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Abstract
Objective: This case report is designed to present changes in the bilateral balance of masticatory muscle activity 

during daytime after surgical correction of mandibular lateral shift.

Study design: Using a portable EMG recording system, masseter and anterior temporal muscle activities were 
recorded in two patients with lateral deviation of the mandible for three hours at pretreatment, 6 months and 12 months 
after surgery. 

Results: In case 1, the Asymmetry Ideex of masseter muscle activity during mealtime and during daytime was 
0.3 at T0, 0.4 at T1and 0.1 at T2, and -0.6 at T0, 0 at T1and 0.2 at T2, respectively. With respect to anterior temporal 
muscle activity, the AIs were -0.1 and -0.4 at T0, -0.2 and -0.5 at T1, and 0.1 and -0.1 at T2 during mealtime and 
daytime. 

In case 2, the AI of masseter muscle activity during mealtime and during daytime was 0.3 at T0, 0.2 at T1and 0.3 
at T2, and -0.3 at T0, -0.6 at T1 and -0.1 at T2, respectively. With respect to anterior temporal muscle activity, the AIs 
were 0 and 0 at T0, 0 and 0.3 at T1, and 0.1 and 0.3 at T2 during mealtime and daytime. 

Conclusion: The different differing results were shown in two similar cases, although despite the surgical 
correction of mandibular lateral shift producing produces considerable improvement of the bilateral balance in muscle 
activity during mealtime and daytime.
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Introduction
It is widely accepted that masticatory muscle function is closely 

correlated with craniofacial morphology [1-4]. However, little 
information is available for the association between masticatory muscle 
function and lateral deviation of the mandible [5,6]. Moreover, very 
few Electromyographic (EMG) studies have been carried out regarding 
the bilateral balance of masticatory muscle activities in patients with 
asymmetric face and its relation to the lateral deviation of the mandible 
[7-9]. Colangelo et al. found a positive correlation between the decrease 
in masseter and anterior temporal muscle activities and lateral shift of 
the mandible [7]. Ishii recorded the right and left masseter, anterior 
temporal and anterior belly of digastric muscles activities during 
clenching and chewing. He also found close relationships between 
imbalance of stomatognathic function and craniofacial asymmetry [8].

However, in these studies, masticatory muscle activity was 
measured only for a limited short period in the laboratory. During 
Maximum Voluntary Clenching (MVC), masticatory muscles contract 
strongly but momentarily. On the other hand, the masticatory 
muscles work continuously to stabilize the position of the mandible, 
although the activity may be weak. In addition to muscle activity 
during mastication, such low-level muscle activity induced widely 
throughout the daytime is of great importance to elucidate establish 
muscular equilibrium. Especially, for orthodontists, patients with 
lateral deviation of the mandible provide a great concern because of 
the bilateral balance of masticatory muscle activity. It is thus necessary 
to know how the balance is changed during daytime in usual daily life 
after surgical correction of mandibular lateral deviation.

This case report is designed to present changes in the bilateral 
balance of masticatory muscle activity during daytime for three hours 
after surgical correction of mandibular lateral shift.

Examination of EMG

EMG recording procedure: This study was approved by the 
Hiroshima University Hospital IRB and all participants signed an 
informed consent agreement.

Digital EMG recording device (Muscle Tester ME3000P, Mega 
Electronics Ltd., Kupio, Finland) and bi-polar silver/silver-chloride 
electrodes (Blue sensor, type-N-00-S, Medicotest A/S, Olstykke, 
Denmark) were used to record the EMG from the bilateral masseter 
and anterior temporal muscles. Before placing the electrodes, skin was 
scrubbed by an alcohol-soaked gauze pad to reduce the impedance 
between skin and electrodes. To locate the electrodes at proper position, 
one line was drawn from the inferior border of ear tragus to the angle of 
mouth. The masseter muscle width was measured by palpation and an 
ink spot was marked at the middle of width on the line. Electrodes were 
placed on both sides of the line around the temporal fossa in parallel 
to the principal direction of masseter muscle fibers. The anterior 
temporal muscle was also palpated at the antero-superior border and 
one electrode was placed 5 mm posterior to this point and the other 
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one at the temporal fossa in parallel to the direction of muscle fibers. 
An inter-electrode distance of 30 mm was maintained for both muscles 
(Figure 1). EMG data were recorded with a sampling frequency of 1 
KHz. The mean of rectified EMG data for every 0.02-second was stored 
into the recording device. 

Quantitative EMG analysis: Three EMG recordings were taken 
during MVC (repeat the performance 5 times with an interval of 10 
seconds) and mealtime for the analysis: T0 initial masticatory muscle 
activity, T1 6 months after surgery and T2 12 months after surgery. After 
recording, the data were transmitted to a personal computer (Aptiva E 
58, IBM, New York, USA) and the integrated EMG values (μmV×sec) 
were calculated for various performances. In order to investigate the 
bilateral balance of masticatory muscle activity, an Asymmetry Index 
(AI) was used. AI is calculated as a ratio of the substraction of the 
left value from the right one to their sum, as shown in the following 
equation [10].

Asymmetry index (AI) = R-L / R+L

R=Right side value

L=Left side value

Case 1

The patient was a Japanese male aged 18 years 11 months who 
presented lateral deviation of the mandible. His chief complaint was 
difficulty in chewing. Cross bite and edge to edge occlusion were 
observed in the anterior to posterior regions on the left side. Overjet 
and overbite were -1.5 and +0.5 mm, respectively (Figure 2). The 
mandibular dental midline is shifted by 3 mm relative to the maxillary 
one. No signs or symptoms of temporomandibular joint disorder were 
found. 

Cephalometric analysis of the patient showed a skeletal Class III 
relationship (ANB= -4.5°) with lingual inclination of the upper and 
lower incisors. The maxillary dental midline was almost coincident 
with facial one. Menton is deviated to the left by 6 mm in relation to 
the facial midline (Figure 3).

Presurgical orthodontic treatment was initiated with standard 
edgewise appliances (0.018-inch × 0.025-inch) at the age of 19 years 
and 2 month. The mandible was setback bilaterally (Right: 8.5 mm, 
Left: 3.5 mm) by Sagittal Splitting Ramus Osteotomy (SSRO) when 
the patient was 20 years and 0 months old. Figure 4 shows intraoral 

photographs during postsurgical orthodontic treatment 6 months 
after surgery (T1). Orthodontic treatment was completed at the age of 
20 years and 6 months. The patient had a Class I molar relationship 
on both sides with 3.5 mm of over jet and 2.0 mm of overbite at T2 
(Figure 5). The ANB angle increased to +0.3 degrees. Figure 6 shows a 
posttreatment cephalogram. The mandibular midline was coincident 
to the facial one.

Case 2

The patient was a 27 years and 1 month old Japanese female. She 
presented asymmetric face with cross bite in the anterior to posterior 
regions on the left side and complained of facial appearance. The upper 
first molar on the left had been extracted due to severe dental caries. The 
patient had Class III malocclusion with -0.5 mm of overjet and 0 mm 
of overbite (Figure 7). No clicking, locking, or crepitus were detected 
in the temporomandibular joint. Cephalometric analysis of the patient 
showed a skeletal Class III relationship (ANB= -1.5°). Menton and the 
upper dental midline shifted to the left by 6 mm and 1 mm relative to 
the facial midline, respectively (Figure 8).

Presurgical orthodontic treatment was initiated with conventional 
edgewise appliances at the age of 27 years and 4 month. The second 
molar on the left side was moved mesially to the original first molar 
position. The mandible was setback bilaterally (Right: 9.0 mm, Left: 
4.0 mm) by SSRO when the patient was 28 years and 10 months old. 
Figure 9 shows intraoral photographs during postsurgical orthodontic Figure 1: An overall view of portable EMG recording system.

Figure 2: Case 1: Pretreatment intraoral photographs at T0.

Figure 4: Case 1: Intraoral photographs during orthodontic treatment after 
surgery at T1.

Figure 3: Case 1: Pretreatment frontal cephalogram at T0.
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treatment 6 months after surgery (T1). Orthodontic treatment was 
completed at the age of 29 years and 9 months. An acceptable occlusion 
was obtained, and overjet and overbite were improved to +3.5 and 
+2.0 mm, respectively (Figure 10). The ANB angle increased to +2.5 
degrees, and facial asymmetry was improved substantially, although 
mandibular midline was still deviated 2 mm to the left (Figure 11). 

Results
Case 1

Duration of measurement at different treatment time points 
is shown in Table 1. The AI of the masseter muscle activity during 

mealtime and daytime was 0.3 at T0, 0.4 at T1, and 0.1 at T2 and -0.6 
at T0, 0 at T1, and 0.2 at T2, respectively (Table 2). With respect to 
anterior temporal muscle activity, the AIs were -0.1 and -0.4 at T0, -0.2 
and -0.5 at T1, and 0.1 and -0.1 at T2 during mealtime and daytime 
(Table 3). 

Case 2

Duration of measurement at different treatment time points 
is shown in Table 1. The AI of the masseter muscle activity during 
mealtime and daytime was 0.3 at T0, 0.2 at T1, and 0.3 at T2 and -0.3 
at T0, -0.6 at T1, and -0.1 at T2, respectively (Table 4). With respect to 
anterior temporal muscle activity, the AIs were 0 and 0 at T0, 0 and 0.3 
at T1, and 0.1 and 0.3 at T2 during mealtime and daytime (Table 5). 

Figure 5: Case 1: Posttreatment intraoral photographs at T2.

Figure 7: Case 2: Pretreatment intraoral photographs at T0.

Figure 9: Case 2: Intraoral photographs during orthodontic treatment after 
surgery at T1.

Figure 10: Case 2: Posttreatment intraoral photographs at T2.

Figure 6: Case 1: Posttreatment frontal cephalogram at T2.

Figure 8: Case 2: Pretreatment frontal cephalogram at T0.

Figure 11: Case 2: Posttreatment frontal cephalogram at T2.

T0 T1 T2

mealtime 12.1 12.9 13.0

Case 1

daytime 129.9 116.8 136.0 

mealtime 13.4 14.0 12.0

Case 2

daytime 120.4 142.0 149.0

Table 1: Duration of measurement (min).
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Discussion
Orthognathic surgery not only changes facial profile and occlusion 

but also affects the craniofacial skeleton and masticatory muscles. 
Although diagnosis and treatment planning for orthognathic surgery 
is usually determined by dento-skeletal correction rather than 
improvement of masticatory muscle activity, the morphological 
changes can bring about favorable changes in masticatory function [11-
17]. Ingervall et al. examined masseter and temporal muscle activity 
during MVC, chewing and swallowing of peanuts and swallowing 
of water after surgical correction of mandibular prognathism. They 
found an increase in EMG activity to approach the control levels. 
However, very few EMG studies have been carried out regarding the 
bilateral balance of masticatory muscle activities in patients with lateral 
deviation of the mandible [7-9]. Moreover, most of previous studies 
were executed with particular type of performance like MVC and/
or chewing gum only for a short while in the laboratory. High-level 
muscle activity like that during MVC does not often occur in usual 
daily life. Thus, it would appear a reasonable assumption that low-level 
but widely induced masticatory muscle activity during daytime rather 
plays a more important role in craniofacial morphologenesis. Recently, 
development of portable EMG recording system has provided us with a 
great opportunity to record data for considerably longer period during 
usual daily life [18-20]. 

In the present study, AIs of masseter muscle activity during 
mealtime were 0.3 and 0.3, although those during daytime were -0.6 and 
-0.3 in cases 1 and 2, respectively. As the preferred biting side seemed 
to be opposite between mealtime and daytime for about three hours, it 
is of great importance to estimate muscle activity during daytime. The 
difference is explained, in part, by the fact the both patients had cross/
edge to edge bite on the left side so that it might be harder to induce 
muscle activity during food chewing. However, for masseter muscle 
activity during daytime, premature contact or occlusal interference on 
the left side could exhibit excessive muscle function resulted resulting 
in imbalance of muscle activity. Several previous reports demonstrated 
that influence of asymmetrical occlusal interferences with an overlay to 

make a premature contact artificially on jaw and neck muscle activities 
was found [21-23]. According to Naeije et al., it would be reasonably 
assumed that the subjects tend to bite more asymmetrically at the low 
contraction levels than higher levels for masseter and temporal muscles 
[24]. Most of the AIs in masseter muscle activity were approaching 
getting close to 0 at 12 months after surgery. That means that the 
balance of the right and left muscle activities is improved during 
mealtime and daytime due to significant increase in the number of total 
occlusal contact after orthodontic treatment [25].

With respect to anterior temporal muscle activity, the highest AIs 
at T1 were found during daytime in cases 1 and 2. Actually, orthodontic 
treatment was continued at T1 after surgery to get achieve desirable 
interdigitation between upper and lower dentitions. Thus, it might be 
speculated that the balance of temporal muscle remained unstable at 6 
months after surgery, although AIs during mealtime were low. A strand 
found that masticatory muscle function in prognathic patients were not 
improved 6 months after surgery. After surgery, it may be anticipated 
adaptive changes in the structures of the stomatognathic system such 
as, temporomandibular joint structures, periodontal adjustment and 
changes in the myosin expression of the jaw muscles [26]. Especially, 
the periodontal mechanoreceptors may influence the muscle reflex 
during orthodontic treatment after surgery [27]. Moreover, at 12 
months after surgery the patient in case 1 showed an improvement 
of AI during mealtime and daytime. On the contrary in contrast, AI 
during daytime was not changed from T1 to T2 in case 2. The reason 
for the difference in changes between masseter and temporal muscle 
activities might be explained that two muscles exert different role in the 
stomatognathic function. Masseter muscle works mainly during biting 
or chewing according to occlusal contact [28,29]. On the other hand, 
temporal muscle works to stabilize the mandibular position [30]. Thus, 
temporal muscle might be more reactive after setback of the mandible 
than masseter muscle, particularly in daytime. 

Conclusion
The different differing results were shown in two similar cases; 

although despite the surgical correction of mandibular lateral shift 
producing produces considerable improvement of the bilateral balance 
in muscle activity during mealtime and daytime. All events expected 
after surgery are physiological adaptive processes and may influence 
jaw muscles balance. A further investigation focusing on long-term 
careful monitoring will be needed to confirm the masticatory muscle 
equilibrium in patients with lateral deviation of the mandible before 
and after surgical orthodontic treatment.
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