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EMG Pattern Analysis of Isometric Muscular Contraction in Themoregulatory Heat
Production*

(1) Analysis of grouping discharge in EMG during fatigue of maintained voluntary
muscle contraction in man

Nobu OHWATARI, Shinichi SOMEOKA, Masayuki KonpO**, Hirokazu FuJiMoTO***,
Katsuhiko TsucHIva, and Mitsuo Kosaka, (Department of Epidemiology and

Environmental Physiology, Institute for Tropical Medicine, Nagasaki University)

Abstract: In an environmental control chamber (temperature: 25°C and humidity: 65%),
six healthy human volunteers aged 22—33 years were examined by computer analysis of
EMG patterns of dominant biceps brachii muscle during fatiguing voluntray isometric
contraction against a constant load. Fatiguing EMG activites of unilateral biceps brachii
were recorded during 25 and 40% maximum contraction value (25 and 40% MCV) using
fine needle electrodes. Grouping discharge in EMG patterns evoked by cold shivering was
identically observed in electrical activity during fatiguing voluntary isometric contraction
of human muscles. Following properties such as the interval of consecutive two pulses,
mean frequency, mean duration, mean occurrence rate, and pulse numbers of grouping
discharge in fatiguing EMG patterns were analyzed by Cluster analysis and Factor analy-
sis using an analogue computer ATAC 450 and personal computer PC-8001. The range
of interval of consecutive two pulses of grouping discharge in EMG of cold shivering as
well as of isometric muscular contrac ion was conclusively less than about 20 msec. Mean
frequency, duration, and occurrence rate of grouping discharge in EMG patterns during
middle stage of muscular fatigue were about 10.0 c/s, 140.0msec, and 85.5%, respec-

tively. Pulse numbers participated in a certain group of consecutive grouping discharge
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increased in progress of mscular fatigue and eventually approximated to 36.0 in middle

stage of muscular fatigue. These results indicate that various properties observed in

grouping discharge of EMG activities evoked by cold shivering and isometric muscular

contraction are identical and that rhythm of grouping discharge in their EMG patterns

originate in the areas of the motoneuron pools of the spinal cord. Further thermoregu-

latory significance of grouping discharge during cold shivering and muscular fatigue was

discussed in this paper.
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Fig. 1. Typical recording of grouping discharge in

EMG (1) and its modified diagram (1 ).
a: Duration time of GD
b: Interval t‘me of groups (> about
20msec)
c: wave-length of GD
Frequency of GD=1/c
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Fig. 2. EMG pattern changes during muscular
fatigue.

A Tnitial stage of fatigue
B: Middle stage of fatigue
C: Terminal stage of fatigue
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Fig. 3. EMG patterns during middle stage of
muscular fatigue at various sweep speed.
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Fig. 4. EMG patterns during terminal stage of
muscular fatigue at various sweep speed.
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Table 1. Minimum interval of consecutive two
groups and its mean frequency of
grouping discharge in EMG patterns
during mufcular fatigue induced by
25% MCV (upper the table) and 40%
MCV (under the table) of constant load

Subjects Intew(z;ll;)efc%roups gﬁ?%\%iﬁxc]yios%
(cycle/sec)
1 17 10.5%5.6
2 20 12.8+7.1
3 20 13.1£7.7
4 21 12.8+7.8
5 22 12.1+6.5
6 24 12.3+5.5
20.7+2.1 12.8+5.6
25% maximum contraction value
Subjects Interv(anllsoefgroups (!:]é?ql\l}lfir;iyios%
cycle/sec)
2 20 10.7+5.0
20 11.3+4.8
22 10.5%+6.5
10.8+6.2

40% maximum contraction value
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Fig. 5. Histogram of frequency of grouping
discharge of dominant biceps brachii
during isometric contraction.
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Table 2. Analysis of various properties of grouping discharge in progress

of muscular fatigue

T Time (min)
— 0~1 1~2 2~3 3~4 4~5
Frequency of G.D.

(oyolo/sec) 12.7+ 2.2 12.0%+ 2.6  10.0+ 2.2  10.0+ 2.0  10.3% 2.1
gf;i; numbers in a 23.3+£15.4  34.1+22.2  36.6+35.0  37.6%28.5  36.2%19.6
Duration of G.D.

(maeo) 97.4+36.4 108.9%45.3 139.7+45.4 142.9+35.5 140.4%34.9
OCC“%T)““ rate 76.3+ 9.6  80.5+11.2  85.6+ 9.3  86.2+ 6.3  85.3% 7.1
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Fig. 6. Schematic presentation of various pro-
perties of grouping discharge in pro-—
gress of muscular fatigue.
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