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Association between muscle activity 
and overjet in class II malocclusion 
with surface electromyography
Shamima Easmin Nishi, Rehana Basri1, Norma Ab Rahman, Adam Husein2 and 
Mohammad Khursheed Alam3

Abstract:
OBJECTIVES: The aim of the study was to assess the association and correlation between the overjet 
and muscle activity (the masseter and temporalis muscles) in patient with Class II malocclusion in 
different genders using surface electromyography (sEMG). 
MATERIALS AND METHODS: The overjet (measured clinically) and electromyographical 
activity (rest, chew, post chew rest, clench and post clench rest) of the masseter and temporalis 
muscle of class II malocclusion patient were assessed in 18 patients (3 males and 15 females) from 
the School of Dental Science, Hospital University Sains Malaysia. 
RESULTS: The results were compared by simple linear regression test to evaluate the association 
between overjet and muscle activity in different genders. Class II malocclusion patients with increased 
overjet group showed significant association with masseter muscle activity on chewing stage 
(P = 0.005, F = 6.081 and adj‑R2 = 0.473). Left temporalis muscle in class II malocclusion showed a 
significant linear association (P = 0.014, F = 0.812 and adj‑R2 =  −0.034) with gender during clench. 
CONCLUSION: In conclusion, class II malocclusion patient with increased overjet can affect 
masticatory muscle function and as well as clench force may differ in gender.
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Introduction

Overjet is the overlapping of the upper 
anterior teeth over the lowers in the 

horizontal plane. Specifically, the extent 
of horizontal (anterior–posterior) overlap 
of the maxillary central incisors over 
the mandibular central incisors. Overjet 
of 2–3 mm is considered normal.[1] In 
class II (division I) malocclusion, the overjet 
is increased (more than 2–3 mm) as the 
maxillary central incisors are protruded. 
Because overjet is a very important 
component for diagnosing class II 
malocclusion, it may also have some relation 
with masticatory muscle.

Class II malocclusion is the condition where 
the maxillary first molar is even with or 
anterior to the mandibular first molar and 
the buccal groove of the mandibular first 
molar is distal to the mesiobuccal cusp of the 
maxillary first molar.[2] The distal surface of 
the mandibular canine is distal to the mesial 
surface of the maxillary canine by at least 
the width of a premolar. In this unusual 
relationship, the upper front teeth and jaw 
project more forward than the lower teeth 
and jaw.[3] Class II malocclusions represent 
the most common skeletal discrepancy 
which orthodontists mostly treat in daily 
practice. However, some controversy 
remains regarding the treatment effects 
and relapse of class II malocclusion as 
masticatory muscles have some association 
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with this. Most patients with class II malocclusion 
present with hyperactive perioral muscle with altered 
tongue position.[3] Some association of masticatory 
muscle with class II malocclusion has also been reported.

To evaluate the relationship between overjet and 
muscle activity electromyography has an important 
role. Electromyography (EMG) is well‑defined for 
recording and studying the fundamental electrical 
properties of skeletal muscle by superficial or needle 
electrodes, which determine whether the muscle is 
contracting.[4] EMG is used for diagnostic purposes in 
recording the electrical activity generated in muscles.[5] 
Moreover, EMG plays an important role in the diagnosis 
of facial muscles during orthodontic treatment related 
to neuromuscular approach and facial pain associated 
with the use of functional appliances.[6] Usually, surface 
EMG (sEMG) is used to assess muscle function by 
recording muscle activity from the surface above the 
muscle on the skin using a pair of electrodes.[6] sEMG 
is a noninvasive investigation of the bioelectrical 
phenomena of muscular contraction.[7] It adequately 
allows examination of important muscles involved 
in chewing, swallowing, and maintaining posture of 
the head (typically masseter, temporalis anterior and 
posterior, digastric anterior, sternocleidomastoid).[8] 
Usually, the temporalis provides a basis for mandibular 
balance and postural control and the masseter is used 
during grinding and chewing.[9] In dentistry, EMG is 
used to assess the muscles of the head and neck at rest 
and in function.[10]

The severity of Class II malocclusion depends on 
overjet, and thus is also related to masticatory muscle 
function. Increased overjet leads to hyperactive perioral 
muscle function. Modified muscle activity can help as 
a stimulating factor during orthodontic management. 
The aim of this study was to assess the association 
and correlation between the overjet and muscle 
activity (masseter and temporalis muscles) in patients, 
of both genders, with Class II malocclusion using sEMG.

Materials and Methods

In this study, all participants provided their verbal and 
written informed consent. The study was approved by 
the Ethical Committee of the Hospital Universiti Sains 
Malaysia (HUSM). Letter from Human Research Ethics 
Committee (HREC) assigned a study protocol code 
USM/JEPeM/15120575.

Sample selection
The participants of this study consisted of a total of 18 
individuals (3 males and 15 females). Participants were 
patients referred from orthodontic clinic, School of 
Dental Science, HUSM.

Inclusion criteria
1. Patients with Class II malocclusion
2. Age between 18 and 35 years
3. Patients with sound erupted permanent teeth (except 

considering 3rd molars).

Exclusion criteria
1. Patients with congenital/craniofacial deformities
2. Unhealthy patients (patients with temporomandibular 

joint dysfunction, parafunctional habit, etc.)
3. Patients having pathology within the maxilla or 

mandible.

Clinical examination
Intraoral examination was performed to detect Class II 
malocclusion (according to Angle’s classification of 
malocclusion[2]) and measurement of overjet.

Overjet measurement
Measured from the labial surface of the lower anteriors to 
the incisal edge of upper anteriors by using a millimeter 
ruler.[11]

Electromyography
Apparatus
sEMG of muscles was performed using a two‑channel 
EMG device (MyoTrac Infiniti 2 Channel sEMG w/Rehab 
Suite & Continence Suite‑ T9855; made in Canada). It is a 
computerized device where the Infiniti software allows 
to measure high‑resolution sEMG at 60 Hz.

Electrodes
Pre‑gelled and self‑adhesive electrodes (Ambu 
Neuroline 720 Electrodes) were used. Electrode size was 
30 mm × 22 mm and for single patient use only, which 
is best for recording sEMG in facial region. A total three 
surface leads were used to record muscle activity for the 
temporalis and masseter muscle respectively. Two of 
those electrodes were recording electrode and another 
one was reference electrode for each side.

Electrode placements
i. Temporalis muscle: A line was drawn from upper 

earline to canthus of the eye and the electrode were 
placed above this line by palpating muscle contraction 
position on both side[12,13]

ii. Masseter muscle:  After palpating angle of 
mandible, the electrode was placed over the muscle 
(anterosuperior to the angle of the mandible) on both 
side.[12,13]

Patient’s instructions
The patients were given clear instructions before the 
sEMG recording.
• The patients were instructed to keep the head and 

body still as movement of the head and neck region 
or the body might affect the sEMG results
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• The patients were instructed to not move their tongue 
as it would result in stimulation to the muscles and 
might show altered results

• A chewing gum was given but chewing was only 
started on signal. In order not to interfere with normal 
chewing function, no instructions were given to the 
patients other than that they should eat the chewing 
gum

• For clenching, patients were instructed to clench with 
pressure and continuously.

Recording procedure
The sEMG recording was started with right temporalis 
muscle being at rest for 10 seconds, followed by 
10 seconds of chewing on the right side and 10 seconds 
of rest. Again, recording was done for the left temporalis 
muscle being at rest for 10 seconds, followed by 
10 seconds of chewing on the left side and then 
10 seconds of rest. After that clenching of the right and 
left temporalis muscle was recorded together at rest 
for 10 seconds, 10 seconds of continuous clenching, 
ending with another 10 seconds of rest. Masseter muscle 
activity during chewing and clenching was recorded 
accordingly [Figure 1].

Statistical analysis
The data were verified and analyzed statistically using 
IBM SPSS Statistics Version 22.0 (Armonk, NY: IBM 
Corp.) with confidence level set at 5% (P < 0.05) to test for 
significance. Mean amplitude of the muscles (temporalis 
and masseter) in patients with Class II malocclusion 
during resting stage, left chewing stage, right chewing 
stage, post chew resting stage, during clenching stage, 
and post clench basal stage were compared with gender 

and overjet individually. The data were analyzed by 
simple linear regression test.

Results

The study duration was six months (March 2016 to 
August 2016). A total of 18 patients (3 males and 
15 females) were selected for this study with a mean 
age of 20.17 years.

Gender disparities
Statistical analysis using linear regression test showed 
no significant linear association (P > 0.05) of gender 
with masseter muscle (right and left) during resting, 
chewing, and post chew resting [Table 1]. Result showed 
F value = 1.115, R2 = 0.193, and adj‑R2 = 0.020, which 
explained 19.3% of the variation in the total gender by 
masseter muscle on chewing. Temporalis muscle (right 
and left) during resting, chewing, and post chew resting 
showed no significant linear association (P > 0.05) 
with gender [Table 2]; F value = 1.403, R2 = 0.231, and 
adj‑R2 = 0.066. It is explained 23.1% of the variation in the 

Figure 1: Schematic diagram of sEMG procedure of temporalis and masseter muscle in class II malocclusion patient

Table 1: Association between gender and masseter 
muscle in class II malocclusion during rest, chewing 
and post chewing rest: Results from simple linear 
regression

Masseter muscle chewing
Dependent 
variable

Independent 
variable

β (95% CI) t P

Gender Rest −0.130 −0.541 0.597
Chewing (Right side) 0.077 0.236 0.816
Chewing (Left Side) 0.077 0.236 0.816
Post Chewing rest −0.469 −1.436 0.173

*F=1.115, R=0.439a, R 2=0.193, df1=3, df2=15
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gender by temporalis muscle while chewing. Statistical 
analysis also showed no significant linear association 
(P > 0.05) of gender with masseter muscle (right and left) 
during resting, clench, and post clench resting [Table 3]. 
Here, F value = 1.501, R2 = 0.243 and adj‑R2 = 0.081. It 
explained 24.3% of the variation in gender by masseter 
muscle on clenching. Right temporalis muscle during 
resting, clench, and post clench resting showed 
no significant linear association (P > 0.05) with 
gender [Table 4]. However, left temporalis muscle 
showed a significant linear association (P = 0.014) with 
gender during clench [Table 4], where, F value = 0.812, 
R2 = 0.148, and adj‑R2 = −0.034. It explained 14.8% of the 
variation in the total gender by left temporalis muscle 
during clench on [Figure 2].

Malocclusion disparities
Statistical analysis of parameters using linear regression 
test showed a significant linear association (P = 0.005) 

of overjet with masseter muscle (right and left) during 
resting, chewing, and post chew resting [Table 5]. 
Result showed F value = 6.081, R2 = 0.566, and 
adj‑R2 = 0.473 [Figure 3]. It indicates 56.6% of the 
variation in the total overjet by masseter muscle on 
chewing [Figure 4]. Temporalis muscle (right and 
left) during resting, chewing, and post chew resting 
showed no significant linear association (P > 0.05) with 
overjet [Table 6]. Here, F value = 1.611, R2 = 0.257, and 
adj‑R2 = 0.097. It is explained 25.7% of the variation 
in the total overjet by temporalis muscle during 
chewing. Statistical analysis also showed no significant 
linear association (P > 0.05) of overjet with masseter 
muscle (right and left) during resting, clench, and 
post clench resting [Table 7]. Here, F value = 0.240 
and R2 = 0.049. It is explained 4.9% of the variation 
in the total overjet by masseter muscle while clench. 
Temporalis muscle (right and left) during resting, 
clench, and post clench resting showed no significant 
linear association (P > 0.05) with overjet [Table 8]. Here, 
F value = 2.637, R2 = 0.361, and adj‑R2 = 0.224. It explains 
36.1% of the variation in the total overjet by temporalis 
muscle during clench.

Discussion

The present study was conducted to evaluate the 
association of overjet with masseter and temporalis 
muscle in class II malocclusion patients. Masseter and 
temporalis muscle activity were measured during 
rest, chewing, post chewing rest, clench and post 
clench rest. Usually patients with class II malocclusion 
show increased overjet and abnormal muscle activity. 
Mainly, class to malocclusion cause incompetent 
and short lip.[2] This increased overjet is associated 
with temporomandibular joint problem. However, 
masticatory muscle plays an important role in TMJ 
movement.[14] This overjet can indirectly affect this 

Figure 2: Regression scatterplot showing the association of gender with left 
temporalis muscle

Table 2: Association between gender and temporalis 
muscle in class II malocclusion during rest, chewing 
and post chewing rest: Results from simple linear 
regression

Temporalis muscle chewing
Dependent 
variable

Independent 
variable

β (95% CI) t P

Gender Rest −0.015 −0.052 0.959
Chewing (Right side) −0.497 −1.558 0.142
Chewing (Left Side) −0.482 −1.606 0.131
Post Chewing rest 0.044 0.152 0.882

*F=1.403, R=0.044a, R 2=0.231, df1=3, df2=15

Table 3: Association between gender and masseter 
muscle in class II malocclusion during rest, clench 
and post clench rest: Results from simple linear 
regression

Masseter muscle clench
Dependent 
variable

Independent 
variable

β (95% CI) t P

Gender Rest 0.275 1.139 0.274
Clench (Right side) −0.567 −1.458 0.167
Clench (Left Side) 0.111 0.331 0.746
Post Clench rest 0.233 0.587 0.567

*F=1.501, R=0.493a, R 2=0.243, df1=3, df2=15

Table 4: Association between gender and temporalis 
muscle in class II malocclusion during rest, clench 
and post clench rest: Results from simple linear 
regression

Temporalis muscle clench
Dependent 
variable

Independent 
variable

β (95% CI) t P

Gender Rest 0.048 0.148 0.885
Clench (Right side) −0.443 −1.528 0.149
Clench (Left Side) −0.619 −2.799 0.014
Post Clench rest 0.234 0.713 0.487

*F=0.812, R=0.385a, R 2=0.148, df1=3, df2=15
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and masticatory muscle, mainly masseter and temporalis 
muscles.

Direct comparison of the present study with previous 
studies was limited because none of the previous 
researchers compared overjet with muscle activity. None 
of the study associated the relationship of overjet with 
masticatory muscle. The current study compared the 
muscle activity of masseter and temporalis with overjet 
in class II malocclusion patients. Class II malocclusion 
patient with increased overjet group showed significant 
association with masseter muscle activity on chewing 
stage, however, there were no association found in 
masseter on clench, temporalis during chewing, and 
temporalis on clench stage. Regarding gender, only left 
temporalis muscle showed significant association during 
clench. Muscle activity during clench in different age, 
gender, and tooth morphology can act differently.[15]

The clinical use of EMG for orthodontic diagnosis and 
for treatment planning has been suggested several times. 
In both research and clinical studies, surface EMG has 
been utilized to aid in the detection, diagnosis, and 
treatment of muscle hyperactivity and hypoactivity, 
muscle imbalance, rest position, and spasm and fatigue of 
the muscles of mastication.[16] Masticatory muscle activity 
pattern was found to be different or highly associated 
with respect to the age, malocclusion type, and type and 
stage of orthodontic treatment.[17,18]

A study was conducted by Castroflorio et al. in 2005 to 
investigate the effect of inter electrode distance on the 
estimated amplitude and spectral EMG variables. He stated 
that it is very important to choose appropriate electrode 
and follow proper placement. For EMG study, muscle 
activity recording can be interrupt with surrounding 
mistakes. The present study followed anatomically 
electrode placement to avoid modified muscle recording.[12]

Figure 3: Regression scatterplot showing the association of overjet with right 
masseter muscle

Figure 4: Regression scatterplot showing the association of overjet with left 
masseter muscle

Table 5: Association between overjet and masseter 
muscle in class II malocclusion during rest, chewing 
and post chewing rest: Results from simple linear 
regression

Masseter muscle chewing
Dependent 
variable

Independent 
variable

β (95% CI) t P

Overjet Rest 0.460 2.612 0.060
Chewing (Right side) −0.797 −3.326 0.005
Chewing (Left Side) −0.797 −3.326 0.005
Post Chewing rest 0.646 2.696 0.057

*F=6.081, R=0.752a, R 2=0.566, df1=3, df2=15

Table 6: Association between overjet and temporalis 
muscle in class II malocclusion during rest, chewing 
and post chewing rest: Results from simple linear 
regression

Temporalis muscle chewing
Dependent 
variable

Independent 
variable

β (95% CI) t P

Overjet Rest −0.006 −0.019 0.985
Chewing (Right side) −0.040 −0.111 0.913
Chewing (Left Side) 0.584 2.040 0.061
Post Chewing rest 0.052 0.157 0.878

*F=1.611, R=0.507a, R 2=0.257, df1=3, df2=15

Table 7: Association between overjet and masseter 
muscle in class II malocclusion during rest, clench and 
post clench rest: Results from simple linear regression

Masseter muscle clench
Dependent 
variable

Independent 
variable

β (95% CI) t P

Overjet Rest 0.143 0.528 0.606
Clench (Right side) 0.239 0.548 0.593
Clench (Left Side) −0.189 −0.602 0.557
Post Clench rest −0.343 −0.770 0.454

*F=0.240, R=0.221a, R 2=0.049, df1=3, df2=15

masticatory muscle function. The present study tried to 
find out the relationship or association between overjet 
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In 2008, Moreno et al. compared the electromyographic 
activity in between clenching, swallowing and chewing 
in jaw muscles. Where the result found that temporalis 
muscle is more active than the masseter during clench. 
Even though temporalis muscle exists more bite force 
than other jaw muscles. However, regarding chewing 
activity of temporalis muscle, it decreases in class II 
malocclusion.[19] Present research of class II malocclusion 
found the same. Muscle activity increased in masseter 
and decrease in temporalis during chewing.

According to Singh et al., there is a significant difference 
in muscle activity of patient between normal occlusion 
and various malocclusion. This indicates the association 
of malocclusion with muscle activity (like chewing, 
clench, grinding, blowing etc.).[20] However, previous 
studies were concerned for muscle activity in different 
malocclusion in a specific position. Present study 
evaluated muscle activity in different position with 
overjet, which is an important factor of class II 
malocclusion. Result found a significant association 
of masseter muscle with increased overjet in class II 
malocclusion.

Furthermore, EMG activity of masticatory and facial 
muscle revels a highly significant difference with gender. 
Low‑level tooth‑clench constantly produced fatigue 
sensation and maximum bite force increase muscle 
activity. These two situations fluctuate in gender.[21,22] 
Present study also found an association in gender.

Alam and Iida in 2013 compared the effect of overjet and 
overbite on anterior tooth size ratios. Result showed a 
significant difference in overall tooth size ratio between 
those with normal, increased or decreased overjet.[23] 
Even in the present study, increased overjet showed 
a significant association with muscle function. This 
increased overjet may increase muscle activity than the 
normal.

In conclusion, present study found a highly linear 
association of right and left masseter muscle increased 
activity with overjet during chewing. However, it 
can be speculate that class II malocclusion patient 

Table 8: Association between overjet and temporalis 
muscle in class II malocclusion during rest, clench 
and post clench rest: Results from simple linear 
regression

Temporalis muscle clench
Dependent 
variable

Independent 
variable

β (95% CI) t P

Overjet Rest −0.370 −1.168 0.262
Clench (Right side) 0.202 1.432 0.174
Clench (Left Side) −0.132 −0.570 0.577
Post Clench rest 0.458 0.717 0.485

*F=2.637, R=0.601a, R 2=0.361, df1=3, df2=15

with increased overjet can affect masticatory muscle 
function. For gender, it showed linear association with 
left temporalis muscle during maximum clench. Thus, 
indicated clench force of class II malocclusion patient 
may differ in gender.
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