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A b s t r ac t
Aim: This research aimed at evaluating the effects of the nociceptive trigeminal inhibition splint (NTIS) on electromyography (EMG) for masseter
and temporalis muscles in patients with temporomandibular joint disorders (TMDs), and at detecting the discomfort degree originating from
this splint.
Materials and methods: The sample consisted of 15 patients having TMDs of muscular origin to be treated by NTIS. The activity degree of
masseter and temporalis muscles was measured using the EMG two times: before the treatment and after 6 months. Besides, patients’ discomfort
was assessed after the start of treatment four times: 1 day, 2 weeks, 1 month, and 6 months.
Results: After the treatment, there was a significant decrease in masseter and temporalis muscles’ activity in both right and left sides (p < 0.001).
No significant differences were observed in the electrical muscular activity mean change between the masseter muscles (−43.87 ± 26.82)
and the temporalis muscles (−54.91 ± 21.16) (p = 0.082), or between the right muscles (−51.97 ± 26.30) and the left muscles (−46.81 ± 22.90)
(p = 0.422). In addition, the discomfort degree gradually decreased after 2 weeks (p < 0.01).
Conclusion: The use of NTIS is associated with reduction in the masseter and temporalis muscles’ activity. Also, the patients’ discomfort degree
from NTIS progressively decreases after 2 weeks of treatment.
Clinical significance: The NTIS is an effective therapeutic approach for patients having TMDs of muscular origin.
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Introduction
The term “temporomandibular joint disorders” (TMDs) was first
described in 1934 by James Costen.1 In 1983, this term was defined
by the American Dental Association as a group of oral disorders. The
most important character of which is the pain in the preauricular
region, the temporomandibular joint (TMJ), and the masticatory
muscles. In addition to deviations or limited motion, there exist
occasional joint sounds during movement.2 The several causes of
TMDs, malocclusions, parafunctional habits like bruxism, stress, or
anxiety, may lead to capsule inflammation, muscular pain, spasms,
or capsule damage.3
There are several treatment approaches for TMDs including
surgical and nonsurgical methods. Surgical management comprises
of arthrosynthesis or arthroscopy of the TMJ. On the contrary,
nonsurgical methods involve education and counseling, occlusal
splints, medications, and physiotherapy techniques, such as jaw
exercises and electrotherapy.4 These conservative methods are the
first option for TMJ treatment because of their reversible nature.5
Occlusal splints have been used as an important therapeutic tool
for the treatment of TMDs for over 100 years.6 These splints aim at
improving the function of the TMJ, ensuring the stability of functional
articular elements during the various jaw motions and promoting
the function of the masticatory system.7 There are several types
of occlusal splints which are mentioned in the medical literature,
differing in their design according to their indications and functions.8
The nociceptive trigeminal inhibition splint (NTIS) is an intraoral
device composed of an anterior bite plane that covers the upper
or lower central incisors, and is made of thermoplastic or acrylplastic materials adapted to suit the shape of the central incisors.9
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Adjustment of the bite plane is sought by clinicians to ensure that
the contact points, in centric occlusion or in lateral movements,
are obtained only between the splint and the opposite incisors
and not with the opposite canines. This splint was developed to
inhibit stimuli and to prevent nonfunctional habits, which lead to
the best stability of the articular disc in the upper frontal position.10
Moreover, the use of the NTIS can be justified when a reduction of
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jaw closing muscle activity is required as jaw clenching and tooth
grinding, or as an emergency device for patients with acute TMJ
pain and restricted jaw opening.11
Electromyography (EMG) records the electrical potential
created when muscular cells are activated by neural or electrical
stimulation. These records provide information about muscular
contraction, tone, and fatigue. Surface-type EMG has been widely
used in the diagnosis of repetitive strain injuries, work-related
musculoskeletal disorders, myofascial pain syndrome, fibromyalgia,
and rehabilitation training.12
Shankland conducted a study to compare the efficacy and
safety of full coverage splints and NTIS in reducing the severity
and frequency of migraine in 94 patients for 8 weeks. The results
revealed that these patients showed a more positive response to
the NTIS than the other splints.13
There is scarcity of published clinical studies addressing the
therapeutic efficacy of NTIS in patients with TMDs. In addition,
to the best of our knowledge, no clinical study examined the
patients’ discomfort degree when treated with it. This study aimed
at evaluating the effects of NTIS on the masseter and temporalis
muscles’ activity using EMG in TMD patients, and detecting patients’
discomfort degree to this splint.

M at e r ia l s

and

Methods

The current research is an experimental clinical trial. The research
project was approved by the University of Hama, Dental School, Ethics
Committee (No. 310, date 6/1/2015). A pilot study (N = 5 patients) was
conducted to determine the required sample size. The G* power
software (version 3.0.6, Franz Faul, Universitat Kiel, Germany) was
used with a paired-sample t test, a selected study power of 90%,
a significance level of 0.05, a number of groups of 1, and an effect
size of 0.983 calculated according to the pilot study. The analysis
revealed that 13 patients were required. This number was increased to
15 patients to compensate for the potential dropouts. The
participants of the current study (10 females and 5 males; age mean
29 ± 5.6 years) were recruited from those patients seeking treatment
at the Orthodontic Clinic, Hama University. All patients had muscular
origin TMDs diagnosed using the clinical manual functional analysis
according to Bumann and Lotzmann.14 The inclusion criteria were:
TMD symptoms for 6 months or more, age is 16 years or older, each

A

patient has minimally 12 teeth in each of the upper and lower jaws,15
impaired range of mandibular motion; maximum bite opening is less
than 32 mm,16 muscular pain in both sides, TMJ pain in both sides,
and pain during mandibular movements.
A written informed consent was obtained from each patient.
Maxillary NTIS was made from thermoplastic material (Orthocryl,
Dentaurum, Germany) covering the incisors. The contact only
occurs with the two lower central incisors at closing. At the same
time, lower canines should be away from contact with the splint
during lateral movements11 (Fig. 1). The patients were asked to wear
the splints overnight and not to exceed 12 hours a day.9
The muscle activity was recorded using an electromyogram
(Micromed S.p.A., TOR500 model, Via Giotto, 2-31021 Mogliano
Veneto TV, Italy). It is a device measuring the electrical muscular
efficiency of the latency difference in the muscle cell membrane of
the muscle. Device data are: measuring rate 1,000 Hz per channel,
input impedance 1,000 GΩ or greater, common mode rejection ratio
110 dB, noise related to input 0.5 μV, bandwidth 20 Hz–20 kHz, and
signal amplification rate 700× from each channel.
Considering the fact that the least EMG of masseter and
temporalis muscles’ activity was found with an intermolar distance
of 10 mm,17 the EMG activity of both muscles was achieved with a
contact area of 10 mm. Surface electrodes were used for recording
the muscular activity in the right and left sides. The patients were
seated with the horizontal Frankfurt plane parallel to horizon. Prior
to electrode placement, the impedance of the skin was reduced
by cleaning with alcohol, and a specific gel was placed on the
surface. A neutral (zero) electrode was first connected, and then the
electrodes were placed on the middle parts of masseter muscles and
the front parts of temporal muscles along the main direction of the
muscle fibers. Thus, they correspond to the large part of the muscle,
which is determined on maximum voluntary contraction (MVC).18
To measure the muscular activity, three tests were performed
at the same session, with a rest period of about 2 minutes after
each test. Each recording time was 10 seconds, and only 5 seconds
were used to determine the EMG signal starting after 2.5 seconds of
EMG start. The arithmetic mean was calculated for the three tests
performed for each muscle (Fig. 2).
Hickman et al., reiterated that the best position for jaw during
EMG is the position of MVC because it yields the best muscle activity.19
Hence, the EMG examination was performed to investigate the

B

Figs 1A and B: (A) The nociceptive trigeminal inhibition splint and (B) inserted nociceptive trigeminal inhibition splint
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Data normality was assessed using the Shapiro–Wilk test. The
paired-sample t tests were employed to evaluate the intragroup
electrical muscular activity changes. The Friedman test was
employed to compare patients’ discomfort degrees between the
four study intervals, and the Wilcoxon matched-pairs signed-rank
tests were used to fulfill the multiple comparisons.

R e s u lts

Fig. 2: EMG of the left temporal muscle. Max: the maximum potential.
Min: the minimum potential. Diff: the difference between the highest
and lowest potential (μV)

masseter and temporal muscles’ activity in the position of MVC
according to two time periods: before starting the treatment and
after 6 months of treatment. These muscles were chosen because
they are superficial, great, palpable, and accurately determinable.19
The patients’ discomfort was assessed in the following times:
the first day after starting the treatment, after 2 weeks, after
1 month, and after 6 months. The patients were asked to choose
one of the four possible answers: not at all, lightly, yes to a specific
degree, and yes to a clear degree.
All patients were treated and all measurements were made by
one author “JK.”

Statistical Analysis
Statistical analyses were performed using the Statistical Package for
the Social Sciences (SPSS) software, (version 23; IBM Corporation, USA).

Table 1 shows that the values of the electrical muscular activity
(microvolts) after the treatment were significantly smaller than those
before the treatment, regardless of the muscles type or side (p < 0.001).
There were no statistically significant differences in the
electrical muscular activity mean change between the masseter
muscles (−43.87 ± 26.82) and the temporalis muscles (−54.91 ± 21.16)
( p = 0.082), or between the right muscles (−51.97 ± 26.30) and the
left muscles (−46.81 ± 22.90) ( p = 0.422), see Table 2.
By comparing the frequency of patients’ discomfort in the four
study periods, statistically significant differences ( p < 0.001) were
observed, refer Table 3.
Table 4 displays that the degree of discomfort of the patients
from the splints did not significantly change after 2 weeks of
treatment ( p = 0.180), while it gradually decreased in the following
detecting periods ( p < 0.01).

Discussion
Most of the TMDs are treated with different design splints because
they are simple and conservative treatments and can easily relieve
symptoms.20 There is scarcity of published clinical studies on the
therapeutic efficacy of NTIS in patients with TMDs. Further, no clinical
study examined the patients’ discomfort degree when treated with
it. The objective of this study was to evaluate the effects of NTIS in
TMD patients, and to detect patients’ discomfort degree to this splint.
The patients were asked to use the splint only during the night
because it reduces muscle activity and bruxism,21 and to avoid any

Table 1: Pre and posttreatment differences in electrical activity mean in the study sample, according to the muscle type and side using the
paired-samples t test
Muscles
Stage
N
Mean
SD
Min
Max
Diff
t value
p value
Masseter (right and left)
Pretreatment
30
41.20
16.48
15.86
76.83
−20.93
−6.919
<0.001***
Temporal (right and left)
Right (masseter and temporal)
Left (masseter and temporal)

Posttreatment

30

20.27

6.64

6.3

34.66

Pretreatment

30

51.50

15.15

21.63

87.5

Posttreatment

30

22.04

10.38

7.8

44.83

Pretreatment

30

44.28

14.92

21.63

87.5

Posttreatment

30

19.01

7.98

6.3

34.66

Pretreatment

30

48.42

18.01

Posttreatment

30

23.30

8.96

15.86

82.8

14.6

44.83

−29.46

−10.572

<0.001***

−25.27

−7.982

<0.001***

−25.12

−8.801

<0.001***

N, number; SD, standard deviation; Min, minimal value; Max, maximal value; Diff, difference; t value, test statistic; p value, significance level; ***p < 0.001

Table 2: Differences in the electrical muscular activity between pre and posttreatment values according to the muscle type and side using the
paired-sample t test
Muscles
N
Mean
SD
Min
Max
Diff.
t value
p value
Masseter
30
−43.87
26.82
−77.3
0
11.04
1.771
0.082
Temporal

30

−54.91

21.16

−88.3

−10.0

Right

30

−51.97

26.30

−88.2

−2.1

Left

30

−46.81

22.90

−72.6

0

−5.15

−0.809

N, number; SD, standard deviation; Min, minimal value; Max, maximal value; Diff., difference; t value, test statistic; p value, significance level
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Table 3: Differences in frequency of patients’ discomfort between the
four study periods using the Friedman test
p value
Study periods
Mean
x2 value
After 1 day
2.93
27.383
<0.001***
2 weeks later

3.33

1 month later

2.20

6 months later

1.53

discomfort can be attributed to the oral touching stimuli caused by
the presence of a foreign body in the mouth. These results agree
with those of Conti et al., whose patients expressed discomfort
from using NTIS during the first 15 days.25

C o n c lu s i o n s
•

2

x value, test statistic; p value, significance level; ***p < 0.001

•

Table 4: The multiple comparisons of frequency of the degrees of
patients’ discomfort using the Wilcoxon test
Study periods
z value
p value
1 day
2 weeks
−1.342
0.180
1 month
−2.333
0.020*
6 months
−2.919
0.004**
2 weeks
1 month
−2.887
0.004**
6 months
−3.418
<0.001***
1 month
6 months
−2.449
0.014*
z value, test statistic; p value, significance level; *p < 0.05, **p < 0.01,
***p < 0.001

changes in occlusion. These occlusion changes may occur if there is
no occlusal contact in the posterior region for 8 continuous days.22
This study showed a significant reduction in muscles’ activity
after treatment for both the masseter and temporalis muscles in
both right and left sides. This decrease could be ascribed to the
separation of occlusion between the posterior teeth which leads
to the removal of the posterior occlusion interferences; this, in turn,
decreases masticatory muscles’ activity.7
The findings of this study are consistent with those of BaadHansen et al., who designed their study to address the question
about the EMG changes during sleep. They noticed that there
was a significant reduction in the activity of the masseter muscle
during the use of NTIS in 10 patients (age: 23–39 years) with toothgrinding during sleep associated with TMDs.23 The current results
also accord with those of Becker et al., who measured the effect of a
prefabricated anterior bite stop on the activity of the temporalis and
masseter muscles and noticed a reduction in the muscles’ activities
in the intercuspal position and during the functional movements.24
On the contrary, the findings of this study disagree with those
of Dalewski et al., who did not notice a significant effect of NTIS
on the activity of the masseter and temporalis muscles in patients
with bruxism.9 This difference may be attributed to the study period
which was only 30 days in their study, while it was 6 months in the
current one.
This study showed that there were no significant differences
in the mean change in muscles’ activity between the masseter
and temporalis muscles, or between the right and left sides.
This may reveal that the splint resulted in an equal distribution
of the forces on these two muscles. Dalewski et al., did not find
significant differences in the muscle activity between the masseter
and temporalis muscles, or between the right and left sides after
30 days of treatment with NTIS in patients with bruxism, keeping in
mind that they did not observe any significant effects of this splint
on these muscles.9
The current study showed a decrease in the degree of discomfort
resulting from NTIS as treatment time passes on. During the first
2 weeks, there was no improvement in the degree of discomfort,
and then it significantly decreased as the study time goes by. This

•

The use of NTIS associates with a significant reduction in the
masseter and temporalis muscles’ activity.
There are no significant differences between the masseter and
temporalis muscles’ activity mean change resulting from the
treatment with NTIS.
The degree of discomfort from NTIS gradually decreases after
2 weeks, 1 month, and 6 months of treatment.

Clinical Significance
The NTIS is an effective therapeutic approach for TMD patients
of muscular origin. Furthermore, EMG is an important method
guiding clinicians on the opportunity to prescribe new different
therapeutic means.
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