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Background: Temporomandibular disorders (TMD) are a set of painful conditions
affecting the orofacial region that are prevalent and constitute the most frequent
type of non-dental pain complaint in the maxillofacial area. Pain-related TMD
(TMD-P) is characterized by ongoing pain in the masticatory muscles, the
temporomandibular joint, or surrounding structures. Due to the multiple factors
that contribute to the development of this condition, it can be challenging to
accurately diagnose. One of the useful method for assessing patients with TMD-P
is surface electromyography (SEMG). The aim of this systematic review was to
provide a comprehensive overview of the current scientific literature on the
evaluation of masticatory muscle activity (MMA) in individuals diagnosed with
TMD-P, through the utilization of SEMG.

Methods: To gather relevant information, electronic databases such as PubMed,
Web of Science, Scopus, and Embase were searched using specific keywords
including: “pain” AND (“temporomandibular disorder*” OR “temporomandibular
dysfunction*”) AND “surface electromyography” AND “masticatory muscle
activity.” The inclusion criteria were studies assessing MMA in patients with
TMD-P using sSEMG. The Effective Public Health Practice Project (EPHPP) Quality
Assessment Tool for Quantitative Studies was utilized to evaluate the quality of
the studies that were included in the review.

Results: The search strategy identified 450 potential articles. Fourteen papers
met the inclusion criteria. Global quality rating for significant part of the articles
was weak. Most studies showed greater SEMG activity of the masseter (MM) and
temporal anterior (TA) muscles at rest in TMD-P subjects than in the asymptomatic
controls, while the MM and TA muscles were less active in the pain-related TMD
group compared to the non-TMD group during maximal voluntary clenching (MVC).

Conclusion: There were differences in MMA in the TMD-pain population
compared to a healthy control group during various tasks. The diagnostic efficacy
of surface electromyography in assessing individuals with TMD-P remains unclear.

orofacial pain, temporomandibular disorders, pain-related temporomandibular
disorders, surface electromyography, masticatory muscle activity
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1. Introduction

Temporomandibular disorders (TMD) are a set of painful
conditions that are prevalent and constitute the most frequent type of
non-dental pain complaint in the maxillofacial area (1, 2). These
conditions are linked to various clinical scenarios that impact the
stomatognathic system, which primarily involves the masticatory
muscles, the temporomandibular joint (TM]), and other related
structures. TMDs can be manifested by tenderness or pain in the
muscles and joints, joint noise, and deviation in mandibular
movements (3-7). Pain-related TMD (TMD-P) is characterized by
ongoing pain in the muscles of the mandible, the temporomandibular
joint, or surrounding structures. This pain can be persistent, recurrent,
or chronic (4-6). The temporomandibular pain appears to be relatively
common; this condition predominantly affects young and middle-
aged adults, as opposed to children or older individuals. Furthermore,
it is more prevalent in women, occurring approximately twice as
frequently as it does in men (8-11).

The Research Diagnostic Criteria for Temporomandibular
Disorders (RDC/TMD) is a highly sophisticated and valuable
diagnostic instrument that provides both clinical and research
criteria for the accurate evaluation of TMD in both pediatric and
adult populations. The RDC/TMD were gradually replaced by the
updated Diagnostic Criteria for TMD (DC/TMD) (12, 13). It
should be noted that the multifactorial etiology of TMDs can
be challenging to accurately diagnose. Therefore, it is crucial to
have reliable and effective tools and measures in place to ensure
proper evaluation (14-18). In the assessment of TMD, certain
instruments can offer valuable quantitative data that may prove
useful in a clinical setting (16, 17). Among these instruments,
surface electromyography (sEMG) has been widely utilized as a
non-invasive tool to evaluate patients with TMD, as well as to
analyze the electrophysiological behavior of muscles (6, 18-23).
The advantages of using SEMG include its ease of use, accessibility,
and non-invasive nature. However, it should be emphasized that
sEMG is sensitive to impedance imbalances, which may affect the
accuracy and reliability of electromyographic (EMG) assessments
(18, 19).

In a recent systematic review Dinsdale et al. (24) studied muscle
activity using SEMG in adults with persistent TMD compared to
healthy controls. They found that in TMD there are changes in
masticatory muscle activity (MMA) that are both task-specific and
muscle-specific. However, it is also important what differences in
MMA exist between pain-related TMD and asymptomatic healthy
controls. Research indicates that subjects diagnosed with TMD-P
may modify the activation of their masticatory muscles due to
sensorimotor interactions. Pain can alter the formation of action
potentials and, perhaps, electromyographic activity (25, 26).
Additionally, the presence of pain can result in increased variability
in EMG signals, which can undermine the accuracy of sSEMG
assessments (17). Given these limitations, it is important to note
that the use of SEMG as a means of evaluating individuals with
TMD, particularly pain-related TMD, remains a subject of debate
due to the significant variability in results reported in the literature.
As such, the diagnostic efficacy of surface electromyography in
assessing this condition has yet to be definitively established (17,
18, 27-29).
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The aim of this systematic review was to provide a comprehensive
overview of the current scientific literature on the evaluation of
masticatory muscle activity (MMA) in individuals diagnosed with
TMD-P, through the utilization of sEMG. This paper also aimed to
summarize the literature on the diagnostic value of SEMG in
diagnosing patients with TMD-P.

2. Methods
2.1. Search strategy

The systematic review adhered to the guidelines outlined in the
“Preferred Reporting Items for Systematic Reviews and Meta-
Analyses” (PRISMA) (30).

According to PICO (31), the framework for this systematic
review is as follows: Population (P): patients with pain-related

Intervention (I):  surface
(C): pain-related TMD vs.
asymptomatic non-TMD patients; Outcomes (O): changes in

temporomandibular  disorders;

electromyography; Comparison

masticatory muscle activity and diagnostic utility of sSEMG in
identifying TMD-P patients. The PICO question was: “Does the
masticatory muscle electromyographical (EMG) activity in TMD-P
patients differ from that in the healthy non-TMD population? and “Ts
the surface electromyography useful in differentiating between
patients with pain-related TMD and asymptomatic patients?” To
gather relevant information, electronic databases such as PubMed,
Web of Science, Scopus, and Embase were thoroughly searched using
specific keywords including: “pain” AND (“temporomandibular
disorder*” OR “temporomandibular dysfunction*”) AND “surface
electromyography” AND “masticatory muscle activity”

The literature search was carried out by two independent
reviewers (L.S.S. and M.S.D.), who examined all publications without
imposing any temporal restrictions. The final search was performed
on December 31, 2022, and encompassed all language versions of
the publications.

2.2. Eligibility criteria
The inclusion criteria for this review were as follows:

- Study type: observational/interventional studies on the
assessment of MMA in patients with TMD-P by surface
electromyography, English language;

- Outcome of interest: masticatory muscle activity assessed
by SEMG;

- Object of the study: (a) comparison of MMA in TMD-P patients
with a healthy population without TMD and (b) evaluation of the
diagnostic efficiency of SEMG in diagnosing patients
with TMD-P;

- Participants: human subjects.

The exclusion criteria were as follows: ineligible study design;
ineligible outcome measure; ineligible population, e.g., studies on
TMD patients not related to pain, studies on patients with congenital
craniofacial malformations; case reports, reviews, animal studies.
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2.3. Data extraction

After removing duplicates, all titles and abstracts were read by
the first (L.S.S.) and reviewed by the second (M.S.D.) author to
identify potentially eligible studies. Subsequently, the full texts of
the selected works were scrutinized, and the papers were either
qualified or excluded based on the predetermined inclusion and
exclusion criteria. Only papers comparing MMA in patients with
TMD-P with respect to healthy patients without TMD were
included. All ambiguities were resolved through discussions
between investigators. The Cohen’s Kappa statistic was performed
to measure the agreement between the two authors. The review
process involved gathering information related to various aspects
of the studies, including study design, participant characteristics,
diagnostic criteria employed to diagnose and categorize TMD,
outcome measures, such as measurement tools, procedures, and
data analysis, as well as principal findings. EMG results were
collected from each study by a single reviewer (L.S.S.) and
documented in an Excel spreadsheet.

2.4. Quality assessment

The Effective Public Health Practice Project (EPHPP,
McMaster University, Ontario, Canada) Quality Assessment Tool
for Quantitative Studies was utilized to evaluate the quality of the
studies that were included in the review (32). This tool assesses
various components, such as study design, selection bias,
confounders, blinding, data collection methods, and withdrawals,
and provides an overall rating of the study as either “strong,”
“moderate,” or “weak.” The quality assessment was performed
independently by two authors (L.S.S and M.S.D). All ambiguities
were resolved through discussions between reviewers. The
Cohen’s Kappa coefficient for the agreement between the authors
was calculated.

3. Results

Following search strategy 450 potential articles were identified:
225 from PubMed, 97 from Web of science, 65 from Scopus, and 63
from Embase. After removing of 102 duplicates, 348 articles were
analyzed. As a result of title and abstract screening, 318 papers were
excluded based on the predetermined inclusion and exclusion criteria.
Of the remaining 30 articles, 16 were excluded because they were
literature reviews, studies of ineligible study design, studies of
ineligible outcome measure, or ineligible population, such as patients
with congenital craniofacial anomalies, patients with TMD without
pain. Finally, 14 papers were included in the review. The entire process
was schematized in the Prisma Flow Diagram (Figure 1, Flow
diagram). The Kappa value between two reviewers was calculated as
0.97. Table 1 displays the principal features of each study that was
included in the review.

The quality assessment results for each study are summarized in
Table 2. The Cohen’s Kappa coeflicient for the agreement between the
authors was calculated as 0.92. Global quality rating using the EPHPP
Quality Assessment Tool for Quantitative Studies for most of the
studies (n=10) was weak.
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Two of the included articles focused on evaluating MMA in
children and adolescents with TMD-P (6, 18). Adults were included
in remaining 12 studies.

The Research Diagnostic Criteria for Temporomandibular
Disorders were the most frequently used criteria to diagnose and
categorize TMD (n=9), followed by clinical examination (n=4), and
the DC/TMD (n=1). Within these criteria, muscle disorders
(myofascial pain, myalgia) were the most frequently studied subgroup
(n=7) (17, 18, 26, 28, 34, 37, 40), followed by mixed TMD (n=6) -
myalgia and arthralgia diagnoses (6, 9, 35, 36); myogenous,
arthrogenous and psycogenous pain groups (38); myalgia and
neuropatic pain groups (33). Arthrogenous TMD were the least
reported (n=1) (39).

Masticatory muscle activity was reported using sEMG under
different conditions: (a) resting position (b) clenching, including
MVC (maximal voluntary clenching) in the intercuspal position and
MVC on cotton rolls or parafilm (c) and chewing. The masseter (MM)
and temporal anterior (TA) muscles were assessed in all studies
analyzed, while the suprahyoid muscles were assessed in 2 studies.

Out of the 14 studies that were reviewed, 13 studies conducted the
processing and analysis of the EMG signal based on the time-domain.
One study, however, performed both time-domain and frequency-
domain analyses (37).

Masseter and temporal muscle activity at rest was assessed in 7
studies. In 6 of them reported significantly greater MM and TA
activity in the TMD-P group compared to a healthy non-TMD group
(6, 17, 18, 26, 33, 34). In contrast, one study found no significant
differences in the MM and TA electromyographical activity between
myofascial pain subjects and asymptomatic controls (28).

Masseter muscle EMG activity during MVC was measured in 12
studies. Of these, 8 reported significantly lower MM activity in the
TMD-P group compared to asymptomatic non-TMD patients (6, 9,
17, 18, 35-38) and 2 reported higher MM electrical activity in the
pain-related TMD group (28, 40). Two studies found no significant
differences in the MM electrical potentials between pain-related TMD
patients and asymptomatic control subjects (26, 39). Twelve studies
examined TA muscle electrical activity during MVC. Most of them
(n=6) showed lower EMG potentials in the pain-related TMD group
compared to the control group (6, 9, 18, 35, 36, 38) and one observed
higher EMG activity of the TA muscles in the TMD-pain group (28).
Five studies found no significant differences in the temporal muscle
EMG activity during MVC between TMD-pain patients and
asymptomatic controls (17, 26, 37, 39, 40).

Two studies examined masseter and temporal muscle electrical
potentials during chewing (36, 40). One study found no differences in
the MM and TA activity between the TMD-P group and the control
group (40). A single study observed that individuals with TMDse
exhibited greater recruitment of muscles on the balancing side during
chewing, particularly in the masseter muscle, when compared to
control subjects (36).

The EMG activity of the suprahyoid muscles was measured in 2
studies (17, 38). The results showed significantly greater EMG activity
in TMD-P patients during MVC on parafilm in comparison to the
control group.

Four studies evaluated the diagnostic efficiency of surface
electromyography in assessing patients with TMD-P (17, 18, 28, 34).
In one study, SEMG was found to have moderate accuracy in
differentiating between children with pain-related TMD and those
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Records excluded
(n=318)

Full-text articles excluded with
reasons (n=16):

- reviews of literature (n=2)
- ineligible study design (n=5)
- ineligible outcome measure (n=1)

- ineligible population:

studies not related to pain-related
TMD patients (n=6)

studies on patients with congenital
craniofacial abnormalities (n=2)
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FIGURE 1
PRISMA flow diagram for the search strategy.

without TMD, specifically for MMmean, left MM and TAmean
normalized EMG activity at rest (18). Another two studies investigated
the diagnostic utility of surface electromyography based on raw EMG
values for the diagnosis of adults with myofascial pain (17, 28). One
study reported moderate accuracy of sSEMG in diagnosing TMD-P
and healthy non-TMD individuals at rest. The authors stated that the
surface electromyography is a valuable additional tool for diagnosis of
TMD patients with myofascial pain of the masticatory muscles (17).
In contrast, one study found that fair to excellent accuracy in
discrimination between patients diagnosed with myofascial pain and
non-TMD controls was obtained only for EMG values during teeth
clenching tasks. However, the authors warned against the potential
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risk of overdiagnosis and overtreatment when using sSEMG as a
diagnostic tool for myogenous TMD (28). In addition, another study
showed that the EMG data at rest provided little support for precisely
distinguishing between TMD-pain patients and asymptomatic
controls (34).

4. Discussion
This systematic review presents relevant findings on masticatory

muscle activity during various tasks in individuals with pain-related
TMD, as well as the diagnostic utility of SEMG in assessing patients
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TABLE 1 Characteristics of the study included.

Authors
year

Berni et al.

2015 (17)

Diagnostic
criteria

RDC/TMD

Study groups, participants

One hundred twenty-three volunteers
distributed into 2 groups: myogenous
TMD group (80 women diagnosed
with myofascial pain (Ia) or
myofascial pain with limited mouth
opening (Ib); mean age of
23.88+5.53 years) and control group
(43 women without TMD; mean age

0f 22.30+3.18 years)

Outcomes

SEMG evaluation of the TA, MM
and suprahyoid muscles were
made at rest and during MVC on

parafilm.

10.3389/fneur.2023.1184036

Results

The TMD group exhibited: significantly greater EMG
activity in all muscles at rest, significantly lower activity
in the MM muscles and significantly greater potentials in
the suprahyoid muscles during MVC on parafilm
compared to the control group.

Moderate accuracy (AUC: 0.74-0.84) of the sSEMG values
was found in all muscles regarding the diagnosis of TMD
at rest and in the suprahyoid muscles during MVC.
Moreover, sensitivity ranging from 71.3 to 80% and

specificity from 60.5 to 76.6%.

Bodéré et al.

2005 (33)

Clinical exam

One hundred twelve patients divided
into 4 groups: myofascial pain group
(n=33, age 27.4+6.9, ratio 84%
female), neuropathic pain group
(n=20, age 43.7 £ 15, ratio 81%
female), disc derangement disorders
group with non-pain patients (n=27,
age 22.4+7.9, ratio 92% female) and
control group of healthy,
asymptomatic subjects (n =32, age

27.1+4, ratio 80% female)

The EMG activity at rest was
recorded simultaneously from
the left and right MM and left
and right TA muscles.

The EMG activity of TA and MM muscles at rest was
significantly higher in the pain patient groups compared
to the asymptomatic control group. There was no
significant difference between the disc derangement
disorder group and the control group. In pain patient
groups, the increased EMG activity at rest were equally

distributed in the pain and non-pain sides.

Glaros et al.

1997 (34)

Clinical exam

One hundred eight individuals: 54
patients diagnosed with myofascial
pain (with or without limited
opening) (age 25.1+7.6) and 54 non-
pain control subjects (age 25.5+7.7).
Both groups consisted of 44 women

and 10 men.

The EMG activity of the left (L)
and right (R) frontalis, temporal
and masseter muscles at rest

were performed.

The TMD-pain group had significantly higher EMG
activity at rest for three of the six sites examined (LTA,
LMM, right frontalis). Using the cutoff value that gave
the smallest classification error, however, resulted in
misclassification of about one third of the TMD and non-

pain individuals.

Lietal. 2016
(35)

Clinical exam

Eleven female patients with unilateral
TMD pain (11 had myalgia and 3 also
had TM]J arthralgia, mean age 23 +5.9)

and 20 healthy female volunteers

The sEMG activity of the TA and
MM muscles during MVC in the
centric and eccentric positions

were simultaneously recorded on

The sSEMG activity of the pain-side TA and bilateral MM
was lower during centric MVC compared with controls.
During pain-side MVC, the normalized sEMG activity of
the working-side MM and balancing-side TA were

age 59.2+52.7) divided into two

15-patient subgroups, with moderate

(mean age 26 +3.2) both sides. higher than those of the controls.
Manfredini RDC/TMD Thirty-six subjects with a diagnosis of = sEMG assessments of the MM EMG data at rest were not significantly different between
etal. 2011 myofascial pain either without (Ia) or and TA muscles were made at myofascial pain patients and asymptomatic subjects,
(28) with limited (Ib) opening (24 women, | rest and during clenching tasks. while the EMG potentials were significantly higher
12 men, mean age 34+9) and an age- during clenching tasks. Symmetry of muscle activity at
and sex-matched group of 36 TMD- rest and during clenching tasks did not differ between
free asymptomatic subjects groups. Fair to excellent accuracy (>0.7) to discriminate
between the 2 groups was found only for EMG
parameters during clenching tasks. Clenching tasks also
showed acceptable sensitivity (77.8-91.7%) and
specificity (76.7-86.7%).
Mapellietal. | RDC/TMD Thirty chronic TMD patients (myalgia =~ sEMG measurements of the MM | During MVC TMDse group had a significantly lower
2016 (36) or/and arthralgia) with DDR (mean and TA muscles of both sides maximal activity of the TA and MM muscles and larger

was recorded during MVC and
right and left 15 s unilateral gum

asymmetry on TA muscles than the control group.

During chewing, TMDse patients recruited the balancing

(TMDmo) and severe (TMDse) signs chewing tests. side muscles proportionally more than controls,
and symptoms and a control group of specifically the masseter muscle. When comparing right
15 healthy subjects matched by age (14 and left side chewing, the muscles’ recruitment pattern
women and 1 man) resulted less symmetric in TMD patients, especially in
TMDse.
(Continued)
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TABLE 1 (Continued)
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Authors | Diagnostic = Study groups, participants Outcomes Results
year criteria
Pires et al. RDC/TMD Seventy-four women with myogenous | sEMG recordings of the right SEMG potentials were significantly higher in the MM
2018 (37) TMD (myofascial pain (Ia) or and left TA, MM and suprahyoid | muscles of the control group than the group with
myofascial pain with limited mouth muscles were performed during myogenous TMD. sEMG values were significantly higher
opening (Ib), mean age 26.54 +2.45) MVC on parafilm. in the MM muscles than the TA muscles in the control
and 30 asymptomatic women as the group. MPF values of the suprahyoid muscles were
control (mean age: 25.85+2.57) significantly higher in the myogenous TMD group than
the control group.
Rodrigues Clinical exam Thirty five female volunteers: 19 SEMG recordings of the TA and The TMD-P group showed higher EMG activity of the
etal. 2004 TMD-pain patients (mean age MM muscles were performed at TA and MM muscles at rest compared with the controls.
(26) 23.04+3.5) and 16 clinically normal rest and during MVC. No difference was observed in MMA activity between
subjects (mean age 23.3+3.0) the groups during MVC.
Santana- RDC/TMD Fifty women with chronic unilateral The EMG recordings of the TA The EMG potentials of the TA and MM muscles for
Mora et al. TMD (both artralgia and myalgia, age and MM muscles were TMD-P patients were significantly lower than those of
2009 (9) 20.46+1.34) and 25 pain-free control performed during MVC. the control group. Right TA and right MM showed lower
subjects (age 20.40 +1.32). Twenty five EMG activity in the right- than in the left-TMD.
subjects presented with right side TMD
and 25 presented with left side TMD.
Szyszka- RDC/TMD Ninety patients divided into 3 groups: = The EMG potentials of the TA Significantly higher rest TA activity was noted in TMD-P
Sommerfeld a TMD-pain group (30 subjects with and MM muscles were measured | subjects compared with that children from the TMD-PF
el al. 2020 (6) myogenous and/or arthrogenous at rest and during MVC in the and control groups, as well as in TMD-PF children in
TMD, 16 girls and 14 boys, age intercuspal position and on relation to those without TMD. The EMG potentials of
8.8 +1.5), a pain-free group (30 cotton rolls. the TA muscle during MVC were significantly lower in
subjects with TMD-PE, 14 boys and 16 patients with TMD-P than in TMD-PF and control
girls, age 9.0+ 1.3), and a control subjects. MM muscle activity at rest in the TMD-P group
group (30 subjects without TMD, 15 was significantly greater, and MM muscle EMG
girls and 15 boys, age 8.9+ 1.6) potentials during clenching were significantly lower than
in controls.
Szyszka- RDC/TMD Sixty children of both sexes divided The electrical activity of the TA The EMG potentials of the right (R) and left (L) TA and
Sommerfeld into 2 groups: myofascial pain group and MM muscles was recorded MM muscles at rest were significantly higher in the
etal. 2022 (30 children with myofascial pain at rest and during MVC in an TMD-P group compared to the control group. During
(18) (Group Ia and Ib) and awake bruxism, | intercuspal position and with MVC, temporal (RTA) and masseter (LMM, MMmean)
mean age 9.65+ 1.25) and control two 10-mm cotton rolls. muscle EMG activity was significantly lower in children
group (30 children without TMD, with TMD-P than in subjects with no TMD.
mean age 9.33+1.42) Moderate degree of SEMG accuracy (AUC>0.7) in
discriminating between TMD-pain and non-TMD
children was observed for TAmean, left MM, and
MMmean EMG muscle activity at rest.
Targaliaetal. | RDC/TMD One hundred and three TMD patients sEMG measurements of the right | The control subjects had the largest standardized EMG
2008 (38) (90 women, mean age 42+ 16; 13 men, and left MM and TA muscles muscle activity during MVC, followed by the myogenous
mean age 41 +16) subdivided into 3 were performed during MVC in and arthrogenous patients; the lowest value was found in
non-overlapping groups: (a) 25 the intercuspal position and on the psycogenous patients. Symmetry in the TA muscles
myogenous; (b) 61 arthrogenous; and (c) | cotton rolls. was larger in control subjects compared to the TMD
17 psycogenous patients. The control patients.
group included 32 subjects matched for
sex and age (25 women, 7 men).
Targaliaetal. | RDC/TMD Thirty arthrogenous TMD patients (15 | sEMG recordings of the right During clenching tasks, the TMD patients had larger
2011 (39) men, 15 women, mean age 23.2+3.5) and left MM and TA muscles asymmetry in their TA muscles, larger TA activity
with long lasting pain (more than were performed during MVC in relative to MM, and reduced MPFs than the control
6 months), and 20 sex- and age- intercuspal position and on subjects. No significant difference was observed in
matched control subjects without cotton rolls. standardized total muscle activity between the groups.
signs or symptoms of TMD (mean age
22.6+2.8)
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TABLE 1 (Continued)

Authors
year

Diagnostic
criteria

Study groups, participants

Valentino DC/TMD Twenty seven women with chronic
etal. 2021 TMD myalgia (mMTMD, mean age
(40) 38.3+12.8) and 18 TMD-free women

(mean age 36.2+12.9)

Outcomes

The EMG activity of the TA and
MM muscles of both sides were
recorded during clenching tasks
(MVC in the intercuspal position
and on cotton rolls) and while
chewing gum on the right and
left side.

10.3389/fneur.2023.1184036

Results

Women with mTMD had greater muscle work than
controls. The EMG activity of TA and MM were similar
between right and left sides in both groups. mTMD
patients had a significantly greater activity of MM
muscles than TMD-free women. No differences between

groups were found in chewing rate.

RDC/TMD, Research Diagnostic Criteria for Temporomandibular Disorders; DC/TMD, Diagnostic Criteria for Temporomandibular Disorders; TMD, temporomandibular disorders; TM],
temporomandibular joint; TMD-P, pain-related TMD; TMD-PE, pain-free TMD; sEMG, surface electromyography; TA, temporal anterior muscle; MM, masseter muscle; MVC, maximal
voluntary clenching; AUC, area under ROC curve; MPE, mean power frequency; DDR, disc displacement with reduction.

with TMD-P. Fourteen studies examining the MMA in the rest
position, during MVC and chewing were included in the review.

It was shown that electromyographical activity of the masticatory
muscles differed between the TMD-pain and non-TMD groups. In
addition, the direction of changes in MMA varied depending on the
task studied. During the evaluation of pain-related TMD subjects
using SEMG, the tasks that were most frequently analyzed included
resting muscle activity and muscle activity during MVC. Most studies
showed that the EMG activity of the MM and TA muscles at rest in
TMD-P subjects was higher than in the asymptomatic controls (6, 17,
18, 26, 33, 34), while the MM and TA muscles were less active in pain-
related subjects than in the control group during MVC (6, 9, 18, 35,
36, 38). This observation suggests that the presence of pain may result
in reduction in muscle activity and restriction of movement patterns
as a protective mechanism to prevent injury (41, 42).

The symmetry of muscle activity between sides is another crucial
factor to consider. A number of studies included in this systematic
review found a higher level of asymmetry in pain-related TMD groups
compared with healthy, pain-free control groups (36, 38, 39), while
others found no difference in the symmetry of muscle activity between
TMD-P patients and asymptomatic controls (28).

Clinically, it is crucial to note that alterations in the pattern of
muscle activity in individuals with TMD-P can impact muscle fatigue
and, therefore, muscle function (43). Muscle activity testing should
include examination of specific muscle groups in certain tasks to
properly recognize abnormalities. Normalizing muscle activity and
improving muscle function are essential aspects of developing effective
treatment protocols for TMD-P patients.

sEMG is a widely used non-invasive technique that has found
application in the diagnosis of patients with general muscle disorders,
neuromuscular diseases or diseases affecting neuromuscular
performance (18). In dentistry, SEMG plays an important role in the
assessment of painful and non-painful conditions of TMDs, dystonia,
head and neck muscle diseases, cranial nerve lesions, as well as
seizures and sleep disorders (44). Adequate quality of the EMG
assessment and reporting is essential to ensure reliable evaluation of
patients with TMD. It should be noted that one of the main
disadvantages of surface electromyography is its sensitive to
impedance imbalances, which may reduce the accuracy of the EMG
recordings (19, 27). Problems with the reproducibility of SEMG
related to technical artifacts (instrumental noise), anatomical
variations such as facial type, age, gender, thickness of subcutaneous
fat, as well as muscle cross-talk, may hinder its clinical validity (4).
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The reproducibility of sSEMG is also debatable due to the different
inter-electrode distances and their various positioning over muscles.
Therefore, special attention should be paid to establishing a fixed
inter-electrode distances and creating a standardized protocol for
surface electrode placement. In this context, it should be emphasized
that the precision of EMG outcomes can be greatly influenced by a
number of factors, including technical aspects, such as positioning
of electrodes, signal processing, as well as the particular hardware
and software used (19, 27). In the included studies, EMG recordings
of the subjects were performed using a variety of EMG devices with
different technical parameters, including: the DAB-Bluetooth
Instrument (Zebris Medical GmbH, Germany) (6, 18), the BIO-EMG
1000 electromyograph (Lynx Tecnologia Eletronica Ltda, Sao Paulo,
SP, Brazil) (17, 26, 37), the K6 Diagnostic System (Myotronics Inc.,
Seattle, WA, USA) (28), the computerized instrument (Freely, De
Gotzen srl; Legnano, Milano, Italy) (38, 39), the Nicolet Viking Select
electrodiagnostic system (Nicolet Biomedical, Madison, WI, USA)
(9, 33), the EA-1, J&J Instruments (Poulsboro, WA, USA) (34), the
EMG system (TMJOINT, BTS, SpA, Garbagnate Milanese, Italy) (36,
40), the BioEMG III with a BioPak Measurement System, version 6.0
(Bioresearch Associates, Inc., Milwaukee, WI, USA) (35). Prior to
the electrodes placement, the patient’s skin surface was cleaned to
reduce impedance (6, 9, 17, 18, 34, 36, 37, 40). Different types of
surface electrodes were placed over the muscle belly of the masseter,
anterior temporal and suprahyoid muscles in specific positions, and
then all experimental tasks were performed. During the EMG
recordings, the subjects sat in a chair with natural head position. To
evaluate the EMG data, the researchers used various parameters to
analyze the electromyographic signal in TMD-P subjects. Data
processing was performed in the amplitude domain with normalized
(6, 18, 35, 36, 38-40) or non-normalized data (9, 17, 26, 28, 33, 34)
and/or in the frequency domain (37). In this context, it should
be noted that the normalization process is essential to ensure
intercomparisons and further data analysis. Normalized EMG data
will offer insight into the impact of occlusion on neuromuscular
activity, while disregarding individual variations such as anatomical
variances, physiological and psychological state, and others. To
standardize the interpretation of muscle electrical potentials,
normalization techniques are used to compare them with reference
values obtained during standardization recordings. In the
standardization recording, among the various protocols, MVC on
two cotton rolls positioned on mandibular molars is now commonly
used (6, 18, 21, 36, 38-40, 45).
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TABLE 2 The quality assessment of the studies included (EPHPP instrument).

Selection
bias

Authors, year

Confounders

10.3389/fneur.2023.1184036

Global
ratings

Withdrawals
and dropouts

Data collection
methods

Blinding

Berni et al., 2015 (17) Moderate Moderate = Moderate Moderate Strong Weak Moderate
Bodéré et al., 2005 (33) Moderate Moderate = Moderate Weak Moderate ‘Weak ‘Weak
Glaros et al., 1997 (34) Moderate Moderate = Moderate Weak Moderate Weak Weak
Lietal., 2016 (35) Weak Moderate = Moderate Weak Moderate Weak Weak
Manfredini et al., 2011 (28) Moderate Moderate | Moderate Moderate Moderate Weak Moderate
Mapelli et al., 2016 (36) Moderate Moderate = Moderate Moderate Moderate Weak Moderate
Pires et al., 2018 (37) Moderate Moderate = Moderate Weak Moderate ‘Weak ‘Weak
Rodrigues et al., 2004 (26) Weak Moderate | Moderate Weak Moderate Weak Weak
Santana-Mora et al., 2009 (9) Strong Moderate = Moderate Weak Moderate Weak Weak
Szyszka-Sommerfeld et al., 2020 (6) Moderate Moderate = Moderate Weak Moderate Weak ‘Weak
Szyszka-Sommerfeld et al., 2022 (18) Moderate Moderate = Moderate Weak Strong Weak Weak
Targalia et al., 2008 (38) Moderate Moderate | Moderate Moderate Moderate Weak Moderate
Targalia et al., 2011 (39) Weak Moderate = Moderate Weak Moderate ‘Weak ‘Weak
Valentino et al., 2021 (40) Moderate Moderate | Moderate Weak Moderate Weak Weak

Criteria for global ratings: strong =no weak ratings; moderate = one weak rating; weak = two or more weak ratings.

It should also be emphasized that several restraints of sSEMG,
including its time-consuming nature, the need of specialized
equipment, and the need of proper training and calibration of the
examiner may limit the use of SEMG in clinical settings. However, the
advantages of sEMG such as its ease of use, availability, and
non-invasive and painless nature, partially compensate for the
aforementioned limitations (19). For these reasons, the method can
also be used in children and adolescents (6, 18).

In light of the above, it is also important to evaluate the
diagnostic utility of surface electromyography in the diagnosis of
pain-related TMD. The utilization of SEMG as a tool for evaluating
patients with TMD-pain diagnosis versus RDC/TMD as the gold
standard is debatable due to the significant variability in results (17,
18, 27, 28). While some authors have suggested that sSEMG can
be used as an additional diagnostic tool for identifying TMD pain
(17, 18), others have argued that electromyography may not
be useful for this purpose (28, 34). These findings encourage the
search for other measurable instrumental diagnostic methods that
allow objective and quantitative analysis of masticatory muscle
function and may be useful in the assessment of TMD-P, such as
thermography, kinesiography or pressure algometry (28, 46-52). The
advantages of thermography, including its non-invasiveness, lack of
ionizing radiation, and relatively low cost, are sufficient to
recommend its use among the supplementary tools employed in
TMD diagnosis. However, the validity of the use of thermography in
the evaluation of TMD is still under investigation (46, 47, 50). Some
studies have confirmed the diagnostic utility of thermography in
identifying patients with TMD (46, 51), while other researches have
observed low accuracy of infrared thermography analysis in
differentiating between subjects with myogenous TMD and
asymptomatic controls (50). An important limitation of using this
method in clinical practice is that there is no standardized protocol
for measuring masticatory muscle temperature using infrared
thermography. Standardization of all protocols requires ensuring
that all possible thermal changes related to the image acquisition
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room and patient habits do not interfere with the acquisition of data.
Therefore, the need of control the measurement conditions, as well
as problems with complete objectification of the results may limit the
use of thermography in the assessment of TMD (47). The diagnostic
utility of kinesiography has also been questioned. Low accuracy
using kinesiography recordings in identifying subjects with
myofascial pain in the masticatory muscles has been reported (28).
The lack of normative values on which to base discriminatory power
between TMD patients and asymptomatic subjects is a major
limitation to conclusively assessing the validity and application of
this method in a clinical practice. Similarly, pressure algometry is a
non-invasive and easy to use method to assess TMD, but because of
the specific nature of the examination, this technique is also
dependent on a number of factors which may limited its application.
A key element is maintaining consistent test conditions. Among the
main factors that are particularly important in this regard are the
invariability of the position of the algometer in relation to the
structures under examination, the dynamics of the pressure exerted,
the area to which pressure is applied, and the differences between
algometers (48). While some authors have confirmed the high
diagnostic value of pressure algometry in differentiating TMD cases
from controls (48, 52), others report low accuracy of pressure
algometry in diagnosis of myofascial pain of the masticatory
muscles (49).

This systematic review presents some limitations that should
be acknowledged: (a) most of the included studies were of weak
quality according to the EPHPP tool; (b) only four articles included in
this review focused on the diagnostic utility in differentiating between
TMD-P and asymptomatic control subjects; (c) the use of different
EMG devices and various parameters to analyze the EMG signal may
affect the results among the included studies; (d) we should also
be aware that the differences in study groups characteristics such as
gender, age, TMD subgroup may affect the EMG results; (e) as the
reliability and validity of sEMG largely depends on biological,
instrumental and technical factors, future studies need to investigate
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the quality of EMG testing and reporting procedures using a
standardized framework.

5. Conclusion

This systematic review comprehensively examines changes in
masticatory muscle activity in pain-related TMD subjects using
surface electromyography. Differences were found in masticatory
muscle activity in the TMD-pain population compared to a healthy
control group during various tasks. The diagnostic efficacy of surface
electromyography in assessing individuals with pain-related TMD
remains unclear.
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