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Introduction
Temporomandibular Disorder (TMD) is a comprehensive term for pain and dysfunction 

involving the masticatory muscles and Temporomandibular Joints (TMJs). TMD is the most 
common orofacial pain condition after toothache. Its prominent features include regional pain in 
the face and preauricular area, limitation of jaw movements and TMJs noises during jaw movements 
[1].

TMDs involve not only physical changes but also behavioral, emotional, psychosocial aspects 
[1,2]. In 1992, Dworkin and LeResche [3] proposed a questionnaire to assess the necessary aspects 
for the diagnosis of these changes aimed at clinical research. In 2014, it was updated and expanded 
for use in clinical settings, where the main types of dysfunctions were tested for accuracy, the 
Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) [4].

In addition to the application of questionnaires and physical exams, complementary exams - 
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Abstract
Context: EMG test can be used as an auxiliary method to diagnose TMDs, as it detects and 
graphically records the electrical potential created when the muscle fibers are activated by the 
neuromuscular system, and the results provide information about contraction, tone and muscular 
fatigue, mandibular movements by gnathography and articular noises by sonography.

Aim: To analyze if the electrical activity of the masseter and temporal muscles, present a statistically 
significant variation when in the presence of TMD, besides the presence of muscular fatigue, 
mandibular movements and joint noise in individuals with TMD.

Settings and Design: The sample consisted of 37 individuals, 20 were individuals of the observational 
group and 17 of the control group.

Materials and Methods: Data were obtained in: rest and Maximum Voluntary Contraction (MVC), 
opening, closing, lateralities and protrusion.

Statistical Analysis: The difference between the rest and MVC measurements was verified and the 
relationship of the variables with the presence of TMD was organized and submitted to statistical 
analysis using SPSS (IBM Statistic 20.0).

Results: Statistically significant values were observed at MVC (p=0.007), MVC in right masseter 
(p=0.002) and left (p=0.005) and right temporal (p=0.048), in the difference between rest and MVC 
in right masseter (p=0.001) and left (p=0.007) and in the presence of fatigue (p=0.000), deviation/
deflection (p=0.000) and masticatory tendency (p=0.000).

Conclusion: Individuals with TMD had higher muscle electrical activity at rest and lower in 
function, presented more fatigue and unilateral mastication, as well as greater presence of deviation/
deflection and joint noise than control group.
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such as radiographic exams, ultrasound, nuclear magnetic resonance 
(reference standard), for example, are widely used. Currently, 
Electromyography (EMG) exams - have shown reliable results when 
used as an auxiliary method in the differential diagnosis of TMDs 
[2,5,6].

TMDs cause changes in the electrical activity of the masticatory 
muscles due to the disorder itself or compensatory mechanisms 
associated with the symptoms [7]. When associated with the patient's 
clinical history and physical examination, EMG provides objective, 
reproducible and valid data on the functional condition of masticatory 
muscles in individuals with TMD [8]. In addition, it is a non-invasive 
and low cost [9,10].

Other information that can be obtained, such as mandibular 
movements and the acquisition of joint sounds, can corroborate the 
diagnostic precision [2]. One of the issues that need to be clarified 
is related to the presence of chronic pain in patients with TMD; the 
origin of these pains may involve not only the skeletal muscle system, 
but also the central and autonomic nervous system [2].

Therefore, the aim of this study was to analyze, through EMG, if 
the electrical activity of the masseter and temporal muscles present 
a statistically significant variation when in the presence of painful 
TMD, in addition to the presence of muscle fatigue, mandibular 
movements and TMJ noises in individuals with TMD compared to 
a control group.

Materials and Methods
Study design

A cross-sectional observational experimental analytical study 
was carried out on a sample consisting of individuals with TMD 
(observational group) and without TMD (control group). Ethics 
and Research Committee of Tuiuti University of Paraná (process 
number 79654117.0.0000.8040) previously approved the research. All 
individuals agreed and signed informed consent forms before clinical 
procedures and examinations were performed.

Data calibration
The data collection was composed of an examiner who was 

trained and calibrated for the EMG and DC/TMD analysis.

Prior to the beginning of data collection, theoretical concepts 
were reviewed and calibration procedures were performed, which 
involved training and verification of agreement. To check the intra-
examiner and inter-examiner agreement for the EMG and DC/TMD 
instruments, Cohen's Kappa concordance indexes were used. An 
experienced and qualified professional in the specific area evaluated 
was considered the gold standard.

The examiner's training for of EMG and DC/TMD analysis was 
carried out at Tuiuti University of Paraná involving the consolidation 
of theoretical bases and the evaluation of 5 individuals in the same 
age group. The inter-examiner Kappa obtained was 0.92 for EMG and 
0.87 for DC/TMD.

The intra-examiner calibration was performed in another group 
of 5 individuals of the same age group and with an interval between 
the first and the second application of 7 days. The intra-examiner 
agreement obtained a Kappa value of 0.96 for EMG and 0.94 for DC/
TMD.

Sample selection
At random, 83 individuals of both sexes were submitted to DC/

TMD for the diagnosis of TMD. The inclusion criteria for both 
groups were considered: Not having a diagnosis of neuromuscular 
and/or degenerative diseases; not having suffered trauma in the 
temporomandibular region; not having autoimmune disease 
that compromised the joints and not having undergone previous 
treatment for TMD.

The DC/TMD contains two axes: Axis I consist of a physical 
diagnosis through a standardized clinical examination and can be 
used to classify the individual according to the clinical conditions 
of TMD into three groups: Group I - Muscle disorders; Group II - 
Joint dysfunction; and Group III - Degenerative disorders. To be 
allocated to the observational group, individuals should belong to at 
least one of the groups on Axis I; otherwise, they were allocated to the 
control group. Moreover, Axis II assesses the patient's emotional and 
psychosocial aspects.

The individuals who met the inclusion criteria and the DC/TMD 
were placed in the observational group (n=38), and those who did not 
fit in, participated in the control group (n=45). Of the 38 individuals 
in the observational group, 20 agreed to participate in the research 
and of the 45 individuals in the control group, 17 agreed to participate. 
After acceptance, the other evaluation procedures were applied.

Data acquisition
Electromyography: To perform this exam, the individual must 

remain seated with his feet flat on the ground, habitual posture, 
looking at the horizon, immobile and without voluntary movements. 
The electrodes were applied to the skin according to the protocol 
proposed by SENIAM in the anterior temporal and masseter muscles, 
bilaterally [11].

The subjects were instructed by the researcher as to the position 
and operation of the exam. This was performed in three takes of fifteen 
seconds at rest and three takes in Maximum Voluntary Contraction 
(MVC), according to the FOP-UNICAMP protocol [12]. The median 
of the results obtained in RMS (Root Mean Square) was used.

The 8-channel K7 Myotronics Noromed Inc® equipment was 
used. The electromyographic signals were conditioned through 
programmable instrumentation amplifiers via software and analogue 
filters, Butterworth type filter, low-pass with frequency of 10 Hz 
(high-pass) and 1500 Hz (low-pass) and gain of 100 times. The 
signals were digitized with a sampling frequency of 2000 Hz, with 
12 bits of resolution and simultaneous sampling of the signals. For 
visualization and processing of the electromyography signal, the 
software k7 myotronics was used in a notebook microcomputer 
brand Acer® Aspire 5630 with an Intel Core 2 Duo® microprocessor, 
with 3000 MB of RAM memory, 300 GB of hard disk. To acquire the 
signal, disposable Duo-trode electrodes from Myotronics Inc®, surface 
electrodes, composed of Ag/AgCl (silver, silver chloride), with solid 
conductive gel (hydrogel) and conductive adhesive were used.

Mandibular movements: For this examination, a Computerized 
Mandibular Scanner (CMS) of the K7 device (Myotronics-Noromed 
Inc.®) was used in order to assess mandibular movements and speed. 
Magnetic sensors were used for the evaluation, which were placed 
on the individual's head and a magnet was affixed with wax to the 
lower incisors, without bite interference. The magnetic sensor for this 
purpose must be parallel to the ground. Opening, closing, lateral and 
protruding movements were recorded. The recording speed included 
the measurement of the maximum and average values of both the 
opening and closing movements. The individuals were asked to open 
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and close their mouths as quickly as possible, joining the incisors 
together. K7 Evaluation Software Version 8.0 collected the results. 
Records were accepted when an individual was able to successfully 
repeat the kinesiographic pattern. In the exam, there is a vertical and 
anteroposterior gain of 10 mm per division and a lateral gain of 5 mm 
per division.

TMJ noises – sonography: For this exam, the chosen room 
should have as little sound as possible so that there is no interference 
in the acquisition. A sensor was placed over each joint and two 
acquisitions were made, one being a slow sonography and the other 
a quick sonography, where the individual should open and close his 
mouth at the speed predetermined by the software.

In the exam, there is a gain speed of 100 mm/s per division and a 
sound gain of 100 µV per division. After the examiner's calibration, 
the sounds were interpreted based on the quality of sound amplitude; 
high frequency and low amplitude sounds suggest crackling; low 
frequency and high amplitude sounds suggest clicks.

Data analysis
Data were organized and subjected to statistical analysis using SPSS 

(IBM Statistic 20.0). Descriptive analyses were performed (frequency 
of variables and measures of central tendency and dispersion). The 
association between measurements obtained through EMG and each 
independent variable was assessed using the Mann-Whitney test. The 
level of significance adopted was 5%. As the outcome is represented 
by a measure at rest and MVC, a subtraction was performed between 
these measures, in order to obtain comparison data between the 
groups. Bivariate analysis was also performed between the variables 
presence of TMD, muscle fatigue and unilateral chewing using the 
chi-square test.

Results
The Observational Group (OG) had 20 individuals (mean age 

40.6 years) and the Control Group (CG) had 17 individuals (mean 
age 30.2 years). Of the final sample, 29.7% were male and 70.3% 
female. The average pain time in the observational group was 60.75 
months and the average pain, based on the visual analogue scale, was 
6.6 (moderate).

Regarding the range of motion, statistically significant differences 
were seen in maximum opening and deviation/deflection in the 
presence of TMD. Protrusion and the right and left sides had lower 
averages when comparing one group to the other, despite not having 
statistical significance, as seen in Table 1.

In Table 2, at rest, higher values of muscle electrical activity were 
observed in the individuals of the OG than in the individuals of the 
CG, but without statistical significance. In Table 3, at MVC, the CG 
presented higher values of EMG in all muscle groups with statistical 
significance in the right (p=0.002) and left (p=0.005) masseter and 
right anterior temporal (p=0.048). When comparing the control 
and observational groups, in the difference between the measures 
of rest and MVC. In Table 4, a greater difference was observed in 
the individuals of CG, however, only this difference was statistically 
significant in the right masseter and left masseter.

Table 5 shows the distribution of the presence of muscle fatigue, 
masticatory tendency, deviation/deflection and joint noises related 
to the presence of TMD. With regard to muscle fatigue, of the 37 
participants, 23 presented fatigue (5 in the CG and 18 in the OG) and 
14 did not (12 in the CG and 2 in the OG). Regarding the masticatory 

tendency, of the 17 individuals in the CG, all had a tendency to 
bilateral chewing and of the 20 individuals in the OG, 7 had a bilateral 
tendency and 13 unilateral. Results on the presence of deviation/
deflection on the control and observational groups in Table 5 show 
that no individual in the CG presented deviation/deflection whereas 
19 in the OG presented deviation/deflection and only one did not. 
Upon sonography examination, the results of the collected sounds 
show that at right TMJ, 13 individuals in the CG showed no signs 
of noise and 4 with some noise and of the individuals in the OG, 10 
presented without noise and 10 with noise. At left TMJ, 7 individuals 
from the CG showed no signs of noise and 10 with some noise and 
from the individuals from the OG, 7 presented without noise and 13 
with noise.

Statistically significant values are observed in relation to 
fatigue (p=0.000), masticatory tendency (p=0.000) and presence of 
deviation/deflection (p=0.000). Although the individuals in the OG 
had a higher prevalence of joint noises, the individuals in the CG also 
presented some noise; therefore, there was no statistical significance 
between the groups.

Maximum Opening in mm

 Mean Median SD Min Max p*

CG 47.57 49.1 7.18 32.8 58.2
0.007

OG 39.21 38.85 9.83 16.3 56.3

Deviation/Deflection in mm

CG 0 0 0 0 0
0

OG 3.99 2.95 4.23 0 19.8

Protrusion in mm

CG 12.17 6.8 23.5 2.7 103
0.557

OG 7.22 7.35 2.7 3 11.5

Left laterality in mm

CG 17.3 7.7 37.67 3.4 163
0.104

OG 9.72 9.05 2.46 5.7 15.9

Right laterality in mm

CG 9.19 9 3.06 4.9 18
0.537

OG 9.53 9.55 3.12 4.4 18

Table 1: Distribution of the maximum opening in mm, deviation/deflection in mm 
and protrusion in mm in relation to the presence of TMD, n=37.

Right temporal at rest in µV

 Mean Median SD Min Max p*

CG 4.9 4.4 3.83 0.3 14.5
0.497

OG 5 3.25 6.3 0.2 25.1

Left temporal at rest in µV

CG 4.87 4.3 3.65 0.7 14
0.297

OG 3.94 3 3.7 0.2 15.5

Right masseter at rest in µV

CG 2.6 2.5 1.76 0.2 6.1
0.357

OG 4.14 1.4 9.5 0.2 43.7

Left masseter at rest in µV

CG 2.1 2.2 1.36 0.2 4.5
0.424

OG 2.43 1.5 3.29 0.2 14.3

Table 2: Distribution of rest measures in masseter and temporal muscles in 
relation to the presence of TMD, n=37.
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Discussion
According to the results of this study, individuals with TMD 

had a lower range of jaw movements, although the result was only 
statistically significant at MVC. These findings are compatible with 
most studies in the literature [2,13-15]. Still related to mandibular 
movements, the presence of deviation/deflection had a high statistical 
significance in this research. For many authors, this change is also 
highly prevalent in individuals with TMD when compared to a group 
without TMD [2,14,15]. In this study, no individual in the control 
group had a deviation/deflection, whereas almost all individuals in 
the group with TMD presented some difficulty in performing the 
mandibular movements and presented some deviation/deflection.

At rest, higher values of muscle electrical activity were observed 
in individuals with TMD than in those without TMD, but without 
statistical significance. Other studies, also found higher values of 
muscle electrical activity at rest in the group of individuals with 
TMD in their sample, when compared to a control group [16-18]. 
On the other hand, another study found results that suggest that the 
electromyographic activity of the masticatory muscles does not differ 
between the groups studied during the situation of mandibular rest, 
however, the number of individuals selected to compose the sample 

of this study was only 8, divided in groups with and without TMD 
[18].

Individuals with TMD, in the present study, had lower muscle 
electrical activity as a function when compared to the control group. 
Other studies have also reached similar results, in which, when 
submitted to some type of effort, individuals with TMD had less 
muscle performance [16-19]. For other authors, individuals with TMD 
exhibited hyperactivity of the chewing muscles in function, however 
the sample was composed only by adolescents, which may justify the 
disagreement between the results, since the electromyography is an 
exam influenced by some variables, such as age [20-22]. In another 
study, the results were the reverse of that found in this. At rest, 
individuals with TMD obtained less muscle electrical activity and in 
function, greater electrical activity. On the other hand, apparently no 
data were collected on edentulous areas or dental sensitivity for other 
reasons in the sample analyzed by these researchers [23].

In this study, as already seen above, individuals with TMD 
showed greater muscle electrical activity at rest, but in function, the 
muscles had less electrical activity when compared to a control group. 
To discuss this topic, an author proposed that these results suggest 
that the modulation of muscle activity was not the direct consequence 
of a peripheral nociceptive mechanism and seems to indicate that a 
central mechanism was at work [24]. The contrast between increased 
EMG activity at rest and reduced amplitude of the masseteric 
reflex may reflect motoneurons modulations that differed in tonic 
vs. phasic conditions in individuals with chronic pain [24]. In the 
same line of thought, a study, where the authors induced pain in the 
masseter muscles to analyze EMG behavior, they were able to observe 
that experimentally induced pain reduced the activation of the 
masseter muscle on the side of the work, reducing the physiological 
recruitment of masseters between the two sides during chewing. This 
also suggests that there is a central mechanism component acting 
in orofacial pain and not just peripheral pain [19]. Such data may 
indicate that individuals with temporomandibular disorders have 
an altered neuromuscular system, when assessed through surface 
electromyography [16].

Studies that evaluated the masticatory tendency, were able to 
observe that the individuals with TMD present greater impairment of 
the masticatory function, as well as the preference side of mastication 
[7,13,25]. The authors point out that the masticatory tendency is a 
physiological defense mechanism to avoid more aches.

In this study, there was great statistical significance regarding the 

Right temporal at MVC in μV

 Mean Median SD Min Max p*

CG 156.07 60.1 416.82 8.6 1769
0.048

OG 33.73 23 26.82 4.3 88.4

Left temporal at MVC in μV

CG 60.05 69.6 38.35 9.1 119.7
0.065

OG 35.94 30.5 24.29 5.3 95

Right masseter at MVC in μV

CG 64.43 73.6 46.12 5.4 180.2
0.002

OG 23.08 24.1 16.28 0.7 51.5

Left masseter at MVC in μV

CG 56.5 60.8 35.02 6.5 110.3
0.005

OG 28.85 27.25 35.58 1.8 169.5

Table 3: Distribution of MVC measurements in the masseter and temporal 
muscles in relation to the presence of TMD, n=37.

Right temporal in µV

 Mean Median SD Min Max p*

CG 47.96 54.2 33.09 0 110.4
0.133

OG 28.67 18.65 25.5 -2.3 78.4

Left temporal in µV

CG 55.18 64.7 37.51 3.3 118.2
0.056

OG 32 25.95 22.69 1 90.06

Right masseter in µV

CG 61.83 71.7 45.17 4.2 174.1
0.001

OG 18.94 17.6 14.89 0.1 48.1

Left masseter in µV

CG 54.4 60 34.36 6.3 107.3
0.007

OG 26.42 23.8 32.99 -1.5 155.2

Table 4: Differences between Rest and MVC measurements in the masseter and 
temporal muscles in relation to the presence of TMD, n=37.

  CG OG p*

Fatigue
No 12 2

0
Yes 5 18

Masticatory Tendency
Unilateral 0 13

0
Bilateral 17 7

Deviation/Deflection (mm)
No 17 1

0
Yes 0 19

Left TMJ noises
No 7 7  

Yes 10 13 0.699

Right TMJ noises
No 13 10  

Yes 4 10 0.098

Table 5: Distribution of the presence of muscle fatigue, masticatory tendency, 
deviation/deflection and joint noises related to the presence of TMD, n=37.
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presence of fatigue in the individuals in the sample. Individuals with 
TMD showed more fatigue than individuals in the control group, 
corroborating with other authors [23,26,27]. The use of surface 
electromyography to assess muscle fatigue is an excellent diagnostic 
tool to identify individuals with temporomandibular disorder [27].

In addition to data on pain, fatigue and jaw movements, joint 
sounds were also observed in this study. In general, individuals with 
TMD are more likely to have joint noise. Other studies also say that 
joint noises are common signs and symptoms among subjects with 
TMD [28-31]. However, in this study, the presence of joint noises 
was observed in individuals who were not classified with TMD, in 
view of that, there is the question on the accuracy of the DC/TMD 
clinical examination in identifying the presence of joint noise. In a 
systematic literature review, the authors could conclude that the DC/
TMD criteria for assessing joint sounds are at risk of false-positive 
or negative results and, therefore, do not have great diagnostic value, 
which can justify the results present in this research. This is due to the 
fact that the presence of joint noise suggests dysfunctions involving 
the condyle/disc complex [2], which, for an accurate diagnosis, 
imaging exams are necessary [4].

Conclusion
•	 Muscle electrical activity was greater at rest and less in 

function (considering maximum voluntary contraction), comparing 
the observational group to the control group.

•	 Individuals with TMD showed less range of movements, 
with statistical significance at maximum opening, greater presence of 
deviation/deflection and muscle fatigue.

•	 Regarding joint noise, in subjects with TMD, a higher 
prevalence was observed, but individuals in the control group also 
had the presence of noises not detected by the DC/TMD.

•	 Further research is suggested to standardize the EMG 
values and verify the accuracy of the DC/TMD clinical examination 
to assess joint noise.
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