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Abstract: Aims: The aims of the present study were to monitor electromyogra-
phy activity in the masticatory muscles of individuals with both hemiparesis and 
Temporomandibular Disorders and determine possible correlations with gender and 
time elapsed since the stroke event. Methods: A descriptive, cross-sectional study 
was conducted involving 50 individuals. Group 1 comprises individuals with com-
plete hemiparesis and Group 2 comprises individuals with incomplete hemiparesis. 
The Research Diagnostic Criteria for Temporomandibular Disorders was used for 
the diagnosis of Temporomandibular Disorders. To capture the electromyography 
signal of the masseter and anterior temporal muscles bilateral was used a four-
channel acquisition system. Results: There was a statistically significant difference 
between the right and left side was found in the electromyography signal to the jaw 
at rest, both in the group with complete hemiparesis and the group with incomplete 
hemiparesis. No statistically significant differences in the EMG signal were found 
between the right and left sides during isometric contraction or isotonic contraction. 
Conclusions: The hemiparesis alters electromyographic signals in the masticatory 
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muscles with the mandible at rest. Negative correlations were found between the 
electromyography signal and both the male gender and time elapsed since the 
stroke, demonstrating less electrical activity with a longer time since the neurologi-
cal event, especially among men.

Subjects: Nursing; Medicine; Dentistry

Keywords: stroke; temporomandibular disorders; eletromyography

1. Introduction
Cerebrovascular diseases, including stroke, are the third major cause of death and the first major 
cause of physical and mental disability throughout the world (American Heart Association, 2005). 
Stroke is defined by the World Health Organization as a clinical syndrome consisting of rapidly devel-
oping clinical signs of focal (or global in case of coma) disturbance of cerebral function lasting more 
than 24 h or leading to death with no apparent cause other than a vascular origin (Hatano, 1976). 
Because of the consequent hemiparesis, the stroke survivors often have a residual musculoskeletal 
impairment experience, as well as sensory and cognitive alterations, which cause limitations in the 
performance of activities of daily living (Ayo et al., 1999). Any alteration on the face, caused by the 
hemiparesis, such as pain, weakness in the masticatory muscles, crackling, clenching teeth, and 
even in association with the preference masticatory prior, can lead to temporomandibular disorder 
(TMD) (Ahlberg et al., 2003; Ries & Bérzin, 2016), since temporomandibular disorder is considered a 
set of joint and muscular disorders in the orofacial region characterized mainly by pain, tinnitus, ar-
ticular noises and irregular mandibular function (Klasser & Okeson, 2006).

Changes in orofacial musculoskeletal structures can be evaluated using electromyography (EMG), 
which is a noninvasive method that is easy to administer (Amorim et al., 2010; Grossi & Chaves, 
2004). The use of EMG in studies on the function of the masticatory muscles can provide important 
physiological information on the functioning os this system and allows the analysis of muscle activ-
ity under different conditions (at rest, during maximum clenching and during chewing) and assists 
in the diagnosis and monitoring of TMD (Amorim et al., 2010).

Considering the need of the early identification of problems that predispose individuals with hemi-
paresis to abnormalities of the stomatognathic system, EMG can contribute to better understanding 
of masticatory muscle activity in stroke survivors as well as responses to specific treatment 
modalities.

The aims of the present study were to monitor EMG activity in the masticatory muscles of individu-
als with both hemiparesis and TMD and determine possible correlations with gender and time 
elapsed since the stroke event.

2. Materials and methods
Individuals with hemiparesis stemming from a stroke were recruited from the Physical Therapy 
Clinic of University Nove de Julho (São Paulo, Brazil). A descriptive, cross-sectional study was con-
ducted involving 98 individuals with complete or incomplete hemiparesis with brachial or crural 
predominance. Individuals with cognitive impairment, dentofacial deformities, complete or partial 
edentulism, quadriparesis and those currently in dental treatment were excluded. Forty-eight indi-
viduals did not meet the eligibility criteria (15 had trunk impairment, 20 had complete or partial 
edentulism and 13 had cognitive impairment). Thus, 50 individuals were included in the study.

The sample was divided into two groups. Group 1 comprised individuals with complete hemipare-
sis (face, upper limb and lower limb affected on one side of the body). Group 2 comprised individuals 
with incomplete hemiparesis (only the upper and lower limb affected) and was considered the con-
trol group. Inter-group and intra-group comparisons were performed for bite force, TMD, gender, 
age, time elapsed since stroke, predominance and type of impairment.
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2.1. Diagnosis of temporomandibular disorder
The Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) have been the most 
widely employed diagnostic protocol for TMD research since its publication in Dworkin and LeResche 
(1992). This classification system was based on the biopsychosocial model of pain that included an 
Axis I physical assessment, using reliable and well-operationalized diagnostic criteria, and an Axis II 
assessment of psychosocial status and pain-related disability. The intent was to simultaneously pro-
vide a physical diagnosis and identify other relevant characteristics of the patient that could influ-
ence the expression and thus management of their TMD. Indeed, the longer the pain persists, the 
greater the potential for emergence and amplification of cognitive, psychosocial, and behavioral risk 
factors, with resultant enhanced pain sensitivity, greater likelihood of additional pain persistence, 
and reduced probability of success from standard treatments (Merskey, 2012).

The findings of the physical exam were compared to the descriptions on the questionnaire for the 
diagnosis of the specific group of TMD: muscle involvement (Group I), disk displacement (Group II) 
and joint involvement—arthralgia, arthritis and arthrosis (Group III). The diagnosis was non-hierar-
chical and a given participant could have more than one diagnosis. For such, the volunteer remained 
seated comfortably with hips flexed at 90°, feet supported on the floor and the mandible in a com-
fortable position with the teeth lightly in contact. Axis II contains 31 questions for the evaluation of 
psychosocial aspects of TMD (Kanayama, et al., 2001).

2.2. Electromyography
The EMG signals were captured using a four-channel acquisition system (EMG 432 C, EMG System do 
Brasil Ltda.) composed of a signal conditioning module, bipolar active electrodes, analog band pass 
filter of 20–500 Hz and a common mode rejection rate of 120 dB. The sampling frequency was 2 kHz, 
digitized using an analog-digital converter with 16 bits of resolution and the acquisition program 
was EMGLab (EMG System do Brasil Ltda.). The electrodes had a pre-amplification of 20x.

To capture the EMG signal of the right and left masseter and anterior temporal muscles, self-ad-
hesive, disposable, Ag/AgCl surface electrodes (Meditrace®) measuring 10 mm in diameter were 
attached to the belly of the muscle in the region of greatest tone, determined during moderate 
clenching (Wang, Arima, Arendt-Nielsen, & Svensson, 2000). After cleaning the skin with 70% alco-
hol to diminish impedance, the electrodes were spaced at a distance of 20 mm center to center. A 
reference electrode was used on the left wrist in order to reduce noises arising from the difference 
between the reference points of the human body and the signal acquisition equipment.

EMG of the masticatory muscles was determined under three conditions: (I) at rest; (II) during 
mastication (isotonic contraction); and (III) during maximum voluntary clenching (MVC—isometric 
contraction). For such, the volunteer was seated comfortably on a chair with hands resting on the 
thighs. Three readings were made under each condition with a three-minute rest period between 
readings. In the rest position, each reading lasted 15 s. The volunteer then performed three five-
second readings during MVC, clenching on folded Parafilm M® measuring 3 mm in thickness 
(15 × 35 mm) placed bilaterally between the molars. After a rest period, the volunteer was instruct-
ed to perform habitual bilateral chewing (isotonic contraction) at a rhythm determined using a met-
ronome adjusted to 60 beats per minute; each reading lasted 15 s. Finally, MVC was performed for 
five seconds without the use of Parafilm M®.

2.3. Processing of electromyographic signals
EMG activity of the masseter and temporal muscles at rest, during isometric contraction and during 
isotonic contraction was analyzed based on the root mean square (RMS) of the amplitude of the 
signal (expressed in μV). The RMS was calculated for the entire 15 s reading with the muscles at rest 
and during isotonic contraction. During MVC, the first and last seconds of the crude EMG signal were 
discarded and the RMS was calculated using a 100 ms moving window with no overlap; the mean 
value of the windows was used for analysis. The RMS under each condition was normalized by the 
highest MVC value (μV/μV × 100: % MVC) and expressed as percentage of MVC. The normalization of 
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the MVC signal was done using bilateral parafilm. The EMG signals were process using specific rou-
tines developed for the Matlab program, version 7.1 (The MathWorks Inc., Natick, Massachusetts, 
USA).

2.4. Statistical analysis
For characterization of the sample and distribution of the obtained scores, descriptive statistics were 
used, through measures of central tendency (mean) and dispersion (standard deviation). The non-
parametric variables were summarized in median and interquartile range. The results were submit-
ted to the Kolmogorov-Smirnov test and later to the Pearson or Spearman correlation coefficients, 
according to data distribution. The strength or magnitude of the relationship between variables was 
classified as weak (correlation coefficient between 0.1 and 0.3), moderate (between 0.4 and 0.6), 
and strong (between 0.7 and 0.9). For the statistical analysis, the Chi-square test and Fisher’s exact 
test were used to evaluate the categorical variables, to compare the means Student’s t-test and 
Analysis of Variance (ANOVA), complemented by the LSD test and the correlation between the con-
tinuous variables Was analyzed by the Pearson correlation test, adopting a level of significance of 
p < 0.05.

3. Results
Fifty individuals were analyzed (mean age: 60.8 years). The female gender accounted for 38% of the 
sample (n = 19) and the male gender accounted for 62% (n = 31). Mean time elapsed since the 
stroke was 24.3 months. A total of 52% (n = 26) had right-side hemiparesis, 48% (n = 24) had left-
side hemiparesis, 58% (n = 29) had complete hemiparesis, 42% (n = 21) had incomplete 
hemiparesis, 52% (n = 26) had brachial predominance and 48% (n = 24) had crural predominance 
(Table 1 and Figures 1–3).

Table 1. Prevalence of temporomandibular disorder in overall sample
Frequency %

Without TMD 20 40

With TMD 30 60

  Muscle involvement (Group I) 19 38

  Disc displacement (Group II) 4 8

  Joint involvement (Group III) 1 2

  Mixed 6 12

TOTAL 50 100

Figure 1. Comparison of 
EMG signal between right 
and left sides in individuals 
with complete or incomplete 
hemiparesis with mandible at 
rest.

Notes: Significant intra-group 
differences in both groups; 
p < 0.05.
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In relation to electromyography, a correlation was found between MVC and stroke time between 
those in subjects without TMD. That is, the longer the time elapsed since the minor stroke, the MVC 
was shown (Tables 2 and 3).

Figure 2. Comparison of 
EMG signal between right 
and left sides in individuals 
with complete or incomplete 
hemiparesis during MVC.

Notes: No significant intra-
group differences in either 
group; p > 0.05.

Figure 3. Comparison of 
EMG signal between right 
and left sides in individuals 
with complete or incomplete 
hemiparesis during isotonic 
contraction.

Notes: No significant intra-
group differences in either 
group; p > 0.05.

Table 2. Analysis of EMG signal and both gender and time since stroke (complete hemiparesis)

Notes: Spearman correlation test corrected by Bonferroni Ryan- Holm stepdonw. R = Right, L = Left.
*p = < 0.05.

Isometric Isotonic Rest Position
EMG R EMG L EMG R EMG L EMG R EMG L

Time Stroke 0.6303 0.019* 0.7373 0.7587 0.2998 0.9696

MVC (gender)

Male 0.4736 0.3729 0.454 0.8048 0.024* 0.9011

Female 0.651 0.443 0.352 0.572 0.420 0.333

MVC (without TMD) 0.5472 0.9016 0.6358 0.5281 0.959 0.7137
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4. Discussion
In the present study, a statistically significant difference between the right and left side was found 
in the EMG signal with the mandible at rest in both the group with complete hemiparesis and the 
group with incomplete hemiparesis. This finding may be attributed to a possible change in the tone 
of the muscles studied due to hypertonia caused by a change in motor control, which is commonly 
found in individuals with injuries to the central nervous system (Freriks & Hermens, 2000). The same 
has been found to occur during reflex contractions, which is reported to be greater in individuals 
without paresis (Basmajian, 1998).

However, the physiological basis of the mandible in the rest position is one of the more controver-
sial aspects of oral physiology, as the muscles may be contracted and demonstrate slight electrical 
activity. In some studies the authors evaluated EMG activity in the massetter and temporal muscles 
in women with and without TMD and concluded that those with TMD exhibited greater asymmetry 
between muscle pairs as well as hyperactivity of the masseter muscles (Amadio, 1996; Sgobbi De 
Faria & Berzin, 1998; Suvinen & Kemppainen, 2007).

In the present study, no statistically significant differences in the EMG signal were found between 
the right and left sides during isometric contraction (MVC) or isotonic contraction (mastication), 
These findings may be explained by the ability of the central nervous system to program itself in a 
process of neuronal and biomechanical organization, recruiting the adjacent muscles as a compen-
satory response to execute the functions of biting and chewing (Mercer & Sahrmann, 1999; Suvinen 
& Kemppainen, 2007; Wessberg, Epker, & Elliott, 1993; ).

A correlation was found between the EMG signal during MVC and time elapsed since the stroke 
among individuals without TMD, as MVC was weaker when the time elapsed since the stroke was 
longer. The literature describes hyperreflexia in stroke survivors, which is due to the loss of inhibition 
of the peripheral ring, thereby enhancing the stretching reflex response when a stimulus is given 
(Miles, 2007). This finding may be explained by the fact that motor impairment in patients with 
hemiparesis is not only caused by the primary neural injury, but also by the secondary deterioration 
of the contractile properties of the muscles, likely resulting in muscle fiber atrophy (van der Glas, van 
der Bilt, Abbink, Mason, & Cadden, 2007).

TMD does not necessarily affect electrical activity in the masticatory muscles. Changes in EMG 
signals may be considered either physiological or functional. However, Turcio, Garcia, Derogis, and 
Zuim (2002) found that TMD causes a change in muscle activity, with a reduction in endurance, es-
pecially on the side not used during mastication.

Investigations involving EMG for patients with different neurological disorders have furnished ad-
ditional information on such conditions (Tyler & Karst, 2004). However, it is necessary to take the due 
precautions. If a strict, standardized protocol is followed, EMG is an effective method for analyzing 

Table 3. Analysis of EMG signal and both gender and time since stroke (incomplete 
hemiparesis)

Notes: Spearman correlation test corrected by Bonferroni Ryan- Holm stepdonw. R = Right, L = Left.

Isometric Isotonic Rest Position
EMG R EMG L EMG R EMG L EMG R EMG L

Time Stroke 0.1898 0.2131 0.9383 0.9545 0.7783 0.5304

MVC (gender)

Male 0.6627 0.6449 0.4281 0.4529 0.8484 0.9708

Female 0.865 0.867 0.546 0.320 0.779 0.798

MVC (without TMD) 0.6449 0.6806 0.2128 0.2032 0.9384 0.8804
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the stomatognathic system with good reliability that offers an additional reference during the clini-
cal evaluation (McGill & Cholewicki, 2001; Bevilaqua-Grosso, Monteiro-Pedro, Guirro, & Berzin, 2002; 
Bodéré, Téa, Giroux-Metges, & Woda, 2005; Ceneviz et al., 2006; Ferrario, Sforza, Tartaglia, & Dellavia, 
2002; Landulpho, E Silva, E Silva, & Vitti, 2004; Tartaglia, Lodetti, Paiva, Felicio, & Sforza, 2011; 
Tartaglia et al., 2008; Toft, Sinkjjer, & Espersen, 1999; Zupan, Stokic, Bohanec, Priebe, & Sherwood, 
1998; Landulpho et al., 2004).

5. Conclusion
Based on the present findings, hemiparesis alters electromyographic signals in the masticatory 
muscles with the mandible at rest, which may be explained by the typical increase in muscle tone in 
patients with brain lesions. Moreover, negative correlations were found between the EMG signal and 
both the male gender and time elapsed since the stroke, demonstrating less electrical activity with 
a longer time since the neurological event, especially among men.

Further studies are needed to investigate the events involved in this neurological process.
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