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Flg. 1. Display of EMG activity and firing time in masticatory muscles
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Table 1-1. EMG activity of right side gum chewing in right side affected patients (uV)

We First Second D
Muscle

Anterior Right 207 + 113 268 £ 140" NS
Temporalis Left 184 = 93 210 £ 107 NS
Superficial Right 216 + 152" 271 + 155" NS
Masseter Left 106 £ 75 141 £ 103 NS

+* | Difference between right and left is significant at the 0.01 level

Table 1-2. Firing time of right side gum chewing in right side affected patients (ms)

Chewing stroke

Muscle First Second p
Anterior Right 7538 £4656 5956 £207.1 NS
Temporalis Left 864.4 £5185 639.3 £267.3 NS
Superficial Right 8555 +450.0 6062 1836 NS
Masseter Left 1111.5 £625.6 796.6 4595 +

1: Difference between first and second stroke is significant at the 0.05 level

Table 1-3. Correlation between EMG activity and firing time of anterior temporalis(TA) of
right side gum chewing in right side affected patients (first / second stroke)

EMG of Rt. TA

EMG of Lt. TA

Time of Rt. TA

Time of Lt. TA

EMG of Rt. TA

0.723" / 0875

-0862" / 0774

-0.314 / -0.609°

EMG of Lt. TA

-0.626" / -0.725"

-0529" / ~0.762"

Time of Rt. TA

0'%3»1" / 0,843"‘

Time of Lt. TA

* : Correlation is significant at the 0.05 level

#+ 1 Correlation is significant at the 0.01 level

*++ . Correlation is significant at the 0.001 level

Table 1-4. Carrelation between EMG activity and firing time of superficial masseter(MM) of

right side gum chewing in right side affected patients (first / second stroke)

EMG of Rt. MM

EMG of Lt. MM

Time of Rt. MM

Time of Lt. MM

EMG of Rt. MM

0.520" / 0590

-0.559" / -0.590°

-0.447 / -0.298

EMG of Lt. MM

-0532" / -0.716"

-0.783""/ -0.689""

Time of Rt. MM
Time of Lt. MM

0.605" / 0.389

* . Correlation is significant at the 0.05 level
w1 Correlation is significant at the 0.001 level

++ [ Correlation is significant at the 0.01 level
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Table 2-1. EMG activity of left side gum chewing in right side affected patients (uV)

Chewing stroke

Muscle First Second P
Anterior Right 142 = 88" 173 £ 107" *
Temporalis Left 216 £ 109 249 * 133 NS
Superficial Right 111 + 70™ 126 £ 83™ NS
Masseter Left 226 + 149 270 + 184 t

»  Difference between right and left is significant at the 0.01 level

## . Difference between right and left is significant at the 0.001 level
T: Difference between first and second stroke is significant at the 0.05 level
T Difference between first and second stroke is significant at the 0.01 level

Table 2-2. Firing time of left side gum chewing in right side affected patients (ms)

Chewing stroke First Second >
Muscle

Anterior Right 10201 4275 957.9 +5433" NS
Temporalis Left 7201 +3280 606.3 £301.8 NS
Superficial Right 13128 +7432" 10385 *+5629° NS
Masseter Left 8136 +2559 7698 3029 NS

+ ¢ Difference between right and left is significant at the 0.05 level
+x . Difference hetween right and left is significant at the 0.01 level
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Table 2-3. Correlation between EMG activity and firing time of anterior temporalis(TA) of
left side gum chewing in right side affected patients (first / second stroke)

EMG of Rt. TA | EMG of Lt. TA | Time of Rt. TA | Time of Lt. TA
EMG of Rt. TA 0.788""/ 0752 | -0576" / -0.391 | -0.433 / 0.009
EMG of Lt. TA -0.602" / -0.317 | -0.416 / -0.162

Time of Rt, TA

0431 / 0507

Time of Lt. TA

+ . Correlation is significant at the 0.05 level
#+ . Correlation is significant at the 0.001 level

w . Correlation is significant at the 0.01 level

Table 2-4. Correlation between EMG activity and firing time of superficial masseter(MM) of
left side gum chewing in right side affected patients (first / second stroke)

EMG of Rt. MM

EMG of Lt. MM

Time of Rt. MM | Time of L.t MM

EMG of Rt. MM

0.863™"/ 0.845™"

-0.607" / -0.314 | -0.286 / -0.030

EMG of Lt. MM

-0.692" / -0.367 | -0.416 / -0.093

Time of Rt. MM

0468 / 0.702"

Time of Lt. MM

* @ Correlation is significant at the 0.05 level
wix © Correlation 18 significant at the 0.001 level

#+ . Correlation is significant at the 0.01 level
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Table 3-1. EMG activity of left side gum chewing in left side affected patients (uV)

m First Second p

Anterior Right 170 £ 80 196 *+ 106 NS

Temporalis Left 207 £ 70 232 & 84 T

Superficial Right 114 = 687 121 + 627 NS

Masseter Left 206 + 78 221 * 90 NS

HOK K

. Difference hetween right and left is significant at the 0.001 level

T: Difference between first and second stroke is significant at the 0.05 level
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Table 3-2. Firing time of left side gum chewing in left side affected patients (ms)

Chewing stroke

Muscle First Second p
Anterior Right 7827 +388.8 5619 +191.3 T
Temporalis Left 6956 *+381.4 5289 t153.1 NS
Superficial Right 1069.1 +6282° 7549 £4718 NS
Masseter Left 7484 £352.3 5029 *212.2 NS

* ! Difference between right and left is significant at the 0.05 level
1 Difference between first and second stroke is significant at the 0.05 level

Table 3-3. Correlation between EMG activity and firing time of anterior temporalis(TA) of
left side gum chewing in left side affected patients (first / second stroke)

EMG of Rt. TA | EMG of Lt. TA | Time of Rt. TA | Time of Lt. TA
EMG of Rt. TA 0.426 / 0564 -0.323 / -0.145 -0.178 / -0.175
EMG of Lt. TA -0.095 / -0.413 -0.319 / -0.228

Time of Rt. TA

0.8827/ 0382

Time of Lt. TA

* * Correlation is significant at the 0.05 level

=% | Correlation is significant at the 0.001 level

Table 3-4. Correlation between EMG activity and firing time of superficial masseter(MM)
of left side gum chewing in left side affected patients (first / second stroke)

EMG of Rt. MM

EMG of Lt. MM

Time of Rt. MM

Time of Lt. MM

EMG of Rt. MM

0.624" / 0477

-0.565" / -0.457

-0425 / -0.242

EMG of Lt. MM

-0.678"/ -0.226

-0.549" / -0.077

Time of Rt. MM

0.586" / 0.374

Time of Lt. MM

* 1 Correlation is significant at the 0.05 level
#+ © Correlation is significant at the 0.01 level
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Table 4-1. EMG activity of right side gum chewing in left side affected patients (uV)

Chewing stroke

Muscle First Second D
Anterior Right 24 £ 1017 256 + 114™ NS
Temporalis Left 147 = 75 166 = 86 T
Superficial Right 204 = 102" 234 £ 115™ NS
Masseter Left 82 + 33 93 = 40 NS

#« . Difference between right and left is significant at the 0.01 level
wx o Difference between right and left is significant at the 0.001 level
1: Difference between first and second stroke is significant at the 0.05 level

Table 4-2, Firing time of right side gum chewing in left side affected patients (ms)

Chewing stroke

Muscle First Second D
Anterior Right 666.9 +284.0" 5245 £235.9" NS
Temporalis Left 9211 4608 679.6 +236.7 1
Superficial Right 781.6 £2456" 558.0 £226.2° T
Masseter Left 1038.1 +5435 856.6 +543.3 NS

+ . Difference between right and left is significant at the 0.05 level
#% . Difference between right and left is significant at the 0.01 level
1: Difference between first and second stroke is significant at the 0.05 level
*: Difference between first and second stroke is significant at the 0.01 level

Table 4-3. Correlation between EMG activity and firing time of anterior temporalis(TA) of
right side gum chewing in left side affected patients (first / second stroke)

EMG of Rt. TA

EMG of Lt. TA

Time of Rt. TA

Time of Lt. TA

EMG of Rt. TA

0612° / 0.713"

-0.585" / -0.505

-0494 / 0.362

EMG of Lt. TA

-0.117 / -0.161

-0.244 / -0014

Time of Rt, TA

0.6837/ 0.733™

Time of Lt. TA

* 1 Correlation is significant at the 0.05 level,

=+ | Correlation is significant at the 0.001 level

*+ | Correlation is significant at the 0.01 level

Table 4-4. Correlation between EMG activity and firing time of superficial masseter(MM) of
right side gum chewing in left side affected patients (first / second stroke)

EMG of Rt. MM

EMG of Lt. MM

Time of Rt. MM

Time of Lt. MM

EMG of Rt. MM

0.359 / 0.493

-0.229 / -0.037

-0197 / -0.357

EMG of Lt. MM

-0.446 / -0.210

~0.637" / -0.245

Time of Rt. MM

0528" / 0562

Time of Lt. MM

* . Correlation is significant at the 0,05 level
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~Table 5-1. EMG activity of right side gum chewing in normal subjects (V)
Chewing stroke

First Second p
Muscle
Anterior Right 254 + 139" 208 = 166" NS
Temporalis Left 185 = 110 226 *+ 143 t
Superficial Right 252 = 186™ 29.1 * 247" NS
Masseter Left 106 =+ 64 120 + 67 NS

»x . Difference between right and left is significant at the 0.01 level
wnx | Difference between right and left is significant at the 0.001 level
T: Difference between first and second stroke is significant at the 0.05 level

Table 5-2. Firing time of right side gum chewing in normal subjects (ms)

Chewing stroke .
W First Second p

Anterior Right 665.6 *+262.0 542.6 *280.7 NS
Temporalis Left 7399 *£2305 5711 +£241.8 T
Superficial Right 792.8 £267.3 608.0 +280.6 T
Masseter Left 952.0 *£526.5 726.7 +447.3 T

1: Difference between first and second stroke is significant at the 0.05 level
¥ Difference between first and second stroke is significant at the 0.01 level

Table 5-3. Correlation between EMG activity and firing time of anterior temporalis(TA) of
right side gum chewing in normal subjects (first / second stroke)

EMG of Rt. TA | EMG of Lt. TA | Time of Rt. TA | Time of Lt. TA

EMG of Rt. TA 06917 / 0.806™ | -0.333 / -0.432 | -0.356 / -0.238
EMG of Lt. TA -0.378 / -0.551" | -0.510" / -0.399
Time of Rt. TA 0747/ 0.288

Time of Lt. TA

* 1 Correlation is significant at the 0.05 level % * Correlation is significant at the (.01 level
*** | Correlation is significant at the 0.001 level
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Table 5-4. Correlation between EMG activity and firing time of superficial masseter(l\/ﬂVI)
of right side gum chewing in normal subjects (first / second stroke)

EMG of Rt. MM

EMG of Lt. MM

Time of Rt. MM

Time of Lt. MM

EMG of Rt. MM

0.688" / 0.6707

-0.505" / -0.524"

-0.485 / -0.493"

EMG of Lt. MM

-0.693"/ -0.334

-0.623"/ -0.562"

Time of Rt. MM 0523 / 0.289

Time of Lt. MM

* © Correlation is significant at the 0.05 level = | Correlation is significant at the 0.01 level

Table 6-1. EMG activity of left side gum chewing in normal subjects (V)

\w First Second
Muscle

Anterior Right 178 £ 91™ 201 £ 89™ 1
Temporalis Left 266 = 152 298 £ 13.0 NS
Superficial Right 133 £ 111" 112 £ 67 NS
Masseter Left 240 £ 119 270 £ 147 NS
#* . Difference between right and left is significant at the 0.01 level

+++ | Difference between right and left is significant at the 0.001 level

T: Difference between first and second stroke is significant at the 0.05 level

Table 6-2. Firing time of left side gum chewing in normal subjects (ms)
me First Second : p
Anterior Right 6852 2853 5826 £246.6 NS
Temporalis Left 651.7 £2079 5259 £211.2 i
Superficial Right 8336 *421.1 689.4 £444.8 NS
Masseter Left 6289 L2027 554.3 +194.1 NS

¥ : Difference between first and second stroke is significant at the 0.01 level

Table 6-3. Correlation between EMG activity and firing time of anterior temporalis(TA) of
left side gum chewing in normal subjects (first / second stroke)

EMG of Rt. TA

EMG of Lt. TA

Time of Rt. TA

Time of Lt. TA

EMG of Rt. TA

0.858™"/ 0.805™"

-0.737"/-0.710™

-0.676"/ -0.491"

EMG of Lt. TA

-0.596" /-0.727""

-0.683"/ -0.679"

Time of Rt. TA

0870/ 0624

Time of Lt. TA

* ¢ Correlation is significant at the 0.05 level

+x : Correlation is significant at the 0.01 level

*x% . Correlation is significant at the 0.001 level
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Table 6-4. Correlation between EMG activity and firing time of superficial masseter(MM) of

left side gum chewing in normal subjects (first / second stroke)

EMG of Rt. MM

EMG of Lt. MM

Time of Rt. MM

Time of Lt. MM

EMG of Rt. MM

0.254 / 0.601°

~0.297 / -0555"

-0.040 / -0.684”

EMG of Lt. MM

-0.443 / -0.420

~0.512" / -0.677"

Time of Rt. MM

0.080 / 0579

Time of Lt. MM

* 1 Correlation is significant at the 0.05 level
*+  Correlation is significant at the 0.01 level
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-ABSTRACT-

Electromyographic Activity, Firing Time and Sequence of
the Anterior Temporalis and the Masseter on Chewing Stroke

Moon-Il Her, D.D.S., M.S.D., Kyung-Soo Han, D.D.5., M.8.D., Ph.D.

Dept. of Oral Medicine, School of Dentistry, Wonkwang University
and Wonkwang Dental Research Institute

This study was performed to investigate the electromyographic(EMG) activity, firing time and
sequence of the mandibular elevator muscle on gum chewing, For this study, 28 patients with
temporomandibular disorders(TMD), especially internal derangement of TM joint, and 16 dental students
without any signs and symptoms in the masticatory systern were selected as the patients group and as
the normal group, respectively. The patients group was composed of 14 right and 14 left side affected
patients. For recording of EMG activity(uV) of the anterior temporalis(TA) and the masseter
muscle(MM), and measuring of firing time(millisecond) from the start of mandibular opening movement
to the finng of the muscles, BioEMG, BioEGN, and Combo program integrated in the Biopak
system(Bioresearch Inc., Milwaukee, USA) were used.

Gum chewing stroke was performed in both right and left side for several times, and the first and
the second chewing strokes were analysed and compared with regard to EMG activity, firing time,
firing sequence, correlation between EMG activity and firing time.

The data obtained were analysed by SPSS windows program and the results of this study were as
follows :

1. In the patients group, chewing on the affected side showed higher EMG activities in the masseter of
the side than those of the contralateral side, but chewing on the unaffected side showed higher EMG
activity In the masseter and in the anterior termnporalis of the side than those of the contralateral side,

2. There were no difference of firing time between bhoth sides on chewing on the affected side, but
firing time in the chewing side were earlier than that of contralateral side on chewing on the
unaffected side in patients group.

3. In the normal group, EMG activities in the masseter and in the anterior temporalis in the chewing
side were always higher than those of the contralateral side, and there were no difference of firing
time between the two sides.

4. In general, firing sequence of four muscles of both sides were ipsilateral TA, ipsilateral MM,
contralateral TA, and contralateral MM in earlier order of time in both groups. Correlation
coefficients between EMG activity and firing time were negative value, and more significant
correlation were appeared in the normal group than in the patients group.
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