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Abstract
Objectives  The aim of the study was to identify predictors of the masticatory muscle activity during chewing (MMA) of the 
masseter and temporalis anterior (TA) muscles in patients with unilateral myogenous temporomandibular disorder (mTMD).
Materials and methods  This observational and cross-sectional study included 109 patients diagnosed with unilateral mTMD. 
Surface electromyography was used to separately evaluate the MMA of the masseter and TA on the affected and unaffected 
sides. Also, pain intensity (with a visual analog scale), pressure pain threshold (with an algometer), active pain-free maximum 
mouth opening and temporomandibular joint lateral movements (with a ruler), cervical range of motions (with a goniometer), 
and TMD severity (with a Fonseca Anamnestic Index) were assessed. Various statistical methods were used to predict the 
MMA of the masseter and TA, including standard, forward, and best subsets multiple regression models.
Results  While there were significant correlations between the MMA of the masseter and TA and pain intensity, pressure 
pain threshold values, and TMD severity, they were not found with other variables. These parameters were also predictive 
factors for MMA of both muscles (p < 0.05).
Conclusions  According to the present study, pain intensity, muscle and joint tenderness, and the severity of the disorder are 
predictive factors for MMA of the masseter and TA muscles in patients with mTMD. It is recommended that these parameters 
be considered when establishing clinical evaluation and treatment programs focusing on MMA in patients with mTMD.
Clinical relevance  The pain intensity, masticatory muscles and TMJ tenderness, and disorder severity are predictors for MMA 
of the masseter and TA in patients with mTMD. Pain intensity has the most significant importance.
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Introduction

Temporomandibular disorders (TMDs) are defined as a 
group of neuromuscular and musculoskeletal disorders that 
may affect the masticatory muscles, temporomandibular 
joint (TMJ), and related structures [1]. Signs and symptoms 
of TMD include masticatory muscles and/or TMJ pain (at 
rest and/or during chewing), limited jaw movement, joint 
sounds (crepitus and clicking), the tenderness of the TMJ 

and/or masticatory muscles, chewing difficulty, and head-
ache [2]. Myogenous TMD (mTMD), characterized by myo-
fascial pain syndrome in the masticatory muscles, is the most 
common type of TMD [3]. TMD signs and symptoms can 
negatively affect patients’ quality of life and daily activities 
such as chewing, speaking, eating, and social participation 
resulting in physical disability and psychosocial dysfunction. 
It has been reported that TMD is most common in adults 
aged 18 to 45, with prevalence rates of up to 25% [4]. In 
a systematic review and meta-analysis study conducted by 
Valesan et al. [5], the prevalence of TMD was found to be 
31% for adults and the elderly. Physical trauma, occlusal 
factors, emotional stress, parafunction, and deep pain input 
were defined as etiological factors associated with TMD [1].

Pain, the primary symptom of patients with TMD, can 
affect the TMJ and/or the masticatory muscles. Pain may be 
accompanied by tenderness in the TMJ and/or masticatory 
muscles and limitation in jaw movement. TMD pain can 
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cause adaptations in masticatory muscle activities to prevent 
possible traumas to the masticatory system. As a result of 
these protective adaptations, changes in electromyographic 
activity during muscle contraction can occur [5, 6].

Lund et al. [7] stated that chronic musculoskeletal pain 
might cause a decrease in the electrical activities of agonist 
and synergist muscles and, as a result, a reduction in muscle 
force production and range of motion of the affected body 
part. Supporting this, Wang et al. [8] and Gavish et al. [9] 
reported that pain in TMD inhibits motor unit firing in mas-
ticatory muscles, resulting in decreased muscle activation 
and strength. These authors added that depending on the 
decrease in muscle strength, the bite force decreased, and 
the chewing difficulty appeared.

Surface electromyography (sEMG) has been described as 
a reliable method for assessing masticatory muscle function 
and activity through the detection of electrical potentials of 
the muscles in patients with TMD [10, 11]. sEMG, a non-
invasive and safe method, has been used to evaluate muscle 
activity during functions such as chewing and maximum 
voluntary contraction in patients with TMD [6, 12]. How-
ever, various educational and technical barriers have been 
reported to the use sEMG in the clinical setting. Many clini-
cians have limited knowledge of sEMG and its neuromuscu-
lar basis. Analysis of performance indicators, such as sEMG 
amplitude normalization, requires special training and atten-
tion [13]. Despite providing valuable data, user dependency, 
the relatively high cost of sEMG devices, and the long time 
required for sEMG analysis of muscles and interpretation 
of the results limit the clinical use of this method [13, 14].

To the best of the authors’ knowledge, no research has 
been found in the literature that has examined the predic-
tive factors affecting the masticatory muscle activity during 
chewing (MMA) in patients with TMD. Knowing the inde-
pendent predictors that affect the MMA is significant for the 
clinician to assess and monitor masticatory muscle func-
tion and dysfunction in patients with TMD. Therefore, the 
present study aimed to identify predictors of MMA of the 
masseter and TA muscles in patients with unilateral mTMD.

Materials and methods

Study design and ethical aspects

The present study, which was designed as observational and 
cross-sectional research, was approved by the Karamanoğlu 
Mehmetbey  University Faculty of Medicine Clinical 
Research Ethics Committee (Decision no: 06–2022/12). 
Written informed consent was obtained from all patients 
who were given detailed information about the study. The 
study was conducted in accordance with the principles of the 
Declaration of Helsinki.

Participants

The study population consisted of 109 patients diag-
nosed with unilateral mTMD out of 164 who applied 
to Karamanoğlu Mehmetbey University Faculty of Den-
tistry with TMD complaints. The clinical and radiologi-
cal examinations of the patients were performed by a 
specialist dentist (experience in TMD), and the patients 
were diagnosed with mTMD according to the first axis 
of the Diagnostic Criteria for TMD [15]. The inclusion 
criteria for the TMD patients were age 18–50 years, 
diagnosis of unilateral mTMD, pain and/or fatigue in 
the masticatory muscles during functional activities 
for at least 6 months on the affected side, not receiv-
ing treatment for TMD in the past 3 months, not using 
splints, dental braces, and/or analgesic drugs, and body 
mass index (BMI) between 19 and 25 kg/m2. The exclu-
sion criteria were the following: history of surgery or 
trauma involving the TMJ, face or neck, tooth loss, 
history of subluxation or dislocation of the TMJ, BMI 
greater than 25 kg/m2, systemic or psychiatric disease 
(such as diabetes, rheumatoid arthritis or depression), 
current treatment involving muscle relaxants/analgesics 
or orthodontic treatment, and history of pregnancy. The 
demographic and clinical characteristics of the patients 
were recorded who volunteered to participate in the 
study and met the inclusion criteria. Other assessments 
made are listed below.

Assessment of pain ıntensity

Pain intensity during jaw functions such as biting and 
chewing was evaluated by a visual analog scale (VAS) for 
affected and unaffected sides separately. The VAS con-
sisted of a 10-cm line labeled “no pain” at one end and 
“the most severe pain” at the other. The value marked by 
the patient on the line and indicating pain intensity was 
recorded in cm (VAScm) [16].

Assessment of the pressure pain threshold

Pressure pain threshold (PPT) was measured with a digital 
pressure algometer with a 1 cm2 probe (JTech Commander 
Algometer, JTech Medical, Salt Lake City, UT, USA) at 
the lateral pole of the TMJ, the masseter muscle belly, and 
the temporalis anterior (TA) muscle on the affected and 
unaffected sides separately. During the measurements, the 
patients were asked to say “yes” when they experienced 
pain. The amount of pressure causing pain was recorded 
as Newton(N)/cm2. Three measurements were made from 
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each of the three points with 30-s rest intervals, and the 
average of these measurements was recorded separately 
for use in the analysis [17].

Assessment of active pain‑free maximum mouth 
opening and temporomandibular joint lateral 
movements

Active pain-free maximum mouth opening (MMO) and TMJ 
lateral movements were measured with a ruler in millimeters 
(mm). The distance between the upper and lower central 
incisors was measured in millimeters for MMO measure-
ment. While measuring the lateral movement of the TMJ, 
the lateral distance between the midpoints of the upper and 
lower central incisors was measured in mm, separately for 
the right and left sides. The average of the values of the right 
and left sides was used in the analysis [16].

Assessment of cervical range of motions

Active neck flexion, extension, and left and right lateral 
flexion, which are cervical spine movements, were meas-
ured with a cervical range of motion goniometer (CROM) 
(CROM Basic, Performance Attainment Associates, St. 
Paul, MN, USA) in degrees. While neck flexion and exten-
sion values were recorded separately, left and right lateral 
flexion values were averaged for lateral flexion value. The 
CROM device is valid and reliable for measuring cervical 
spine movements [18].

Assessment of temporomandibular disorder 
severity

To assess the severity of TMD based on the patient’s signs 
and symptoms, the Turkish version of the Fonseca Anam-
nestic Index (FAI) was used [19]. The FAI is a 10‐item tool 
that evaluates pain frequency, jaw function limitation, par-
afunctional behaviors, and psychological distress related 
to TMD. Items in the index are answered with “yes” (10 
points), “sometimes” (5 points), or “no” (0 points). The total 
Index score is obtained by adding the scores of the answers 
given to the items and varies between 0 and 100 points. A 
higher index score indicates that TMD is more severe [19].

Surface electromyography measurement 
procedures

In order to obtain MMA of the masseter and TA muscles, 
electromyographic activities of the masseter and TA mus-
cles were evaluated separately on the affected and unaffected 
sides with a wireless sEMG device (Delsys Trigno Wire-
less System, Delsys Inc., Natick, MA, USA). Measurements 
were performed in an isolated, quiet room with a room 

temperature of 25 °C by a clinician trained and experienced 
in sEMG. The patients were seated upright on the chair with 
their heads unsupported and were asked to maintain their 
natural upright position. In order to reduce the skin imped-
ance, the skin areas to be measured were carefully cleaned 
with an alcohol solution before electrode placement [20]. 
Wireless surface electrodes were placed with double-sided 
tape on the muscle bellies parallel to the muscle fibers uni-
laterally (on the affected and unaffected sides), as described 
in the study by Ferrario et al. [20] After electrode place-
ment, sEMG measurements were performed in two proto-
cols, separately on the affected and unaffected sides. sEMG 
measurement protocols were first performed on the unaf-
fected side. After an adequate resting time to avoid fatigue 
from affecting the measurements, sEMG measurements for 
the affected side were then carried out.

Protocol I: mastication: unilateral gum chewing

Patients were asked to chew a standard pre-softened sugar-
less gum on the posterior teeth on the affected or unaffected 
side for 15 s at their habitual frequency. EMG activity was 
recorded during unilateral chewing of gum. The protocol 
was performed three times with 3-min rest intervals, and 
the task with the best EMG recording achieved was used for 
further analysis [21].

Protocol II: maximum voluntary clenching 
on a cotton roll

A 10-mm thick cotton roll was positioned on the mandibular 
second premolar/first molars of the affected or unaffected 
side. The patient was invited to clench his/her teeth with a 
maximum force as hard as possible and maintain the same 
contraction level for 5 s [20]. This equipment’s specific soft-
ware program (EMGworks® Acquisition) was used for the 
acquisition and storage of digitized signals.

Surface electromyography data analysis

Raw EMG signals of both muscles were analyzed separately 
with this equipment’s special software program (EMG-
works® Analysis). First, the raw signals were filtered to 
remove any possible noise (Filter class: Butterworth, Order: 
4, Response: Band Pass, Corner Frequency 1: 20 Hz, Corner 
Frequency 2: 500 Hz). Then, the Root Mean Square filter 
was applied to the filtered maximum voluntary clenching 
(MVC) signals (Window Length: 0.025 ms, Window Over-
lap: 0.0125 ms). It has been reported that a relative value of 
MMA can be obtained by dividing the EMG value calcu-
lated during chewing by the activity produced during maxi-
mum voluntary contraction [7]. In the current study, this 
method was used through the device’s proprietary software 
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(EMGworks® Analysis) to obtain the relative value of mus-
cle activity during chewing. Normalization was achieved by 
dividing the filtered version of the highest EMG value calcu-
lated during chewing by the MVC value passed through the 
Root Mean Square filter. As a result, the percentage of maxi-
mum voluntary contraction (%MVC) values was obtained 
for both muscles separately on affected and unaffected sides. 
In simplest terms, %MVC is the ratio of muscle activity 
produced during chewing to muscle activity produced dur-
ing MVC. In the present study, a high %MVC value was 
interpreted as a high MMA value [7, 21].

Statistical methods

While mean and standard deviation values were given for 
the quantitative variables that were found to be normally 
distributed, qualitative variables were given as numbers and 
percentages. The independent sample t-test was used to com-
pare the quantitative measurement data from the affected 
and unaffected sides. In the data analysis process, various 
statistical methods were used to predict the MMA values of 
the masseter and TA muscles. Standard (classical), forward, 
and best subsets multiple regression methods have been con-
sidered in this study. All models have been applied to the 
data set, and different regression results have been obtained 
corresponding to each target variable. The experimental set-
tings can be summarized as follows:

•	 The statistical assumptions, including outliers, normality, 
linearity, independency, homoscedasticity, and multicol-
linearity were checked via various analytical and visual 
approaches and given in the results section in detail.

•	 The descriptive statistics, including frequencies, central 
tendency, and dispersion measures, were obtained.

•	 Classic multiple regression model and its stepwise alter-
natives, including forward and best subsets regression 
were run to predict the target variables and determine the 
most predictive factors. The MMA values of the masseter 
and TA muscles were considered dependent variables.

•	 In order to measure the performance of the regression 
models, the root mean square error (RMSE), adjusted 
Akaike information criterion (AAIC), and r-squared (R2) 
values were calculated and reported.

•	 To assess the variable importance of each variable on 
the regression models, the relative contribution to the 
increase in r-squared value was calculated and reported 
as visually.

Statistical analysis was carried out via Statistical Package 
for Social Sciences 24.0 (SPSS. Inc., Chicago, IL, USA), 
Minitab (State College, PA: Minitab, Inc.), and R-software 

(R Core Team, 2022). A p-value < 0.05 was considered 
significant.

Results

The assumptions required for reliable regression results 
were examined carefully. The outliers were examined 
using z-scores with [− 3,3] range and box plots. As a result 
of the analysis, sixteen observations found to be outliers 
were excluded from the study. The assumption of normal-
ity was met as assessed by using both the Kolmogrov-
Smirnov test and the Q-Q plot. The linearity was evaluated 
using the studentized residuals against the predicted val-
ues corresponding to each dependent variable and found 
no violation. The independence of residuals was checked 
via Durbin-Watson statistics and found independent. The 
homoscedasticity assumption was examined by observing 
the plot of studentized residuals versus predicted values 
for each dependent variable and found no violation. The 
variance inflation factor values were calculated to deter-
mine whether there is a multicollinearity problem between 
variables. The results indicated that there are no variance 
inflation factor values larger than 10. As a result of overall 
controls, there were no critical problems in terms of violat-
ing the statistical assumptions.

Of the 164 patients who applied to the clinic, 125 who 
met the inclusion criteria were included in the study. 
Data from 109 patients who met the necessary statistical 
assumptions were analyzed. The flow diagram of the study 
was shown in Fig. 1.

The descriptive statistics, including count and percent-
ages for qualitative variables and mean, standard devia-
tion, and minimum and maximum values for quantitative 
variables were given in Table 1. There was a significant 
difference in the pain intensity, PPT values of the TMJ, 
masseter, and TA muscles, and MMA values of the mas-
seter and TA muscles between the affected side and the 
unaffected side (p < 0.05). Accordingly, while the severity 
of pain was higher on the affected side, PPT values of the 
TMJ, masseter, and TA muscles and MMA values of the 
masseter and TA muscles were lower (Table 1).

The results based on three different multiple regres-
sion models, including standard (classical), forward, and 
best subsets regression were obtained and presented sepa-
rately in Tables 2, 3, 4, 5, 6, and 7. Tables 2, 3, and 4 
correspond to the masseter %MVC values, and the rest 
(Tables 5, 6, and 7) belong to the TA %MVC values. Each 
table includes model coefficients, standard errors, signifi-
cance values, confidence intervals, relative importance 
values, and model performance metrics. According to all 
regression models for both target variables, the overall 
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Fig. 1   The flow diagram of the 
study

Table 1   The descriptive 
statistics for qualitative and 
quantitative variables of the 
affected and unaffected sides

SD standard deviation, Min minimum, Max maximum, BMI body mass index, MMO active pain-free maxi-
mum mouth opening, TMJ temporomandibular joint, FAI Fonseca anamnestic index, VAS visual analog 
scale, PPT pressure pain threshold, TA temporalis anterior, MMA masticatory muscle activity during chew-
ing, %MVC percentage of maximum voluntary contraction

Mean ± SD Min Max p

Age (years) 38.8 ± 3.3 33 43
BMI (kg/m2) 22.8 ± 2.1 19.5 24.8
MMO (mm) 26.2 ± 3.8 21 32
TMJ lateral movement (mm) 5.9 ± 0.7 5 7
Neck flexion (°) 31.2 ± 2.5 26 35
Neck extension (°) 33.4 ± 2.7 29 38
Neck lateral flexion (°) 22.0 ± 2.1 17 27
FAI score (point) 67.8 ± 9.2 50 85
Pain intensity (VAScm) Affected side 7.1 ± 0.8 6.2 8.6 0.011

Unaffected side 0.8 ± 0.2 0.2 1.2
PPT-TMJ (N/cm2) Affected side 20.8 ± 2.4 18.4 24.2 0.003

Unaffected side 45.7 ± 4.3 36.3 55.2
PPT-Masseter (N/cm2) Affected side 15.6 ± 2.2 11.3 17.7 0.017

Unaffected side 29.7 ± 3.8 24.2 34.8
PPT-TA (N/cm2) Affected side 13.2 ± 1.9 9.4 14.8 0.005

Unaffected side 27.4 ± 3.1 22.3 32.4
MMA of the Masseter (%MVC) Affected side 21.3 ± 3.3 18.2 25.2 0.015

Unaffected side 33.4 ± 4.1 26.7 38.5
MMA of the TA (%MVC) Affected side 17.7 ± 3.1 14.5 22.6 0.010

Unaffected side 28.5 ± 3.9 21.9 33.7
Frequency Percentage (%)

Gender Male 34 31.2
Female 75 68.8
Total 109 100
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Table 2   The results of standard (all predictors) regression model and performance metrics for masseter %MVC

%MVC percentage of maximum voluntary contraction, SE standard error, VAS visual analog scale, PPT pressure pain threshold, TMJ tempo-
romandibular joint, TA temporalis anterior, FAI Fonseca anamnestic index, MMO active pain-free maximum mouth opening, AAIC Adjusted 
Akaike information criterion, RMSE root mean square error

Term Coefficient SE t p Lower Upper Importance

Intercept 14.439 2.771 5.211  < 0.001 8.938 19.941 -
Pain intensity (VAScm)  − 1.97 0.144  − 13.722  < 0.001  − 2.255  − 1.685 0.693
PPT-Masseter (N/cm2) 0.218 0.106 2.060 0.022 0.008 0.427 0.157
PPT-TA (N/cm2) 0.144 0.028 5.073  < 0.001 0.087 0.200 0.095
PPT-TMJ (N/cm2) 0.317 0.065 4.891  < 0.001 0.189 0.446 0.088
FAI score (point)  − 0.052 0.016  − 3.333 0.013  − 0.084  − 0.021 0.041
MMO (mm) 0.124 0.04 3.124 0.002 0.045 0.203 0.036
Neck lateral flexion (°) 0.069 0.035 1.978 0.055 0.003 0.139 0.014
Age (years)  − 0.052 0.03  − 1.704 0.092  − 0.112 0.009 0.011
Neck flexion (°) 0.052 0.035 1.457 0.15  − 0.019 0.122 0.008
Model performance metrics
F df p R2 AAIC RMSE
62.159 10  < 0.001 0.888  − 83.979 0.389

Table 3   The results of the forward regression model and performance metrics for masseter %MVC

%MVC percentage of maximum voluntary contraction, SE standard error, VAS visual analog scale, PPT pressure pain threshold, TA temporalis 
anterior, AAIC Adjusted Akaike information criterion, RMSE root mean square error

Term Coefficient SE t p Lower Upper Importance

Intercept 19.552 0.898 21.762  < 0.001 17.77 21.333 -
Pain intensity (VAScm)  − 1.984 0.078  − 25.349  < 0.001  − 2.139  − 1.829 0.662
PPT-Masseter (N/cm2) 0.292 0.095 3.076 0.003 0.104 0.481 0.219
PPT-TA (N/cm2) 0.435 0.046 9.566  < 0.001 0.345 0.526 0.119
Model performance metrics
F df p R2 AAIC RMSE
261.219 3  < 0.001 0.878  − 89.798 0.422

Table 4   The results of the best subsets regression model and performance metrics for masseter %MVC

%MVC percentage of maximum voluntary contraction, SE standard error, VAS visual analog scale, PPT pressure pain threshold, TA temporalis 
anterior, TMJ temporomandibular joint, FAI Fonseca anamnestic index, MMO active pain-free maximum mouth opening, AAIC Adjusted Akaike 
information criterion, RMSE root mean square error

Term Coefficient SE t p Lower Upper Importance

Intercept 17.629 1.715 10.282  < 0.001 14.228 21.03 -
Pain intensity (VAScm)  − 2.08 0.123  − 16.972  < 0.001  − 2.323  − 1.837 0.607
PPT-Masseter (N/cm2) 0.212 0.075 2.821 0.006 0.063 0.361 0.152
PPT-TA (N/cm2) 0.37 0.048 7.656  < 0.001 0.274 0.465 0.111
PPT-TMJ (N/cm2) 0.152 0.027 5.700  < 0.001 0.099 0.205 0.080
FAI score (point)  − 0.042 0.013  − 3.326 0.018  − 0.067  − 0.017 0.027
MMO (mm) 0.115 0.038 3.053 0.013 0.0400 0.190 0.023
Model performance metrics
F df p R2 AAIC RMSE
126.521 6  < 0.001 0.891  − 96.377 0.38
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Table 5   The results of the standard (all predictors) regression model and performance metrics for TA %MVC

TA temporalis anterior, %MVC percentage of maximum voluntary contraction, SE standard error, VAS visual analog scale, PPT pressure pain 
threshold, TMJ temporomandibular joint, FAI Fonseca anamnestic index, MMO active pain-free maximum mouth opening,  AAIC Adjusted 
Akaike information criterion, RMSE Root mean square error

Term Coefficient SE t p Lower Upper Importance

Intercept 9.691 3.145 3.081 0.003 3.446 15.935 -
Pain intensity (VAScm)  − 1.645 0.163  − 10.096  < 0.001  − 1.969  − 1.322 0.636
PPT-TA (N/cm2) 0.163 0.032 5.057  < 0.001 0.099 0.226 0.159
PPT-Masseter (N/cm2) 0.27 0.074 3.671  < 0.001 0.124 0.417 0.084
PPT-TMJ (N/cm2) 0.171 0.080 2.149 0.034 0.013 0.329 0.070
FAI score (point)  − 0.051 0.018  − 2.875 0.005  − 0.087  − 0.016 0.052
MMO (mm) 0.073 0.045 1.622 0.18  − 0.016 0.163 0.016
Neck flexion (°) 0.063 0.040 1.554 0.12  − 0.017 0.142 0.015
TMJ lateral movement (mm) 0.157 0.145 1.086 0.28  − 0.13 0.444 0.007
Model performance metrics
F df p R2 AAIC RMSE
36.344 9  < 0.001 0.821  − 56.353 0.501

Table 6   The results of the forward regression model and performance metrics for TA %MVC

TA Temporalis anterior, %MVC Percentage of maximum voluntary contraction, SE Standard error, VAS Visual analog scale, PPT Pressure pain 
threshold, AAIC Adjusted Akaike information criterion, RMSE Root mean square error

Term Coefficient SE t p Lower Upper Importance

Intercept 16.438 0.986 16.679  < 0.001 14.484 18.392 -
Pain intensity (VAScm)  − 1.697 0.086  − 19.771  < 0.001  − 1.867  − 1.527 0.817
PPT-TA (N/cm2) 0.369 0.05 7.395  < 0.001 0.273 0.468 0.114
PPT-Masseter (N/cm2) 0.162 0.079 2.059 0.024 0.006 0.317 0.065
Model performance metrics
F df p R2 AAIC RMSE
163.296 3  < 0.001 0.818  − 69.623 0.507

Table 7   The results of the best subsets regression model and performance metrics for TA %MVC

TA temporalis anterior, %MVC percentage of maximum voluntary contraction, SE standard error, VAS visual analog scale, PPT pressure pain 
threshold, TMJ temporomandibular joint, FAI Fonseca anamnestic index, MMO active pain-free maximum mouth opening, AAIC Adjusted 
Akaike information criterion, RMSE root mean square error

Term Coefficient SE t p Lower Upper Importance

Intercept 11.473 2.074 5.533  < 0.001 7.359 15.587 -
Pain intensity (VAScm)  − 1.674 0.152  − 10.999  < 0.001  − 1.976  − 1.372 0.605
PPT-TA (N/cm2) 0.309 0.057 5.415  < 0.001 0.196 0.422 0.149
PPT-Masseter (N/cm2) 0.161 0.03 5.332  < 0.001 0.101 0.221 0.140
PPT-TMJ (N/cm2) 0.165 0.060 2.776 0.007 0.047 0.284 0.124
FAI score (point)  − 0.051 0.017  − 3.074 0.003  − 0.084  − 0.018 0.047
MMO (mm) 0.076 0.043 1.789 0.077  − 0.008 0.161 0.016
Neck flexion (°) 0.052 0.032 1.617 0.11  − 0.012 0.116 0.013
TMJ lateral movement (mm) 0.193 0.128 1.505 0.13  − 0.061 0.447 0.011
Model performance metrics
F df p R2 AAIC RMSE
66.807 8  < 0.001 0.830  − 70.526 0.476
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models were found to be significant (p < 0.05). In each of 
these models corresponding to the masseter %MVC, while 
pain intensity, masseter PPT, and TA PPT were found as 
statistically significant (p < 0.05) (Tables 2, 3, and 4), TMJ 
PPT, MMO, and FAI scores were included as additional 

significant variables only for standard and best subsets 
models (Tables 2 and 4) (Figs. 2, 3, and 4).

On the other side, pain intensity, TA PPT, and masseter 
PPT stand out as significant variables shared by all three 
regression models obtained for the TA %MVC variable 

Fig. 2   The most important 
features based on the standard 
regression model for both tem-
poralis anterior and masseter 
muscle %MVCs. %MVC: Per-
centage of maximum voluntary 
contraction; PPT: Pressure pain 
threshold; TA: Temporalis ante-
rior; TMJ: Temporomandibular 
joint; FAI: Fonseca anamnes-
tic index; MMO: Active pain-
free maximum mouth opening

Fig. 3   The most important 
features based on the forward 
regression model for both 
temporalis anterior and mas-
seter muscle %MVCs. %MVC: 
Percentage of maximum volun-
tary contraction; PPT: Pressure 
pain threshold; TA: Temporalis 
anterior

Fig. 4   The most important fea-
tures based on the best subsets 
regression model for both tem-
poralis anterior and masseter 
muscle %MVCs. %MVC: Per-
centage of maximum voluntary 
contraction; PPT: Pressure pain 
threshold; TA: Temporalis ante-
rior; TMJ: Temporomandibular 
joint; FAI: Fonseca anamnes-
tic index; MMO: Active pain-
free maximum mouth opening
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(Tables 5, 6, and 7). TMJ PPT and FAI scores were addition-
ally included for standard and best subset models (Tables 5 
and 7) (Figs. 2, 3, and 4). The coefficients for each regres-
sion model represent the change in the dependent variable 
for a one-unit change in the corresponding independent vari-
able (Tables 2, 3, 4, 5, 6, and 7). As an example of the inter-
pretation of the variables, an increase in pain intensity of 
one unit is associated with the decrease in masseter %MVC 
of − 1.97 units when other independent variables are kept 
constant in the standard model. However, neck flexion does 
not significantly affect the masseter %MVC value (p = 0.15) 
(Table 2). The masseter PPT and TA PPT were positively 
and significantly associated with the masseter %MVC and 
the TA %MVC (p < 0.05). The increase (or decrease) in these 
variables was associated with the increase (or decrease) in 
target variables. Similar interpretations can be made for all 
possible regression models corresponding to two target vari-
ables (Tables 2, 3, 4, 5, 6, and 7).

When comparing the overall performance of each 
model, three different criteria were taken into account 
including RMSE, AAIC, and R2. The model with larger R2 
but smaller AAIC and RMSE values can be considered the 
best model. When comparing all three regression models 
developed based on performance criteria, the best subsets 
model seems the best for both the masseter %MVC and the 
TA %MVC estimation due to having larger R2 and smaller 
AAIC and RMSE.

Discussion

The results of the present study indicated significant cor-
relations (considering the best subsets models) between 
the %MVC values of the masseter and TA muscles and 
pain intensity, pressure pain threshold values, and FAI 
scores in patients with mTMD. In addition, while there 
was a significant relationship between MMO and masseter 
%MVC, there was no relationship between TA %MVC. On 
the other hand, there was no correlation between %MVC 
values of both muscles, age, TMJ lateral movement, and 
all cervical range of motion values. Another finding of the 
study was the difference between the affected side and the 
unaffected side in terms of pain intensity, PPT values of the 
TMJ, masseter, and TA muscles, and MMA values of the 
masseter and TA muscles. These results show that MMA 
is adversely affected by pain intensity, muscle and joint 
tenderness, and severity of the disorder in patients with 
mTMD. Considering these findings, it can be said that pain 
intensity, muscle and joint tenderness, and severity of the 
disorder are the predictive factors of MMA of the mastica-
tory muscles in patients with mTMD.

TMD reduces the quality of life of individuals by nega-
tively affecting basic daily living activities such as speaking 

and chewing [4]. In patients with TMD, biting and chewing 
difficulties are the most common complaints after pain. Fac-
tors contributing to chewing and biting difficulties include 
pain, limited jaw movements, masticatory muscles, TMJ ten-
derness, and altered muscle activation patterns. The mTMD 
can cause essential changes in the electrical activity of the 
masticatory muscles due to the disorder or the compensa-
tory mechanisms related to the symptoms, as the primary 
problems in affected patients are of muscular origin [2]. In 
studies investigating MMA in patients with TMD, it has 
been found that patients have more asymmetrical and lower 
muscle potential than healthy individuals [11, 20, 22]. In 
addition, it has been reported that there is more asymmetry 
in muscle activities in patients with more severe diseases 
[21], and there is a negative correlation between the severity 
of the disease and muscle activity [22]. However, in a com-
prehensive literature review, no published study investigat-
ing the predictive factors of MMA in patients with mTMD 
was found.

Lund et al. [7] explained the effects of chronic musculo-
skeletal pain on muscle activity with the Pain Adaptation 
Model. According to this neurophysiological theory, based 
on phasic modulation of excitatory and inhibitory interneu-
rons provided by high-threshold sensory afferents, pain 
originating from the muscle itself or non-muscular sources 
is effective in decreasing the motor activity of the synergist 
as well as agonist muscles during function (e.g., mastica-
tory muscle activity during chewing) [7]. There is increasing 
interest in the relationship between pain and motor func-
tion (muscle activity) in studies on TMD. Consistent with 
the Pain Adaptation Model, these studies reported slower, 
smaller amplitude movements and lower agonist and syn-
ergist muscle EMG activity during pain. In other words, 
pain in TMD can reduce muscle activation and strength by 
inhibiting motor unit firing in masticatory muscles [8, 9, 
11, 23–25]. Similarly, Shimada et al. [26] reported that pain 
has an inhibitory effect on MMA and reduces bite force. 
In another study, Goldreich et al. [27] suggested that the 
pain input may reduce muscle activity by causing protective 
reflex inhibition in the jaw-closing muscles. In the current 
study, significant negative correlations were found between 
pain intensity and EMG activities of both masseter and TA 
muscles, consistent with the literature. Pain intensity was a 
significant predictor of MMA. Considering the studies in the 
literature and the results of the present study, pain intensity 
is an important predictor of MMA in mTMD patients.

The PPT is very precious for providing a quantitative and 
objective measurement of tenderness in masticatory muscles 
and TMJ [28]. Ohrbach and Gale [29], who determined that 
there were significant negative relationships between PPT 
values measured from the painful area and pain severity in 
patients with mTMD, reported that PPT measurements in 
patients with mTMD provided valid and reliable important 
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data about tenderness. Similarly, in the study of Stuginski-
Barbosa et al. [28] in mTMD patients, significant negative 
correlations were revealed between PPT values measured 
from TMJ, masseter, and TA muscles and pain intensity. The 
results of these studies support the negative relationships 
between PPT and pain intensity in patients with mTMD [28, 
29]. In the present study, significant positive correlations 
were found between PPT values measured from masticatory 
muscles and TMJ and %MVC values of both muscles. While 
PPT measured from the masseter muscle had a greater effect 
on the masseter muscle MVC% value, PPT measured from 
the TA muscle had a greater effect on the TA muscle %MVC 
value. These findings imply that tenderness in mTMD 
patients may be a predictor of MMA, particularly when PPT 
is measured from the muscle itself. Indirect relationships can 
be established between pain intensity, tenderness, and mus-
cle activation. It has been reported that with the increase in 
pain intensity, tenderness may increase due to the sensitiza-
tion of peripheral nociceptors, and PPT value may decrease 
[28, 29]. Considering that pain can reduce muscle activity 
[8, 9, 11, 23–25], a decrease in PPT due to pain and, at the 
same time, a decrease in muscle activity in the presence of 
pain may be expected. Another interesting result obtained in 
the current study was that PPTs of TMJ and the other mas-
ticatory muscle (e.g., TA muscle) were also influential on 
the %MVC value of the mentioned masticatory muscle (e.g., 
masseter muscle). This result implies that there may be close 
relationships between the masticatory muscles themselves 
and between the masticatory muscles and the TMJ, which 
is supported by previous research and the Pain Adaptation 
Model. In these studies, it has been reported that pain and 
tenderness arising from the muscle itself or non-muscular 
sources may be effective in reducing motor activity in syner-
gist muscles as well as painful muscles [7, 23, 24].

In patients with TMD, the functional status of the jaw 
may worsen due to signs and symptoms such as decreased 
chewing muscle activity and strength due to pain and 
restricted jaw movements [24]. TMD severity and its 
effects on the functional status of the jaw could be evalu-
ated using assessment tools such as FAI. In this study, FAI 
was used to assess the severity of TMD, and a higher score 
from the index was interpreted as a higher severity of TMD 
[19]. Significant negative correlations were found between 
FAI score and %MVC values of both masseter and TA 
muscles. These findings can be interpreted as the sever-
ity of the disorder may negatively affect MMA. Ardizone 
et al. [25] evaluated the severity of TMD with the Helkimo 
Clinical Dysfunction Index and the activities of the mas-
seter and TA muscles during MVC with sEMG in patients 
with TMD. The authors revealed that as the severity of 
pain and symptoms increased, MMA decreased. Mapelli 
et al.21 reported that the masseter muscle activity of the 
TMD patients with the severe disorder was significantly 

lower than in the asymptomatic individuals during mas-
tication. In another study conducted by De Felício et al. 
[22], the masseter and TA muscle activities during MVC 
were assessed with sEMG, and the severity of TMD signs 
and symptoms was assessed with the ProTMDmulti-part II 
Questionnaire in patients with TMD and found that there 
were significant correlations between sEMG indices and 
the severity of TMD. Given that the current study’s find-
ings agree with those of previous research, it can be con-
cluded that the severity of TMD is a significant predictive 
factor of MMA.

Pain and limitation in jaw movements are two signifi-
cant interrelated symptoms of TMD. The pain input in 
the orofacial region can stimulate the brainstem centrally, 
causing dysfunction and protective spasm (increased mus-
cle tension) of the masticatory muscles. As a result, jaw 
movements can be limited [1, 7, 24]. Fernandez-Carnero 
et al. [30] reported that in patients with mTMD, dry nee-
dling increased MMO by reducing muscle tension of taut 
bands and pain in the masseter muscle. The results of the 
study of Fernandez-Carnero et al. [30] support the asso-
ciations between pain intensity, muscle tension/spasm, 
and jaw movement limitations in patients with mTMD. 
The present study found a significant positive relation-
ship between MMO and masseter %MVC but not between 
TA %MVC. This result shows that there may be indirect 
relationships between MMO and MMA. MMO may be 
restricted due to pain-induced spasms in the masticatory 
muscles. Restricted MMO may imply the presence of 
spasm and pain in the jaw muscles [1, 24, 30]. Consider-
ing the negative associations between pain that triggers 
muscle spasm and muscle activity [8, 9, 11, 23–26], it can 
be said that there may be indirect relationships between 
MMO and MMA through pain. In this respect, it can be 
said that MMO is a predictor of MMA, albeit at a low 
level. However, this suggestion should be investigated in 
further studies.

The current study found no correlation between %MVC 
values of both muscles and age, TMJ lateral movement, 
and all cervical range of motion values. Visser et al. [31] 
revealed that the EMG activity of the TA during MVC 
decreased with increasing age in patients with mTMD, 
but there was no significant age-related change in mas-
seter EMG. Researchers reported that the decrease in the 
EMG activity of TA with increasing age might be due to 
muscle atrophy or a decrease in the number of motor units 
activated during contraction [31]. In the current study, it 
was thought that the relatively close age range of the study 
participants was influential in the absence of a relationship 
between age and MMA. With this, investigating the rela-
tionship between MMA and age, TMJ lateral movement, 
and cervical range of motion parameters in further studies 
may provide useful information.
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In the literature, no studies were found examining the pre-
dictors of MMA of the masseter and TA muscles in patients 
with mTMD. In the present study, pain intensity, muscle 
and joint tenderness, and severity of the disorder were found 
to be predictors of MMA in patients with mTMD. In this 
respect, it is thought that the current study will make impor-
tant contributions to the literature.

The present study had some limitations. First, only 
patients diagnosed with unilateral myogenous TMD 
were included in the study, considering that MMA may 
be more affected in mTMD. Comparisons between dif-
ferent TMD diagnosis groups could not be made because 
other diagnostic groups, such as disc displacement were 
not included. Considering that psychological factors (e.g., 
depression, anxiety, stress) may affect sEMG recordings 
[32], another limitation is that psychological factors were 
not evaluated in the current study. Third, gender com-
parisons were not made in statistical analyzes, and results 
were not compared by gender. It is recommended to inves-
tigate these limitations in future studies and to confirm 
the current results.

Conclusions

The present study found that the pain intensity, muscle and 
joint tenderness, and severity of the disorder may be pre-
dictive factors of MMA in patients with mTMD. Given the 
limited use of sEMG in the clinical setting due to various 
educational and technical barriers, the present study’s find-
ings may provide important information about the functional 
status of masticatory muscles in patients with TMD. The 
authors recommend that these parameters be considered 
when establishing clinical evaluation and treatment pro-
grams focusing on MMA in patients with mTMD.
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