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Abstract
Background- Patients with different malocclusions may show 
the different activities of masticatory muscle. Masticatory mus-
cle with neuromuscular disorder can act as an aggravating fac-
tor for a malocclusion. Patients may adopt faulty masticatory 
positions in case of different malocclusion, which may cause 
interference during orthodontic treatment. It mainly depends 
on muscle function or expression while recording. 
Aim- The current study is to evaluate the muscles’ activity 
using surface electromyography in the masseter, temporalis, 
and buccinator muscles in different malocclusions at rest, and 
during chewing and clenching.
Material and Methods- A Total of 39 patients were examined 
and they were divided into 3 groups based on Angle’s classi-
fication of malocclusion- Group 1- Class I malocclusion, Group 
2 – Class II malocclusion, and Group 3- Class III malocclusion. 
Result- At rest position, Group-1 subjects showed higher muscle 
function in the masseter and temporalis muscle (Mean- 18.54 ± 
5.22 and 13.42 ± 4.16 respectively). Whereas, Buccinator showed 
enhanced performance in Group 1 subjects during chewing (Mean- 
52.31 ± 8.98). However, no gender-wise discrepancy in the muscles 
was found during any of the masticatory functions or malocclusions. 
Conclusion- Patients with Class I malocclusion showed higher 
masseter activity than patients with Class II and Class III malocclu-
sions. No gender-wise discrepancy was found in the muscle func-
tion during any of the masticatory functions or malocclusions. 
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Introduction
The stomatognathic apparatus is a complex sys-

tem that operates as a functional unit of the hu-
man body described by numerous tissues of various 
sources and structures that operate in compatibility 
to execute several functional jobs. [1] The synchro-
nization of the masticatory system is based on the 
coordination in the stomatognathic mechanism, in-
cluding teeth, craniofacial bones, periodontal tissues 
masticatory muscles, nerve system, and temporo-
mandibular joint. It has been found that several dy-
namics could play a key role in the mechanism of 
mastication. It has been presumed that malocclusion 
may influence not only morphology but also masti-
catory performance.[2]

The basic rhythm of masticatory function and 
rhythmic muscle movements corresponding with 
jaw movements is thought to be acknowledged by the 
masticatory central pattern generator (mCPG) present 
in the brainstem. [3] Once an abnormal masticatory 
pattern is instituted, it generally remains and tends to 
affect jaw growth. [4,5] 

Electromyography has an important role in eval-
uating the relationship between malocclusions and 
muscle activity. It is the determination of the electrical 
activity of muscular tissue, or its depiction as a visu-
al display or audible signal, by employing electrodes 
connected to the skin or implanted into the muscle 
[6]. Surface EMG is a non-invasive examination that 
is employed to examine the bioelectrical occurrences 
of muscular contractions from the surface of the skin 
of the muscle using a pair of electrodes. [7] Surface 
electromyography has long been the «paradigm» for 
observing muscle activity of the masticatory muscle in 
function and at rest. [8] The research has given an un-
derstanding of the relative meaning of the masticatory 
muscles and has quantified the potential significance 
of electromyographic statistics in dentistry. Therefore, 
this study aims to assess the masticatory muscle re-
sponse in different malocclusions using surface elec-
tromyography. 
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Material and methods
The present study has got an ethical clearance from 

IRB (Institutional Review Board) and the letter num-
ber is SU/2019/1531[16]. The sample for this study 
was drawn from the patients who reported to the De-
partment of Orthodontics and Dentofacial Orthopae-
dics, Santosh Dental College and Hospital, Ghaziabad 
seeking orthodontic treatment. 

Inclusion criteria included patients with different 
malocclusions (Angle’s Class I, Class II, and Class III), 
age between thirteen to thirty-five years, permanent 
dentition, and normal to good oral hygiene. 

Patients having deciduous or mixed dentition, 
with congenital/craniofacial deformities, with TMJ 
dysfunction, parafunctional habits, and muscular dis-
orders, having pathology within the maxilla or mandi-
ble, with cleft lip, palate, or both, with a partial or full 
edentulous arch or refuse to sign the informed consent 
were excluded. 

Patients were segregated equally into 3 groups ac-
cording to their malocclusion. Group 1 patients had 
Angle’s Class I malocclusion, Group 2 patients had 
Angle’s Class II malocclusion (including Div 1 and Div 
2), and Group 3 patients had Angle’s Class III maloc-
clusion. Surface electromyography was done for all the 
groups.

sEMG of muscles was performed using a Sin-
gle Channel Digital EMG Unit (NeuroTrac Simplex; 
made in the United Kingdom). (Fig-1) The NeuroTrac 
Software allows the measurement of high-resolution 
sEMG with an accuracy range from 0.2μV to 2000μV. 
The machine has a sensitivity value of 0.1μV RMS. The 
electrodes (3cm x 1cm) were attached to dual conduc-
tor lead wires with a coppethe patients were instructed 
to keep the head and body still asr core. (Fig-2)

During the procedure, the patients were told to 
maintain a steady posture as the movement of the 
head and neck region, or the body could impact the 
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Figure 1: Quantitative evaluation of activity in masseter muscle in different malocclusions at rest, during chewing, and during 
clenching.
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clenching



Issue 25. December 2022 | Cardiometry | 1321

sEMG results. The patients were instructed to avoid 
any movement of their tongues as any stimulation of 
the muscles may alter the results. The surface to be 
evaluated was cleaned with a disinfectant. Chewing 
gum was kept in the mouth, and patients were told to 
chew it only when the EMG activity of the masseter 
and temporalis muscles during mastication and swal-
lowing in Class II and Class III patients. No significant 
difference of masticatory muscles activity between 
Class II and Class III malocclusion signal is given. 
For clenching, patients were instructed to clench with 
pressure continuously. In each patient total of six sur-
faces above the following muscles were examined for 
each malocclusion group – right and left Masseter, 
right and left temporalis, and right and left Buccinator 
muscles. The readings were taken for three actions at 
rest, during clenching, and during chewing. The sur-
face leads were placed at different areas, respectively. 
(Fig-3) For reading for the chewing patient was at rest 
for 10 seconds then, 10 seconds of bilateral chewing 
and 10 seconds of rest. For reading for clenching pa-
tient was at rest for 10 seconds then, 10 seconds of 
continuous clenching and 10 seconds of rest.

Statistical analysis 
Data was entered into a Microsoft Excel spread-

sheet and was checked for any discrepancies. Sum-
marized data was presented using Tables and Graphs. 
The data were analyzed by SPSS (21.0 version). Sha-
piro Wilk test was used to check which all variables 
were following a normal distribution. Bivariate analy-
ses were performed using the parametric tests i.e., in-
dependent t test (for comparing two groups) and one 
way ANOVA (for comparing more than two groups). 
Level of statistical significance was set at p-value less 
than 0.05

Results
The mean masseter muscle activity at rest in class I, 

II, and III malocclusions were found to be 18.54±5.22, 
12.61±4.020, and 10.95±4.03 respectively. During 
chewing, the mean and standard deviation of class I, 
II and III malocclusion was 51.77±9.74, 48.85±10.9 
and 50.38±8.53. In class I, II and III malocclusions, 
mean and standard deviation during clenching was 
161.75±29.49, 176.85±26.25 and 159.38±31.56 respec-
tively. Overall significant difference in masseter mus-
cle activity was found at rest only among class I, II and 
III. The muscle activity was found to be maximum in 
class I malocclusion as compared to class II and III. 
During clenching and chewing no significant differ-
ences were seen in masseter muscle activity. (Table-1) 
(Graph- 1)

The mean temporalis muscle activity at rest in 
class I, II, and III malocclusions were found to be 
13.42±4.16, 7.68±2.12, and 10.16±2.87 respectively. 
During chewing, the mean and standard deviation 
of class I, II, and III malocclusions were 46.92±7.08, 
47.62±13.02, and 53.31±24.94. In class I, II, and III 
malocclusions, mean and standard deviation during 
clenching were 197.54±27.33, 160.85±30.50 and 
168.92±32.31 respectively. An overall significant dif-
ference was found in temporalis muscle activity at 
rest and during clenching when compared in class I, 
II, and III malocclusion the muscle activity was found 
to be maximum both at rest and during clenching in 
class I malocclusion as compared to class II and III. 
During chewing, no significant difference was seen in 
temporalis muscle activity. (Table-2) (Graph- 2)

The mean buccinator muscle activity at rest in 
class I, II, and III malocclusions were found to be 
14.18±3.96, 10.47±4.03 and 11.02±6.95 respectively. 
During chewing, the mean and standard deviation of 
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Figure 3- Quantitative evaluation of activity in buccinator muscle in different malocclusions at rest, during chewing and clenching
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Table 1
Quantitative evaluation of activity in masseter muscle in different malocclusions at rest, during chewing, and during clenching.

MASSETER MUSCLE N Mean Std. Devia-
tion

95% Confidence Interval 
for Mean

P value Post hoc 
comparisonLower 

Bound
Upper 
Bound

At rest

Class I 13 18.54 5.222 15.38 21.69

<0.0001 1>2,3Class II 13 12.61 4.020 10.19 15.04

Class III 13 10.95 4.039 8.50 13.39

During 
chewing

Class I 13 51.77 9.748 45.88 57.66

0.749 -Class II 13 48.85 10.900 42.26 55.43

Class III 13 50.38 8.530 45.23 55.54

During 
clenching

Class I 13 161.15 29.493 143.33 178.98

0.257 -Class II 13 176.85 26.251 160.98 192.71

Class III 13 159.38 31.561 140.31 178.46

Table 2
Quantitative evaluation of activity in temporalis muscle in different malocclusions at rest, during chewing and during clenching

TEMPORALIS MUSCLE Mean Std. Deviation
95% Confidence Interval for 

Mean P value Post hoc com-
parison

Lower Bound Upper Bound

At rest

Class I 13.42 4.168 10.90 15.94

<0.0001 1>2,3Class II 7.68 2.124 6.39 8.96

Class III 10.16 2.874 8.42 11.90

During chewing

Class I 46.92 7.088 42.64 51.21

0.571 -Class II 47.62 13.029 39.74 55.49

Class III 53.31 24.941 38.24 68.38

During clench-
ing

Class I 197.54 27.333 181.02 214.06

0.009 1>2,3Class II 160.85 30.501 142.41 179.28

Class III 168.92 32.317 149.39 188.45

Table 3
Quantitative evaluation of activity in buccinator muscle in different malocclusions at rest, during chewing and during clenching

BUCCINATOR MUSCLE Mean Std. Deviation
95% Confidence Interval for 

Mean P value Post hoc com-
parison

Lower Bound Upper Bound

At rest

Class I 14.18 3.963 11.78 16.57

0.158 -Class II 10.47 4.039 8.03 12.91

Class III 11.02 6.955 6.81 15.22

During chew-
ing

Class I 52.31 8.985 46.88 57.74

0.002 1>2,3Class II 39.46 10.293 33.24 45.68

Class III 40.08 9.188 34.52 45.63

During 
clenching

Class I 42.69 10.119 36.58 48.81

0.367 -Class II 35.69 16.580 25.67 45.71

Class III 41.08 11.471 34.15 48.01
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class I, II and III malocclusion was 52.31 ± 8.98, 39.46 
± 10.29 and 40.08 ± 9.18. In class I, II and III maloc-
clusion, mean and standard deviation during clench-
ing was 42.69±10.11, 35.69±16.58 and 41.08±11.47 
respectively. An overall significant difference in bucci-
nator muscle activity was found during chewing only 
among class I, II and III malocclusions using the mus-
cle activity was found to be maximum both in class I 
malocclusion as compared to class II and III. At rest 
and during clenching, no significant difference was 
seen in buccinator muscle activity. (Table-3) (Graph- 
3)

Gender-wise comparison of buccinator, temporalis 
and buccinator muscle activity showed no significant 
differences at rest, during chewing, and during clench-
ing. (Tables 4, 5 and 6)

Discussion
The hypothesis that muscles generate electricity 

was by Francesco Redi in 1666, due to the suspicion 
that the discharges of electric fish were of muscular 
origin.[9] In Graber el al (1963) found relationship 
between muscles and their structural configuration in 
Class I, Class II, and Class III malocclusions. It was 
seen that muscle function can be adaptive to morpho-
genetic pattern. [10] The initial effort to utilize elec-
tromyography in dentistry was devised by Moyers et 
al. It was employed to record the neuropsychological 
dynamics related to prosthetic rehabilitation tech-
niques. [11]

In a trial conducted by Moss et al (1975) it was 
concluded that patients with normal occlusion show 
a regular pattern of muscle activity, and the muscle 

Table 4
Masseter muscle activity among males and females

Masseter Gender N Mean Std. Deviation P value

At rest
Male 16 12.59 5.171

0.172
Female 23 15.03 5.534

During chewing
Male 16 48.19 9.628

0.249
Female 23 51.83 9.485

During clenching
Male 16 164.88 31.106

0.873
Female 23 166.43 29.019

Table 5
Temporalis muscle activity among males and females

Temporalis Gender N Mean Std. Deviation P value

At rest
Male 16 9.34 3.409

0.153
Female 23 11.17 4.111

During chewing
Male 16 51.94 20.174

0.411
Female 23 47.43 13.697

During clenching
Male 16 174.38 34.217

0.831
Female 23 176.74 33.516

Table 6
Buccinator muscle activity among males and females

Buccinator Gender N Mean Std. Deviation P value

At rest
Male 16 12.71 5.940

0.425
Female 23 11.31 4.867

During chewing
Male 16 43.19 11.845

0.724
Female 23 44.48 10.655

During clenching
Male 16 40.75 15.725

0.716
Female 23 39.17 11.126
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activity is exceedingly correlated. Patients with Class 
II (Division I) Class II (Division 2) Class III, and pos-
tural Class III malocclusions can be segregated on the 
basis of their patterns of muscle activity. The pattern of 
muscle activity was not similar to that of persons with 
normal occlusion. [12], these results are in agreement 
with the present study.

The outcomes of the current study verify the find-
ings of the trial by Cuevas et al (2013) to investigate 
the performance in the muscles of jaws and mandib-
ular kinematics following Teuscher activator manage-
ment and at 2 years following orthodontic treatment 
conclusion. Teuscher activator and the following fixed 
orthodontic appliance improved jaw muscle perfor-
mance in the subjects with Class II Div1 malocclusion; 
nonetheless, an extensive approach was required to 
gain the full neuromuscular adaptation. Thus, proving 
that muscles at normal occlusion have greater mus-
cle activity than in malocclusion.[13] Antonini et al 
(1990) evaluated the EMG activity of the temporalis 
and masseter muscle during swallowing and mastica-
tion in Class II and Class III patients. No significant 
difference of masticatory muscles activity between 
Class II and Class III malocclusion was reported at 
rest. [14] The study done by Melo et al (2016) showed 
data of habitual postural characteristic the electrical 
activity of the temporal muscles is higher than the 
activity of masseter muscles.[15] Our research co-re-
lates with the above-mentioned studies. The studies 
done by Karau et al (1956) [16] Lowe and Takada et 
al (1984) [17], Cha BK et al (2007) [18], Kaya D et al 
(2013) [19], Nakamura et al (2013) [20] showed simi-
lar results as the present study. 

The present study findings of the surface electro-
myography were similar in both genders. Their find-
ings agree with Ferrario et al (1993), Khamnei et al 
(2016), and Yusuf et al (1997). [7, 21-22]

Further investigations are needed to explore the 
relationship between occlusal features and muscular 
activity, designed following specific criteria (random-
ization, inclusion and exclusion criteria, similarity be-
tween groups at baseline, detailed description of the 
protocols to facilitate replication, blinding methods) 
to establish if a causal association between these vari-
ables really exist, thus avoiding spurious associations.23

Conclusion 
Different malocclusion (class I, II, and III) can alter 

muscle activity which can act as a predisposing factor 

for more severe malocclusion. This study has evaluat-
ed the functional ability of masticatory muscle in dif-
ferent malocclusions by using surface electromyogra-
phy (sEMG). Patients with different malocclusion may 
show different efficacy of masticatory muscle. The 
study concluded that the patients with Class I maloc-
clusion showed higher masseter activity than patients 
with Class II and Class III malocclusions. 

The electromyographic activity of the Masseter mus-
cles showed insignificant variations during chewing and 
clenching. Patients with Class I malocclusion showed the 
highest electromyographic activity in Temporalis mus-
cles during rest and clenching than other malocclusions. 
However, the variations in the values were insignificant 
during chewing. For buccinator muscles, the highest 
muscle activity was found during chewing in patients 
with Class I malocclusion. However, the variations in 
muscle activity for all the muscles for every malocclusion 
were found to be highly insignificant. 
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