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Abstract: Objectives: Explore the relationship between abnormal jaw morphology and masticatory muscle electro-
myography (EMG) activity. Methods: Three dimensional spiral CT was used to diagnose the patients with skeletal 
class III jaw deformity. The EMG was used to record the masticatory muscle activity. Results: The EMG was stronger 
at relatively short side for temporal muscles, masseter muscles in specific positions. The EMG was stronger at 
relatively long side for Digastricus muscles in the all four positions. Asymmetry indexes and correlation analysis 
were also used and there were significant differences between bilateral masticatory muscles in specific positions. 
Conclusion: The incoordination of masticatory muscle function is related to the skeletal characteristics of mandibu-
lar deformity.

Keywords: Electromyography, masticatory muscle, asymmetry index, correlation analysis

Introduction

Facial morphology is influenced by both genetic 
and environmental factors. Many researchers 
believed that the function of masticatory mus-
cles was related to craniofacial morphology [1]. 
The different occlusal relationship and bone 
morphology are due to the effects of facial 
muscle function, and regulation of muscular 
system before deformity correction surgery can 
change the facial morphology [2]. 

Generally, the change of electromyograph 
(EMG) can reflect the strength of muscle func-
tion and this method can be used to detect  
the masticatory muscle function quantitatively 
[3-5]. EMG can detect the normal physiological 
activity of masticatory muscles, monitor the 
changes of masticatory function passively and 
evaluate the effects of some deformity treat-
ments. Many studies focused on the relation-
ships between electrical activity of masticatory 
muscles and mandibular asymmetry have been 

reported in recent years. However, the results 
were in consistent. Some researchers reported 
that the masseter muscle activity was greater 
on the non-deflected side [6], while other 
researchers found that the greater masseter 
muscle activity existed on the deflected side [7, 
8]. However, the relationship between mandibu-
lar deviation degree and masticatory muscle 
activity is still unclear. 

In this study, we detected bilateral masticatory 
muscle activities in patients with skeletal class 
III jaw deformities and our aim was to explore 
the relationship between abnormal morphology 
and masticatory muscle EMG activity. 

Methods and procedures

Patients and data collection

A total of 21 patients including 7 males and 
females diagnosed as skeletal Class III jaw 
deformity in our hospital from January 2008 to 
December 2008 were recruited. The normal 
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disease in the past year.  
No periodontitis and oral 
mucosal disease, no orth-
odontic treatment history, 
no history of facial myopa-
thy, neuropathy and drug 
treatment, and plastic sur- 
gery. 

Parameters evaluation

1. Potential value of masti-
catory muscle: muscle con-
tractile can cause multiple 
muscle motor unit dischar- 
ge at the same time. The 
average value of EMG am- 
plitude in 10 seconds was 
collected as potential value 
of masticatory muscle. 2. 
Asymmetry index of tempo-
ralis muscle (AsITM):(RTM-
LTM)/(RTM+LTM)×100% 
(RMT: mean peak potential 
of right temporalis muscle, 

control group included 10 students aged 20 to 
21 years old. Three dimensional spiral CT was 
performed before operation and the electromy-
ography of masticatory muscles was detected. 
Informed consent was obtained for all partici-
pating patients.

Inclusion and exclusion criteria

Inclusion criteria for cases: 1. We detected the 
vertical distance between the submental point 
and the median sagittal plane by 3D measure-
ment software and class III jaw deformity was 
diagnosed if the distance was greater than 4 
mm [9, 10]. 2. All cases belonged to the jaw 
asymmetry bilateral hemimandibular elonga-
tion deformity. Exclusion criteria for cases: 1. 
Patients with unilateral or bilateral condylar 
hypertrophy and hyperplasia. 2. Patients with 
hemifacial atrophy or bimaxillary protrusion. 3. 
Acquired mandibular asymmetry caused by 
trauma or tumor. Inclusion criteria for normal 
controls: facial symmetry with no deformity and 
normal mouth opening degree and open type, 
without temporomandibular joint pain and sna- 
pping. The dentition was complete, and the 
teeth were arranged orderly. The occlusal plane 
was not skewed, and the occlusion and cover-
age of the first molar were normal. There was 
no history of tooth extraction and dental pulp 

LMT: mean peak potential of left temporalis 
muscle). 3. Asymmetry index of masseter mus-
cle (AsIMM):(RMM-LMM)/(RMM+LMM)×100%. 
4. Asymmetry index of Digastricus muscle (As- 
IDM):(RDM-LDM)/(RDM+LDM)×100%.

Statistical analysis

Data were analyzed by a student-t test and cor-
relation analysis was used. Statistical analysis 
was performed using sigmaPlot10.0 software.

Results

The EMG comparisons between bilateral tem-
poral muscles, masseter muscles and Digas- 
tricus muscles in patients with skeletal Class  
III jaw deformity showed that the temporal mus-
cle EMG was stronger at the relatively short 
side when the bilateral temporal muscles were 
in the mandibular intercuspal position (Table 
1). Next, the masseter muscle EMG was stron-
ger at the relatively short side when the bilat-
eral masseter muscles were in the rest occlu-
sal mandibular position, protrusive position 
and intercuspal position (Table 2). The results 
also showed that the Digastricus muscles EMG 
was stronger at the relatively long side in the  
all four positions (Table 3).

Table 1. Comparison of EMG values of bilateral temporal muscles in 
different positions in patients with skeletal class III jaw deformity

The long side of mandible The short side of mandible
P

Mean SD Min Max Mean SD Min Max
ROP 2.233 0.806 1 3.3 2.378 1.132 1.3 4.5 ﹥0.05
CP 49.878 42.582 18.9 96.1 57.011 26.585 31.9 156.1 ﹤0.05
PP 3.811 2.743 1.4 10.3 3.044 1.646 1.5 7.1 ﹥0.05
RP 8.444 5.354 1.2 19.3 12.456 6.1 5.2 41.5 ﹥0.05
ROP: Rest occlusal position, CP: clenching position, PP: protrusive position, RP: 
retruded position.

Table 2. Comparison of EMG values of bilateral masseter muscles in 
different positions in patients with skeletal class III jaw deformity

The long side of mandible The short side of mandible
P

Mean SD Min Max Mean SD Min Max
ROP 1.489 0.333 1 2 2.067 1.045 1.1 3.7 ﹤0.05
CP 48.389 22.127 20.4 85.4 54.344 29.923 10.6 103.1 ﹤0.05
PP 13.822 10.464 2.7 33.8 15.433 11.131 3 32.8 ﹤0.05
RP 6.978 4.928 2.3 17.9 8.989 8.022 1.8 22.9 ﹥0.05
ROP: Rest occlusal position, CP: clenching position, PP: protrusive position, RP: 
retruded position.
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also be involved in the develop-
ment of malocclusion and cran- 
iofacial deformity [11]. The str- 
ength of the masticatory muscle 
can improve the blood circulati- 
on around the craniofacial skele-
tal and control the sutural bone 
deposition to affect the growth 
type of the face [12, 13]. EMG 
was first used to measure the 
activity of masticatory muscles 
since 1949. A large number of 
experiments showed that EMG 
could reflect the functional sta-
tus and the morphological chang-
es of the neuromuscular system 
[14]. In 1970, EMG amplitude ra- 
tio was first used to analyze the 
state of masticatory muscle more 
comprehensively [15].

Our results showed that the ac- 
tivity of the relatively long side of 
mandibular muscles was signifi-
cantly weaker than the relative 
short side in the intercuspal po- 
sition in patients with skeletal 
Class III jaw deformity. Similar 

Significant differences of asymmetry indexes 
were found between case group and control 
group when the temporal muscle was in inter-
cuspal position and protrusive position. The 
asymmetry indexes of masseter muscles also 
showed significant differences in the all four 
positions. Besides, the asymmetry indexes of 
Digastricus muscles showed significant differ-
ences when the muscles were in protrusive 
position and retruded position (Table 4).

Last, mandibular deviation degree was posi-
tively related to the asymmetry indexes of tem-
poral muscle in intercuspal position and man-
dibular position, masseter muscle in intercus-
pal position and protrusive position and two in 
abdominal muscle in protrusive position (Table 
5). 

Discussion

As an important part of the gnathostomatic 
system, masticatory muscle is an important 
factor in the occlusal relationship establish-
ment and growth and development of craniofa-
cial morphology. In addition, the muscle may 

results were found in masseter muscles when 
the muscle was in the rest occlusal mandibular 
position, protrusive position and intercuspal 
position. This phenomenon might be caused  
by the changes of muscle length, abnormal 
occlusion relationship or abnormal occlusal 
contact area. On the other hand, patients with 
skeletal Class III usually represented longer 
mandibular ramus and mandibular body at the 
long side, which would cause muscle fatigue 
and incoordination of masticatory muscle at 
the long side. In addition, the results showed 
the mandibular ramus oblique degree was po- 
sitively correlated with the asymmetry index of 
the bilateral inclination from the front view.  
The masticatory muscles were attached to the 
bone surface, so the strength of bilateral mas-
ticatory muscles might be differed. The long 
term muscle dysfunction would gradually affect 
the morphology of teeth and jaw. Contrary to 
the temporalis and masseter muscles, the 
main function of Digastricus muscles was pull-
ing down the chin, participating in the mouth 
opening. The EMG results of Digastricus mus-
cles might be related to the incoordination 
between the two sides of the muscles caused 
by the deviation of the chin.

Table 3. Comparison of EMG values of bilateral Digastricus 
muscles in different positions in patients with skeletal class III 
jaw deformity

The long side of mandible The short side of mandible
P

Mean SD Min Max Mean SD Min Max
ROP 2.489 2.037 1.1 7.6 1.978 1.544 1 5.9 ﹤0.05
CP 7.089 6.252 2.7 23.1 6.267 3.905 2.4 15.2 ﹤0.05
PP 12.044 6.151 3.6 25 8.000 3.566 4.1 15 ﹤0.05
RP 7.756 7.869 2.5 26.4 6.511 5.160 2.1 15.2 ﹤0.05
ROP: Rest occlusal position, CP: clenching position, PP: protrusive position, RP: 
retruded position.

Table 4. Comparison of asymmetry index of masticatory 
muscles between case group and normal group

Group AsITM AsIMM AsIDM
ROP Control 0.08±0.04 0.07±0.05 0.15±0.10

Case 0.14±0.11 0.19±0.16* 0.12±0.13
CP Control 0.10±0.04 0.14±0.06 0.15±0.07

Case 0.17±0.04* 0.24±0.21* 0.08±0.07
PP Control 0.06±0.04 0.08±0.06 0.07±0.03

Case 0.12±0.10* 0.13±0.08* 0.13±0.06*
RP Control 0.18±0.15 0.07±0.03 0.07±0.05

Case 0.23±0.21 0.18±0.12* 0.20±0.15*
*P﹤0.05.
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The results of asymmetry indexes showed that 
the masticatory system varied in different fo- 
rms at different functional positions in pati- 
ents. Many scholars believed that the morpho- 
logy of masticatory muscles was associated 
with face type and the masticatory muscle 
played an important role in bone growth and 
development [16, 17]. Analysis on the correla-
tion between mandibular deviation degree and 
masticatory muscle asymmetry index indicated 
that there was a connection between the sever-
ity of the mandible deformity and the incoordi-
nation degree of the masticatory muscle. From 
this experiment, we found an evaluation meth-
od for the diagnosis of jaw deformity and the 
formulation of orthodontic treatment program, 
which could be used for further investigations.

Disclosure of conflict of interest

None.

Address correspondence to: Li Lu, Shenyang Hos- 
pital of Stomatology, China Medical University, 
NO.117 Nanjing North Street, Heping District, Sh- 
enyang 110003, Liaoning Province, China. Tex: +86-
024-31927800; Fax: +86-024-31927800; E-mail: 
luli_1111@163.com

References

[1] Kiliaridis S, Christina M, Thilander B. Muscle 
function and craniofacial morphology: a clini-
cal study on patients with myotonic dystrophy. 
Eur J Orthod 1995; 11: 131.

[2] Proffit WR, Turvey TA, Fields HW, Phillips C. The 
effect of orthognathic surgery on occlusal 
force. J Oral Maxilofac Surg 1989; 47: 457.

[3] Harper RP, De Bruin H, Burcea I. Muscle activ-
ity during mandibular movements in normal-
and mandibular retro gnathic subjects. J Oral 
Maxillofac Surg 1997; 55; 225.

[4] Schumann NP, Scholle HC, Anders C, Mey E. 
Atopographical znalysis of spectral electrom 
yographic data of the human masseter muscle 
under different functional conditions in healthy 
subjects. Arch Oral Biol 1994; 39: 369.

[5] Song HC, Throckmorton GS, Ellis E 3rd, Sinn 
DP. Functional and morphologic alterations af-

ter anterior or inferior respositioning of the 
maxilla. J Oral Maxillofac Surg 1997; 55: 41-9.

[6] Akimoto S, Fushima K, Sato S, et al. Masticatory 
muscle activity of the facial asymmetry cases: 
effects of the different combination of bite 
blocks. J Jpn Orthod Soc 1994; 53: 632.

[7] Hirose K. A study of the relationships between 
the masticatory muscles activity and the cra-
niofacial morphology in mandibular progna-
thism. Shigaku 1990; 78: 49.

[8] Kondoh H. A study of the masticatory muscles 
morphology and fundtion on asymmetric prog-
nathism. Shigaku 1991; 78: 1261.

[9] Obwegeser HL, Makek MS. Hemimandibular 
hyperplasia hemimandibular elongation. J Ma- 
xillofac Surg 1986; 14: 183-208.

[10] Obwegeser HL. Mandibular growth anomalie 
terminology, aetiology, diagnosis, treatment. 
Berlin: SpringerVerlag; 2001; pp. 43-353.

[11] Engstorm C, Killiaridis S, Thilander B. The rela-
tionship between masticatory function and 
craniofacial morphology II: a histological study 
in the growing rat fed of a soft diet. Eur J Orthod 
1986; 8: 271.

[12] Killiaridis S. Muscle function as determiant of 
mandibular growth in normal and hypocalca 
emicrat. Eur J Orthod 1989; 11: 298.

[13] Killiaridis S, Engstrorn C, Thilander B. Histo- 
logical analysis of masticatory muscle in the 
growing rat after prolonged alternation of the 
consistency of the diet. Archs Oral Biol 1988; 
33: 187.

[14] Moyer BE. Temporomandibular muscle con-
traction patters in angle class II, division 1 mal-
occlusions: an electromygraphic analysis. Am J 
Orthod 1949; 135: 337.

[15] Humsi AN, Naeije M, Hippe JA, Hansson TL. 
The immediate effects of a stabilization splint 
on the muscular symmetry in the masseter 
and anterior temperal muscles of patients with 
a craniomandibular disorder. Journ Prosthet 
Dent 1989; 62: 339.

[16] Tuxen A, Bakke M, Pinholt EM. Comparative 
data from young men and women on masseter 
muscle fibres, function and facial morphology. 
Archs Oral Biol 1999; 44: 509-518.

[17] Ueda HM, Miyamoto K, Saifuddin M, Ishizuka 
Y, Tanne K. Masticatory muscle activity in chil-
dren and adults with different facial types. Am 
J Orthod Dentofac Orthop 2000; 118: 63-68.

Table 5. Correlation analysis between mandibular deviation degree and masticatory muscle asymme-
try index

Temporal muscle Masseter muscle Digastricus muscle
ROP CP PP RP ROP CP PP RP ROP CP PP RP

Deviation degree 0.425 0.672* 0.564* 0.207 0.356 0.679* 0.596* 0.221 0.336 0.187 0.667* 0.187
ROP: Rest occlusal position, CP: clenching position, PP: protrusive position, RP: retruded position. *P<0.05.


