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RELATIONSHIP BETWEEN STRENGTH EXERTION AND SUBJECTIVE
MUSCLE-FATIGUE SENSATION IN THE RELATIVE SUSTAINED
STATIC HAND GRIPPING

YOSHINORI NAGASAWA, SHINICHI DEMURA, YOSHINOBU YOSHIMURA,
SHUNSUKE YAMAJI, MASAKATSU NAKADA and JINZABURO MATSUZAWA

Abstract

The purpose of this study was to examine the individual differences in relative grip-strength-
endurance (RGE) variables and relations between force, endurance time and level of subjective muscle-
fatigue sensation (SMS) of RGE. Endurance time and SMS during grip-strength exertion using
various relative demand values to the maximal grip-strength-value (MAX) were analyzed. Subjects
were 23 healthy adults (male 10 and female 13). Four demand values of 25, 35, 50 and 75% were
selected as relative demand values to MAX. The grip-strength-exertion value was input into a per-
sonal computer using the system of grip-strength with a strain-gauge (Yagami : ED-D 100R). The
results are summarized as follows :

1) Muscle group related to grip-strength exertion recovered up to about 60% of initial within
10~ 15 sec after grip-strength exertion stopped regardless of the degree of relative demand values.

2) The SMS in any relative demand values reached a peak after continuing relative demand
values became impossible, and the tendency is stronger with a higher demand value.

3) With about 25% relative demand values, physiological muscle fatigue and SMS advanced at
almost the same time, and the grip-strength exertion was possible for a little while after the SMS
reached a peak.

4) With the lower relative demand values under 50%, the influence of SMS appeared stronger
by extending the endurance time and the decline-delay of grip-strength-exertion.

5) With relative demand values over 50%, continuing relative demand values became impossi-
ble within a short time, and the peak SMS appeared earlier than that of relative demand values. On
the other hand, the continuing the lower relative demand values was possible to some extent, and in-
dividual differences in the continuance and peak arrival-times of SMS were large.

(pn. J. Phys. Fitness Sports Med. 2000, 49 : 495~502)
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Table 1. Standard for rating of subjective muscle-
fatigue sensation in active-muscle (Borg : 1973).

Ratio scale Standard for Rating
10  Maximal (limit)
9  Extremely strong (almost max)

8

7  Very strong

6

5  Strong (heavy)

4

3 Moderate

2

1 Extremely weak
0.5

0 Nothing at all

(125 ERE) TH-72(K1). SMS ORIE,
MAX filE#® RGE ERIIZHTo72. 2% h, 10
43> RGE 23l #E 7 354, RGE E#Hi& RGE #
D30FE 2 1 M oEF200E, SMS HSERsk S .
RGE T #1080 ~ 1580 LAIC, #H9 5 KR8 % 1

497

4 5712 MAX Jl5E & [FARD FMETZ DR
OBDFBAMEE 1 BFHI L 72 (MAX 2).
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—=—RGE ——SMs_

35 - (5) IMD-Time-SMS 412
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30 » & (4) DT-Time-SMS | 10
D R —_
< & (8) End-MAX 8
° €
g 5 o
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0] ; (1) RPS-Time
c 4 @
10 (2) IMD~Time
P
5 7 / (3) DT-Time 2
S A
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Time (sec)
Fig. 1. Evaluation variables in this sutdy (ex. RGE25%).

Note) RGE value : value of relative grip-strength endurance (%)
SMS : subjective muscle-fatigue sensation (point)

(1) RPS-Time : time to reach peak SMS.

(2) IMD-Time : time to impossible to maintain the demand value during accumulation 5 sec.
(3) DT-Time : time of discontinue test (time to impossible to maintain the demand value

during continuation 30 sec).
(4) DT-Time-SMS : SMS of DT-Time.
(5) IMD-Time-SMS : SMS of IMD-Time.
(6)
(7)
(8)

MAX : maximal grip-strength value (MGV) before RGE measurement.
RPS-MAX : grip-strength value of RPS-Time.
End-MAX : grip-strength value at RGE end.

(9) MAX 2 : MGV within 10~15 sec after RGE measurement.
Variables (6) and (9) were measured before and after above figure.
Some subjects where (2) IMD-Time preceded (1) RPS-Time existed (See : Table 2).
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50 r

40 -

30 +
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Grip strength exertion value (kg)

10

MMM

A

MAX RPS-MAX

25%-75%: MAX>MAX2>RPS, End-MAX

RPS-MAX: 25%, 35%<50% <75%
End-MAX: 25%<50%; 25%, 35%<75%

End-MAX MAX2

Fig. 2. Change of grip strength exertion value for various demand values.
Note) MAX : maximal grip-strength value before RGE measurement
RPS-MAX : grip-strength value of RPS-Time
End-MAX : grip-strength value at RGE end
MAX2:maximal grip-strength value within 10~ 15sec after RGE

measurement

MIEEREIREOEEVI L ERLTWA,
72, RPS-Time #SH3 L C DT-Time ASHHET 5
T TOFEHEROEITEFNFN 110.6sec, 32.3
sec, 17.9sec, 15.4sec TH-o7:. 2FhH, HD
EHBHAE— 7 IELTRBERMBEAHRL LD
EENTHERBICOEND Y, BRENEVEE
Wl ARLTWA, RGE M+ 5 3ERED

CHEEENZOOLN, SEHRBREDKR,
IMD-Time 1325% ERMEH MO ERMEL Y b,
35% ERMEHITSBERMBE D bEREIIR, /2.
RPS-Time & DT-Time (325%, 35%, 50% &K
HONEEIZEWD, 50% L75% ERMEMIZA
EEIFHLNLE o7z, DT-Time-SMS(DT-
Time B SMS) & UF IMD-Time-SMS (IMD-Time

Table 2. RGE and SMS variables of each demand vale.
25% 35% 50% 75% F-value Multiple comparison
Variable Mean (SD) Mean (SD) Mean (SD) Mean (SD)
IMD-Time (sec) 2235(143.9) 81.9(69.6) 352(27.2) 16.0(13.0) 36.98 ** 25%> 35%, 50%, 75%
35%>75%
RPS-Time (sec) 278.9 (140.5) 157.6 (60.3) 95.0(36.3) 53.3(19.7) 43.31 ** 25%>35%>50%,75%

DT-Time (sec)

389.5 (151.3) 189.9 (70.4) 112.9 (49.7)

68.7 (14.2) 83.11 ** 25%>35%>50%,75%

DT-Time-SMS (point) 96 (07) 95 (0.6)

93 (1.2)

89 (1.4) 3.78* 25%,35%> 75%

IMD-Time-SMS (point) 73 (24) 53 (36)

52 (3.7)

2.7 (4.0) 8.08 ** 25%, 35%, 50%> 75%

Note) RPS-Time, DT-Time, IMD-Time, See Figure 1. DT-Time-SMS : SMS of DT-Time, IMD-Time-SMS : SMS of

IMD-Time.

25% >35%,50%, 75% : The mean of 25% demand value is greater than that of the 35%, 50%, and 75%

demand values .
*X . 5<0.01, * : p<0.05
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