed the informed con-
sent were included.

Excluded were all participants with a medical
contraindication, such as epilepsy or any sleep dis-
order other than SB, or the use of any medication
with a known influence on sleep structure or SB
(eg, selective serotonin re-uptake inhibitors, anti-
Parkinson’s disease medication). Also excluded
were participants who had more than 2 posterior
teeth missing (except for teeth missing for
orthodontic reasons and third molars), or who had
a dental prosthesis. Finally, a TMD pain diagnosis
was also used as an exclusion criterion.

Experimental Procedure

To exclude a TMD pain diagnosis, all participants
underwent an examination by an experienced den-
tal practitioner (JZ) at the Clinic for Oral
Kinesiology at ACTA, which consisted of a TMD
examination according to the procedures suggested
by the Research Diagnostic Criteria for TMD.19 In
addition, the presence of bruxism was clinically
established by means of an inspection of the soft
and hard intraoral tissues. A medical examination
was performed at the Slotervaart General Hospital
by an experienced neurologist (HLH).

If the participant was eligible to enroll in the
study protocol, he or she underwent a first
polysomnographic (PSG) recording at the hospi-
tal’s sleep laboratory. After this first recording, the
participants were randomly assigned using the
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block randomization method20 to either the
occlusal splint group or the palatal splint group. A
second experienced dentist (FL) inserted the
splints, without mentioning the type of splint and
its expected mechanism, and to deal with the
patient adherence to the treatment, repeatedly
emphasized to the participants the necessity of
wearing their splint 24 hours a day, except during
eating. After a 4-week period of splint therapy, a
second sleep recording was obtained with the
splint in situ.

The occlusal splint was a hard acrylic stabiliza-
tion type of splint, worn in the maxilla, with full
coverage of the occlusal surfaces. It had a thick-
ness of about 1.0 mm at the level of the first
molar. The palatal splint was made of the same
hard acrylic resin and had palatal coverage only.
After the second sleep recording, the patients were
informed about the nature of their treatment.
Patients with a palatal splint were offered an
occlusal splint, which was accepted by all of them.

According to the hospital’s protocol for sleep
studies, all PSG recordings took place in a quiet,
dark, single room. The recordings were per-
formed with silver chloride surface electrodes,
using a Biosaca sleep-recording unit (Ortivus).
The montage protocol consisted of the following
recordings: 

• Electroencephalography: C3A2, O2A1
• Electromyography (EMG): Right and left mas-

seter muscles, submental area, and right anterior
tibialis muscle

• Electro-oculography: Right and left
• Oxygen saturation (Sa O2) 
• Heart rate (electrocardiogram)
• Body position
• Sound (piezo-electric device)

The EMG signals of the masseter muscles were
recorded with a sampling frequency of 256 Hz per
channel. Hardware filters were set at 50 Hz notch,
3 Hz high pass, and 100 Hz low pass. 

Data Analysis

Sleep was analyzed in 30-second periods according
to Rechtschaffen and Kales,21 and the absence of
sleep disorders other than SB (eg, sleep apnea,
periodic limb movements in sleep) was confirmed
with the use of Compumedics Pro Fusion analyz-
ing software by a neurologist who specializes in
sleep disorders (HLH) or an experienced sleep sci-
entist (DJW). All bruxism data were analyzed by
the same investigator (JZ), who was blind to the

presence or absence of an occlusal splint or a
palatal splint. Total sleep time, percentage of sleep
time spent in each sleep stage, sleep efficiency (%),
and the number of arousals per hour of sleep
(arousal index) were calculated as sleep outcome
measures based on scoring rules published by
ASDA.22

Bruxism analyses were performed according to
the criteria of Lavigne et al,23,24 and a custom-
made program (JAWS v1.441+ masseter muscle
analyzing software, Aalborg University)25 was
used at a 10% maximum voluntary contraction
(MVC) threshold level.2,17 The raw signals were
rectified and filtered with a high pass of 3 Hz and
a low pass of 10 Hz. As outcome variables for
bruxism, the number of episodes per hour of sleep
(Epi/h) and the number of bursts per hour of sleep
(Bur/h) were determined.23 In addition, the brux-
ism time index (BTI) was calculated. This index
describes the total time spent in bruxing divided by
the total sleep time and multiplied by 100%.26

Only bruxism outcome variables detected during
sleeping periods were used in the analyses. Events
such as fragmentary myoclonuses and body move-
ments were excluded.

Statistical Analysis

Shapiro-Wilk tests, together with an assessment of
histograms and normal QQ plots, were used to
screen all variables for a normal distribution. If a
non-normal distribution was found, a logarithmic
transformation was performed in order to achieve
a normal distribution.

To determine whether differences were present
in baseline characteristics of the participants at the
onset of the study, independent samples t tests
were performed for differences in age and initial
bruxism between the 2 groups. Similarly, chi-
square tests were performed to test for differences
in gender distribution between the 2 groups.

A general linear model (GLM) with repeated
measures was used for further statistical analyses
of a factor within the 4-week treatment period and
between  factors (ie, the type of splint used) as well
as their interaction. If a normal distribution could
not be achieved, even after logarithmic transfor-
mation, nonparametric tests (viz, Wilcoxon signed
rank tests) were used.

Finally, the individual values of the bruxism out-
come variables used in this study (Epi/h, Bur/h,
and BTI) were also examined. A change (increase
or decrease) of at least 50% with the occlusal or
palatal splint was arbitrarily chosen to be a clini-
cally significant response to the treatment. Chi-
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square tests were performed between both groups
to check for any group differences.

All statistical tests were performed with SPSS
12.0 software. Probability levels of P � .05 were
considered statistically significant.

Results

No baseline group differences were found regard-
ing gender (�2 = 2.007; P = .157), age (t = 0.134; P
= .895), and initial bruxism outcome variables
(0.158 � t � 0.494; .627 � P .876).

Sleep

All hypnograms (baseline and second PSG record-
ings) were judged to have a normal structure.
Table 1 shows the mean values of the standard
sleep variables for both the before-treatment and
after-treatment conditions for both splint types.
No statistically significant between-subject effects
of splint type on the sleep variables were found,
nor were there any significant within-subject
effects on sleep of the 4-week treatment period
(Table 2). Finally, no statistically significant inter-
actions between splint type and treatment period
could be observed.

Sleep Bruxism 

During all first-night (baseline) PSG recordings,
the 21 participants showed sleep bruxism scores
that fulfilled the research criteria for an SB diag-

nosis according to Lavigne et al.17,23 The mean
values of the SB outcome measures, derived before
and after a 4-week treatment period with either an
occlusal splint or a palatal splint, are shown in
Table 1. As for the sleep variables, no significant
group effects could be observed on the SB vari-
ables in regard to either splint type (between-sub-
ject) or treatment period (within-subject). Also no
interaction between these 2 effects was found.
However, there was a slight tendency (F = 3.804,
P = .066; Table 2) toward a longer total duration
of bruxism, as expressed by the BTI after the 4-
week treatment period (before, about 1.3%; after,
about 2.0%; Table 1), regardless of the type of
splint.

Some of the patients showed an increase (33%
to 48% of the cases) or decrease (19% to 29%) of
at least 50% in their individual bruxism outcome
variables, or showed no such change (33% to
48%) (Table 3). No difference was found in the
number of patients with an increase or decrease
between the occlusal splint and the palatal splint
group (0.597 � �2 � 1.499; .473 � P � .742).

Discussion

The aim of the present study was to investigate the
efficacy of an occlusal stabilization splint on SB and
on sleep variables in a double-blind, parallel, con-
trolled, randomized clinical trial. Despite a slight ten-
dency toward a longer total duration of bruxism
(BTI), no significant group effects of splint therapy
on the SB variables were found. This corroborates

Table 1 Descriptive Statistics of the Standard Sleep Variables, Bruxism Variables, and BTI as Derived Before and
After a 4-week Treatment Period for Both Splint Types

Variable Before treatment After 4-week treatment period

Occlusal splint Palatal splint Occlusal splint Palatal splint

Sleep
Total sleep time (min) 461.95 ± 21.12 423.70 ± 25.12 445.55 ± 29.19 436.95 ± 33.83
Sleep stage (%)

1 6.36 ± 1.52 6.56 ± 1.03 3.66 ± 0.68 7.40 ± 2.26
2 55.51 ± 2.75 61.58 ± 1.95 60.65 ± 2.45 62.67 ± 2.61
3 8.81 ± 1.79 6.65 ± 0.78 7.52 ± 0.89 5.34 ± 0.96
4 8.47 ± 2.25 4.58 ± 1.44 6.02 ± 1.49 5.61 ± 2.04
REM 20.85 ± 1.32 20.61 ± 1.23 22.15 ± 1.35 18.96 ± 2.54

Sleep efficiency (%) 81.30 | 90.30 | 94.60 74.25 | 84.70 | 93.65 78.20 | 91.60 | 95.40 78.88 | 89.15 | 93.10
Arousal index 29.53 ± 6.38 15.30 ± 5.01 31.23 ± 5.60 18.33 ± 7.81
Bruxism
Epi/h 6.22 ± 1.06 7.41 ± 2.27 11.11 ± 3.67 10.57 ± 4.57
Bur/h 55.37 ± 10.85 52.51 ± 14.77 99.76 ± 32.50 94.93 ± 45.10
BTI 1.36 ± 0.25 1.28 ± 0.45 2.09 ± 0.55 1.91 ± 0.82

For normally distributed variables, means ± SEM are given. One variable was not normally distributed. For that variable, the 25th, 50th (ie, the median), and
75th percentiles are given.
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Table 2 GLMs and Wilcoxon Signed Rank Tests of the Effects of
Splint Type (Occlusal versus Palatal), Treatment Phase (Before
Treatment versus After) and, in Case of a GLM, of Their Interactions
on the Various Sleep Variables as Well as on Epi/h, Bur/h, and BTI

Variable Effect Test statistic P

Sleep
Total sleep time (min) Splint type 0.459 .506

Treatment phase 0.008 .931
Interaction 0.678 .420

Sleep stage (%)
1 Splint type 1.345 .260

Treatment phase 0.593 .451
Interaction 2.147 .159

2 Splint type 1.752 .201
Treatment phase 3.253 .087
Interaction 1.376 .255

3 Splint type 2.432 .135
Treatment phase 1.742 .203
Interaction 0.000 .992

4 Splint type 0.831 .373
Treatment phase 0.392 .539
Interaction 2.345 .142

REM Splint type 0.852 .368
Treatment phase 0.014 .906
Interaction 1.019 .325

Sleep efficiency (%) Splint type -0.915 .360
Treatment phase -0.521 .602

Arousal index Splint type 2.553 .127
Treatment phase 0.818 .377
Interaction 0.065 .802

Bruxism
Epi/h Splint type 0.024 .879

Treatment phase 0.055 .817
Interaction 0.121 .732

Bur/h Splint type 0.074 .788
Treatment phase 0.039 .846
Interaction 0.003 .956

BTI Splint type 0.035 .854
Treatment phase 3.804 .066
Interaction 0.017 .897

For normally distributed variables (test statistic = F), GLMs were used. For not normally dis-
tributed variables (test statistic = Z), Wilcoxon signed rank tests were used.

Table 3 Number of Participants Showing an Increase, No Change, or a Decrease in Individual Bruxism Outcome
Values for the Palatal and Occlusal Splint Groups

Increase � 50% No change Decrease � 50%

Epi/h Bur/h BTI Epi/h Bur/h BTI Epi/h Bur/h BTI
Same Other Same Other Same Other Same Other Same Other Same Other Same Other Same Other Same Other

Occlusal splint 4 1 4 – 4 1 3 – 3 1 3 – 3 – 3 – 3 –
Palatal splint 3 – 3 – 3 2 4 – 4 2 4 – 1 2 1 – 1 –
Total 7 1 7 – 7 3 7 – 7 3 7 – 4 2 4 – 4 –

Each number under “same” represents, per splint type (occlusal or palatal), the number of individuals who had the same degree of change (more than
50% increase, no change, or more than 50% decrease) for every bruxism outcome variable. Each number under “other” represents the number of individ-
uals who had another degree of change for at least 1 of the bruxism outcome variables.
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the conclusions of (non-PSG) studies (eg, Kydd and
Daly,27 Holmgren et al28). However, other authors
have found significant effects (eg, Clark et al,11

Okkerse et al29). For the individual bruxism variable
outcomes, some patients had an increase of at least
50%, whereas others showed a decrease of 50% or
more. This stresses the difference that may exist
between statistical significance in group data and
clinical significance on the individual level.30 Finally,
no influence of splint usage on the sleep variables
was found. In addition, normal sleep31 was not dis-
turbed by SB. This is in accordance with most results
found in the literature (eg, Reding et al,32 Sjöholm et
al,33 Lavigne et al,17,23 Lobbezoo et al34).

For the diagnosis and evaluation of bruxism,
many techniques have been described in the litera-
ture, eg, the use of questionnaires, oral history
data, EMG recordings, the quantification of tooth
wear (either clinically or on dental study casts), or
a combination of these techniques.35–38 The main
disadvantage of these techniques is that they do
not provide a detailed insight into bruxism in rela-
tion to sleep, so that SB cannot be assessed.
Therefore PSG recordings are recommended as a
validated tool for the diagnosis of SB, with a good
to very good sensitivity and specificity.7,23

Disadvantages of PSG recordings are the difficulty
of recruiting patients for sleeping in a sleep labora-
tory, which resulted in 4 dropouts in the current
study, and an increased risk of technical failures,
which resulted in 2 dropouts in the current study. 

In the present study, the efficacy of stabilization
splints in the management of SB was established
using only 2 different points in time. In general,
the efficacy of a treatment modality can be inter-
preted only if there is some information about the
magnitude of the natural fluctuation in the out-
come variables. In a study by Lavigne et al,24 it
was shown that the naturally occurring variability
of SB over time does not result in different
polysomnographically established diagnoses at dif-
ferent points in time. This means that the out-
comes of evaluation studies to treatment modali-
ties for SB over a certain period of time are not
seriously hampered by natural fluctuation. Thus, 2
measurement times seemed sufficient. Further-
more, ethical and compliance aspects of having
patients sleep for multiple nights in a sleep labora-
tory setting must be taken into account. 

Another possible methodological shortcoming of
the present study may be the small number of par-
ticipants in both groups. Power analyses done on
the present results show a need for at least 84 par-
ticipants per group (ß = 80%); even larger samples

would be needed to study discrimination between
muscle contraction types (ie, phasic, tonic, and
mixed episodes). However, it is difficult to recruit
a sufficient number of patients to participate in
sleep laboratory studies. Furthermore, the high
cost of PSG recordings is a practical limitation on
the total number of participants. 

In many bruxism studies, a first PSG recording
is used solely for habituation of the participants to
sleeping under experimental conditions, while the
recording of the subsequent night is used for diag-
nosis and research purposes (see Lavigne and
Manzini,7 and Kato et al2,9). In that way, the so-
called first-night effect (FNE) is avoided. In the
present study, 2 PSG recordings made 4 weeks
apart were compared. Considering the relatively
long interval separating the 2 recordings, it is
likely that both can be considered first-night
recordings, thus minimizing the influence of a pos-
sible FNE. As reviewed by Le Bon et al,39 the FNE
mainly results in a decrease in the amount of rapid
eye movement (REM) sleep, total sleep time, and
sleep efficiency and an increase in intermittent
awakenings during the first night of sleep as com-
pared with subsequent ones. In the present study,
these sleep variables did not deviate from the nor-
mal values,31 which suggests that the FNE was
limited, if present at all. Nevertheless, the absence
of nights for habituation can still be considered a
possible confounder in the present study.

To eliminate the influence of confounders such
as swallowing and sleep talking in the analysis of
SB, the use of an EMG detection threshold is com-
monly used. In the literature, a vast range of
threshold levels ranging from 10% to 40% of the
MVC level are suggested.23,40–42 In the present
study, a threshold level of 10% MVC was used.
This is in line with more recent articles, in which a
tendency toward a consensus on the use of 10%
MVC can be noted.2,17,43,44

Occlusal stabilization splints are widely used in
the management of bruxism as well as TMD-
related conditions. As reviewed in detail by Dao
and Lavigne,16 there is no evidence for the efficacy
of splints in the management of painful TMD.
They therefore suggest that splints should be used
as an adjunct for TMD pain management rather
than a definitive treatment. In regard to the man-
agement of SB with splints, some authors have
claimed that such devices have a (transient)
decreasing group effect on nocturnal EMG activity
(eg, Clark et al,11 Okkerse et al29). The interpreta-
tion of many previous studies, however, is ham-
pered by some methodological problems. For
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example, some studies used only EMG recordings
for the quantification of bruxism (eg, Clark et al,11

Solberg et al,45 Sheikholeslam et al,46 Hiyama et
al47). Okkerse et al29 did use PSG recordings for
the assessment of SB and found a significant
decrease of parafunctional muscle activity with the
bite plane in situ. However, these authors used a
different type of splint. Also, they did not use a
control condition, which reduces the strength of
evidence considerably.48 In the present study, there
were no statistically significant group effects of an
occlusal or palatal splint on the bruxism outcome
variables measured. As already mentioned, this
may be because this study had only limited power.
At a group level, it can therefore be concluded that
occlusal stabilization splints and palatal splints
have a similar influence on the frequency and
duration of SB, viz, no changes in outcome vari-
ables over a 4-week period. This is in accordance
with the conclusion by Dao and Lavigne16 that the
use of occlusal splints as a therapy for SB is at least
questionable, except for its important role in pro-
tection against tooth wear. Furthermore, this find-
ing is consistent with the current view that, in
most cases, SB is mainly regulated centrally, not
peripherally.2,5

When the efficacy of stabilization splints in the
management of SB is considered at the individual
level, some authors have shown a decrease, no effect
at all, or even an increase in muscle activity.11

Sjöholm et al49 published a preliminary, but similar,
report of individual increases and decreases in brux-
ism activity with a splint in situ. This variable effect
is also in accordance with the individual findings in
the present study, where some patients showed an
increase in their bruxism variables greater than 50%,
others showed no change, and yet others showed a
decrease of more than 50%. Interestingly, no differ-
ence was found in the number of patients with an
increase or decrease between the occlusal splint and
the palatal splint group. This suggests that the possi-
ble effects of the therapy may be independent of the
type of splint used, which may be related to similar
influences of both splint types on oral behaviors such
as salivation and swallowing.2 In short, the use of
splints in SB patients in the clinical setting should be
examined at an individual level, although criteria for
such a decision still need to be established. The
results of this study thus indicate that caution is
required when a splint is indicated in the manage-
ment of SB, apart from its role in the protection
against dental wear.
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