
SUMMARY
Background/Aim: Stabilization appliances have traditionally been 

used for the treatment of temporomandibular disorders and bruxism. The 
aim of this study was to evaluate the effect of two appliances (hard and 
soft) with different thicknesses on the electromyographic (EMG) activities 
of masseter and anterior temporalis muscles. Material and Methods: 
30 healthy subjects have been divided into two groups of 15, according to 
the appliance material used (soft, hard). For each subject in both groups, 
two appliances have been prepared with 3 mm and 6 mm thickness. EMG 
recordings of bilateral masseter and anterior temporalis muscles were 
taken for each appliance. Results: The results showed that, the decrease 
in average EMG values during maximum voluntary clenching with a 3-mm 
and 6-mm-thick hard appliance was statistically significant compared 
with the average EMG of maximum voluntary clenching in the intercuspal 
position. The increase in average EMG values during maximum voluntary 
clenching with a soft appliance of 3 mm and 6 mm thickness was statistically 
significant. Conclusions: The hard stabilization appliances decrease the 
activity of the masseter and temporalis muscles, while the soft appliances 
increase the activity of the masseter and temporalis muscles.
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Introduction

Occlusal appliances in dentistry have been used for 
the management and treatment of temporomandibular 
disorders (TMDs) and bruxism1. Occlusal appliances 
potentially modulate neuromuscular function, alleviate 
mechanical loading on the temporomandibular joint, 
and increase peripheral input to the central nervous 
system to decrease motor activity2-4. They also play an 
important role in the symptomatic treatment of TMD 
patients by allowing a change in the distribution of joint 
stress vectors and relaxation of muscle fibers5. The most 
common occlusal appliance used for the treatment of 
temporomandibular disorders and bruxism are removable 
hard stabilization appliances2,6,7. According to Okeson8, 

the purpose of stabilization appliance is to eliminate 
any kind of orthopedic imbalance between the occlusal 
position and temporomandibular joint position that can 
be an etiological factor for TMDs. Furthermore, nocturnal 
muscle activity during bruxism and temporalis and 
masseter muscle activity during controlled clenching is 
significantly reduced using hard occlusal appliances9,10.

Soft appliances are also used, although the 
diagnostic and/or therapeutic use in TMD compared to 
hard stabilizing appliances is controversial4,11,12. Some 
studies have reported that they can be used in patients 
complaining of hypersensitivity of their posterior teeth 
due to recurrent or chronic sinusitis, and to reduce or 
protect against injury to the oral structure in athletes13. 
Some studies have also reported that soft occlusal 
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less than 3 months, had no periodontal problems and no 
temporomandibular disorders, and agreed to participate. 
Participants who reported having pain related to systemic 
diseases, whiplash, therapeutic treatments affecting 
muscle activity, and trauma to the face and cervical spine 
in a period of less than 30 days were excluded. The study 
was approved by the Clinical Research Ethics Committee 
of Yeditepe University (approval No. 058) and was 
conducted according to the principles of the Declaration 
of Helsinki. Written informed consent was obtained from 
all participants.

Preparation of the hard and soft stabilization 
appliances

The 30 participants were randomly assigned to one 
of two groups (n=15) based on appliance material (hard 
stabilization appliance group: Group 1, soft appliance 
group: Group 2). Participants in both groups received 
two appliances with a thickness of 3 mm and 6 mm 
in the molar region. Two alginate impressions were 
made for each participant in the mandible and maxilla. 
The mandibular and maxillary casts were mounted in 
maximum intercuspation on a semi-adjustable articulator 
(Artex, Amman Girrbach) with a facebow transfer (Artex, 
Amman Girrbach). 

For each of the 15 subjects in Group 1, two 
mandibular stabilization appliances made of heat-cured 
acrylic were fabricated in the dental laboratory. The hard 
stabilization appliance with a thickness of 3 mm (H3) 
was fabricated by opening the articulator pin by 3 mm 
and the hard stabilization appliance with a thickness of 6 
mm (H6) was fabricated by opening the articulator pin by 
6 mm with a pink layering wax (Cavex Set Up Regular). 
Then the wax template and mandibular cast were molded 
and hard acrylic resin (IMICRYL I.Q.15) was poured. 
For 15 subjects in Group 2, two soft appliances with 
thicknesses of 3 mm and 6 mm were fabricated from 3.0 x 
125 mm and 4.0 x 125 mm round soft bioplastic material 
(BioplastR, SCHEU-DENTAL), respectively. The soft 
appliances were fabricated using a vacuum and pressure 
molding device (BiostarR, SCHEU-DENTAL). The 
occlusal contacts of the soft appliances were first adjusted 
in the articulator with 80-micron articulating paper by 
opening the articulator pin 3 mm (S3) and 6 mm (S6).

The bilateral posterior occlusal contacts of the 
appliances were adjusted with 80-micron articulating 
paper (Hanel, COLTENE) while the participants were 
seated in the upright position. For the hard stabilization 
appliance, canine disocclusion was established during 
lateral movements. Since it was not possible to adjust the 
eccentric contacts in the soft appliances, and static EMG 
recordings were obtained during maximum voluntary 
clenching of the teeth in maximum intercuspal position, 
the eccentric contacts were not adjusted in the soft 
stabilization appliances.

appliances relieve pain in the masticatory muscles14-16. 
Other studies directly comparing hard and soft occlusal 
appliances in TMD patients found no differences between 
the occlusal appliance groups in either self-reported 
symptoms or clinical findings3,17. Nevertheless, scientific 
evidence of their efficacy compared to hard stabilization 
appliances is needed.

Electromyography (EMG) has been the focus of 
interest in dental research because it allows the evaluation 
of the mechanical and electrical properties of the 
masticatory muscles5. Superficial EMG (sEMG) has been 
used to study the effects of various intraoral appliances 
on muscle function, to monitor daily parafunctional 
habits, and to measure muscle responses in patients with 
bruxism18,19. The use of sEMG is based on extracellular 
recording of motor unit action potentials using surface 
sensors, and the magnitude of the recorded energy is in 
the microvolt range20. The sEMG signal reflects muscle 
activity and is lower at rest and greater during isometric 
contraction20. The muscle parameters most examined with 
EMG in the studies are at rest, maximum clenching, and 
teeth grinding. It is more commonly used in studies to 
record the masseter and temporalis muscles (especially the 
anterior temporalis) because they are easily accessible via 
surface electrodes18,21. Evaluation of the spectral properties 
of masticatory muscles can provide valuable information 
for the diagnosis and treatment of TMD patients. Previous 
studies found that TMD patients had lower mean power 
frequencies of their masseter and temporalis muscles 
during clenching compared to control subjects22.

There are a limited number of studies in the literature 
that have investigated the electromyographic effects 
of hard and soft occlusal appliances, with conflicting 
results. The aim of the present study was to compare 
the immediate effect of two different types of occlusal 
splints with two different thicknesses on masseter and 
anterior temporal muscle activities by electromyographic 
evaluation. Symptom-free subjects were selected to avoid 
the complication of variations that occur with TMD 
symptoms. The first null hypothesis was that there would 
be no significant differences between the impacts of hard 
and soft occlusal appliances on masseter and anterior 
temporalis muscle activities. The second null hypothesis 
was that muscle activity does not change with increasing 
thickness of the occlusal splints.

Material and Methods

The study was conducted on 30 healthy participants 
(14 males and 16 females) at the Faculty of Dentistry, 
Yeditepe University. Participants (age range 21-30 
years) were included in the study if they had at least 28 
permanent teeth, including the second molar, had Angle 
Class 1 occlusion, had no dental treatment in a period of 
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Statistical analysis
Data analysis was performed using SPSS statistical 

software. In addition to the definitive statistical methods 
(mean, standard deviation), Paired sample t-test and 
Wilcoxon signed-rank test were used for within-group 
comparison of parameters. A p-value of <.05 was 
considered statistically significant.

Results

Thirty participants (14 males and 16 females) were 
included in the study. Participants were randomly divided 
into two groups of eight females and seven males. The 
mean age of participants in group 1 and group 2 was 
25.57± 2.64 years (range, 21-30 years) and 25.68±2.70 
years (range, 21-30 years), respectively. The decrease in 
electromyographic activity values (μV) with the H3 and H6 
appliances compared with electromyographic activity values 
in the intercuspal position was statistically significantly high 
for all muscles, except for the values of the H6 appliance in 
the left masseter muscle (Table 1 and 2).

Table 1. Surface electromyographic activities (μV) of monitored 
muscles during maximum clenching in intercuspal position and 

with H3 appliance for Group 1

Maximum clenching 
in intercuspal position

Maximum 
clenching with 
H3 appliance P

Mean±SD Mean±SD
Right Anterior 
Temporalis 446±175 307±165 0.001**

Left Anterior 
Temporalis 386±178 220±133 0.001**

Left Masseter 451±294 257±196 0.006**
Right Masseter 414±245 254±168 0.001**

Paired Sample t test was used.  **p<0.01
SD: standard deviation

Table 2. Surface electromyographic activities (μV) of monitored 
muscles during maximum clenching in intercuspal position and 

with H6 appliance for Group 1

Maximum clenching 
in intercuspal position

Maximum 
clenching with H6 

appliance P
Mean±SD Mean±SD

Right Anterior 
Temporalis 446±175 337±220 0.006*

Left Anterior 
Temporalis 386±178 235±154 0.001**

Left Masseter 451±294 325±246 0.063
Right Masseter 414±245 305±253 0.017*

Paired Sample t test was used.  *p<0.05   **p<0.01

EMG recording and evaluation
EMG activity was recorded using a 4-channel EMG 

device (Biopac Systems, MP35), 4-mm Ag-AgCl electrodes 
(TP electrode, Shiled-EL254S), and a 4-mm Ag-AgCl 
ground electrode (TP electrode, EL254). Before EMG 
recording, the superficial electrode contact sites were 
cleaned with a 70-degree alcohol solution to remove the 
oil and dirt on the skin, and recording was performed after 
5-6 minutes. EMG gel (Sigma Gel) was used to improve 
the contact of the superficial electrodes with the skin and 
to obtain low skin resistance. The electrodes were placed 
on the masseter muscle and the anterior temporal muscle 
(Figure 1). In the masseter muscle, the upper pole of the 
4-mm-diameter electrodes (Ag-AgCl 4 mm TP electrode, 
Shield-EL254S) was placed toward the muscle fibers where 
the muscle was most swollen, and the electrodes were 
placed vertically along the anterior border of the temporalis 
muscle (corresponding to the coronal suture) toward the 
anterior muscle fibers of the temporalis muscle. The EMG 
device was calibrated to 5-1000 Hz. The sampling rate was 
set to 20 K (samples/second) and the recording interval 
to 10 seconds. After the EMG device was connected, 
the resistance was measured to check the integrity of the 
contact of the superficial electrode. The accepted value for 
resistance in this study was 20 ≤ K ohms.

Figure 1. Placement of superficial electrodes

The locations of the electrodes and the calibration 
values set in the program were not changed during EMG 
recording. EMG potentials recorded in physiological resting 
position and during maximum voluntary clenching of the 
teeth with the surface electrodes placed bilaterally on the 
masseter and anterior temporalis muscles were integrated in 
microvolts (µV). EMG recordings for hard stabilization and 
soft appliances were performed in the same order: 
1. 10 sec of EMG was recorded in physiological resting 
position: 
2. 5 sec of EMG was recorded in the intercuspal position 
during maximum voluntary clenching of the teeth, and 
this recording was repeated three times.
3. 3 minutes rest 4. 5 sec EMG recording at 3 mm 
appliance during maximum voluntary clenching of teeth, 
and this recording was repeated three times.
5. 3 minutes rest 6. 5 sec EMG recording at 6 mm 
appliance during maximum voluntary clenching of teeth, 
and this recording was repeated three times.
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There was no statistically significant difference 
between the increase in the percentage of maximum 
voluntary clenching of teeth with S3 and S6 appliances.  
(Table 6). 

Table 6. Intra-group differences expressed in percentage for 
Group 2

S3 S6
PMean±SD 

(Median)
Mean±SD 
(Median)

Right Anterior 
Temporalis 

28.1±26.2% 
(20.3)

40.4±34.5% 
(32.2) 0.233

Left Anterior 
Temporalis 

41.4±40.0% 
(28.3)

50.5±49.2% 
(40) 0.334

Left Masseter 65.6±78.7% 
(43.1)

69.9±65.4% 
(71.5) 0.776

Right Masseter 104.1±198.5% 
(37.5)

119.3±189.8% 
(53.6) 0.125

Wilcoxon sign test was used.  p<0.05

Discussion

The use of hard stabilization appliances for bruxism 
and TMD treatment is supported by scientific data6,7. 
Soft appliances are also used in dentistry, although there 
is no scientific basis for their effectiveness and efficiency 
compared to hard stabilization appliances12. Many 
studies have reported that occlusal appliances should 
be made of hard acrylic material and that soft material 
appliances increase muscle activity23-25. Therefore, 
the aim of the present study was to compare the direct 
effect of hard or soft intraoral appliance materials and 
the change in vertical dimension of the appliance on the 
electromyographic activities of bilateral masseter and 
anterior temporalis muscles.

Previous studies have reported that the use of hard 
stabilization appliances can eliminate or reduce the signs 
and symptoms of TMD, decrease the EMG activity of the 
anterior temporalis and masseter muscles in individuals 
with TMD, and establish muscle symmetry between the 
right and left sides12,26-29. Researchers reported in their 
studies that the myoelectrical activity of the mandibular 
elevator muscles during maximum clenching of the teeth 
was lower with the hard stabilization appliance than 
without the appliance20,21. Hiyama et al.26 also observed 
that maximum EMG activity decreased in subjects with 
nocturnal bruxism when the hard stabilization appliance 
was used. The results of the present study, which showed 
a decrease in EMG activities of the bilateral masseter and 
anterior temporalis muscles during maximum voluntary 
clenching with a hard stabilization appliance, are 
consistent with previous studies. 

The increase in maximum clenching values with the 
S3 and S6 appliances compared to maximum clenching 
values in the intercuspal position was statistically 
significantly high for all muscles (Table 3 and 4). 

Table 3. Surface electromyographic activities (μV) of monitored 
muscles during maximum clenching in intercuspal position and 

with S3 appliance for Group 2

Maximum 
clenching in 

intercuspal position

Maximum clenching 
with S3 appliance

P
Mean±SD Mean±SD

Right Anterior 
Temporalis 404±169 524±298 0.015*

Left Anterior 
Temporalis 363±174 488±221 0.004**

Left Masseter 413±268 592±277 0.001**
Right Masseter 461±309 667±349 0.001**

Paired Sample t test was used.  *p<0.05   **p<0.01

Table 4. Surface electromyographic activities (μV) of monitored 
muscles during maximum voluntary clenching in intercuspal 

position and with S6 appliance for Group 2

Maximum 
clenching in 

intercuspal position

Maximum clenching 
with S6 appliance P

Mean±SD Mean±SD
Right Anterior 
Temporalis 404±169 568±311 0.002**

Left Anterior 
Temporalis 363±174 548±324 0.002**

Left Masseter 413±268 612±274 0.001**
Right Masseter 461±309 735±363 0.001**

Paired Sample t test was used.  **p<0.01

There was no statistically significant difference 
between the decrease in the percentage of maximum 
voluntary clenching of teeth with H3 and H6 appliances. 
(Table 5).

Table 5. Intra-group differences expressed in percentage for 
Group 1 

Maximum 
clenching with H3 

appliance
Maximum clenching 
with H6 appliance

P

Mean±SD 
(Median)

Mean±SD 
(Median)

Right Anterior 
Temporalis 

-33.4±23.8% 
(-30.3)

-27.8±36.1% 
(-26.9)

0.334

Left Anterior 
Temporalis 

-43.4±25.7% 
(-29.2)

-38.4±35.8% 
(-41.1)

0.532

Left Masseter -39.3±27.9% 
(-43.8)

-36.5±37.9% 
(-35.6)

0.609

Right Masseter -37.1±25.5% 
(-31.5)

-30.8±32.6% 
(-27.2)

0.394

Wilcoxon sign test was used.  p<0.05
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