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Examination of the parameters of static muscle endurance
on sustained static maximal hand gripping
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Abstract

In previous studies, many parameters to evaluate static muscle endurance have been proposed,
but their properties and relationships have not been sufficiently examined. In sustained maximal stat-
ic exertion, muscle exertion can be classified as a remarkable phase and a nearly steady state phase of
strength decrease. Both phases could relate to different physiological factors of muscle endurance,
but little is known about evaluation parameters for either phase. This study aimed to examine the
properties and relationships of various evaluation parameters, including the transition time when the
decrease in speed shows a distinct change, by analyzing the force-time curve of sustained static hand
gripping (SSHG), and to propose effective parameters. Thirty healthy university students were
selected as subjects. SSHG work demanded an exertion of maximal muscle strength (MAX) for 12
minutes. Evaluation parameters were calculated for 6 and 12 minutes. The time (t5), when the deter-
mination coefficients of two regressions based on a remarkable phase and a steady state phase of
strength decrease became maximal, was considered effective to statistically evaluate a change point
of decreasing rate. It was also suggested that the time (t1), when the exertion value is furthest from
the linear line between MAX and the last exertion value, and the time (t4) of the intersection of the
regression (y;=a;X+b,;) based on exertion values until t1 and the regression (y;=asX+bs, a;=0)
based on exertion at a steady state, were effective because the change with different measurements of
6- and 12-minutes was less. Moreover, muscle oxygenation during SSHG decreased from the begin-
ning of SSHG to 40-60 seconds. It was considered that obstruction of the blood flow caused an in-
sufficient oxygen supply. This time period was almost consistent with change times (t1, t4, t5) of ex-
ertion value. It was suggested that parameters such as the regression coefficient (al), the persisting
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times of 80%, 70%, and 60% of MAX and the sum of the decrement of exertion values for the first 1
min can evaluate a remarkable phase of strength decrease. Total integrated area, the last strength ex-
ertion value and decreasing rate are appropriate for a nearly steady state phase. Further, it was consi-
dered that all parameters except the transition time (t1-t4) and regression coefficient (a2) can be
evaluated almost equally at 6 minutes instead of 12 minutes.

Key words: static muscle endurance, transition time, force-time parameters, hand grip
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Monod (1989) % Bigland-Ritchie and Woods
(1984) 13 #8955 DRI IC B W TR HIFEE{E D
MAX O15% LT chut, HEEHOMmEHa
B THA-OREREM UV iR 5 &5
T LEEIRAE (Steady state) TH 5 BN T
W5, EEREE TOERTNAZX—VICE, W2
DOEBFHERAEE L TWE EEZLN, &
KB & HFEE DR EORBEROEK T D
2L WEE TR, ANPREESS VO, Y
WHERAFICEIE I (FE, 1996 ; (LEIE»,
1997), ¥/, HRERE WO MR L E
ToTWwAhEEZ NS (Royce, 1958; Nielson
and Ingvar, 1967). %7, Bigland-Ritchie and
Woods (1984) {3 AT & HRFEMEIERICE
W, BIRTEIOMRER, [ v/ UV ADFRS
FEAEL, FERME & BIEAIET TS
4 LT\ 5. Royce (1958) (3 & KFrfsetedh /)
RAEEIC\NT, MmBTEIESM & IR L&HICE
F A IE TR L, HIEELEHO0%
&, BRKBH MAX) O60%BEE TR L
IS0 B O FE» OHINETAEL NPT o 72
TEEREL, HOHHRENKE CRHETHE
myEARIE XN, MAX ©60% 810 O HRED
BA L, MRAERR LGOS EHRL Th 5.
6 HfELETIE, MAX Of15% £ CTET LTWw
LT &G, CORBETRABRN L T RVF—
KRB L AHHREI R INTWH LHBAIES N
. Fiz, WH - HEE (1995) X30MREIOF K
mBNHHIRE (BRESHREE KT 5
StO, ZWIE Lok R, WEMBIIRL LD, X
FREEERE, o VIEHRERRESR> OZH
ETL, BWEx#RTsZ22HREL T
5. AFRICENTL, BEH - FEE (1995) &
BREIC, BAOFKERBD 408 6608 H7-0
¥ CRHABRBRERATE (St0y) 2MEWE % i
BL-ZErD, CoORBmIEIMAEOMRIEIZ LD
BEMEBRICNTABRERES TR LTS L
Ezoh5. ITNFH0RIE E TRk
XN 5 k%% Royce (1958) O L LI L T
5. IBIT, StOz TEHRIERIARI80W B2
TR RABEETHEML, —ELZo7cl

6, CORMBIIMKOFTBRIE (Royce,
1958) & A ICEFELHb BHEML, MRFE
BrilcdBBEREESA L IN/-EEZONS. D
0, 1800/ ClHiEEEKMLIC 57k
ELHbD AEET H EHERINS. Licho
T, BABHREFOVThOEKTBEICES T
b, ¥ & LTG5 EEERER % BE IR E
T5Z LIRS TH LR, EITHROBRE CHA
BHEHROBA LY, HIHMETOE LWIIHR
HEHHETRT EA EALNEWEEHE T
b+ A EEHNERPRLHEEZONS.
EA (1994) TR I REFOHRE
BAE OB, D, EEEARN L E & BRFELR
BT CHHAI R T A Z L2 REL, W
RO S % RO TWA. KFFRICE WV THEA
BICHMETHBEYER LA, 2 TORE
ZIC BT 2HABBOET Y —V/RHER SN
7. MBSO (t5) FEHHRRIAR L - THIT
R UEMRREEZR L (D, WEHRREOME
BIAIERICE 7z (=0.920). T/, ik
MO (t1), @ (t4) KW Th, FHMEERE (6
5 r125y) BRRLZ - THEMEBHG (t2) 2O
(t3) IKWHANTEHB/HEL, 640, 125HE
L tl & td, RUt4 & t5 ORNCIXBEE LA
RobNiz. —FH, 2RO, FEAEDHE
BB W THETMITE—E L 5B mE
ZR2ZTEY, T/, FHEREOEVICEIOKRE
SEB LIz, ThH LD, tHdZHMEDEEL
LTCEHTHSEEZLN, t1 Lt4 Ht201t3
WCHNTERYTHSZ EHREBEINS. SHIT,
BAHIBIFEF O StO, DEREN &, 1B I1FEEH
TR#40~60F 72 D & CII MRk iC X DERE
S B4 RE (EBRNZRE) THY,
F 7z, KRR & RIEMEOZEIEM (t1, t4, t5) &
FIFE—B L2 s, EEERNLEE - BRE
W Rz 8T 2B EEREEZONDS. &
#%, tl, t4, BIUtIcoWT, HifE, BE
75 ¥ OB ERE & OBSE # FHMICHKRES L,
AEBZECERZ DR RERTH % r T
HILBERHHD. ‘
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2. FHEZBAEEMOBGR, RURL D EmER-R

DRA%

INET, BE < OFRHRATIONMEL NRE
SNTED, WENRE, WEEE, JEH
B, BHE A, 8RR, RHRICBWNTED
NIFREROHBICIIR AR D - 7=, K7 Tid,
KFEE ARG L, BB IR EIC kT
% E G A B AR DR K O A E OB
REtE L, BOHRATNOFMIZ B ER %
BAOMCTATERENE L.

125 I OF B e i KB HRE /X Z — v D4
Wrs, HHMETOELVCHHEE & EFIRE
(MAX D#15%) L7 5H%¥BEAFEEL, W
HETIREICEES § MR ERIT R A L
BEniz. Leh-T, RUGEATITLH %
BOFFHE & % RE CTRIBFATORERR
HEEZONS., CORBERLTHRAT%
B2 DB ER BT HLERBHS.

R EOQOR METR@®IL, WTFhdiEN
FERRD D 1 5 UHOETOE L W EHE
BRZLEREEZONS. COOOERIT, T
FHMERFE (6 43 & 1243) 1B WCR UiExRL,
BHHEOMHEEE L ED» - 72, BREOQOMEHE
OMBSIIEFICHE <, MOER E OB LEL L
TWel b, RERREEROYBRELIE2
LRHAAER & LT Inhrz2RIRT T LW Th
55, AR TEORKEEKRHTHIOD & IFFITEH IR
ZHD, MEIFHEOBREPRLELERTH S
B, BEREEZEZLBERLEZONS. Y2
IZ, REBEOHRANEZRZ HAEHE LT
NOEBRTNTEINTHS .

ZHRHO (1), ® (t4), RUO (t5) 1
(t2) 2@ (t3) ITHANT, ETFTXROEL2HTE
THEHRBER B2 O 5. WEHERREIC s
T OEMRHELIREO Y T 7 18 2 A RUIK
EHTTODLIETROTH - 7-. IEA (1994)
X, TR IOERMETIBIET SHIOERHE
TR L, TNDHRMERRICEE X h B S
B%] 120, BRENHRADORE L L%y
THH ERRNTWB. HEOOIL 6 4/, 124
MlE&HICHERBNOD L OHEERE L (0.76-

0.84), B¥BEDOMFHATI w2 55 & #H
Shs. DROLOIFFEICEVERICSHD, fb
OER & OBIGRHF UEMAZR L, FHEES & L
TWIFNLERRTNTLINTHEAS. ETERO
6 SHEICEWTHHREEZR 2 5ETROK
UFHREOOO® & ORICHEE OBFRAR, 12
SISV THRY BT %18 2 2K EKH 11 & O/lic
FREEOBRAED bz, 6 4/ & 124D
BAbZzE &< x<, FHmRIC X vtz 5hE
IPRRZHEEZONS. [ETFTROIIMETROR
UNEO® L ORICHREOBRAED bh, &
THETOZF L WiiEmE 2 SHEREICBTT 5
RETRZA2EREEZ 2505, Huczel and
Clarke (1992) |3E T HR S A OE FHER 242 2
B HIFEA NER & U THERBABOE TREGK
kZFALTEY, KAHETIHETFROE LTHK
Oz £z, MES - AR (1989) OF k-
ER B, EKTROMEELR L LT, KKE
EFTOMEE (a1) (@) RUEHSLURTOME =
(a2) (@) ZEH L7/, EFROQITREHBE
HOREE =18 2 5 FHERFHOO®), ETX®
ik ESHBREN EOBGRAH Y, WHREE 2
DEBELTEHEEZONS. LHL, ETFX
Br@INFNOEEK > L 72T EE\ RS
Do lo. EEEIRUIE T iR EEIC N L TR/
FRICLVBEINS0, KTHECHZBE
DEIEDRENHE, PHOET B % Kk L
7B EDHRIINS.

SSHG fEZFEHIZ B8 A ZE i SR # O JHHE 2 B8
G AP ERYBEICHET A L3 TE
g, EERBICEHEZL-BE (MAX O
15%) Til#H~omBEBiE+5<d 0 (UMH
I, 1997), EBMFENHFEATIOBEEBEW
(nER, 1994) LHBEIZINS. M2 DET/F
— Vv CHNE, FHERRE 6 HRB TLRERE
FREBICE > TWARVnESICdR25. Lal,
Walamies and Turjanmaa (1993) 13858 515
A FO%E, MERHEIEL &5 &7 A Mt
LHEROETHIHEEEICEES L0, TEAE
FEVCRIERHEAEE L EBX T\, FHER
665 & 125 OB RIL, ZHEHO (5 #
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&<, OtI-Otd RCETROZR L DE
BV TE <, TWRHERREIC 3o\ CRIROFH
MARETH A Z AR IN. 4, IHICHE
WHIERRE B 4) COBREHRE L, B
EREIC O W TR T ALBERD A D.

AR TIE, ETFHERE Y —VICTHEERED D
NV ERE L7, SfREE R OE W AME TN
R—VICEEYRITTEVOIBELALNS (1
M5, 1997; Hulten et al., 1975). 2% 1,
FT $H#EOEIEOE W AT G A& CENC H
TMETERKE L, ZOEIEDENANTHAG
BNZWED D IZHIHET B0, RBFRICE
WCHBRE OFRHER R O IIHRE L Ty
B, MAX [Zi3EERTED LN TV 5. Barnes
(1980) <% Heyward (1975) (3 #8005 1
BB W THRAHIOKE VAN RAIK
xR, MEOBERKT AR EEIMENC L7
HE LT, MKEAEHT AR RICHEEIFE
THMREMLSE ZOND. BARBCIEEORE
HRENSBIS L TR, %/, RABAIRERICE
A EEEYNER (HREFOREY, MKt
REE, A VUV AORSFEE T Y) OBSITRE
DOf%R & FHICEBTHDT, FREFEICEKT 5
AFEMBEROBEG*»BEICRET 5 L I3RE
tEZOLNS. L L, HIHETOELWIEF
& EHREE L ABRERETIE, WkE (BR
B8 OEM D, £ LTHEETAAEEENER
BRZY, EICHEIERIEVHRAIC, #BE
REZENGBANCKEL TS (INES -5
¥, 1989 ; A, 1994) r#HPINS.

AR TR, BlEOReN, BEESEL, 18
AW EIER SIS AT BE i B DRI W THE
B GEEA DO T 52 L B L
L, £V TEELRER &% 5FHHE
¥, HEBEICOWTHRE L. LrL, BIF
BREROHHAEE L TkD, fFHiifkeE LT
TS 5 7 OICIT LB IF OB G- 3 T B 1 R 1
IZ & BRRAT) & O ARl R & A
RER » OBI#EIC O\ TSR T ALEND A
.

¥ & B

ARBFZE Tl a7 R KRR IR I O T i
BaEomL, HHETOZE L VWIIHEE L EFIR
BB & 7 A B A FBRNICR G A E iR 2
&, HEHRANEROFENRUCEKHEE OB
BERA L, BRLTHEERARE TS L% H
B & L. RO ERBELMC SN, BhFREE
@ (t5) 3ZE & L TR THA. T/, ©®
(t1), @ (t4) HE|MEREHOG (t12) 2@ (3) I
HARERH LR TH S I ERBEIN. Ffi
RAEh O SRR R 1340-608 £ TNV A #E
BL, CORME CIEBREBITTSERR
Wi EEEEz ON.  OREHE & % iR
(t1, t4, t5) IJFF—FH LT 5. —EDOFHiks
HOO®, ITEO®, RUKRKHIOD LK TR
O, ThZThFHEER s L CwIFnhr—o% &
KT kv, FEREOOO, ETEE, KT
KOIHHETOZE L WIiREZ, TEOG,
BRHNIOD, ROETROGHIET BELH
HEREEZZFNZNRZAERTH Y, WRHE
IR A4E2NERPES 5 LHERASIN
7o, ETFROITNTFNOEHRE SHEEMELSF
BB TR, BFFEOOOGR METEROG
EBRLEROE T, BIERME 6 4 Tl124 1
LIHEREOFHHAFTRETH 5 .
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