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gravis.[1] Moreover, EMG plays an important role in 
the diagnosis of facial muscle during orthodontic 
treatment related to neuromuscular approach and 
facial pain associated with the use of functional 
appliance.[1] There are two methods of EMG – surface 
EMG and intramuscular EMG recording.[2] Usually, 
surface EMG is used to assess muscle function by 
recording muscle activity from the surface over 
the muscle on the skin using a pair of electrodes.[2] 
Surface EMG permits the noninvasive investigation 
of the bioelectrical phenomena of muscular 
contraction.[1] This instrument EMG adequately allows 
the examination of some important muscles involved 

INTRODUCTION

Electromyography (EMG) is well‑defined as the 
recording and study of the fundamental electrical 
properties of skeletal muscle using superficial or 
needle electrodes which basically determine the 
muscle is contracting or not. EMG is widely practiced 
both in clinical and research fields. In dentistry, uses 
of EMG is more common in temporomandibular 
joint (TMJ) disorder, TMJ dysfunction, dystonia, 
muscle disease of head and neck, cranial nerve lesion, 
and also seizure disorders.[1] EMG is also used in 
finding of some more diseases which are associated 
with damage of muscle tissue and nerve as EMG 
performed in the tongue muscle due to amyotrophic 
lateral sclerosis and facial muscle due to myasthenia 
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in chewing, swallowing, and posture of the head 
(typically masseter, temporalis anterior and posterior, 
digastric anterior, sternocleidomastoid).[2] On the 
other hand, intramuscular EMG can perform using 
different types of recording electrode.[2] Its simplest 
one is a monopolar needle electrode.[2] For identifying 
the nature and position of motor unit lesions via 
recording, the electrical activity is induced in muscle 
by electrical stimulation of its nerve.[2]

Here, we choose those articles which are related 
to EMG activity in the dental field. This review of 
meta‑analysis will evaluate the quality of those studies.

MATERIALS AND METHODS

The main approach of this study was to search in five 
electronic databases [Table 1] where some keyword 
combinations were used to systematically search for 
those literature published until (including) April 2015.

Here, the main concern was to find out the uses of 
EMG in dentistry. Data were fully collected for a 
purposive study. The inclusion criteria were identified 
as the papers using EMG in the dental sector, neck 
EMG records in the head and region, and also describe 
the importance of EMG activity in dental practices. 
On the other hand,  the papers using EMG for medical 
purpose which was not related to dentistry definitely 
were excluded from the study. In exclusion criteria, it 
also added that those studies not done in human (like 
animal study) and the publications not in English.

After this electronic database searching, the total 
amount of paper was founded and from that, we 
selected a number of papers based on inclusion and 
exclusion criteria [Table 2]. For analytic part, we select 
mean and standard deviation value of a number of 
papers, and meta‑analysis was done for systemic 
review.

RESULTS

The studies that search in the different databases 
including their selection procedure have been 
mentioned in Figure 1. From total 17,700 hits, 
duplicates were removed, and 189 studies found 
after screening. Based on the inclusion and exclusion 
criteria, 18 full‑text articles were selected for this 
review. These studies well‑arranged in Table 3 clearly 
reflect the results of individual study. Among them, 
only eight studies fulfilled the criteria of meta‑analysis 
[Figure 2]. In meta‑analysis, it showed P < 0.001 for 

fixed effect and 0.535 for random effects. After the 
forest plot, Q‑test was 83.7255 and I2 value was 91.64%. 
Hence, it indicates the presence of considerable 
heterogeneity.

DISCUSSION

EMG is a technique for assessment and record the 
electrical activity produced by muscles while they 
are resting or in function. It helps in diagnosis and 
analysis of optimal results by protecting hard and 
soft tissue, implants, and restorations. The bio‑EMG 
is specifically designed to record craniofacial muscle 
activity in both resting conditions.[2] EMG has several 
uses in general dentistry within our practice, including 
orthodontics, implants, occlusion or bite correction, 
and TMJ disorder or sleep disorders.[1] In dentistry 
for the last few decades, EMG are used in several 
purposes such as assessing muscles of the head and 
neck at rest and in function.

In 1982, Hamada et al. conducted an electromyographic 
study of the masseter and anterior temporal muscle 
in bruxism patients with muscle pain, fatigue, and 
tenderness to find out an appropriate treatment 
option for such patients. In bruxism, causes of patients 
show fatigue existence of masticatory muscles due to 
hyperactivity.[4] Kishimoto in 1957 explained that canine 
teeth most often have shown response during teeth 
grinding, abnormal occlusal wear and also reported 
that anterior temporal muscle is more active in EMG.[19]

Table 1: Electronic databases searched
Google Scholar
PubMed
Medpilot

Medline
Cochrane Database of Systematic Reviews
Cochrane Database of Abstracts of Reviews of Effectiveness

Science Direct
Web of Science

Table 2: Keyword combination with which 
systematic literature search was conducted
EMG + dentistry
EMG + dental use
EMG + orthodontics
EMG + TMJ
EMG + TMD
EMG + MPDS
EMG + parafunctional habits
EMG: Electromyography, MPDS: Myofascial pain dysfunction syndrome, 
TMD: Temporomandibular disorder, TMJ: Temporomandibular joint
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In 1984, Wood and Tobias conducted a study to 
discover myofunctional activity during EMG response 
in left and right anterior temporal, left and right 
posterior temporal, and left and right masseter muscles 
to alteration of tooth contacts on occlusal splints 
during maximal clenching.[20] Actually, they wanted 
to determine the changes in muscle activity between 
intercuspal clenching and occlusal splint clenching 
and monitor any changes in the symmetry or muscle 
activity as the contacts became more unilateral, where 
comparisons were made between muscle activity 
that happened on maximal clenching for the several 
conditions using the paired t‑test at the 0.95 level 
of significance and the result was not statistically 
significant.[20] In 1985, Sherman used EMG to describe 
the activity from the masseteric areas of patients 
having the primary complaint of pain originating 
from the region of the TMJ.[21] Here, the patients were 
grouped into four groups depends on the jaw region 
having clear TMJ problems with or without physical 
evidence and history of bruxing or clenching.[21] The 
result showed 16 patients with clear TMJ problems 
having no history of bruxing or clenching was neither 
clinically nor statistically significant, and the mixed 
problem group was significantly different from the 
normal.[21] Therefore, it indicates that presence of 

TMJ problems alone do not lead to increase the level 
of jaw muscle contraction and amount of muscle 
contraction is indistinguishable when TMJ is mixed 
with clenching and bruxing.[21]

Burdette and Gale in 1988 recorded stimulant, 
postural EMG values from the masseteric and anterior 
temporal areas of patients having temporomandibular 
disorders (TMDs) using bipolar surface electrodes for 
an intensive treatment regimen, which encompassed 
splinting and psychophysiological therapies.[22] 
The result indicates that tonic masticatory muscle 
activity may be raised in patients of myofascial pain 
dysfunction syndrome (MPDS).[22]

In 1990, Burdette and Gale published an article on 
reliability of surface EMG of the masseteric and 
anterior temporalis areas. They studied in 37 patients 
having myofascial pain dysfunction.[5] The result 
showed all masseteric and temporalis correlation 
coefficients were significant where the less exact 
measure of the level of tonic activity present in these 
muscle area.[5] In 1990, comparisons of MPDS, TMJD, 
and back pain patients with healthy controls showed 
that TMD patients show marked increases in the right 
masseter EMG levels and drifts toward significantly 

Figure 1: Flowchart showing systematic literature search according to PRISMA guidelines
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Table 3: Electromyography use and study in dental sector
Year Author Study Sample Muscles Problem Result
1982 Casas et al.[3] Stress‑reduction 

behavioral counseling 
and contingent nocturnal 
EMG biofeedback

16 subjects in 4 group
1. Stress‑reduction
behavioral counseling
2. Nocturnal biofeedback
3. Both
4. Waiting‑list 
control group

Muscles 
around TMJ

Night‑time bruxism Significantly 
superior to 
no‑treatment 
control group

1982 Hamada et al.[4] EMG activity of 
masseter and temporal 
muscles in bruxism 
with occlusal splint

103 bruxists in 3 group
Grinding type=32
Clinching type=42 
and both=29

The masseter 
and anterior 
temporal muscles

Bruxism patients 
with clinical 
symptoms such as 
muscle pain, fatigue, 
and tenderness

Significantly 
steeper

1990 Burdette 
and Gale[5]

Reliability of surface 
EMG in masseteric 
and temporal area

32 patients in New York Masseteric 
and anterior 
temporal areas

Patients with 
myofascial 
pain‑dysfunction

Correlation 
coefficients were 
significant

1991 Flor et al.[6] Stress related 
EMG response in 
TMJD patients

4 groups, where 
10 patients with MPDS, 
12 TMJD,12 CBP, 
and 12 HC

Masticatory 
muscles

Patients with 
temporomandibular 
MPDS, TMJD, 
CBP, and HC

Significant

1993 Ferrario et al.[1] EMG activity in 
masticatory muscles

From 160 healthy 
Caucasian dental students

Anterior temporal 
and masseter 
muscles

Sound dentitions 
during rest 
position, contact in 
centric occlusion 
and clench

Examined muscles 
were more 
asymmetric at low 
EMG activity with 
the temporal muscle 
less asymmetrical 
than the masseter

2001 Iyer and 
Valiathan[2]

EMG and its applications 
in orthodontics

Posterior fibers 
of both the 
temporalis and 
masseter muscles

Orthodontic 
implication

Several orthodontic 
application

2001 Wieselmann-
Penkner et al.[7]

Muscular relaxation 
effect of TENS and 
EMG‑biofeedback in 
patients with bruxism

20 patients (13 women 
and 7 men) aged between 
22 and 58 years

Masticatory 
muscles

Patients suffering 
from myofascial 
pain syndrome 
associated with 
bruxism

No correlation

2003 Roark et al.[8] Effects of interocclusal 
appliances on 
EMG activity during 
parafunctional 
tooth contact

20 individuals (7 men 
and 13 women)
ranging in age from 
19 to 28 years

Sixteen muscle 
sites accessible 
extraorally and 
four muscle 
sites accessible 
intraorally

In healthy people Significantly 
decrease of 
temporalis and 
increase of 
masseter activity

2004 Ferrario et al.[9] To assess maximal bite 
forces in healthy young 
adults by surface EMG

10 young healthy subjects 
(2 women, 8 men) 
from Dental School 
of Milan University

The masseter 
and temporalis 
anterior muscles

Young healthy 
subjects

Significant linear 
relationships were 
found between 
bite force and 
EMG potentials

2006 Drost et al.[10] Clinical applications 
of high‑density 
surface EMG

Systemic review Not specified As a diagnostic 
tool in MND, 
neuropathies, 
myopathies (mainly 
in patients with 
channelopathies)

Review article

2008 Castroflorio 
et al.[11]

Surface EMG in the 
assessment of jaw 
elevator muscles

Review Jaw elevator 
muscles

Clinical applications 
of surface EMG in 
jaw‑elevator muscle 
assessment

Review article

2009 Santana‑Mora 
et al.[12]

Changes in EMG activity 
during clenching in 
chronic pain patients with 
unilateral TMD disorders

50 subjects (25 having 
right TMD and 25 left TMD)

Anterior 
temporalis and 
masseter

Unilateral TMD 
disorders

Not significant

Contd...
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higher increases at the left masseter during both 
neutral and stressful images compared to chronic 
back pain and healthy controls groups.[23] The more 
pronounced reactivity on the right side was also 
informed by Katz et al., who noted higher EMG levels 
at the right temporalis muscle.[23]

In 1991, another study had been conducted by Flor 
et al. to find out 33 stress‑related electromyographic 
responses in patients with chronic temporomandibular 
pain, where MPDS patients specified more life stress 
and gave higher aversiveness grades during the 
experiment.[6]

In 1993, Lobbezoo et al. showed (healthy subject) 
that insertion of occlusal appliances in normal, 
healthy, pain‑free males reorganize muscle activity, 
and splints decreased anterior temporalis muscle 
electromyographic activity, whereas masseter activity 
increased.[24] In 1993, Ferrario et al. established a 
study where the result showed male and female, 

mean potentials were similar, except in the clinch, 
where males had higher electromyographic levels and 
during rest position, and contact in centric occlusion.[1]   
Ferrario explored electromyograms of children with 
Class II division 1 malocclusion and found dysfunction 
of the temporal muscle in habitual occlusion and at 
rest (increased activity in the posterior part of the 
temporal muscle).[1] He identified that this dysfunction 
might be an etiologic cause of postnormal occlusion.[1]

Crider in 2000 had been conducted a study in Sweden 
to determine the efficacy of electromyographic 
biofeedback‑based treatments and to evaluate the 
size of treatment effect for TMDs.[25] This review was 
done from 13 studies, six of which were controlled 
trials, four were comparative trials, and rest of three 
were uncontrolled trials.[25]

In 2001, Wieselmann‑Penkner et al. proceeded a study 
to compare the muscular relaxation effect of TENS 
and EMG‑biofeedback in patients with bruxism.[7] 

Table 3: Contd...
Year Author Study Sample Muscles Problem Result
2011 Watanabe 

et al.[13]
Effect of electromyogram 
biofeedback on daytime 
clenching behavior in 
subjects with masticatory 
muscle pain

20 subjects from School 
of Dentistry, Iwate 
Medical University

Masticatory 
muscles

Mild to moderate 
masticatory muscle 
pain and daytime 
clenching behavior

No significantly 
difference

2011 Endo et al.[14] Clenching occurring 
during the day 
is influenced by 
psychological factors

37 dentistry student (14 
women and 23 men)

Temporal muscles Normal occlusion 
with clenching and 
unclenching group

Significant 
difference between 
clenching and 
unclenching group

2012 De Felício 
et al.[15]

Electromyographic 
indices, orofacial 
myofunctional status, and 
TMD disorders severity: 
A correlation study

42 Brazilian women 
with TMD (mean 
30 years) and 18 healthy 
women (mean 26 years)

Masseter and 
temporal muscles

With TMD and 
healthy

Spearman coefficient 
revealed significant 
correlations 
between EMG 
indices, orofacial 
myofunctional 
status, and TMD 
severity (P<0.05)

2013 Alam et al.[16] Myofunctional benefit 
of tooth brushing with 
Miswak: EMG and 
magnetoencephalography 
assessment

3 healthy person Masseter and 
temporalis 
muscles

Healthy person No significant 
variation of alpha 
power after Miswak 
induced brief 
exercise in temporal 
region of brain 
at different hand 
pinch condition

2014 Saito et al.[17] Temporal association 
between sleep 
apnea‑hypopnea and 
sleep bruxism events

10 male subjects Masseter, 
submental, 
anterior tibialis

Obstructive sleep 
apnea‑hypopnea 
syndrome and 
concomitant 
sleep bruxism

Significantly high 
sleep bruxism event

2015 Iwasaki et al.[18] A pilot study of 
ambulatory masticatory 
muscle activities in TMJ 
disorders diagnostic 
groups

71 subjects (27 men and 
44 women) University at 
Buffalo

Masseter and 
temporalis 
muscles

TMD patient Statistically 
significant

MPDS: Myofascial pain and dysfunction syndrome, CBP: Chronic low back pain, HC: Healthy controls, MND: Motor neuron diseases, TMD: Temporomandibular 
disorder, TMJ: Temporomandibular joint, EMG: Electromyography
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In result, EMG activity of the masticatory muscles 
and skin conductance level of patients of myofascial 
pain syndrome showed reduced mean‑EMG levels 
for both groups after the treatment periods, with 
higher EMG values showing in myomonitor group.[7] 
Another article published by Iyer and Valiathan in 
2001 to determine the application of EMG was the 
main concern.[2] Here, the authors described motor 
unit potential and electromyographic technique where 
surface electrodes are more preferable than needle 
electrodes.[2]

In 2003, Roark et al. used EMG during parafunctional 
tooth contact to identify the effects of interocclusal 
appliances.[8] In this study, subjects were instructed 
to create light tooth contact, maximum full clenching, 
and adequate clenching of without the splint in place 
while EMG data from the left and right temporalis 
and masseter muscles were documented.[8] After a 
repeated measures analyses of variance between the 
two conditions, EMG activity showed a significant 
difference.[8] On the right and left temporalis, clenching 
task activity of EMG was significantly decreased and 
the left masseter under moderate clenching remained 
significantly increased.[8]

In 2004, Ferrario et al. proceeded a study to assess the 
repeatability of maximal bite force estimates as found 
by submaxilla electromyographic‑force relationships 
performed simultaneously and symmetrically on both 
sides of the mouth.[9] The result shown significant 

linear relationships were found between bite force 
and EMG potentials.[9]

Drost et al. in 2006 have justified a study on 
clinical applications of high‑density surface EMG 
as a diagnostic tool in motor neuron diseases, 
neuropathies, and myopathies (mainly in patients 
with channelopathies.[10]

In 2008, Castroflorio et al. published a review of 
surface EMG in the jaw elevator muscles (masseter, 
temporalis, medial pterygoid, and superior belly 
of lateral pterygoid) to introduce with recording 
method, inducing factor, and clinical applications 
(identifying the etiology of TMD) and got the 
recording of the surface EMG can ease the reliability 
and sensitivity of this procedure thus associated with 
some methodological factors.[11]

De Felício et al. conducted a study in 2012 to evaluate 
association between surface EMG of masticatory 
muscles, orofacial myofunctional status, and TMD 
severity scores, where result showed TMD patients 
with more asymmetry between right and left 
muscle pairs, more unstable contractile activities of 
contralateral masseter and temporal muscles, worse 
orofacial myofunctional status, and higher TMD 
severity scores than healthy subjects.[15]

In 2013, Alam et al. showed a study in Malaysia to 
evaluate malfunction by surface EMG (sEMG) of 

Figure 2: Meta-analysis of binary outcome measures in forest plot
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the face (masseter) and head (temporalis) muscles 
during brushing teeth Miswak, which may induce a 
dynamic role in the face and head muscles exercise.[16] 
The outcome of sEMG showed continuous muscular 
activity of the temporal and master muscles on both 
sides of the force and movement of the shoulder joint 
during brushing teeth with Miswak.[16]

In 2015, a pilot study has been reported by Iwasaki 
et al. to determine differences in masticatory muscle 
usage between TMJ disorders diagnostic group. 
According to this study, temporalis muscle shown 
significantly higher activity than masseter.[18]

Turcio et al. also conducted a study in 2015 using 
EMG to evaluate the muscular alterations during 
the silent period of anterior temporal and masseter 
muscles influence of oral contraceptive use during 
the menstrual cycle.[26] Alam et al in 2015 evaluated 
the satisfaction of patients with posterior implants 
in relation to the clinical success criteria and surface 
electromyography (sEMG) findings of the masseter 
and temporalis muscles. They found the satisfaction of 
implant patients was high, and which was in relation 
to the successful clinical success criteria and sEMG 
findings.[27]

CONCLUSIONS

We establish that EMG has many uses in our general 
dentistry not only for observation purpose but also 
for diagnostic and therapeutic purpose. EMG record 
shows masticatory muscle response both in exercising 
and resting positions. It is very much helpful in 
the treatment of bruxism patients by detecting 
uncontrolled muscle activity. Using forest plot, we 
assessed the quality of these studies.
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