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Analysis of Surface EMG Power Spectrum and Muscle Fatigue Depending on
the Variable of Neuromuscular Electrical Stimulation

Gi-Won Kim', Junesun Kim?

'Research Institute of Health Sciences, Korea University, 2Department of Physical Therapy, College of Health Science, Korea University

Purpose: This study was conducted in order to determine the stimulation variables which should be considered when
neuromuscular electrical stimulation (NMES) is applied for a muscle under the normal innervation to minimize muscle fatigue and
increase force-generating ability.

Methods: A total of 23 healthy men participated in the study and all subjects were randomly assigned to the 1:1 group, 1:3
group, 1:5 group, and control group with on-off ratio of NMES. The subjects performed a fatigue task, consisting of 10 times of
isometric contraction sustained by NMES. NMES using Russian current stimulation was applied to muscle fatigue and divided into
three sessions by pulse frequency (10 bps, 30 bps, 90 bps). The EMG was recorded using an MP 100 system from the quadriceps
femoris muscle in four groups.

Results: The differences of delta MdF and delta MF of between on-off ratio groups of 10 bps, 30 bps, and 90 bps pulse
frequencies were very significant (p<0.05). According to the results of post hoc of 10, 90 bps, it was greater in the 1:1 group and
the 1:3 group compared with the 1:5 group, and no fatigue was observed in the control group. In 30 bps, it was greater in the 1:1
group compared with 1:3, 1:5, and control group (p<.05).

Conclusion: Among NMES variables to minimize muscle fatigue, the larger on-off ratio by pulse frequency showed the lower
muscle fatigue. Therefore, on-off ratio needs to be great enough, and will be more efficient with the frequency 30 bps rather
than of 10 bps and 90 bps.
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Table 1. The general characteristics of subjects
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Agel(yr) Height (cm) Weight(kg)
Group
M + SD

1:1 group(n=6) 22.83 £ 2.79 175.33 = 5.61 71.33 +5.99
1:3 group(n=6) 26.33 + 1.75 173.83 + 2.40 67.17 £ 8.70
1:5 group(n=5) 23.40 * 2.61 173.80 + 3.77 66.60 + 3.65
Control group(n=6) 24.00 £ 3.58 173.83 + 3.13 70.33 = 4.63

F 1.83 0.22 0.81

p 0.18 0.88 0.50

M: Mean
SD: Standard deviation
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B. Electrical stimulation device and sites

A. EMG electrode attachment sites

Figure1. The picture of EMG and NMES
EMG : Electromyogram
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Figure 2. The mean differences of delta MdF and MF between pre and post NMES with pulse duration in the VM, RFi, RFo and VL in 1:1, 1:3,

1:5 and control group.

MdF : Median frequency

MF : Mean frequency

VM : Vastus medialis

RFi : Rectus femoris inner part
RFo : Rectus femoris outer part

VL : Vastus lateralis
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Table 2. The mean differences of MdF between pre and post NMES and the mean differences of MdF between on-off ratio groups in

quadriceps femoris

Median frequency(Hz)

muscle Vastus medialis Rectus femoris inner part Rectus femoris outer part Vastus lateralis
pulse onpﬁ pre post t pre post t pre post t pre post t
duration ratio
group (M + SD)
10bps ' 12781 =754 1469 £ 335 15.88%* 12006 + 7.75 107.69 £ 6.60 13.93** 12571 £ 294 113.18 + 1.60 11.86%* 126.35 + 641 13.17 £ 570 8.30**
137 12808 + 9.66 116.10 + 8.09 1371 120.17 + 485 10850 + 394 8.03** 12598 £9.23 1485+ 736 14.19%* 12867 +£ 1253 1561 + 13.07 33.54%*
151 12989 + 933 122.00 + 9.52 15.25%% 1939 +3.12 M.80 + 347 1 12593 +7.22 17.98 £ 7.80 1.33%% 12537 £ 477 16.70 + 355 1342%*
Control® 126.19 + 8.09 12690 + 850 -3.14% 1845 + 323 12032 £ 501 -1.70 12411 + 402 12459 + 406 -137 12887 £ 1062  129.33 + 10.10 -0.519
F 89.117%* 36.11%% 59.21%* 4747
30bps 117 12705 £ 433 119.00 £+ 3.80 16.75%* 12550 £ 4.1 1517 £ 437 21.90%* 118.66 + 5.08 109.35 £ 454 1.80%* 12408 =792 1585 + 834 10.65**
131 12655 + 348 12562 £ 294 2.84* 12323 +£4.18 12260 = 3.16 07 11548 + 5.62 1493 £ 6.50 0.76 12644 + 439 12571 £588 0.65
157 125.06 £ 2.65 12485 + 231 047 1499 + 588 11460 + 667 0.79 16.05 + 3.04 1576 + 3.85 056 12096 + 7.62 12062 + 668 052
Control * 12469 + 6.28 12541 £ 622 7.68%* 12092 + 419 12147 =390 2.84* 12.83 £ 3.65 1385 + 331 4.22%* 12327 £ 1016 12420 £ 10.12 4.09%*
F 126.96%* 80.85%* 61.51%* 29.22%*
90bps R 12491 + 816 110.61 + 7.49 17.46%* 12081 + 3.92 106.12 + 6.66 744+ 19.%6 + 342 104.92 + 4.27 34.59%* 12079 + 863 106.61 + 8.19 17.55%*
137 12670 + 9.26 1293 £ 9.9 16.33%* 12067 +7.52 10748 + 566 14747 11896 + 1.09 10447 + 236 15.98%** 11935 + 408 105.37 + 380 .12+
151 1249 £ 7.7 1582 + 816 5.97%* 12174 + 404 m93 + 497 1205%* 1850 +2.28 10943 + 4.12 7.54% 1831 + 865 1033+ 793 17.62%*
Control® 12551 £10.35 127.11 £ 930 -148 1241 + 402 12332 £5.17 071 1882 + 4.1 119.63 + 349 -1.56 12394 + 561 12478 + 534 -1.69
F 50.48** 23.11%% 87.27%* 72.23%*

*p <005 **p<0.01

" T,% Duncan's multiple range test(T>¥>§ )
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Table 3. The mean differences of MF between pre and post NMES and the mean differences of MF between on-off ratio groups in quadriceps

femoris
Mean frequency(Hz)
muscle Vastus medialis Rectus femoris inner part Rectus femoris outer part Vastus lateralis
oulse on—qff pre post t pre post t pre post t pre post t
duration ratio
group (M + SD)
10bps 1t 1825 + 352 107.40 + 397 1332+ M437 £ 175 10289 + 1.70 1325 11540 + 0.64 10452 + 1.54 20.24%* 2 +£27 10289 + 232 17.73%*
37 1% +349 10784+ 1% W2 6T+ 260 10767 + 197 N05**  1629+377 10645+ 199 N05* 1523 +455 10666 + 4D 17664
15° 117.88 + 2.86 11113 £ 3.60 16.70** 116.45 + 2.07 109.02 + 2.37 9.82%* 1M7.76 + 2.9 11044 + 4.00 Mn.70%* 116.20 + 2.32 109.76 + 2.24 12.09%*
Control* N738 £2.79 18.06 = 2.87 2.4 116.04 + 2.35 116,50 £ 2.52 3.07* 1409 = 156 N4 £1.18 2.53 11649 + 3.92 N7.12 £ 362 0.86
F 7796+ 55205 7330+ 6534
bos 1t M7+ 407 1322+ 387 849 1966+ 121 1513+ 227 78 10984+ 09 10343+ 21 951%  113.07+338 10766 + 313 185+
137 N7.63 +3.28 N7.06 +3.17 1.64 115.88 + 1.61 1535 + 1.61 07 m.30 + 337 11083 + 339 034 114.88 + 2.57 1436 +2.13 055
157 9034258 11882+ 245 051 W7 +277 1684 +338 08 M8 +338 169+ 368 046 5324655 11506+ 593 052
Control 1480+ 208 11540 + 183 261 654175 718132 282+ 10890 + 149 10955 + 107 369" 1495 +387 1550 + 384 313
F 2063+ 1894+ 4456+ 2041+
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