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INTRODUCTION 

Temporomandibular disorders (TMDs) are a group 
of conditions affecting the temporomandibular joint 
(TMJ), the muscles of mastication and/or associated 
structures. These disorders are considered as one of 

the most common causes of chronic orofacial pain 
conditions. The American Academy of Orofacial Pain 
defines TMDs as:  “A collective term embracing a 
number of clinical problems that involve the mas­
ticatory musculature, the temporomandibular joint and 
associated structures, or both” 1. Therefore, (TMDs) are 
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ABSTRACT

Purpose: The aim of this study was to measure the masseter muscles activity by electromyogram 
before and after arthrocentesis in patients with temporomandibular disorders.

Materials and methods: Twelve patients with unilateral painful TMJ, diagnosed by RDC/
TMD as group II and indicated for unilateral TMJ arthrocentesis are considered as the study group. 
In this group, electromyographic analysis was performed before and four weeks following the 
arthrocentesis. The healthy control group included 6 volunteers without any signs and symptoms 
of temporomandibular disorders. Electromyographic analysis was performed and compared to that 
of the study group. 

Results: Comparison of the electromyographic values of the affected side in the study 
group before and after arthrocentesis showed that only the amplitude during moderate 
clenching revealed significant differences after four weeks (p=0.02). Differences in all other 
parameters were statistically insignificant 

Conclusions: TMJ arthrocentesis is an effective technique for the treatment of the disc 
displacements sub-types of TMDs. Following arthrocentesis, definite improvement in clinical 
results is achieved, but improvement in muscle function is only partial as measured by surface 
electromyography (SEMG). SEMG is a simple non-invasive technique for monitoring of the 
treatment outcomes on muscle activity in TMDs. EMG analysis for the diagnosis of TMDs is not 
specific, because the EMG values before and after the arthrocentesis were within the range of 
normal values of the control group. 
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considered as a sub-classification of musculoskeletal 
disorders and are generally categorized into three sub-
types; muscle disorders, disc displacements and other 
joint disorders 2.    

The American Association for Dental Research 
on TMDs stated that conservative reversible therapy 
should be the initial management of TMDs 3,4. These 
therapies include; soft diet, medical therapy, intraoral 
appliances, physiotherapy with home exercise 
programs and most recently the use of low-level laser 
therapy 5. These therapies could be used individually 
or in combination and there is no evidence to support 
one therapy over another for the particular subtypes 
of TMDs. However, in non-responsive cases, the 
minimally invasive treatment modalities such as 
TMJ arthrocentesis are considered as a second-step 
therapy 6,7. Several previous studies have compared 
conservative reversible therapies with the minimally 
invasive therapies 3,5, most recently, Vos et al 6, and 
Tatli et al 8, in their prospective studies to compare the 
effectiveness of splint therapy versus arthrocentesis 
reported that arthrocentesis decreases pain and  
improves TMJ functions more rapidly and effectively 
than splint therapy.    

TMJ arthrocentesis was first introduced in 1991as 
a minimally invasive treatment modality for TMDs9. 
It is a simple, non-invasive, safe, inexpensive, with 
high success rates and is effective in relieving pain 
and reestablishing normal mouth opening10. TMJ 
arthrocentesis is a procedure where the superior joint 
space is entered by needle puncture, then lavage with 
a fluid is performed. The physical action of lysis 
and lavage in the superior joint space rather than 
repositioning the anteriorly displaced disc is thought 
to be responsible for the success of this technique 9,11.
This action of lysis and lavage will overcome the disc 
adhesion to the glenoid fossa 9. Several previous studies 
have shown that arthrocentesis can result in significant 
improvements in joint pain and width of mouth opening 
with proven long term results 5,6,12. Arthrocentesis is 
the most minimally invasive procedure used to treat 
TMDs. Because of the low risk and a high success rate, 

surgeons should use this method before exploring more 
invasive treatment options 3.

Because the etiology of TMDs is complex and 
multifactorial, the diagnosis of different sub-types of 
TMDs was not standardized. Therefore, for standard,  
reliable and accurate diagnosis of different TMDs, 
the Research Diagnostic Criteria for TMDs (RDC/
TMD) was developed to produce a set of valid and 
reliable diagnostic algorithms by which researchers 
and clinicians could ensure they are examining and 
diagnosing TMDs in a similar correct ways 13. This 
(RDC/TMD) offers a very organized and simple 
method to examine patients properly and at the same 
time assesses the outcome of treatment of TMDs. 
The Research Diagnostic Criteria (RDC) for TMDs 
Consortium have utilized the clinical symptoms to 
record and diagnose TMDs 14. This clinical symptoms 
are still considered by many as a subjective tool 
for assessment. It has been reported that a need 
for objective data in decision making is necessary 
to reduce reliance on subjective improvement and 
clinically observed data 15,16.

Electronic instrumentation provides objective 
measurement for many of the biological phenomena, 
and thus can be used throughout treatment to provide 
critical data that monitor and enhance treatment 
efficacy. Electromyography (EMG) is considered as 
one of the diagnostic tools used in identifying and 
analyzing TMDs 15,17. It’s mode of action is similar to 
the electrocardiogram which measures the muscular 
activity and dysfunctions of the heart muscle. EMG 
could measures the activity and dysfunction of head 
and neck muscles. This information is important 
in treatment planning and for the assessment of 
the outcomes of treatment 18. When muscles are 
active, they generate an electrical activity that is 
usually proportional to the level of muscle activity. 
The EMG can detect abnormal muscle electrical 
activity in many diseases and conditions, including 
muscular dystrophy and inflammation of muscles 18.

Currently, there are no reports on the assessment 
of muscle activity following TMJ arthrocentesis. 
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Therefore, this study was designed to objectively 
assess the masseter muscle activity using 
electromyogram before and after treatment of TMDs 
by arthrocentesis and at the same time compare 
the pre-treatment base line EMG reading in these 
patients to a group of a healthy controls. 

MATERIALS AND METHODS

Study design and ethical approval

The ethics committee at the Faculty of Dentistry, 
Alexandria University, approved the design of this 
study. Written informed consent after explanation of 
the nature and the purpose of the study was obtained 
from each participant.

The study group included 12 patients indicated 
for TMJ arthrocentesis selected from those 
attending the outpatient clinic of the Oral and 
Maxillofacial Surgery Department, Faculty of 
Dentistry, Alexandria University. All patients were 
females, age ranging from 20-52 years (with a mean 
of 31.25±1.12). selection was based on the clinical 
diagnosis of internal derangement (ID) according 
to (RDC/TMD system). In this group, nine patients 
showed anterior disc displacement with reduction 
and three patients showed anterior disc displacement 
without reduction. In this group, electromyographic 
analysis was performed before the arthrocentesis 
and consider as a base line pre-treatment value. 
Following arthrocentesis, electromyographic 
analysis was performed and considered as post 
treatment value. Pre and post treatment results were 
compared.

The healthy control group included 6 volunteers 
(all females) age ranging from 25-43 years (with a 
mean of 28±1.19). Electromyographic analysis was 
performed and compared to that of the study group.

In the study group, clinical evaluation was 
performed before and one week, two weeks and four 
weeks follow up periods after TMJ arthrocentesis to 
the following parameters; TMJ pain score determined 
by the a visual analog scale (VAS) from zero to 

10 (“0” is pain free and “10” is severe intolerable 
pain), maximal unassisted  mouth opening, lateral 
and protrusive excursions movements, and presence 
of joint noise on opening and closing. Pre and post 
treatment results were compared. In addition, the 
EMG analysis after arthrocentesis was performed. 

Inclusion criteria

1.	 Patients with unilateral painful TMJ, diagnosed 
by RDC/TMD as group II; disc displacement 
(DD) with reduction, DD without reduction 
with limited opening, and DD without reduction 
without limited opening.

2.	 Non responsive to conservative therapy.

Exclusion criteria

1.	 Patients assigned with a TMD diagnosis of myalgia

2.	 Degenerative joint disease, osteoarthritis. 

3.	 Prior TMJ surgery

4.	 History of maxillofacial fracture  

5.	 Use of muscle relaxants.

Treatment phases for the study group:

1-	 Preoperative phase

A.	 Clinical diagnosis
i)	 Patient questionnaire
ii)	 Clinical examination 

B.	 Magnetic resonance imaging

C.	 Electromyographic analysis.

2- 	 Operative phase

	 Superior joint space arthrocentesis of the 
affected TMJ was performed as following :

1.	  The ear and preauricular skin over the affected 
TMJ were cleaned with betadine swab then the 
area was isolated with sterile towels.

2.	  Two points were then marked over the articular 
fossa and eminence along the canthal-tragus line.  
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The first point was located 10 mm anterior to 
the tragus and 2 mm below the line. The second 
point was located 20 mm anterior to the tragus 
and 10 mm below the line.

3.	  Local anesthetic solution of 2% Lidocaine with 
1:100:000 epinephrine (Novocol Pharmaceuti­
cal of Canada, Inc., Cambridge, Canada) was 
injected into the joint cavity, then the needle 
was withdrawn gently to the skin surface, thus 
allowing anesthesia for both hard and soft tis­
sues of the joint.

4.	  The affected TMJ was palpated and the upper 
joint space enlarged by downward and forward 
displacement of the mandible.

5.	  20-gauge needle was then introduced into 
the superior joint space at the glenoid fossa 
(posterior mark) and injection of about 2 ml of  
Ringer lactate solution was performed to distend 
the superior joint space.

6.	 18-gauge needle was inserted into the distended 
compartment in the area of the articular emi­
nence from an anterolateral approach to serve 
as an outlet. This needle provides an outflow 
for the solution which was collected in a kidney 
dish. Both needles were inserted to a depth of 
about 1.5 cm.

7.	 A total of 50-100 ml of the solution was used 
to lavage the superior joint space. During the 
procedure, the outlet needle was momentarily 
blocked with finger to help distend and break up 
the joint adhesions.

8.	 At the end of the procedure and following nee­
dles removal, the patient’s jaw was gently ma­
nipulated in the vertical, protrusive and lateral 
excursions.

3- Postoperative phase

After the arthrocentesis, all the patients were: 

·	 Prescribed postoperative analgesics Ketolac 
10 mg ( Amriya for pharmaceutical industries, 
Alexandria, Egypt) 3 times daily for 7 days.

·	 Soft diet and home physical therapy consisting 
of the application of moist heat and range of 
motion exercises 4 times daily for 7 days.

·	 Advised to continue using an occlusal appliance 
postoperatively.

Electromyographic analysis

Surface Electromyogram (SEMG) was used to 
record muscle activity of the right and left masseter 
muscles. During the EMG recordings, the patients 
were kept in a comfortable sitting position with 
no headrest, feet apart, shoulders relaxed, hands 
resting on thighs, and the Frankfort horizontal plane 
parallel to the floor.

EMG registrations were taken using a 2-channel 
surface EMG system (Nihon Kohden apparatus; 
Kogyo Co., Ltd., Tokyo, Japan) for simultaneous 
recording of the myoelectrical activity from right 
and left sides (input impedance 100 MΩ, bandwidth 
2 Hz-1 kHz, gain 100 -200μV)  

The active recording electrode was placed over 
the motor point of the masseter and the reference 
electrode over the angle of the jaw parallel to 
the muscle fibers direction. The conductivity of 
the electrode-skin interface was increased using 
conductive gel after thorough cleaning of the skin 
with alcohol. A ground electrode was placed at the 
forearm.        

EMG recordings were made in the mandibular 
position at rest. Then, the patient was asked 
to moderately clench her teeth, and keep them 
clenched for two seconds. Electric activity was also 
recorded during maximum tooth clenching. Lastly, 
electric activity was recorded during gum chewing 
at right then left side. Activities from both sides 
were compared.

The following parameters were measured:

·	 The presence of any activity at rest.

·	 The amplitude of EMG signal measured during 
clenching and chewing.
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·	 The duration of EMG signal measured during 
chewing.

EMG analysis of masseter muscle activity 
was performed before and four weeks after TMJ 
arthrocentesis and the results were compared.

Statistical analysis

Statistical analysis was done using SPSS 
software version 15.0 (SPSS Inc., Chicago, IL, 
USA). Descriptive statistics were displayed as 
means and standard deviations. Normal ranges were 
calculated based on the mean values of the control 
and the standard deviations. Comparison between 
values before and after the intervention was done 
with paired t test. Comparison of the values with 
the mean of the control was done using t test. 
Comparison between affected and unaffected sides 
was done using paired t test. Significance level was 
set at 5%. 

RESULTS

TMJ Pain

Pain decreased significantly from preoperative 
value (7±1.55) compared to that of one week 
follow up (4.33+ 1.51) as measured by the VAS. 
(paired t-test: t-value=3.024, p-value=0.029). 
Following 2 weeks, the mean pain score was (3.33+ 
2.07). There  was a significant decrease in pain 
intensity between the preoperative value and that 
at 2 weeks postoperative follow up (t-value=3.841, 
p-value=0.012). following 4 weeks, the mean pain 
score was (2.33±1.63). There was a significant 
decrease in pain intensity between the preoperative 
value and that at 4 weeks postoperative follow up 
(t-value=4.3, p-value = 0.008). 

Maximal mouth opening (MMO) 

Patients showed a significant increase in the 
maximum mouth opening from preoperative 
25.33±4.63 to 4 weeks postoperative follow up 
38.90±3.48 mm (P<0.005). Following 1 week 

follow up, the mean MMO was 33.00+7.27mm. 
The increase in MMO from preoperative to 1 
week postoperative follow up was found to be 
statistically significant (paired t-test: t-value=4.171,  
p-value=0.009). Following 2 weeks, the mean 
MMO was 35.00+8.25 mm. The increase in 
MMO from preoperative to 2 weeks postoperative 
follow up was found to be statistically significant 
(t-value=5.26, p-value =0.003). following 4 weeks, 
the mean MMO was 38.90 ±  3.48 mm. The increase 
in MMO from preoperative to 4 weeks postoperative 
follow up was statistically significant (t-value=4.88, 
p-value =0.005) (Table 1).

Protrusive movement

The protrusive movement of the patients increased 
from preoperative to 4 weeks postoperative follow 
up (3.57 ± 1.03 mm to 6.67±2.42 mm, respectively). 
This increase was statistically significant. (paired 
t-test: t-value=6.325, p-value =0.001) (Table 1).

Lateral excursions

Lateral excursions increased from preoperative 
3.83±0.89 mm to 6.50±0.98 mm after 4 weeks 
postoperative follow up. This increase was 
statistically significant (paired t-test: t-value=3.236, 
p-value =0.023) (Table 1).

TABLE (1) Comparison of maximal mouth opening, 
protrusive movement and lateral excursion 
before and 4 weeks after the operation.

Before
Mean ± SD

After
Mean ± SD

Paired  
t test

P value

Maximal 
mouth opening

25.33+4.63 38.90 ±  3.48 4.88 0.005*

Protrusive 
movement

3.57 ± 1.03     6.67+2.42 6.325 0.001*

Lateral 
excursion

3.83 ± 0.89 6.50 ± 0.98 3.2326 0.023*

*: Statistically significant at P ≤ 0.05
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EMG Recordings

In the study group, the electromyographic 
activity of the masseter muscles was measured 
preoperatively and 4 weeks postoperatively.  
While in the control group the electromyographic 
activity was recorded only one time. The following 
parameters were measured; amplitude of moderate 
& maximum clenching, amplitude during chewing 
on affected &unaffected sides, duration during 
chewing on affected and unaffected sides.

Table 2 shows the normal range of electromyo­
graphic activity recorded from the control group dur­
ing clenching and chewing. The values of moderate 
clenching ranged from 56.55 to 143.71, while the 
values of maximum clenching ranged from 145.69 
to 300.97. The values of amplitude while chewing 
from 133. 31 to 475.14 and of duration while chew­
ing from 128.54 to 399.73.

TABLE (2) Normal limits of electromyographic 
activity in the control group.

Normal ranges

Amplitude while  moderate clenching (µv) 56.55- 143.71

Amplitude while maximum clenching (µv) 145.69- 300.97

Amplitude while chewing (µv) 133.31- 475.14

Duration while chewing (m sec) 128.54- 399.73

Table 3 shows the comparison of moderate 
clenching values in the unaffected side before and 
after the intervention. In the unaffected side the 
decrease in the value of moderate clenching from 
95.00 to 70.00 was not statistically significant (P= 
0.08). These values before and after the intervention 
were within the range of normal values of the control 
group (56.55- 143.71).

Table 4 shows the comparison of moderate 
clenching values in affected side before and after 
the intervention and in relation to control normal 
range. Moderate clenching decreased significantly 
from 117.33 to 90.00 after the intervention. This 
decrease was statistically significant (P= 0.02). 

These values in the affected side before and after 
the intervention were within the range of normal 
values, and no significant differences were observed 
between the mean values of the control and affected 
side before or after the intervention (P= 0.44 and 
0.66 respectively) (Figure 1). 

TABLE (3) Comparison of moderate clenching 
values in unaffected side before and after 
the intervention. 

Before After

Mean ± SD 95.00 ± 58.57 70.00 ± 41.47

Normal range 56.55- 143.71

Paired t test
P value

2.18
0.08

TABLE (4) Comparison of moderate clenching 
values in affected side before and after 
the intervention and in relation to control 
normal range.

Before After

Mean ± SD 117.33±54.06 90.00±47.33

Paired t test
P value

3.30
0.02*

Normal range 56.55- 143.71

Control group: mean ± SD 99.17 ± 12.42

T test
P value

0.80
0.44

0.46
0.66

*: statistically significant at P ≤ 0.05

Fig. (1) Comparison of moderate clenching values in affected 
side before and after the intervention and in relation to 
control normal range. 
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Table 5 shows the comparison of maximum 
clenching values in the unaffected side before 
and after the intervention. Maximum clenching 
decreased from 233.33 to 206.67 and this was 
statistically significant (P=0.03). These values 
before and after the intervention were within the 
range of normal values (145.69- 300.97).

TABLE (5) Comparison of maximum clenching 
values in unaffected side before and after 
the intervention.

Before After

Mean ± SD 233.33 ± 156.29 206.67 ± 146.24

Normal range 145.69- 300.97

Paired t test
P value

3.16
0.03*

*: statistically significant at P ≤ 0.05

Table 6 shows the comparison of maximum clench­
ing values in the affected side before and after the 
intervention and in relation to control normal range. 
Maximum clenching decreased from 260.00 to 230.00 
after the intervention. This decrease was not statisti­
cally significant (P= 0.17).  These values before and 
after the intervention were within the range of normal 
values, and no significant differences were observed 
between the mean values of the control and affected 
side before or after the intervention (P= 0.44 and 0.87 
respectively) (Figure 2). 

TABLE (6) Comparison of maximum clenching 
values in affected side before and after 
the intervention and in relation to control 
normal range.

Before After

Mean ± SD 260.00 ± 121.98 230.00 ± 157.35

Paired t test
P value

1.63
0.17

Normal range 145.69- 300.97

Control group: 
mean ± SD

219.17 ± 24.17

T test
P value

0.80
0.44

0.17
0.87

Fig. (2) Comparison of maximum clenching values in affected 
side before and after the intervention and in relation to 
control normal range.

Table 7 shows the comparison of amplitude 
of masseter muscle activity of the unaffected side 
while chewing on the affected side before and 
after the intervention. The amplitude decreased 
from 236.67 to 168.33 and this was not statistically 
significant (P= 0.20). The values before and after 
the intervention were within the range of normal 
values (133. 31- 475.14).

TABLE (7) Comparison of amplitude of masseter 
muscle activity of the unaffected side 
while chewing on the affected side before 
and after the intervention and in relation 
to control normal range.

Before After

Mean ± SD 236.67 ± 109.12 168.33 ± 70.26

Normal range 133. 31- 475.14

Paired t test
P value

1.49
0.20

Table 8 shows the comparison of amplitude of 
masseter muscle activity of the affected side while 
chewing  on the affected side before and after the 
intervention and in relation to control normal range. 
The amplitude decreased from 340.00 to 228.33 after 
the intervention. This decrease was not statistically 
significant (P= 0.07). These values before and after 
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the intervention were within the range of normal 
values, and no significant differences were observed 
between the mean values of the control and affected 
side before or after the intervention (P= 0.08 and 
0.65 respectively).

TABLE (8) Comparison of amplitude of masseter 
muscle activity of the affected side while 
chewing on the affected side before and 
after the intervention and in relation to 
control normal range.

Before After

Mean ± SD 340.00 ± 161.99 228.33 ± 122.87

Paired t test
P value

2.26
0.07

Normal range 133. 31- 475.14

Control group: 
mean ± SD

202.50 ± 60.97

T test
P value

1.95
0.08

0.46
0.65

Table 9 shows the comparison of duration while 
chewing on affected side for the unaffected side 
before and after the intervention. In the unaffected 
side, the duration decreased from 420.00 to 298.33 
and this was not statistically significant (P= 0.08). 
The mean before the intervention was above the 
range of normal values, while after the intervention 
it was within the normal range. 

TABLE (9) Comparison of duration of chewing on 
affected side for the unaffected side before 
and after the intervention and in relation 
to control normal range.

Before After

Mean ± SD 420.00 ± 129.61 298.33 ± 150.79

Normal range 128.54- 399.73

Paired t test
P value

2.21
0.08

Table 10 shows the comparison of duration 
while chewing on affected side for the affected side 
before and after the intervention and in relation 
to control normal range. The duration decreased 
from 406.67 to 311.67 after the intervention. This 
decrease was not statistically significant (P= 0.07). 
The mean before the intervention was above the 
range of normal values, while after the intervention 
it was within the normal range. The mean before 
the intervention was significantly higher than the 
mean of the control (P= 0.04) whereas after the 
intervention the difference between the means of the 
affected side and the control was not significantly 
different (P= 0.64). 

TABLE (10) Comparison of duration of chewing on 
affected side for the affected side before 
and after the intervention and in relation 
to control normal range.

Before After

Mean ± SD 406.67 ± 110.03 311.67 ± 116.69

Paired t test
P value

2.27
0.07

Normal range 128.54- 399.73

Control group: 
mean ± SD

286.67 ± 49.67

T test
P value

2.44
0.04*

0.48
0.64

*: statistically significant at P ≤ 0.05

Table 11 shows the comparison of masticatory 
forces in affected side and unaffected side in the 
study group before and after the intervention. EMG 
activity recorded from the masseter before the 
operation showed absence of significant difference 
between both sides during clenching and chewing 
denoting loss of dominance. After the operation, 
there were no significant differences between both 
sides regarding their EMG activity. (Table 11 and 
Figures 3 & 4).
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TABLE (11)  Comparison of masticatory forces in affected side and unaffected side in the study group before 
and after the operation.

Before the operation After the operation

Affected side
Mean ± SD

Unaffected side
Mean ± SD

Paired t test
P value

Affected side
Mean ± SD

Unaffected side
Mean ± SD

Paired t test
P value

Amplitude while moderate 
clenching (µ v) 117.33 ± 54.06 95.00 ± 58.57 1.88

0.12 90.00 ± 47.33 70.00 ± 41.47 1.69
0.15

Amplitude while maximum 
clenching (µ v) 260.00 ±121.98 233.33 ± 156.29 1.00

0.36 230.00 ±157.35 206.67 ± 146.24 0.91
0.40

Amplitude while chewing 
on affected side (µ v) 340.00 ±161.99 236.67 ± 109.12 1.46

0.20 228.33 ±122.87 168.33 ± 70.26 1.43
0.21

Duration while  chewing on 
affected side (m sec) 406.67 ± 110.03 420.00 ± 129.61 0.35

0.74 311.67 ± 116.69 298.33 ± 150.79 0.54
0.61

Amplitude while chewing 
on unaffected side (µ v) 186.67 ± 72.30 256.67 ± 206.07 0.89

0.41 208.33 ±101.28 255.00 ± 212.39 0.63
0.59

Duration while chewing on 
unaffected side (m sec) 290.00 ± 75.63 326.67 ± 84.54 0.94

0.39 313.33 ±101.72 326.67 ± 93.52 0.93
0.39

Fig. (3) Comparison of amplitude of chewing on affected side 
to amplitude of chewing on unaffected side in the study 
group before and after the operation. 

Fig. (4) Comparison of duration while chewing on affected side 
to that of unaffected side in the study group before and 
after the operation.

Fig. (5) SEMG activities recorded from the masseter muscles in 
one of the control group showing normal activity at rest 
(1= right masseter, 2= left masseter).

Fig. (6) SEMG activities recorded from the masseter muscles in 
one of the study group showing normal activity at rest 
(1= right masseter, 2= left masseter). 
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DISCUSSION

Patients selected for the present study were 
complaining from the clinical signs and symptoms 
of TMJ internal derangement, only patients with 
unilateral painful TMJ, diagnosed by RDC/TMD as 
group II were included in this study. These patients 
were also complained of pain at the TMJ surrounding 
muscles. A functional impairment in the masticatory 
system can cause diagnostic difficulties, because the 
source of pain can be various and overlap each other 
in this musculoskeletal disorder. TMD patients 
usually present mixed, arthrogenous and myogenous 

Fig. (7) SEMG activities recorded from the masseter muscles 
in one of the control group during moderate clenching 
showing increased EMG activity recorded from the 
right side (1) compared to that from the left side (2) 
consistent with right side dominancy.

Fig. (9) SEMG recordings from the masseter muscles of same 
patient during moderate clenching after the operation 
showing dominancy of EMG activity (increase of 
activity at the right affected side compared to the left 
unaffected side).

Fig. (11) SEMG recordings from masseter muscles in the same 
patient after the operation showing still increase in 
EMG activity at the right affected side during chewing 
on the left unaffected side (no improvement).

Fig. (8) SEMG from the masseter muscles in one of the 
studied patients before operation showing loss of 
dominancy during moderate clenching (EMG activity 
at the affected side (right) is comparable to that at the 
unaffected side (left)).

Fig. (10) SEMG activity recorded from the masseter muscles 
in one of the studied patients before operation showing 
increase EMG-activity (amplitude and duration) 
recorded from the right affected side during chewing on 
the left unaffected side.
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symptoms 19,20. arthrocentesis will not be effective in 
patients with muscle or myofascial pain origin, but 
will be effective in patients with disc displacement 
with or without reduction. These patients were 
diagnosed clinically and radiographically using 
magnetic resonance imaging.

Arthrocentesis was performed only on the 
affected side (unilateral). Clinically, all patients 
treated with arthrocentesis showed postoperative 
consistent continuous improvement in the signs and 
symptoms from the first week till the fourth week 
follow up period. These findings are in agreement 
with the currently available evidence that the 
therapeutic effects of arthrocentesis and lavage is 
an efficient and effective treatment modality for 
TMDs 6,8,21. This increase in success rates following 
arthrocentesis could be attributed to the reduction 
in the inflammatory mediators, matrix-degrading 
enzymes, and the removal of the degradation 
products within the joint as well as the improvement 
in the natural lubrication 8,10. 

Several previous studies suggested that SEMG 
is a useful objective tool for diagnosis of the 
dysfunction of the masticatory muscles in patients 
with TMDs 15,22-24, while other studies contradict this 
opinion and stated that SEMG has limited role in 
TMDs diagnosis and could leads to a unnecessary 
dental treatment to treat these disorders25-27, in 
between these two opposite opinions, recent 
studies mentioned that SEMG can be used only 
as a complementary tool for the diagnosis of the 
myogenous TMDs 17. 

Earlier EMG researches have had problems 
in their study designs due to the absence of 
comparative control which is considered as a base 
line for comparison 28. Therefore controversies 
have been existed between the earlier and more 
recent studies for the value of using EMG. In the 
present study,  the EMG values of masseter muscle 
activity were recorded in a study group with 
TMDs and compared to that of healthy control 

group. Furthermore, this study also evaluated the 
effectiveness of arthrocentesis procedure on TMDs. 
It was hypothesized that successful treatment by 
arthrocentesis will decrease the severity of muscle 
dysfunction and that comparison of post treatment 
muscle activity with pretreatment base line will 
document the treatment efficacy.  

In this study, the EMG values were recorded 
simultaneously from the right and left masseter 
muscles at rest and during moderate and maximum 
clenching, the masseter muscle is directly related to 
jaw motion, previous studies have shown that TMDs 
cause asymmetry of masseter muscle strength 
during the clenching motion 29.

Results of this study showed that the EMG in the 
study and control groups had recorded decreased 
activity in the rest position. This finding is in 
agreement with the results obtained by Manns et 
al, 30 where the EMG muscle activity decreased 
when the mandible was moved from the teeth being 
in occlusion to the rest position. While, during 
clenching and chewing, the patients in the study 
group showed increase in EMG activity compared 
to normal values of the control group. This is in 
agreement with many authors who suggested that 
TMDs could be associated with increased EMG 
activities 16,22,24.

In this study, the difference between the means 
of the EMG activity of the masseter muscle at the 
affected side and unaffected side in the study group 
before and after the arthrocentesis and that of the 
healthy controls were not statistically significantly. 
This is in agreement with Lyons and Baxendale31 
in their study that showed that the difference in 
muscular activity between the patients and the 
controls was not statistically significant. These 
results showed that EMG analysis is not specific in 
diagnosis of TMDs as the results of the study group 
were within the normal range of the control group. 
These findings were reported in similar previous 
studies 17,26,27. In the other hands, the EMG activities 
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at the affected side in the study group were higher 
than the contralateral unaffected side before the 
arthrocentesis, although these values were within 
the range of the normal control group, following 
arthrocentesis the EMG values declined and became 
very close to the values of the unaffected sides before 
the arthrocentesis. These findings suggest that the 
EMG analysis could have a role in monitoring the 
effects of therapy (arthrocentesis in this study) on 
the TMDs. These findings are in agreement with 
previous studies 26,32.

Results of the EMG analysis of masseter muscle 
activity in the affected side during moderate 
clenching showed significant reduction in EMG 
values from 117.33 µ v before arthrocentesis to 
90.00 µ v after the arthrocentesis (p=0.02). This 
results may indicate the efficacy of arthrocentesis 
in normalizing the muscle activity at the affected 
side during moderate clenching. While during 
maximum clenching and all the other EMG 
parameters the values decreased  but didn’t show a 
statistically significant difference. This reduction in 
postoperative EMG values ,although not significant, 
could indicate the partial improvement in masseter 
muscle activity following arthrocentesis. Further 
studies with large sample size and longer follow-up 
period are required for further speculation.

CONCLUSIONS 

TMJ arthrocentesis is an effective technique 
for the treatment of the disc displacements sub-
types of TMDs. Following arthrocentesis, definite 
improvement in clinical results is achieved, but 
improvement in muscle function is only partial 
as measured by SEMG. SEMG is a simple non-
invasive technique for monitoring of the treatment 
outcomes on muscle function in TMDs. EMG 
analysis for the diagnosis of TMDs is not specific, 
because the EMG values before and after the 
arthrocentesis were within the range of normal 
values of the control group. 

ACKNOWLEDGEMENTS

The author would like to thank Dr. Nevein 
Shawky, Professor of Oral and Maxillofacial 
Surgery, Faculty of Dentistry, Alexandria University, 
for her inputs in this study. Also, the author would 
like to thank Dr. Gihan Abd el-latief, Professor of 
Physical Medicine, Rheumatology & Rehabilitation, 
Faculty of Medicine, Alexandria University, for her 
participation in the EMG analysis.                                                               

CONFLICT OF INTEREST:

There are no conflicts of interest related to this 
study.

REFERENCES
1. Laskin DM. Temporomandibular disorders: a term past its 

time? J Am Dent Assoc 2008; 139 (2):124-128.

2. Hasanain F, Durham J, Moufti A, Steen IN, Wassell RW. 
Adapting the diagnostic definitions of the RDC/TMD to 
routine clinical practice: a feasibility study. J Dent 2009; 
37 (12):955-962.

3. Greene CS. Management of patients with TMDs: a new 
“standard of care”. Int J Prosthodont 2010; 23 (3):190-191.

4. Schiffman EL, Look JO, Hodges JS, Swift JQ, Decker KL, 
Hathaway KM, et al. Randomized effectiveness study of 
four therapeutic strategies for TMJ closed lock. J Dent Res 
2007; 86 (1):58-63.

5. Hosgor H, Bas B, Celenk C. A comparison of the outcomes 
of four minimally invasive treatment methods for anterior 
disc displacement of the temporomandibular joint. Int J 
Oral Maxillofac Surg 2017; 46 (11):1403-1410.

6. Vos LM, Huddleston Slater JJ, Stegenga B. Arthrocentesis as 
initial treatment for temporomandibular joint arthropathy: 
a randomized controlled trial. J Craniomaxillofac Surg 
2014; 42 (5):e134-139.

7. Cömert Kiliç S, Güngörmüş M, Sümbüllü MA. Is Arthrocen­
tesis Plus Platelet-Rich Plasma Superior to Arthrocentesis 
Alone in the Treatment of Temporomandibular Joint Os­
teoarthritis? A Randomized Clinical Trial. J Oral Maxil­
lofac Surg 2015; 73 (8):1473-1483.

8. Tatli U, Benlidayi ME, Ekren O, Salimov F. Comparison of 
the effectiveness of three different treatment methods for 
temporomandibular joint disc displacement without reduc­
tion. Int J Oral Maxillofac Surg 2017; 46 (5):603-609.



EVALUATION OF MASSETER MUSCLE ACTIVITY USING ELECTROMYOGRAM (3167)

9. 	 Nitzan DW, Dolwick MF, Martinez GA. Temporomandib­
ular joint arthrocentesis: a simplified treatment for severe, 
limited mouth opening. J Oral Maxillofac Surg 1991; 49 
(11):1163-1167; discussion 1168-1170.

10. 	 Yura S, Totsuka Y, Yoshikawa T, Inoue N. Can arthrocentesis 
release intracapsular adhesions? Arthroscopic findings 
before and after irrigation under sufficient hydraulic 
pressure. J Oral Maxillofac Surg 2003; 61 (11):1253-1256.

11. 	 Al-Belasy FA, Dolwick MF. Arthrocentesis for the 
treatment of temporomandibular joint closed lock: a review 
article. Int J Oral Maxillofac Surg 2007; 36 (9):773-782.

12. 	 Nitzan DW, Price A. The use of arthrocentesis for the treat­
ment of osteoarthritic temporomandibular joints. J Oral 
Maxillofac Surg 2001; 59 (10):1154-1159; discussion 1160.

13. 	 Ohrbach R, Dworkin SF. The Evolution of TMD Diagnosis: 
Past, Present, Future. J Dent Res 2016; 95 (10):1093-1101.

14. 	 Schiffman E, Ohrbach R, Truelove E, Look J, Anderson 
G, Goulet JP, et al. Diagnostic Criteria for Temporoman­
dibular Disorders (DC/TMD) for Clinical and Research 
Applications: recommendations of the International RDC/
TMD Consortium Network* and Orofacial Pain Special 
Interest Groupdagger. J Oral Facial Pain Headache 2014;  
28 (1):6-27.

15. 	 Choi KH, Kwon OS, Jerng UM, Lee SM, Kim LH, Jung 
J. Development of electromyographic indicators for the 
diagnosis of temporomandibular disorders: a protocol for 
an assessor-blinded cross-sectional study. Integr Med Res 
2017; 6 (1):97-104.

16. 	 Li BY, Zhou LJ, Guo SX, Zhang Y, Lu L, Wang MQ. An 
investigation on the simultaneously recorded occlusion 
contact and surface electromyographic activity for patients 
with unilateral temporomandibular disorders pain. J 
Electromyogr Kinesiol 2016; 28:199-207.

17. 	 Berni KC, Dibai-Filho AV, Pires PF, Rodrigues-Bigaton D. 
Accuracy of the surface electromyography RMS processing 
for the diagnosis of myogenous temporomandibular 
disorder. J Electromyogr Kinesiol 2015; 25 (4):596-602.

18. 	 Raez MB, Hussain MS, Mohd-Yasin F. Techniques of 
EMG signal analysis: detection, processing, classification 
and applications. Biol Proced Online 2006; 8:11-35.

19. 	 Kim YK, Kim SG, Kim BS, Lee JY, Yun PY, Bae JH, et 
al. Analysis of the cytokine profiles of the synovial fluid 
in a normal temporomandibular joint: preliminary study. J 
Craniomaxillofac Surg 2012; 40 (8):e337-341.

20. Sato S, Ohta M, Goto S, Kawamura H, Motegi K. 
Electromyography during chewing movement in patients 

with anterior disc displacement of the temporomandibular 
joint. Int J Oral Maxillofac Surg 1998; 27 (4):274-277.

21. 	 Al-Moraissi EA. Arthroscopy versus arthrocentesis in the 
management of internal derangement of the temporoman­
dibular joint: a systematic review and meta-analysis. Int J 
Oral Maxillofac Surg 2015; 44 (1):104-112.

22. 	 Pinho JC, Caldas FM, Mora MJ, Santana-Penín U. Electro­
myographic activity in patients with temporomandibular 
disorders. J Oral Rehabil 2000; 27 (11):985-990.

23. 	 Hugger A, Hugger S, Schindler HJ. Surface electromyog­
raphy of the masticatory muscles for application in den­
tal practice. Current evidence and future developments.  
Int J Comput Dent 2008; 11 (2):81-106.

24. 	 Politti F, Casellato C, Kalytczak MM, Garcia MB, Biasotto-
Gonzalez DA. Characteristics of EMG frequency bands in 
temporomandibullar disorders patients. J Electromyogr 
Kinesiol 2016; 31:119-125.

25. 	 Suvinen TI, Kemppainen P. Review of clinical EMG 
studies related to muscle and occlusal factors in healthy 
and TMD subjects. J Oral Rehabil 2007; 34 (9):631-644.

26. 	 Al-Saleh MA, Armijo-Olivo S, Flores-Mir C, Thie NM. 
Electromyography in diagnosing temporomandibular 
disorders. J Am Dent Assoc 2012; 143 (4):351-362.

27. 	 Klasser GD, Okeson JP. The clinical usefulness of surface 
electromyography in the diagnosis and treatment of 
temporomandibular disorders. J Am Dent Assoc 2006; 137 
(6):763-771.

28.	 Jankelson RR. Scientific rationale for surface electromy­
ography to measure postural tonicity in dental patients. 
Cranio 1990; 8 (3):207-209.

29. 	 Ries LG, Alves MC, Berzin F. Asymmetric activation of 
temporalis, masseter, and sternocleidomastoid muscles 
in temporomandibular disorder patients. Cranio 2008; 26 
(1):59-64.

30. 	 Manns A, Miralles R, Cumsille F. Influence of vertical 
dimension on masseter muscle electromyographic activity 
in patients with mandibular dysfunction. J Prosthet Dent 
1985; 53 (2):243-247.

31. Lyons MF, Baxendale RH. Masseter muscle relaxation 
rate in volunteers with a myogenous craniomandibular 
disorder. J Oral Rehabil 1995; 22 (5):355-364.

32. Goldstein LB. The use of surface electromyography in 
objective measurement of the muscle function in facial 
pain/temporomandibular dysfunction patients. Funct 
Orthod 2000; 17 (3):26-29.


