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Abstract

Background: In the last years an increasing number of patients have sought for comfortable and aesthetic alternatives to fixed
appliances. Aligners, due to the protection against tooth wear, can be compared to occlusal splints used in patients suffering from
sleep bruxism (SB). The aim of the study was to analyze the effects of clear aligners on SB episodes using a validated portable device
(Bruxoff®, OTBioelettronica, Torino, Italy) allowing a simultaneous recording of electromyographic signals from both the masseter
muscles as well as heart frequency to evaluate variation on SB activity.
Methods: Forty patients were analyzed for the study. Twenty of them were assigned to orthodontic treatment with clear aligners
(Invisalign®, Align Technology). The other twenty patients were used as control group observed for a period of twelve months.
Intra-group and inter-group variances were analyzed by using a two-way ANOVA test. For each analysis a P < 0.05 was set.
Results: After the first month of clear aligners therapy, all patients in the case group showed a significant reduction in the number
of SB episodes (P < 0.05). However, after three months SB values returned to baseline levels. The number of tonic contractions were
reduced even after three months of orthodontic treatment (P < 0.05).
Conclusions: While clear aligners seem to be capable to reduce clenching, i.e. occlusal load, in SB patients, the grinding activity
seems to be not influenced by those appliances at least in the short term of the present investigation.
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1. Background

Sleep bruxism (SB) is a sleep-related motor disorder
characterized by (rhythmic) involuntary phasic or tonic
(sustained) motor activity in the masticatory muscles (e.g.
masseter, temporalis) during sleep (1). SB shows a mean
prevalence of 14% - 20% in adolescents and 12.8% in adults,
with no gender differences and a tendency to decline with
increasing age (1, 2). Most of the orthodontic patients are
part of this population (3, 4). In a recent systematic litera-
ture review4 dental malocclusion presents moderate asso-
ciation with SB in adolescents and, moreover, the presence
of parafunctions such as bruxism may be a predisposing
factor for temporo-mandibular disorders (TMDs) (5). Since
the association between SB and TMDs with painful sensa-
tion has been stated (6-8) and occlusal overload induced
by SB may be a co-factor (9-12), the orthodontic treatment
of malocclusion in patients suffering from SB may be use-
ful in controlling, at least, one of the factors involved in the
multifactorial etiology of TMDs. In the last years, the use of

clear aligners in orthodontic treatment has reached an im-
portant role even in complex cases (13, 14). Such disposals,
due to the protection against tooth wear, can be compared
to occlusal splints used in patients suffering from SB (15-19).
Unfortunately, no literature data are available about the ef-
ficacy and efficiency of these orthodontic disposals in mod-
ifying or reducing the number of SB episodes. The study
was designed to answer the clinical research question “is
sleep bruxism influenced by orthodontic treatment with
clear aligners?”

2. Objectives

The source underlying the study was that a positive an-
swer to the above question could lead to the possible in-
troduction of a specific orthodontic treatment for patients
suffering from SB with a possible modulation of the num-
ber of SB episodes per night.
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3. Methods

This observational prospective study, involved 53 sub-
jects (27 m, 25 f, 28 ± 13 years) selected among patients re-
ferring to the Orthodontics Unit of the Dental School of the
University of Torino in the period February-December 2015
requiring an orthodontic treatment. All the subjects were
screened for sleep bruxism with a validated portable de-
vice (Bruxoff ®, OT Bioelettronica, Torino, Italy) (20-24). On
the basis of this evaluation the subjects were divided into
two groups: the case group composed by 20 patients (7 m,
13 f, 25 ± 10 years), and the control group composed by 33
patients (20 m, 13 f, 26 ± 10 years). The control group was
a “waiting list” control group, without any form of treat-
ment for the following 6 months. During the follow-up
period, 13 patients from the control group (5 m, 8 f, 28 ±
7 years) withdraw from the study, obtaining a final con-
trol group formed by 20 patients (15 m, 5 f, 29 ± 12 years).
The study was conducted according to the Declaration of
Helsinky, and each subject was aware to withdraw from the
experiment at any time. A written informed consent was
obtained by each patient. The study was approved by the
Local ethical committee (#3742015).

3.1. Inclusion and Exclusion Criteria

The inclusion and exclusion criteria are resumed in Ta-
ble 1.

Table 1. Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

Patients aged from 13 to 30 years Previous or current SB treatment

Patients requiring orthodontic
treatment

Presence of prosthodontics
rehabilitations

Absence of medications Missing teeth, with the exception of
the third molars

Avoiding alcohol, nicotine or
caffeine during night recordings

Periodontal disease

Group II and/or Group III TMDs
(articular TMDs)

Medical history of neurological,
mental or sleep disorders (e.g.
periodic leg movements, insomnia)

Post-traumatic patients

Previous or current orthodontic
treatment

Obstructive sleep apnea syndrome
(OSAS)

3.2. Clinical Records

Dental panoramics, latero-lateral radiograms and den-
tal casts were taken for all the 20 patients before to start the
orthodontic treatment with clear aligners.

3.3. SB Diagnosis and Monitoring

A validated portable device for SB diagnosis (Bruxoff ®,
OT Bioelettronica, Torino, Italy) with three channels was
used for recording (20-24). Two channels were used to ac-
quire surface electromyography (sEMG) from the masseter
(bilaterally), and the third channel was used to acquire the
heart frequency (HF). The three signals were sampled at
800 Hz, with 8 bit resolution.

A microSD card was used to store the data as a bi-
nary file. The sEMG channels were filtered between 10
and 400 Hz with gain 4300. The electrocardiographic
(ECG) channel was filtered between 15 and 160 Hz with
gain 700. Surface EMGs from the masseter muscles (both
sides) were detected with disposable bipolar concentric
electrodes (Code®, Spes Medica, Battipaglia, Italy), with a
radius of 16 mm and with detection site made of AgCl (Fig-
ure 1). The concentric-ring systems of the Code electrodes
show higher spatial selectivity with respect to the tradi-
tional detection systems and reduce the problem of elec-
trode location since they are invariant to rotations and re-
ducing EMG crosstalk (25). The heart frequency was per-
ceived with a disposable bipolar electrode located on the
left side of the thorax just below the pectoral muscles. At
first, the subjects were asked to accomplish three maxi-
mum voluntary clenching (MVC), 3 seconds each and sep-
arated by 10 seconds of rest. The greatest of the MVC mea-
sures was used to normalize the EMG values as a percent of
MVC. Previous studies showed a high sensitivity (92.3%) and
specificity (91.6%) of the portable device when the cut-off
was set at 4 SB episodes per hour accordingly to published
criteria (22). Furthermore a reliability study of the Brux-
off demonstrated a good reproducibility for SB episodes
per night, SB episodes per hour, and heart frequency20.
Scoring on the Bruxoff recordings was automatically per-
formed by dedicated software (Bruxmeter ®, OT Bioletton-
ica, Torino, Italy).

The SB episode can be classified by the software, if the
sEMG burst is greater than 10% MVC and if it immediately
follows (1 - 5 seconds interval) a heart rate increase of 20%
with respect to the baseline accordingly to the existing
literature (25-27). Moreover, instrumental evaluation al-
lowed to identify specific sEMG signals: tonic, phasic and
mixed.

3.4. Night Recordings With Bruxoff Device

Multiple night recordings with the Bruxoff® device
were made both for case and control groups. The first
night was used as accommodation session. Then other
recordings were made at screening time, at the beginning
of orthodontic treatment (only for case group) (T0), af-
ter 1 month (T1) and after three months (T2). The device
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Figure 1. The Bruxoff® and the CoDe® (Spes Medica, Genova, Italy) Electrode Used
in This Study for the Detection of Myoeletric Signals From the Masseter Muscles

The concentric-ring systems of the Code electrodes show higher spatial selectivity
with respect to the traditional detection systems and reduce the problem of elec-
trode location since they are invariant to rotations and reducing EMG crosstalk. At
the top a schematic representation of the electrode location over the masseter mus-
cle is shown. Black line: gonial angle-cantus line used as anatomical landmark.

was used and mounted without technical assistance, af-
ter prior training, at home. Written instructions were pro-
vided and a night-time telephone number to call in the
event of difficulties.

3.5. Orthodontic Treatment

Orthodontic diagnosis was completed by the digital
scanning of dental impression through dedicated soft-
ware (Clincheck® Align Technology Inc. San Jose, Cali-
fornia (USA)). This software allowed virtual simulations
of orthodontic movements and guided the realization of
custom-made clear aligners for each patient. All patients
were provided with a precise sequence of clear aligners,
to be replaced every two weeks, according to the standard
protocol (28). Every month each patient was controlled in
order to check compliance, orthodontic tooth movement
and to perform routine inspections.

3.6. Statistical Analysis
The number of SB episodes of every patient, recorded

during the 3 time points (T0, T1, T2), was collected. The sam-
ple passed the Kolmogorov-Smirnov normality test. Intra-
group and inter-group variances were analyzed with two-
way (variables time and treatment) ANOVA test. All statis-
tical procedures were performed with the software statis-
tical package for the social science v. 23.0 (SPSS 23.0®, IBM,
Milan, Italy). Significance was set at P < 0.05.

4. Results

The two groups of patients were followed for a period
of three months and evaluated in three different moments
(T0: screening, T1: evaluation after 1 month, T2: evaluation
after three months) with instrumental (Bruxoff®) record-
ings. The statistical analysis demonstrated that the num-
ber of SB episodes significantly reduced after one month
follow-up in the case group (P < 0.05, 95% CI) (Figure 2).
However, at T2 evaluation the number of SB episodes in the
case group raised up to T0 levels with no statistical differ-
ences between T0 and T2 (P > 0.05, 95% CI). The number
of total tonic contractions of the masseters muscles in the
case group reduced in a significant way after one and three
months (P < 0.05, 95% CI) (Figure 3), although the num-
ber of tonic contractions related to SB episodes in the case
group, after a significant reduction in the first month (P <
0.05, 95% CI), raised up to T0 levels with no statistical dif-
ferences between T0 and T2 (P > 0.05, 95% CI) (Figure 4).
Phasic and mixed contractions of the masseters muscles
showed no statistical differences at T1 and T2 points neither
inter-groups nor intra-groups (P > 0.05, 95% CI).
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Figure 2. Number of SB Episodes Per Hour of Sleep

5. Discussion

In the last years, the use of clear aligners to obtain or-
thodontic tooth movement grew up significantly in order
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Figure 3. Mean of General Tonic Contractions
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Figure 4. Mean of Tonic Contractions Related to SB Episodes

to answer the request for possible comfortable and aes-
thetics alternatives to traditional fixed appliances. Such
disposals, due to the protection against tooth wear, can
be compared to occlusal splints used in patients suffering
from SB. Results from the present study showed that, on a
short term basis, the use of clear aligners can reduce tonic
contractions (i.e. clenching) but not phasic (i.e. grind-
ing contractions). Furthermore the number of SB episodes
showed a significant reduction during the first month of
treatment, while after three months no significant differ-
ences were observed with respect to the baseline. Interest-
ingly 38% of the patients treated with Invisalign® aligners
were low intensity bruxers while the 62% were high fre-
quency bruxers at T0 according to Rompré et al. (2007)
(29). After three months of treatment the 54% of patients
were low frequency bruxers while the 46% were high fre-
quency bruxers. Accordingly to the statistical analysis the
percentage reduction could be associated to the signifi-
cant reduction of SB related clenching contractions. Ac-
cording to Dubé et al. (2004) (30), patients wearing oral
appliances (OAs) significantly reduced after one month

the number of SB episodes per hour of sleep such as for
the number of masseters contractions (bursts per hour
of sleep) in polysomnographic recordings. According to
Manfredini et al. (2015) (15) it seems that almost every type
of OA is in some way effective to reduce SB activity. This
may suggest the existence of a possible ‘novelty effect’ as-
sociated with the use of an OA, which leads to a reduction
in sleep-time masticatory muscles’ activity, possibly due
to the transient need for reorganizing motor unit employ-
ment. All patients recruited for this study were selected ac-
cording to the presence or absence of SB. All of them did
not present clinical signs or symptoms of SB, but after in-
strumental recording with Bruxoff® device, for the 62% of
them severe SB was diagnosed. Moreover, clinical signs and
symptoms of SB cannot be used for definite diagnosis (2, 22,
23), especially after analyzing preliminary data from this
study. Since the association between SB and TMDs with
painful sensation has been stated (6-8) and occlusal over-
load induced by SB may be a co-factor (9-12), aligner treat-
ment should be considered as a possible option to treat pa-
tients suffering from SB with need for orthodontic treat-
ment. In this light the use of validated portable devices
(22) for the diagnosis of SB should be introduced in the or-
thodontics clinical setting at least as screening devices.

5.1. Conclusions

While clear aligners seem to be capable to reduce
clenching, i.e. occlusal load, in SB patients, the grinding
activity seems to be not influenced by those appliances at
least in the short term of the present investigation.
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