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Abstract

Muscle endurance has been evaluated from its definition, which is the ability to maintain a fixed force
or work. However, the contribution of the physiological factors for muscle endurance differ by the
measurement method, and they changes over time. Therefore, it is necessary that the evaluation phase
of muscle endurance consider these factors. This paper established four examination issues using
sustained maximal isometric grip.

In the results of this sutdy, twelve paramenters were selected as the useful parameter for muscle
endurance from the nineteen force-decreasing parameters proposed by previous studies. It is suggested
that for the 6 min measurement, the subjects unconsciously restrained the maximal gripping force,
influenced by a psychological factor as the pain became greater. A 1 min measurement may evaluate
only the marked decreasing phase of the decreasing force, and not evaluate the phase of an aimost
steady state. A gender difference for all parameters was found after 1 min or decreasing force after 40%
maximal voluntary contraction, and females held it longer or higher as compared with males. However,
the tendency was smaller in the latter phase of the steady state. The inflection point of the gripping force
is related to the time at the highest Deoxy-Hb/Mb, and reflects the beginning of the resumption of the
blood flow. The decrement for 2-3 min and the regression coefficient of the post-inflection point evaluate

the steady state phase of force decreasing, in which oxygen is sufficiently supplied to active muscles.
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_— Regression 1 y;=a,x + b,
BO% [ NRTT BT
70% | NN\g e — Average integrated area:Area under force -time curve
80% | I NNg | T
X . o R ¥ Line thatlinks peak force and the firnal grip force
Maximal difference et .
inflectionjtime](t{) Regression 3 yj=agx + by e
Inflection time (t4) Final strength
0%
0 30 60 120 180 210 240 270 300 330 360 (sec)
Decreasing time 60%, 70%. and 80% :
Classification Parameters Overview of parameters
{1}y Time to 80% MVC Decreasing time to 80% MVC.
1)Decreasing time {2) Time to 70% MVC Decreasing time to 70% MVC.
. l3) _Time 1o 60% MVC Decreasing time to 60% MVC. .
2)]n(egyated aren {4) Average integrated area Average of sum of all SSH G forces during measured period. T -
a o {5} _ Integrated area of fixed period Sum of SSH G forces from peak force to grip forces at 0 sec, 30 sec. 60 sec, .., and the final strength
(6) Strength for last 1sec Mean SSHG force for last 1 sec before finish. T T/
3)Last strength L.
T ...l _ Finalstrength D Mean SSHG force at 60 sec, 30 sec. and 1 sec before finish.
[(8) ~ 1 min Decreasing force Sum of (Peak force — grip force (¥)) for the initial 1min. o
{9) Decrementvolume Sum of differences between each value at 0 sec, 30 sec, 60 sec, ... and the last time after peai( force (7).
{10) Decreasing rate Decreasing rate from peak force in the work to mean for 10 sec before finish.
4)Decreasing rate {11} Maximal difference form the linear line Maximal difference from the linear line peak force and final grip force.
{12} Regression coefficient at pre-infiection Regression coefficient (y1=a1X+b1; at) until t1 (15).
{13) Regression coefficient at post-inflection Regression coefficient {y,=a,X+b, : a,) until 12 {16).
e .. _.14) Exponential rate of decrement(k) |Rate of decrement constant (k) in the exponential function (y=ae-ki+b). o o
{15) Inflection time 1{t1) Time until (11) {maximal difference).
{18) Inflection time 2{t2) Time of regression coefficient of later period {y,=a,X+b,) being ste ady state statistically {a,=0).
{17} Inflection time 3{13) Time of intersection of regression {y2=a2X+b2} based on exertion vajues until 12 and
5)inflection time regression (y3=a3X+b3; a3=0) based con exertion ones after t2.
{18) inflection time 4(14) Time of intersection of regression {y1=a1X+b1) based on exertion values until tt and
regression (y3=a3X+b3; a3=0) based on exertion after t2. .
{19) Inflection time 5{t5) the time corresponded to boundary point between former and latter time series data when combined the best
fit regression lines.

Fig. 1 The sustained static hand gripping {SSH G) parameters selected in this study.
Data sampling of 8SH G was 20Hz. Parameters {4)-(8) were calculated using mean SSH G value for isec. Inflection time The time when decrement speed transits.
Regression lines (y1,y2.y3) were calculated from exertion values for the period. MVC: Maximal grip strength betore SSH G.
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