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Objectives: A randomized clinical trial comparing the effects of a 4- and 8-week consecutive
use of contingent electrical stimulation on self-reported pain, jaw muscle activity, and
threshold intensity in teeth grinding during sleep, over 6 months.
Methods: This randomized clinical trial studied 48 patients diagnosed with bruxism and
masticatory myofascial pain according to established methods. Patients were randomly
allocated to Group I - 4-week contingent electrical stimulation (n=24), and Group II - 8-week
contingent electrical stimulation (n=24). The primary outcomes assessed were the number
of electromyographic events per hour of sleep, numerical rating scale pain scores, and
threshold intensity when grinding. Analysis of variance models was used to compare results
at a 5% significance level.
Results: There was a statistically significant (p<0.05) decrease in pain level (-71.7% and
-71.2%, respectively) and grinding mean intensity (-37.4% and -44.9%, respectively) at the
6-month follow-up for Group I. Contingent electrical stimulation reduced pain and the
threshold intensity of grinding at night in patients with masticatory myofascial pain with
definitive sleep bruxism, with a positive correlation (p<0.05) between the two primary
outcomes.
Conclusions: The results of this study suggest that both the 4- and 8-week contingent elec-
trical stimulation protocols are effective in reducing patient symptoms related to sleep
bruxism. (Rev Port Estomatol Med Dent Cir Maxilofac. 2020;61(2):45-51)
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Efeito da estimulacao elétrica funcional no bruxismo do sono
- estudo clinico randomizado

RESUMO

Palavras-chave:

Biofeedback
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Objetivos: Ensaio clinico randomizado para comparagao dos efeitos de 4 e 8 semanas do uso
consecutivo de estimulacao elétrica funcional na dor autorreferida, atividade muscular da
mandibula e intensidade média no ranger de dentes durante o sono por mais de 6 meses.
Métodos: Este ensaio clinico randomizado estudou 48 pacientes diagnosticados de acordo
com métodos estabelecidos, com bruxismo do sono e dor miofascial. Os pacientes foram
alocados aleatoriamente no grupo I - estimulagao elétrica funcional de 4 semanas (n=24) e
no grupo II - 8 semanas de estimulagdo elétrica funcional (n=24). Os parametros primarios
avaliados foram o nimero de episédios presentes na eletromiografia por hora de sono, va-
lores de dor na escala numérica de dor e intensidade média de rangido por noite. Foram
utilizados modelos de anélise de varidncia para comparar os resultados, estabelecendo-se
um nivel de significdncia de 5%.
Resultados: Houve redugdo estatisticamente significante (p<0,05) no nivel de dor (-71,7% e
-71,2%, respetivamente) e intensidade média de rangido (-37,4% e -44,9%, respetivamente) no
seguimento de 6 meses para o grupo I. A estimulagdo elétrica funcional reduziu a dor e a inten-
sidade média de rangido por noite em pacientes com dor miofascial e bruxismo do sono (diag-
noéstico definitivo), com uma correlagdo positiva (p<0,05) entre os dois pardmetros primarios.
Conclusdes: Os resultados deste estudo sugerem que a estimulagdo elétrica funcional em
protocolos de 4 e 8 semanas sao eficazes na redugao dos sintomas dos pacientes relaciona-
dos ao bruxismo do sono. (Rev Port Estomatol Med Dent Cir Maxilofac. 2020;61(2):45-51)
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Introduction

Bruxism, in general, is a repetitive muscle condition charac-
terized by the grinding and/or clenching of the teeth when
awake or asleep.! International consensus on its definition
gave rise to several questions, as sleep and awake bruxism are
generally considered different behaviors observed during
sleep and wakefulness, respectively.? Sleep bruxism (SB) is
defined as a repetitive jaw muscle activity characterized by
clenching or grinding of the teeth or bracing or thrusting of
the mandible during sleep.> Even though, according to the
current view, bruxism is regulated mainly centrally, and not
peripherally (i.e., not caused by anatomical factors like cer-
tain characteristics of dental occlusion and articulation), its
etiology is still controversial.? Clinical and scientific evidence
suggest that bruxism could be related to periods of physical
and emotional stress and the anticipation of such periods,*
with a multifactorial pattern being the most plausible hy-
pothesis, in which psychosocial and pathomorphological fac-
tors interact with peripheral morphological factors.*>

SB can generate high occlusal forces, which are sustained
by the teeth, supporting tissues, and temporomandibular joint.
It can cause attrition, tooth wear and fracture, hypersensitiv-
ity, periodontal ligament lesions, pulpitis and tooth necrosis,
fatigue and muscle pain, buccal movement limitations, tem-
poral region headaches, and temporomandibular disorders.®-#
The diagnosis of SB can be based on reported tooth grinding
or clenching accompanied by one of the following three signs:

abnormal dental wear, sounds associated with bruxism, and
muscle discomfort, fatigue or stiffness when awaking.®'° Self-
-reporting, together with clinical examination methods, can
define a “probable” SB diagnosis, but the definite diagnosis
should be based on electrophysiological monitoring undertak-
en in sleep clinics or with a portable device.

One of the therapeutic targets in a patient with bruxism
is to modify or decrease the parafunctional activity. Several
techniques have been used to control it, namely, hypnosis,
occlusal adjustment, muscle relaxant splints, physiotherapy
and muscle-relaxing exercises, medication, acupuncture,
and biofeedback,®11-13 but, to date, there is little evidence on
the effectiveness of the different treatments.'* More recent-
ly, a therapeutic alternative based on a contingent electrical
stimulation (CES) mechanism has achieved promising re-
sults.'»1° It consists of a signal that is sent to the temporal
or masseter muscle, inducing immediate relaxation.’® The
literature suggests that biofeedback devices could be linked
to the relaxation reflex (or exteroceptive suppression peri-
od),**17:18 thus presenting an alternative to conventional
treatments for the remission and control of parafunctional
activity.8121920 Several authors have reported it as an effec-
tive method for a faster alleviation of chronic headache
symptoms, myofascial pain, and muscular inflammation
when compared to other therapeutic alternatives.’?! How-
ever, the duration of treatment needed to obtain a measur-
able relaxation of the jaw muscles and effective stabilization
of the symptoms is still unclear.
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Over recent years, the industry has evolved toward produc-
ing more portable and friendlier CES devices. GrindCare
(GrindCare, Medotech A/S, Denmark) consists of a biofeedback
device capable of measuring electromyography (EMG) activity
of the anterior temporalis muscle, by emitting a painless elec-
trical pulse to the temporal region when EMG activity exceeds
the individually determined threshold.'

The aim of this randomized clinical trial was to evaluate
the effect of 4- and 8-week treatment protocols with CES on
pain symptoms, EMG activity (in the anterior temporalis mus-
cle), and threshold intensity when grinding (per night) on SB
patients with myofascial pain.

Material and Methods

A single-center, randomized, two-arm, parallel clinical trial
was performed. This study employed a sample of 48 volun-
teers recruited according to previously established inclusion
and exclusion criteria (Table 1) at the clinic of the Faculty of
Dental Medicine of the University of Lisbon. The ethical com-
mittee of this institution approved the study protocol, which

was conducted in full compliance with the World Medical As-
sociation Declaration of Helsinki and its most recent amend-
ments, following the approved clinical practice guidelines.

When accepted into the study, patients were randomly al-
located to Group I or Group II by a computer-generated ran-
domization software (GraphPad Quick-Calcs website: http://
www.graphpad. com/quickcalcs/randomizel.cfm). The code
for randomization was kept in a sealed envelope and opened
only at the end of the study. Data were analyzed by a third
party blinded to the allocation results, which were referred to
as treatment I or Il in the SPSS worksheet (SPSS, Inc., Chicago,
IL, USA). The medical record was assessed by a single trained
and calibrated researcher according to previously established
methods (Dworkin and LeResche 1992 —- RDC-TMD 1992).

The study workflow is shown in Figure 1 (Group I - 4-week
CES and Group II - 8-week CES). EMG of the anterior tempora-
lis muscle was monitored daily over the first 8 weeks of the
follow-up period to evaluate the short-term effect, and then
at 6 months (7 consecutive nights) to evaluate the long-term
effect. Patients were instructed to complete a diary designed
to assess sleep quality and symptomatology according to: i)
level of pain (numerical rating scale [NRS] classification from

Table 1. Inclusion and exclusion criteria.

Pre-Inclusion Criteria

18 years of age or older;
¢ Patients diagnosed with sleep bruxism (based on AASM 2001);

e Score higher than 3 on a numerical rating scale (NRS) concerning pain during the baseline period.

Final Inclusion Criteria

¢ Signed and dated informed consent declaration;

* More than 19 episodes of bruxism / hourly events per night, measured with GrindCare® Medotech A/ S (Denmark).

Exclusion Criteria

* Concomitant illnesses or general conditions which could contraindicate participation in the trial;

e Pacemaker;

e Parallel participation in other pharmaceutical or medical device trials;
e Daily use of pain relief medication (>1 a week), such as hypnotics, muscle relaxants, anxiolytics, analgesics, preventative medication

against chronic tension, and headache and migraine medication;
¢ Patients using mouth guards before the trial period,;
¢ Pregnant and breastfeeding women;
e Alcohol and/or narcotic drug abuse;

¢ Documented or suspected localized irritation caused by electrode gel.

N
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Figure 1. Study Design
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0-10), ii) fatigue and muscle tension (NRS classification from
0-10), iii) adverse events. The clinician calibrated each EMG
device individually on day 0, and each participant adjusted
stimulus intensity for CES daily.

The EMG device uses a signal recognition algorithm?*
based on the signals collected from three electrode contacts.
An EMG episode is recorded when the amplitude of the EMG
signal exceeds the pre-defined threshold of more than 100 ms
for up to 1s. Longer-lasting EMG events are counted as addi-
tional events.?? The EMG activity was expressed as the number
of grinds per hour of sleep (NG), by previously established
methods. Briefly every night, participants were requested to
relax their jaw muscles for 10 s and then clench their teeth at
approximately 60% of the maximum voluntary contraction for
10s (verbal explanation, with clinical counseling and visual
training). The number of events was determined based on the
algorithm previously established, with events defined as EMG
activity higher than the signal level at rest plus 20% of the
maximum EMG level during the 60% contraction.'*

Pain level was scored as 0 for no pain and 10 for the high-
est pain experienced. Contraction intensity was expressed as
a threshold intensity (TI) number per night of sleep.

This study was conducted as a pragmatic randomized
clinical trial to determine the effectiveness of these inter-
ventions in a real-world setting. Although the two treatment
protocols differed, the measurements of interest (EMG epi-
sodes and activity) were objective and not susceptible to
interpretation, thus removing the potential bias for lack of
blinding.

Kolmogorov-Smirnov normality tests were performed for
the study variables. Only the TI variable presented a non-

-normal distribution (p<0.001). Whenever data were analyzed
with this variable, non-parametric tests were used. The EMG/h,
pain score, and TI data were described. Baseline (1st week —
Bas) data was used to evaluate the correlation between pain
score and EMG activity or TI parameters for the entire sample
using the appropriate tests (Pearson’s coefficient or Spear-
man’s rho tests). Multiple comparisons between variable
means were performed using a t-test with the Bonferroni cor-
rection. The level of significance was set at 5%.

Results

A total of 48 patients were randomly allocated to one of the
groups, and there were no dropouts throughout the study.
The baseline characteristics of the two groups are shown in
Table 2. Student’s t-test was employed to test differences be-
tween baseline characteristics in both groups with significant
differences for TI.

Statistically significant differences were observed in mean
pain levels between the two groups after one month of treat-
ment (end of active treatment for Group I and half of active
treatment for Group II) and at each time point of the follow-up
period for both groups (Table 3).

In Group I, NG was 21.5 + 1.20 at Bas, 25.5 + 28.54 at Tx4 (4t
week of CES), 16.9 + 10.88 at Fu4 (4t week of follow-up), 15.8 +
11.6 at Fu8 (8™ week of follow-up), and 17.7 + 13.31 at Fuém
(6™ month of follow-up), with statistically significant differ-
ences between Bas and Fu8 (paired samples, t-test, p<0.05). In
Group II, NG was 21.0 + 1.75 at Bas, 18.7 + 16.32 at Tx4, 19.5 +
17.74in Tx8,17.9 + 17.69 at Fu4, 15.5 + 15.91 at Fu8, and 13.7 +

Table 2. Descriptive data of baseline characteristics and comparison between groups

Baseline Comparative analysis between groups
Variables
Group I Group II Baseline Tx4 Fu4 Fu8 Fuém
Mean Pain 5.3+1.56 5.9+2.06 p=0.2722 p=0.001* p=0.9312 p=0.8872 p=0.7452
EMG/h (NG) 21.5+1.20 21.0£1.75 p=0.861° p=0.2320 p=0.503P p=0.665° p=0.212°
Threshold Intensity (TI) 711.3+661.15 448.8+499.71 p=0.202¢ - p=0.202¢ p=0.722¢ p=0.667¢

2 t-test for independent samples; ® Mann-Whitney U test; © Paired t-test samples; * Level of significance was set at 5%; Tx4 — 4™ week of CES;
Fu4 - 4th week of follow-up; Fu8 - 8th week of follow-up; Fu6 - 6" month of follow-up.

Table 3. Descriptive data between baseline and the time points assessed, per group (%)

Comparative analysis between baseline and the time points assessed for the same group

Variables
Group Bas vs Tx4 Bas vs Tx8 Bas vs Fu4 Bas vs Fu8 Bas vs Fuém
Mean Pain I -69.8%%" - -71.7% -73.6%2* -71.7%
II -35.9%* -64.4%3* -74.6%3 -74.6%* -71.2%3
I +18.1% - -21.4% -26.5%2* -17.7%
EMG/h (NG) I -11.0% 7.1% -14.8% -26.2% -34.8%"
. - - -33.2% -39.6% -37.4%
Threshold Intensity (TI) 1 _ B -46.4%7 -39 4% 44,993

2 Paired t-test samples; * Level of significance was set at 5%; Tx4 — 4™ week of CES; Fu4 - 4" week of follow-up; Fu8 - 8™ week of follow-up;
Fu6 - 6™ month of follow-up.
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10.63 at Fuébm, with statistically significant differences be-
tween Bas and Fu6 and between Tx8 and Fuém (paired sam-
ples, t-test, p<0.05). No statistically significant differences
(p>0.01; Mann-Whitney U test) were found for NG between the
two groups in the assessed time points (Table 3).

TI in Group I was 711.3 + 661.15 at Bas, 475.1 + 487.02 at
Fu4, 429.8 + 501.16 at Fu8, and 445.6 + 518.84 at Fubm. When
comparing the baseline appointment with the first three con-
trols (Fu4, Fu8, Fubm), statistically significant differences
(paired t-test samples) were verified, with p=0.004, p=0.001,
and p=0.04, respectively. The mean follow-up was not statisti-
cally significant.

The TI level of Group II was 448.8 + 499.71 at Bas, 240.7 +
311.45 at Fu4,272.0 + 284.47 at Fu8, and 247.4 + 176.84 at Fuém.
In a comparison (using paired t-test samples) between Bas and
the first, second, and third controls (Fu4, Fu8, and Fuém), sta-
tistically significant differences (p<0.001) were observed, with
decreasing values for the TI level. When comparing the mean
TI between both groups (I and II), no statistically significant
differences were found in the different time points. The com-
parative analysis of the different pair variables in each group
was performed using the Spearman’s rho test for the same
time points and the Pearson’s test for Fu8 in Group I regarding
the pair Mean Pain-TI.

In Group I, at baseline, the Mean Pain-NG pair showed a
moderate positive correlation (p = 0.415), with statistical sig-
nificance (p=0.044). In Tx1,Tx2,Tx3, and Tx4, it had a moderate
to very weak correlation (p = 0.545,p = 0.370,p=0.120 and p =
0.125), with a non-significant p value at every stage except Tx1
(p=0.006). In Fu4 and Fu8, a moderate Mean Pain-NG correla-
tion was observed (p = 0.428 and p = 0.451, respectively), with
statistical significance (p=0.037 and p=0.027, respectively). In
Fu6m, this correlation (p = 0.366) had no statistical significance
(p=0.108), becoming weaker over the course of the study. In
Group II, a weak Mean Pain-NG correlation was detected in Bas
(p = 0.248; p = 0.242). In Tx1, Tx2, Tx3, Tx4, Tx5, Tx6, Tx7, and
Tx8, that correlation was weak/very weak (p = 0.048, p = 0.060,
p=0.253,p=0.253,p = 0.051, p = 0.202, p = 0.268 and p = 0.286,
respectively), although without statistical significance (p>0.05)
at every stage of the active treatment, except Tx1 (p=0.048). In
the control period — Fu4, Fu8 and Fuém, no correlation was
detected (p = 0.184, p = -0.030, and p = -0.085, respectively)
between NG and Mean Pain, with no statistical significance in
all readings.

In Group I, at baseline, a moderate positive correlation (p =
0.423; p=0.116) was observed in the Mean Pain-TI pair. In Fu4,
there was a strong positive Mean Pain-TI correlation (p = 0.781),
with a p=0.001, showing that those who started to feel less
pain, started to grind less intensely. The same occurred in Fu8
and Fubm, where there were strong correlations (p =0.792 and
p = 0.835, respectively), with p<0.001 in both. In Group II, a very
weak Mean Pain-TI correlation (p = 0.116, p = 0.110, p = 0.144,
and p = 0.142, respectively) was observed in all study weeks
(Bas, Fu4, Fu8, and Fuém); i.e., both variables decreased
throughout the study, but with no statistical relevance.

In Group I, at baseline, the NG-T1I pair showed a strong pos-
itive correlation (p = 0.705; p=0.003), meaning that those who
experienced the highest level of grinding did so with the great-
est intensity. In Fu4, Fu8, and Fuém, there was also a statistical-

ly significant moderate positive correlation between NG and T1
(p =0.582, p = 0.614 and p = 0.537, respectively). In Group II, a
very weak/weak correlation (p = 0.046 and p = 0.375, respective-
ly) was observed at Bas and Fu4, with no statistical significance
in any of the cases. At two months under the control regime,
this interaction became strong with statistical significance (p =
0.745 and p=0.001). However, at 6 months, it lost statistical sig-
nificance and became a weak correlation (p = 0.221).

Discussion

Following the available literature and scientific evidence, the
treatment protocol was proposed to assess how SB patients
experiencing pain would respond to medium- and long-term
treatments with a CES device. The use of CES reduced the pain
and TI of grinding per night in patients with masticatory myo-
fascial pain with definitive SB. EMG activity on the temporalis
muscle had an inconsistent evolution after CES therapy.

Baseline characteristics of the study population were sim-
ilar between the study groups, except for the TI, and pain relief
was observed in both protocols, with no recurrence throughout
the study. However, the minor improvements observed after
the 4-week treatment suggest that extended treatment proto-
cols may offer no further advantages. Thus, a protocol with 1
month of CES appears to be sufficient. The authors suggest
that, in a clinical setting, shorter protocols are more favorable
and achieve the same results.

Since the inclusion criteria in this study were not based on
gender, but rather on complaints and reasons for consultation,
it was not possible to attribute a real relationship between
prevalence and epidemiology of gender and SB.

A decrease in temporal muscle activity and concomitant
myofascial pain in patients with SB had been previously re-
ported,’® corroborating our findings. Another study,?® with a
design comparable to the present one, with 19 individuals
diagnosed with SB (using the AASM criteria),’* observed a
56.9% pain relief in 58% of the sample - the motivated group,
and a 28.8% pain relief in 42% of the sample - the group con-
sidered skeptical in the initial analysis. The motivated group
values were similar to those found in the present study (pain
relief in 69.8% and 64.4% in Groups I and II, respectively). In
light of the results, the authors hypothesized the importance
of the parameter “duration of the bruxism event” and its “in-
tensity” in the perpetuation of pain, supporting the hypothe-
sis that long and short events are signaled equally by the CES
device, regardless of their intensity. A systematic review pub-
lished in 2014, pointed out that CES had the potential to in-
duce long-term changes in behaviors that could include the
reduction or elimination of patient symptoms.?* A systemat-
ic review published in 2015 highlighted that it was yet to be
proven that a reduction in muscle activity could help decrease
the patient’s clinical pain.?® The present study corroborated
these statements, emphasizing the importance of diagnostic
consultation for the adoption of adequate and effective ther-
apeutic strategies.

As a general observation, it is important to note that none
of the participants reported complaints concerning sleep
throughout the study, similar to the results obtained by a pre-
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viously published study.** Also, the GrindCare® system worked
well as a convenient portable device inducing a stimulus on a
unilateral temporal muscle.

As there was no consistent evolution in the grinding activ-
ity in both protocols (Group I or II), pain might not be related
to the number of grind events, as mentioned by other au-
thors,?”” who pointed out that, in this clinical situation, care
must be taken to not create cause-effect relationships that are
too simplistic. This clinical trial showed that, during the treat-
ment time (in both groups), the correlation between pain and
muscular activity disappeared, evidencing the efficacy of CES.
Also, at 6 months post-treatment, there was no correlation
between muscle activity and pain in both groups.

The inconsistent outcome for NG following CES therapy is
moderately in line with the literature, with results showing a
decrease in EMG of 35%-56.9% in the active treatment period
and 31-38% in the control period.%!>2228-31 Qur findings were
smaller, but with a higher sample size, which implies de-
creased intrinsic variability and increased statistical power of
the results obtained. In fact, the present study highlights the
fact that, besides being inconsistent, the evolution of NG
throughout the study was also not statistically significant. In
a study published in 2013,%* whose design was similar to Group
I, the authors detected an inconsistent development of NG
with a wide range in NG parameters and consequent response
to CES. The present study corroborates this finding. Although
a recent study? found that EMG event frequency could return
to baseline levels in the follow-up, it also suggested the need
for more studies on this subject with larger sample sizes and
follow-up periods.

Central neuronal alterations (central sensitization), typical
of chronic conditions,? can also explain the weak correlation
between pain and EMG activity found in the present research.
The authors suggest that intensity is the main contributor to
pain recorded by the patient.

Regarding the TI, the proposed treatments were effective,
with a statistically significant decrease during the active treat-
ment and in the control period. There was no recurrence of TI
in values similar to the Bas value. Our results suggest that,
clinically, shorter protocols are more prone to patient compli-
ance, achieving the same results as longer protocols. The pres-
ent work is in line with the literature?® and emphasizes the
possible relationship between intensity and response to dif-
ferent treatments, as well as the importance of the wide range
of individual responses that this variable elicits. The correla-
tions between TI and pain, particularly in Group I, showed that
the two variables were related from the beginning and empha-
sized the relationship between the treatment with CES and the
controls.

As for limitations, the authors consider that, because of
the study flowchart in phases and long control periods, cali-
bration could be different in the baseline week and the 23rd
week. Additionally, and although the study was conducted in
the usual patient environment, there could be an over-
-evaluation of the results, since the use of cables and devices
on the patients could induce situations of bruxism. Despite
the limitations of this study, CES reduced the pain and TI of
grinding per night in patients with masticatory myofascial
pain with definitive SB.

Conclusions

Both the proposed protocols presented clinical significance by
leading to a reduction in pain and consequent increase in the
patient-related outcomes. This decrease in the NRS pain score
may have been influenced by the decreased grinding intensi-
ty. Results suggest that a 4-week protocol could be sufficient
to relieve pain in SB. More studies on the subject of pain, with
simple designs and effective solutions, for the assessment of
these new devices should be performed.
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