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“The Effects of Massage and Stretchng on Muscle Contraction Force for Musc!e Fahgu
Caused by Isometric Contraction

Jong-Dae Lee, PT, MS, Jun-Ho Bae, PT, MS,‘ Sung-Sou Bae, PT, PhD'

Major in Physical Therapy, Department of Rehabilitation Science, (raduate school, Daegu University, 'Department of
Physical Therapy, College of Rehabilitation Science, Daegu University

Purpose: The present study purposed to examine the effects of massage and stretching on the recovery of
muscle contraction force for muscle fatigue caused by sustained jsometric contraction. Methods: The subjects of
this study were 64 healthy men and women (women: 30, men: *4). They were divided into massage group (23},
stretching group (21) and rest group (20), and using Biodex “ystem we observed the pattern of changes in
maximal voluntary contraction force (MVC) after causing muscie fatigue in quadriceps femoris muscle through
sustained isometric contraction. Results: We measured the point of fatigue occurrence by sustained isometric
contraction with 50% MVC and changes in isometric contraction force at 0, 10, 20 and 30 minutes after fatigue
and compared them according to gender and treatment groap. Conclusion: 1. According to the result of
measuring the point of time when fatigue occurred, a difference was observed in time to task failure between
men and women. It was significantly longer in women. 2. By gender, MVC changed significantly in all time
frames in women, but it showed significant increases only at 10 minutes after fatigue in men. 3. In the
comparison of MVC among the treatment groups, it showed significant differences among the groups at 10
minutes after fatigue. 4. In the comparison of changes in MVC among the time frames for each group, the rest
group showed significant differences in MVC between 0 and " ( minutes after fatigue and between 20 and 30
minutes after fatigue. The massage group showed significant lifferences in MVC between 0 and 10 minutes
after fatigue and between 10 and 20 minutes after fatigue, The stretching group showed a significant difference
in MVC between 10 and 20 minutes after fatigue and between 0 and 30 minutes after fatigue. (f Kor Soc Phys
Ther 2006;18(1);53-64)

Key Words: Muscle fatigue, MVC(Maximal Voluntary Contract on), Massage, Stretching

1.4 = & 20 Aol Aol dojus THAE #&
(isometric contraction)°ll &J&f 522 T4 ZHE

L7 AL o, 2AS F uje} 9uke of T3} 7 (locelized muscle fatigue) 7} YAJ 3t} (Chaffin, 1973;
A9l AW, 1993; BrENd s 2%, 2000). o9
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ol ¢ 291 : FAYS2oE T2 §L §F 2EYAH wiMA7} 2559 HE v[AE ¥

& Edwards(1983) & T &% Axv 27€ I
K252 Zdh= Aolg} &1, Binder—Macleod 2}
Snyder—Mackler (1993)+= #H9 BE02 3t 2
529 31 B FEo] ZHaH ezt ety e,
o] AL ZHo] EPE AR 2A HME ¢ ke A
olt}.

229 AUERE THEFTS A 33 A8
123 YA FAE S A&SHA AASH] f8 &
A9 s¥5F5& & 4 Yrh(Latash, 1998).
Bigland—Ritchie®} Woods(1984)+& s]29] 31 <lo]
FEHOR FEI= TGl @A SFo] AgH7| W
Folgkm 341, Guyton(1991)2- A4S E&¥-3 A
g3t AR Y] BA D AA7 25l - g
Faglol dold & Uz 33t

259 HZ2E K FELTY AZAR ¥
uk=t}, Bigland —Ritchie (1984) & X131 343
g oA £E55< P2 dAFer gady 319
3, Kahnd} Monod(19892% 259 F27F%7) 16—
20% Adl 793 %% (Maximal voluntary
contraction force: MVC) o144 A% & A& A]7to]
o e Mzt K 27} FF3] St itk

SHA 25E5E AR g A 799 aMVC(20%,
40%, 60%) oA AAEL Z FF Aolo] 4029 F4
AHE Fojg AT ARl BER HMVC F7]0f 8
o] oF 85-90%2] 28 3582 Bt (Funderburk
5, 1974). ¥5E3 FLE(1995) = A& 254E
F718 5% ol HE 3Egol v F3] B
3 AP ZE ol BAlgle]l THAEZAIZ T 2
g 3882 F2AA7H] 7)ol G o} Fa A7)

Lol 24 A&A7% 29 5B L FAeln

B o

=
T

1M 2 5o hE 29 5% &L FANZY Yo|
o A ASHQ 2 3] vl Hgpon] B 5

3|57t 71 net 29 31582 o WolA= A
&S 2oy i

AR @ R e A ke F el AAd
(pressure) 3 A1 (stretching) & £F5 402 & 2
AN 2 z2F NAHJA AFE FE AGAET
1999) 0.2 5449 s Fo} g e YFAE
A B2 Eg B0 R g o AHE Vot
(Hemmings &, 2000). Goats(1994) ol 23}l wfALA]
£ 24 €88 FHIIe AR AZ4ET 1208
HA0] AT FHERRE 3)Eo] FdTty o
o} Mori 5 (2004) 2 85-9] 53HA &% 3o 2=
-] of] akAlA| 7} v] A = G akellA 2 2o o3t
Az AR} A X (Visual analogue scale) 7} ?FAMA] & &
T3 2T el Fo% Aol BT FhYY 8

g
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o] Zoluta HF &7} FUkee &t Jjich
&%t} Ostuka 5(1999)2 5874 vRARAA 4
4 Ao Q) uke-S P o7)7)ol FEshta st
Aed 71AH A7 ARS8t 5 AR § 25
U g7t fela A SUsTh aglnh &% §F vt
2] 2ol 38 3o BAY QA o} z}EhA Q]
ZA7 BE50Ha Hinds $(2004) 2 #3465t
252 QEAFEZY 58 &% F HRE ALy
Fe Az vnd Q7oA tEFHEe 5
e o3t 2ol 7t Yl et HE-E R 9 257
273 vwste] §o% F71E Ho gEEE F
Z7F glo] Y dlesto g 289 A 52 tF
7Fe3E& R

FA3 EFL B5E sk o 93 98
ek AEHAL o] R4AES FAFH T IEdT f
AFESE AL F e 7MY T2 599 F sy
(Shankar, 1999) & Jsflell ) AT & & 1030l
U 558 daA7y, $AMEEAE 7] A
AANZTH ()R 3], 2003). 250] A4 FA94S 9o
HE & 25do]-3E 2 wgyt dojubn {4
242 28E AN 5 dh(Kisners} Colby,
1996). Worrell 5(1994)& AEHUA S SaiA £
9] Y E A (peak torque) 7} F718FA Tk A A8kt
FZ A7l gstd AEHA S F 85 F 27 2
o] ZHAE Htks B3 (Nelson 5, 2001; Fowels 5,
2000)7F AT A&HA & 502 e 22
ol 37 AEHHC] T DAL o|gAH 2y 2ol FF
% mAth= Eguchi(2004) 2 X% U2iTh Hebert$}
Gabriel (2004) & 2F o} Fo] AE#HH0] THF
S X 23ty Busgoy AX 2 §FoA A
E A gFHE AAst=d ofd A7t BEEEsti
3F3ict.

A 271 9] Zo| 29 3B gt dFES dAEA

i

o} 2HES £ 5B A7} hpRolglr), 2
2§38 Fol 2EAOl TS HEH T fehbs

2559 20| B ATE o 2EF Aotk of
o o] AT A&HQ FAY 5502 F%E 2920
doh A8l Bhe 2312 st A ohAkNE §
$8 F vehts H0) £92 $5Y 30 vl o
% Yohp T YAl AT £ 9] @olM o)
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o] A= ¥3A] SHY A3} prijste)l At 3 &
HAEANP o2 A73 F 648 SR 2005
| 249 1595 H 3¥ 319717 A¥S AAEi o
BAES AEHFTH vAAT 223 FAZCR B
Z2 wfEslgivh. AE AA] Aol AFEA 3} W

B 1.0h4xfel YN Sy

e a3z 18 ALE 20064 24

el i gtolA dEtgn BF A Fsigich
AR71ES Ao 22449 28 L HIUA A8
o] YT A71HA ZYHLFol FojskA] P AFEeE

R A7 RS YiHE EAL (Z DI 2

k| 1}o] 7] (cm) E5A kg MVC (Nm)
A2} (n=30) 26+3.07 162.4+5.32 54.17%+5.23 166.47+26.88
A n=34) 28.2914.74 172.62+£5.04 65.21+9.46 239.71£42.03
A (n=64) 27221418 167.83£7.26 60.03£9.51 205+51.13
WA+ BEZEHER
2. Ay D #Y #9943 59 34
&£34E AR g% dEATFTe TH8FES 562
o] A7E A& Y &L T8 29I # 2+ 338 AAst Hd 94 &S A%, 92
ke 2o v, 2B 233 F4o A E F o] 43S glolzl Y8l 527k i) 28740 F4
8 F Uehve Ad £23 £582] HakE F3ho < Tt 39 WHES Faf o)A glod 1 Hi
2 E29) 35 Fg Lot 1A s9irt. A& MVCZE Adsta, o] A7} Qg 3¢ shtE AlA
T 52 A YA ATF5E 2R e 33 Yo 2] 7 719 ghe #3te] HE S MVCE AHe
2 Atk 549 (Drouin %, 2004) Biodex System 3 &ttt

pro Isokinetic Dynamometer (Biodex Medical, Inc.,
USA)E o] &3t tid A= Biodex®) SjAtol| ofo} A4
o} thE]F7F FAO|A] GES AR R TP &F
AE FEAL A 7|2 &BE 2T 70" oA diE)A}
72 793 3 £5& A H2 i
AE FHY 75 2AEYA T WA AT F FA 2
2t AAE AL F ADEE Yehs 2 539
WS gotry] g3 o3 22 o s dFE A
A&kl

2) e R ALEA

H2aEE Ad dEANFEY A SHY FF
= ArEH At B8 84 50% MVCE #-43}
5 3t T3 759 FEAHE 50% MVCE Al
st} AFH ZYUE vehd E371 27) SEFEY
50%2 748 g7 2 Qi 1), oy A
o238 A A7HA] 9 A 2HE A5 F A 2Htime to task
failure)o]et sk3ict. A7 EUE ] THEE B
ANZH s qlo] g7 stof FAE 5 Al 3.
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ol ol 291 : $HANFZOE T2 U F 2AEHAT A7} 2559 B uA= §F

3) H 25U £ A 944 54 F4

TE 7oA A2 f2 AF 57 TR A
T3 24 & A5l £EHo| A H 2 YIS
gal3iqit}. 28w Y24 A% MVCE 38 &
102, 208 781 308 523 SHA o2 A 9
H £35S AN AA] F 387 FA] 255
W3S gRlskgi.

4 7 28 AN A
FAZS A2 F FAL Azt s 2 A
587] 5% MVCE Z¥skgth 2Ed3Te 9=
% 2o MVCE 248 5 dEAT2e] 243
38) AABT SRS H2 A 2Fo) MVC
2748 F EARE20] B 52 8350k

]
T

2
=
=X
=

(D 2E&83 3y

HEAIF 2 AEH AL Evjenth® Hamberg
(2001) ) 93t F£FAQU E4HE A3 A3
ZH= T4 glo) Bl dEgm Fuke] 22 Y-S g s
s E ol £ HolE gt YAty Hdig -2l Al
3t & vithof] XA dta S MER Fol 14
a3tk n@do] AHol & = QA HolBY §ES o
2 &0 e A8 52 1 @Al A FA
AEA ekzte] 558 w7e AAE TIES 3t 1
AAE ANBAAZ 35 2] STAA NN £
T2 g d8 e =853l 384 #5252 4
A&t olghshe B 25 A WA= ARF7A
olg3dlo] FEZH-E AL 1 AAA 303
Gk 102742 FAAIRES 7HAA st WA o R
33 #4439k

0= 0
i FTse

(2) wpAEA] 3y

ARl i3t oAl = -9 (kneading)
7 ARG gL 259 FARo] ¥
HEARFZO] Ys] B 5 E02 7kt &
IS gol . AN d&0] EHgag

fijo

5

fo N rlo Hr

o rd o
T Y

2 973 JAY 0 E¢& IA 9} supehe FAlo 24
oz Wit 12l GAE A A Pdupet
&7iEao] FAld 23 YgFez gd 9 2
W&o g "olFQith T8 dAFZRE 29T
A3ty Y /e AL ARAR e FAPFY
g 23, A o8 &FFH o2 7Pk
Ao AL Y& AEFAF oA E & F9
AAgAM] g8 A =3ty 544 A SAE & 9
] AZA} AR

=
=

=
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2
o
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2. Xtzxe

A7 EAE AL B4 T2 713Q SPSS 10.0% 9]
g3t BA3IQItE Ao 47213 $%9 dig F2 4
& Hxo MVC S 25 7 dAE S
B &2 HMVCE AArste] 24582 ¥3lE doliy
7} 3§ 7 u|w e} A e g Sijlch

i 7ke] A7) vl SHEE t-test
2 Abgslga, 4 AREdEn AEE A 1Y
%MVC BlE t-EHE t—testS AN 7 AR
w sl Aol w2 WASE AR H|BE golr
orch A|Zhd AR FF AMVCY vl ZE AL EA
EA (ANOVA)-E AAER 3, foAdol vehd 7ol
AIEAAR LS LSDE o vl wdiich $A8 fodE
AAs7) Y38l foFEL o = 0.052 &3k

T

m. 23
1. HPAYAZH

50% MVCZ A£A 34 245%E st o
AASANA THEE U FAEHE JFAHAEL
o] Ao A= 127.50+9.672 A 1 BRIl A & 115.24
+14.91%2 ozl A o A veht g 2ol vl ni
A A} Fo) 3 Aol g BTHE 2).

B2 X2AMIfA|ZH0f CHEHH| W Hel X
T 2\ EA A A ZH t df D
o 2Hn=30) 127.50£9.67 2948 57173 000¢
92Hn=34) 115.24+14.91 ‘ : :
AA (n=64) 120.98+14.05

Ha+tBaFHX »p05
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2. Z|0) o|H 4-550| #H3}

D ¥ 2 ) 4904 39 vl

AAA AFPE 108714 714 gl F7een
oFE B8] F7bhe PIE Btk oY A9
APz SN F71E Bl WE PR ol

gsrEe) =832 A18d AT 20069 2¥9

2R %A 108714 §43] F7lsith o] 34 F717}
3= S 2ok

Az R Jebd g 2k A A3 589
ERAAAZ (% 3) oA B vupe} Zo] BE AjZHeA
Fd el wlsedt vl &g Jeho] f§ lolE Kol
A gksket.

H 3. =7t F o HpEH2 v W & %
Azt A (n=64) o 2Hn=30) FAHn=34) t P
2335 85.34+8.00 86.80£5.07 84.05+9.79 1435 157
10% 90.41+6.42 89.36+£5.84 91.33+6.85 -1.230 223
20% 93.20+5.73 93.02+4.68 93.37£6.58 —-.240 811
30% 95.17+4.67 95.22+4.19 95.12+5.12 078 938
HA+THEZHX}

2) A7bll whE A8 Fo) So 59 wa
Aol mke} A2k} boll ehd Hoh S0)7 559

& vl FHEGiTh AL A4 Bl = AT

o 2= f2lstl F7bekick M AT 1080 ¥
A A o§z2= p=.0070] 3 FAH= p=.0002.2 HY
2§98 o1& Yk

B4 D 2AE1020M2 HE 2(cf 22N +55 tSH|2

TE -8t t df D

oz} —2.56%.88 -2.914 29 007+
32t —7.28%£1.62 —4.496 33 000+
AA ~5.07%.99 —5.108 63 000+

Yo tHEELX «pC.05

1083 20%0M Huj 24 &8 gt v|w 2
7 A= p=.0019T FAR= p=.054% AR oAM=

AZERZE 2] & Aol 7t YR 21 HAtM = Aol E
Bolx] gkt

H 51021 2020AM2| oY A[ch £o/8 53 S H(
T g2t t df p
Sk —-3.66+.88 -3.915 29 001+
= -2.03%1.02 —1.998 33 .054
A =2.79£.70 —4.005 63 000+
HALHERA *pl.05

AlZHES] vl 2 2087 308X Hrf 524
F5Y H2dHA2 2= p=.00622 F2sHA Ao

7} debgou daiel & p=.0672 F2& alolE B
o) A] ¥kt
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ojFd 2 29 :

H 6. 2022} 30=20AM2 4

IK—l

5345508 202§ § 2AEGAT viA7E 2558 2 vjAE

%

Y S YT ]

T8 &2t t df P

ojz} -2.20%.74 -2.968 29 .006*
ey -1.76+.93 -1.894 33 067
A -1.96%.60 -3.279 63 002+

pEHTHEX *pc.05

3) A2 Hd A FFH e v

A&HA SHY £502 AR §2 F 4 ANE
A48 F el aMVCe] ¥MskE 574 23 {4
FoNE 10871A] 32o] weA Z715it} 208714
t 343 7o) F235t 3087 AA3]
7beH= GRS Ryt IR Fo = 108714 32
3 Z712 Bolt} 208 71R| F7Hg0] tha F8ET 20
¥ ol3E A9 718 HojA ¢tk 2EAA TN
= 1089 T 2 x]Fol v]3) Z7H8o] IR Ao

L

FARHA 718k S BRTHIE 2).

7+ X2 7ol AZbE R 530 SXE A
FoA £%9L& v gEA AE 1084 AT
7o)l p=039% #3207} U351 LSDE th5 HIiL
3 A7 2EAA T AR EHp=.022) o 123
2EH AT F277Hp=.033) o F2gt 2olE BRA
t}. 208 = upalA Foll A GMVC7E ThE Fel H] &)
A UEPgou T 7hel f2g Alole BolA gty
2259 30RAHE HAF 7ol ol alol= @

1} o] 208744 A F7Vs 30E7A = FATEH JeHETD
7. M2 A 4O E 4 &0 HD chel - %
A1z F4(n=20) o}lALR] (n=23) 2EHA (h=21) F p
HgAS 85.98+555 85.521+8.03 84.541+10.01 171 844
10% 91.74+491 91.89%5.87 87.52+7.48 3421 039+
208 92.5015.26 94.90+591 92.02+5.76 1.648 201
308 95.34+491 95.2614.19 94.89%5.13 053 948
EHa+BEZHA +p<05
105
100 }
95 L
£ 90t ——FAZ
§ —a- AERRT
5 8 —a— ORARKI 2
80 |
75
70
mgxg 10 20 30
Al2KE)
* pd.05
8 2. X8 Fo £o/8 522 #i5|
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4) A7l w2 AA Y Hof) 524 539 vla

AAEE Hof 93 F58 9] ¥stE FHsto At
thzte] tiS w3 AR FATAME H2AF 9
10%1A p=.00022 z}olE HAT 1087 208

gaEelx2e3x A18W A13 200649 2¥

MNE p=4212 §FF ol RolA &gtrth 2087}
308 M+= p=.018% TA] F-2l 8 ztol7}F Uebttt
(% 8).

&A1zt &=t t df D
H2AS - 10+ —5.77+.78 —7.373 19 .000%
10% - 208 -75+91 ~-.822 19 421
20% - 30% -2.85+1.10 -2.583 19 018+

HA+BFE2X «p.05

AR Fel A e e A 03 £58 9 viskE
Az eizbel vl Aalg 52259 10 A=
p=004% &% A3E Jehdich 1027 20814

9. ORALRZ| Z[CH o X453 i H| 1

£ p=0192 ¥ AolE B 201t 2027 30%34
H oM p=.6932. 2 frol ¥t o) 7k AR 9).

o-5-AIH -4} t df D
g22% - 108 -6.37+197 -3.227 22 004x
108 - 20% -301+1.19 -2531 22 019+
20% - 308 -.36%.90 -.400 22 693

BALBEX} «pd06

AN ZH8 Ao £98 $248 A
ol vnEAE Az J2AF 10BN
p=1462 AlZkthzbel §91% Aol Mol sk

1083} 208 A= p=.004E §9) 3} 2}0]7} el
2083} 0% M= p=.0148 §94% ol B
(% 10).

E10. ASHF RO Aci4oH $53 oigHm
Bg Azt g3t t df b
245 - 108 -298+1.97 -1.514 20 .146
10% — 20+% —-4.50%1.36 —3.298 20 004+
208 - 30% —2.88%1.07 -2.694 20 0Ol14=
B+ EEQR} »p .05
V. 2 3 SRR ER A L R EER L L

o] AT Biodex $44 FUAE ol g3l 22
2 $ushn, o) FHY $IAFEES olgle] 2

Aeotel 7)vtobA) (creatine kinase) & AAte]

= s
3A o8] AFAE0] dFEEd, 54 - 9 ¥y
=N s
£ 235t g9 - 318h3 W (Hagberg 5, 1982), T
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olZd) 9] 291 : 3HNSZOR ZHE U F 2AEAAR vpARA 7 245 HE vAE I

A ££4L =Hsle 5 484 WY (Fuleo 7,
1995), 281 o] ¥4 (Leisman 5, 1995) %
Z3}4 G oA 9] #4] (Mannion¥} Dolan, 1996; Ng}
Richardson, 1996)& $& 7|38 ¥y Fol A
t}. Vollestad(1997) & 292+ 3 248589 540
go] o&3ty 9lor Hu £03 FAHA #5Eo| A
2 o] g5tk 1 8131t} Pincivero 5(2004) ) &3 &
#d AAZe) 53 EF(peak torque) 9t B EI
(average torque)7t €88 2F 70° M 7 =34t
3 8gEd, o] AT E £33 707 34 H
$0|A $%8 243 292 F2 AYS A

22 S Fusls W $94 2/ HAal
(volitionally induced fatigue test) ¢} 2713 s 2f{d
Z A} electrically induced fatigue test) 7+ At (Binder—
Macleod®} Snyder—Mackler, 1993). ©] & 7}4] 2
S ubi e st o g A FYs A9E vEhi
AR o7 F4% Wwyoletx dAch(Bigland$t
Woods, 1984; McDonnell &, 1987). o] @dFellA= &
A sz FZALRA 50%2 MVCE AHEsI=T
ol AAAY AN FE LS & o FE 2olE FF
o] 37 NIOSH(National Institute of Safety and Health)
oA FAsHE ZAdeFolet sttt CrHdER AR E,
2000).

259 92 By 8-E sk Widdle 7 77
914, Baratta 5-(1998) 3 Potvin®} Bent(1997) il 2}
3 oL} el At AA20t 528 A &
Er8S L7354 w3} Hagberg(1981) £} Vollestad
5(1988)°l ok AFAre] 1gelA thdAte] A +¢
sl wgol slcta stk Thornley 5 (2003)
oA AAS F J2 42l dig Al 70%
MVCE S3A %2 AT 7153 & o] FF&
fFASES e oju go] MVCe 30%7HA] Hoj
Ae AL Az oStk 334 (20000 &8
Ao A5Eg 50%2 AXYE HUg FAE 7
A S Aol Al AAlste] HEE FH A
10%01 A FA171 7 89 717HE 251417 (task
maintenance stage) 2} 3}1L o]%& &8 o] Z43lHA
25%2) +%go] & 7|7HE AT 7] (task failure
stage) 2} 8dth. o] AFolAE 144 (200004 B
S AHE3H 50% MVCE A&AQ) 534 55 A&
3lod o] 2 RE 250MVC/A] Dozl A AR A
AN AR E H2RPAF 02 3k AITHE F 3k 3
5 A Aztele} st

o] AT TR} e dEANF2e el b
ZF 92 AFE3 ohAkAE A 43 vl o

st 4T+ Ostuka 5(1999) & 5#7t2] plAAA =

o =

y J

[°)

10 rlo w

-
L

oy
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A 9] 240 A2 eHA uke-g A oF)7)d) FE3IThn
Hq=d) 71 AR vARIE A 5E A8 F 2
S &7 984 F7recky o B
King(1993) 3 uFl7] 5(2000)2 fdte] #23HE
o} E0 A5 vpARlold, 282 JojEle} IF 52
&olA 2 Bgol Bol&g7| 1, H|EAY FHoARE AL
2 0|7 AFE L5 FF Fofl £2E U A
&4 222 Urdsd 53] v 8

= i wiife]
===

Aot

o] AFolA A &3 F& I 2UZE AT
9 #AE RYE, o] & (torque) o] FAE &
AT 2719 WAL 58O Fae) HER U
Zof JehtE 28 A MY (sarcoplasmic reticulum:
SR) 2.2 RE| Ca2+ W&e] Zas}t o] k. ol2 %
F27)149 gojrl Wz ARHQ Ao BT
(Westerblad £, 1998; Metzger® Moss, 1990).
Westerblad 5(1998)2 7] 924 SR Ca2+ %
Z 742 ATPY 749} o] gla #4ad Ca2+ W
22 Z42<Q ADP/ATP vl £ S} d&olet sl
=3 Allen® Westerblad (2001) &= &3 (myoplasm)
o] ¥7]914kd (inorganic phosphate: Pi) 2] A5 H&
Fboll ARAAT Z7bsta 24359 DA (myofibrillar
protein) & 3 #of] F&g v Acky sGich

259 3wy YL 282 A7), 2R FF L
23 284 EAS 22 92 99l &St HeH,
Freilich 5(1995)& el F22 534 5434 7
Aol FAN o) BE AToA MVCS 259 FA#A
of tiat F 7k9] Aol type 1 AFrs) vlmdte] o &
g YA EE Ad type IIb Ao 2719 B0 Qe
Holztx 3gich Aaekel AT (1993) & H+5Y
o] 242 HurE o] A2 7ol vid| FEHAEAIZE
o] & 72 rol9 o]F AL HuFFYo] &
AL 2 3e #1307 9 & 9+ Type b A
9 ujgo] AF o ¥7) Yo 52 FH: W
g goldtin st} o] AFolME H2IL fEEE
AR A5l AzHtime to task failure)©] 9} &7} A E T
ZA vebg=d), o] FAelA Type b A9 vl&
o] ol & g WFso ey AF oz 2 /Yol
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