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ABSTRACT: The aim of this study was to analyze the immediate effect of resilient splints through sur-
face electromyography testing and to compare the findings with the electromyographic profiles of
asymptomatic subjects. The participants were 30 subjects, 15 patients with TMD (TMD Group) and 15
healthy subjects (Control Group), classified according to Research Diagnostic Criteria (RDC/TMD) Axis
I. A resilient occlusal splint was made for each patient in the TMD Group from two mm thick silicon to
cover all teeth. The EMG examination was performed before and immediately after installing the splint.
Three tests were performed as follows: 1. Maximum Voluntary Contraction (MVC) using cotton rolls
(standards test); 2. MVC in maximal intercuspation position; and 3. MVC with the splint in position. The
EMG signal was recorded for five seconds. EMG indices were calculated to assess muscle symmetry,
jaw torque, and impact. There was a statistically significant difference when comparing the results
among the study groups. The symmetry index values in the Control Group were higher than the TMD
Initial Group and similar to the TMD Group after the installation of the splint. The index values of torque
were higher in TMD Initial Group when compared with the Controls. Impact values were lower than
normal values in the TMD Initial Group and restored upon installation of the splint. The resilient occlusal
splints may be used as complementary or adjunctive treatment of temporomandibular disorders.
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The stomatognathic system consists of several
structures, the temporomandibular joint (TMJ),
muscles, nerves, bones, teeth and periodontium,

whose morphological and physiological integration
allows for balance. When an unexpected sensory stimu-
lus is received, reflex mechanisms of protection are acti-
vated, creating the modulation of muscle activity in the
area of stimulus. When the stimulus exceeds the physio-
logical tolerance, tissue changes begin.1

Because it is complex and has multifactorial etiology,
there are many predisposing factors that increase the risk
of developing temporomandibular disorder (TMD). TMD
is characterized by a set of signs and symptoms, which
may include pain in the temporomandibular joint (TMJ)
and/or masticatory muscles, joint sounds during jaw
function, limitations in jaw movements of extension, and
pain elicited on palpation.2 It is also common to observe
signs such as muscle fatigue at rest and/or functioning3

and otological symptoms such as otalgia, vertigo and tin-
nitus.4

Currently, the gold standard for identifying the pres-
ence or absence of TMD, and the classification of its sub-
categories, is an extensive evaluation of patient history
and clinical conditions, supplemented where appropriate,
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with additional tests,5-7 i.e., electromyographic analysis.
Electromyography (EMG) allows for verification and
quantification of muscular balance, both between the
muscles on both sides of the body (symmetry) and
between pairs of muscles with a possible effect of lateral
misalignment of the jaw (torque).8,9

In dentistry, the modality of TMD treatment most often
used is one involving the use of occlusal splints.10 The
splint simulates an ideal occlusion, favors the condyle-
fossa relationship, reduces symptoms, stops the previous
occlusal scheme and changes mandibular position.1

The aim of this study was to analyze the immediate
effect of resilient splint use through surface electromyog-
raphy testing and to compare the findings with the elec-
tromyographic profile of asymptomatic subjects.

Materials and Methods

This study was conducted at the Laboratory of Research
in Electromyography of the Stomatognathic System,
Department of Restorative Dentistry, Faculty of Dentistry
of Ribeirão Preto, at the University of São Paulo.

Sample
The participants were 30 subjects—15 patients with

TMD (TMD Group) classified according to the Research
Diagnostic Criteria (RDC/TMD) Axis I,5 aged between
18 and 66 years, and 15 healthy subjects (Control Group)
with permanent and healthy teeth, with a Class I molar
and canine relation of Angle bilateral and overjet and
overbite ranging from 2-5 mm, aged between 18 and 25
years. This classification was sought to enable the stan-

dardization of the sample, sorting clearly and objectively
the research subjects.

Exclusion Criteria
Any individuals with center and/or peripheral neuro-

logical disorders or who had suffered injury caused by
tumors or trauma to the head and neck were excluded
from the study.

Resilient Splint
A silicon resilient occlusal splint (Bio-Art, São Carlos-

SP, Brazil) was made, using the plaster models for each
patient of the TMD group. The device, which was two
mm thick, was built with the aid of a vacuum sealer (Bio-
Art, São Carlos-SP, Brazil) and covered all the teeth,
(Figure 1).

The EMG exam (Freely, De Götzen srl; Legano, Milan,
Italy) (Figure 2) was performed before and immediately
after inserting the splint and three tests were performed:
1. Maximum Voluntary Contraction (MVC) with 10 mm
thick cotton rolls (Roeko Luna #2, Coltene: Roeko,
Germany) placed between the second premolar and first
molar bilaterally (standardization test) (Figure 3); 
2. MVC in maximal intercuspation position (static test)
(Figure 4); and 3. MVC with the splint in position
(Figure 5). The EMG signal was recorded for five 
seconds.

Prior to electrode placement, the subjects’ skin was
cleaned with alcohol 70% solution, with the aim of elim-
inating any facial oils or pollution that could interrupt
EMG signals. Double surface electrodes of silver chlo-
ride, disposable, bipolar, with self-adhesive gel (Hal

Figure 1
Steps for making the resilient occlusal splints; a. vacuum sealer Bio-Art; b. soft crystal plate two mm; c-d. plastified plate; e. splint finalized.

a

b

c

d

e
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Indústria Ltda, Sao Paulo, Brazil) were placed on 
the masseter (mm) and temporal anterior (ta), bilaterally,
in the longitudinal direction of the muscle fibers. A 
reference electrode (ground) was applied to the forehead
of each patient in order to eliminate electromagnetic
interference.

During the EMG recording, the environment was kept
quiet, with the subject seated in a comfortable chair with
the soles of the feet flat on the ground with their arms
resting on their legs. The head was positioned upright,
with the patient looking toward the horizon. 

Electromyographic Analysis 
The analog EMG signal was amplified by the comput-

erized instrument software EMA (Electrical Myograph
Analyzer), (gain 150, bandwidth 0-10 Hz, limit the pulse
peak to peak 0 to 2000 µV) using an amplifier with a

Figure 2
Electromyography (Freely, De Götzen srl; Legano, Milan, Italy)
coupled to a digital computer.

a b

Figure 3
a. Maximum voluntary contraction (MVC) with 10 mm thick cotton rolls, positioned between the second premolar and first molar on each side. Test
standards for each muscle, the average EMG potential is taken as 100%, and all other potential EMG is expressed as a percentage of that value
(µV/µVx100); b. profile of electrical activity, in µV, of the anterior temporal and masseter muscles right and left, captured for five seconds during
the examination of MVC with cotton rolls.

a b

Figure 4
a. MVC without cotton rolls in the maximal intercuspation position. Test in which the dental relationship is considered: b. profile of electrical activ-
ity, in µV, of the anterior temporal and masseter muscles, right and left, captured for five seconds during the examination of MVC in maximal inter-
cuspation position.

a b

Figure 5
a. MVC with the resilient occlusal splint in position; b. profile of electrical activity, in µV, of the anterior temporal and masseter muscles, right and
left, captured for five seconds during the examination of MVC with occlusal splint.
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common mode rejection (CMRR = 105 dB limit 0-60 Hz,
impedance pulse 10GΩ), digitized (12b resolution, 2230
Hz A/D sampling frequency) and digitally filtered (high-
pass filter at 30 Hz, low-pass filter at 400 Hz) to eliminate
noise common to 50-60 Hz, motion artifacts, the direct
current electrode, and other interference. The signals are
averaged over 25 ms, with muscle activity assessed as the
root mean square (root mean square – r.m.s.) amplitude
(µV). The electromyographic signals were recorded for
future analysis.11,12

For each patient, the three most constant seconds of
electromyographic signal are automatically selected by
the EMA software, where the EMG potentials are nor-
malized: amplitude of the occlusal surface divided by the
mean of the electromyographic amplitude of the stan-
dardization exam with cotton rolls.9,13,14 Electromyo-
graphic waves of pairs of muscles are compared by
computing the coefficient of percentage of overlap
(POC,%), a symmetry index of neuromuscular coordina-
tion which measures the distribution of muscle activity
over time, determined by the occlusion9,13-15 (Figure 6).

The EMA software also calculates the following EMG
indices:

• The coefficient of torque (TORS, %), a potential
component of lateral displacement produced by
unbalanced contraction activity of the masseter and
contralateral temporal muscles.12,13 Clearly, TORS is
0% when the difference between both the right and
left temporal and between the right and left masseter
are null, and the POC = 100% (full wave symmetry
of the pairs of masseter and temporalis muscles).14

• The index of asymmetry (ASIM, %), quantifies the
relationship between the contribution of working
side by balancing side. (ASIM = [muscles on the
working side - muscles on the balancing side]/[mus-
cles on the working side + muscles of the balancing
side]).16 This index is comprised in a range from -
100% to +100%, where the negative sign indicates
the dominance of the left side of the body, and the
positive signal indicates the dominance of the right
side. A perfect symmetry is equal to 0%.

• The index of activity (ATTIV, %) measures the rela-
tive contribution of the masseter vs. temporal ante-
rior muscle on both sides (ATTIV = [masseter -
temporal]/ [masseter + temporal]). This index ranges
from -100% to +100%, where a positive value indi-
cates the predominance of the masseter muscle, and
negative indicates predominance of the temporal
muscle.

• Total electrical activity is measured by calculat-
ing the area beneath the muscle waves of all exam-
ined muscles: the Impact Index (IMP) (unit:

µV/µVx100xs). This value evaluates the work real-
ized by the muscle during the selected activity.9

Statistical Analysis
The linear model of mixed effects (fixed and random

effects) was used to make the comparison between
groups.17 To use this model, it is necessary that the waste
has a normal distribution with a zero mean and constant
variance. When this assumption was not met, a logarith-
mic transformation on the variable response was done.
The model fit was completed using the procedure PROC
MIXED in SAS Ver. 9.1 (SAS Institute, Inc.). Signifi-
cance was set at 5% (p≤0.05).

Results

Table 1 presents the descriptive analysis of the results
of the electromyographic indices of the study groups.

Table 2 shows the results of the statistical analysis
comparing the EMG indices between the groups (p≤0.05).

Discussion

In this study, the instrument for assessing the perfor-
mance of the activity of the masticatory muscles in the
face of muscle changes resulting from therapy with
occlusal splints was EMG analysis. The masseter (super-
ficial portion) and temporal (anterior portion) are more
often valued for being on the surface and for being acces-
sible to the examination of surface electromyography.18

Many studies criticize the use of EMG in research,
claiming that results are conflicting, possibly due to the
effects of many variables, e.g., sample selection, inade-
quate control groups, clinical conditions and equipment
used.7,21 However, if proper precautions are taken and a
standardized protocol is followed, EMG is proven an effi-
cient method of analysis of the stomatognathic system
with good reproducibility.9,14,23-25 This is illustrated by the
low error rate found by using the Dahlberg error calcula-
tion a former study by Botelho, et al.26 and closer to those
found in studies using the same methodology.13

The occlusal splint has been used for a long time, but
its mechanism of action is still not fully understood.20,28

Several hypotheses have been described to explain
occlusal splint effectiveness, such as: 1. reduction in
EMG activity of the masticatory muscles; 2. reposition-
ing of the condyle and/or articular disk; 3. change in the
patient’s occlusion; and 4. modification of the oral habits
of the patient.

In comparing the rates of POC, TORS, ASIM, ATTIV,
and Impact, the covariates of gender and age were con-
sidered. No difference was found between genders
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(p>0.05). These data are consistent with data obtained by
Ferrario, et al.13,15

The EMG exam used in the current study was devel-
oped by the University of Milan, Italy, where the normal

ranges were established for that population. The values
found in this study for the control group (Table 1) are
consistent with the results for that population13,15 and for
the Brazilian population.26,27

Figure 6
Pie chart graph showing the calculation of POC testing a healthy young subject (a) and patient with TMD (b). From left to right the graphs show:
first, the balance achieved in the clenching test with cotton rolls of the muscles analyzed; second, the balance of the clenching test in maximal inter-
cuspation position; and the third, the result of the correlation between the first and second graph.

b

a
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In the current study, a significant increase in masseter
muscle symmetry (POC) and restoration of the total elec-
trical activity (IMP) was obtained (Table 2). This result
was also reported in the Ferrario, et al.9 study, where the
immediate effect of placing an acrylic occlusal splint
without anterior contacts of the FARC type was similar.
This can be explained by the inhibitory effect of change
in occlusal condition on muscle activity,9 and by the sim-
ulation of occlusal condition when using an occlusal
splint, which promotes the rotation of the condyle by the
variation in the vertical dimension, relief in periodontal
receptors, and finally, a change in the neuromuscular
plates.25 However, there was no significant difference
found in the current study in the modification of the
asymmetry index (ASIM), differing from results obtained
by Ferrario, et al.9 This may be due to the fact that in the
current study, the splint used was different from the one
used in the Ferrario, et. al.9 study.

Some studies have reported that in the majority of

cases of splint use in TMJ internal derangements,19,33-35

there is no remission of symptoms. Therefore, according
to data supporting their effectiveness but not their effi-
cacy, occlusal splints should be used as complementary
or adjunct treatment for the control and relief of the pain
symptoms and not as the only treatment.20,36

Conclusion

Considering the limitations of an electromyographic
examination, it can be concluded that:

• The values of the index of symmetry of the Control
Group were higher than the Initial TMD Group and
similar to the TMD Group after installation of the
splint. 

• The values of the torque index were higher in the
Initial TMD Group compared with the Control
Group. 

• Impact values were lower than normal values in the

Table 1
Summary of Study Variables

Group          Time Variable N Mean S.D.        Minimum Median     Maximum
POC temp 15 81.10 12.44 48.54 87.62 89.84
POC mm 15 81.29 14.35 30.94 85.07 89.80
POC mean 15 81.20 11.81 44.75 85.38 89.80
TORS 15 11.42 4.53 7.42 9.80 25.21

Initial ASIM 15 -5.25 18.46 -57.99 0.22 13.31
ASIM ABSO 15 11.00 15.52 0.04 5.58 57.99
ATTIV 15 -1.70 15.67 -23.86 -0.82 23.93
IMP 15 100.47 47.35 50.00 81.00 220.00

TMD  
POC temp 15 82.14 8.65 55.58 85.15 89.71
POC mm 15 82.87 14.62 30.68 87.32 89.73
POC mean 15 82.51 11.16 43.13 85.63 89.38
TORS 15 11.92 5.38 7.73 10.29 29.44

Installation ASIM 15 -5.98 17.29 -60.36 -0.60 9.71
ASIM ABSO 15 10.59 14.74 0.59 7.39 60.36
ATTIV 15 5.40 18.02 -32.44 10.05 29.53
IMP 15 131.27 56.52 78.00 117.00 295.00

POC temp 15 86.98 3.05 78.63 87.82 90.47
POC mm 15 85.19 4.64 74.01 87.43 89.80
POC mean 15 86.08 2.79 80.43 87.28 89.47
TORS 15 9.59 1.89 6.97 9.04 14.46

Control ASIM 15 -0.15 8.34 -13.53 -2.06 15.77
ASIM ABSO 15 6.50 4.93 1.53 4.26 15.77
ATTIV 15 -2.05 11.45 -23.11 -6.10 15.26
IMP 15 118.47 29.95 81.00 108.00 171.00

S.D.: standard deviation; POC: percentage overlapping coefficient; temp: temporalis anterior muscle; mm: masseter muscle;
TORS: torque coefficient; mean: mean calculation; ASIM: asymmetry index; ASIM ABSO: asymmetry index - absolute value;
ATTIV: activity index; IMP: impact index
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Initial TMD Group and restored after installing the
splint.
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