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Mechanical efficiency during muscular contractions
— old and recent lessons —

Masato TOKUI"® and Kohji HIRAKOBA??

Abstract

A number of approaches have been addressed to the assessment of mechanical efficiency during muscular con-
tractions. This article will focus on mechanical efficiency during muscular contractions from the principles of
bioenergetics and determine how mechanical efficiency of exercising muscle in vivo should be evaluated. In addi-
tion, we would like to discuss the determinant factors in mechanical efficiency during exercise regarding physio-
logical functions.

Thermodynamic efficiency () in a system is considered to be the ratio of actually performed work (W) to
maximum work (Wmax) at an ideal state without any loss of Gibbs free energy (AG);e=W/AG=W/Wmax.
However, it seems inadequate to apply this notion to man machinery because it is not an ideal state. Therefore,
we should use """ as a function describing mechanical efficiency of exercising muscle instead of “¢” of thermody-
namic efficiency. Exercising muscle under fully aerobic condition has two aspects; one is to convert AG of ATP hy-
drolysis into heat and work (contraction-coupling process), another is to resynthesize ATP via oxidation of
foodstuffs (phosphorylative coupling process). From this point of view, 7 could be thought to consist of contrac-
tion-coupling efficiency (E.) and phosphorylative coupling efficiency (Ep) and to be calculated theoretically from
multiplying E¢ by Ep (=EXE;). Thus it is essential to know the accurate values of E. and E;, in order to assess
n in exercising muscle. Although it is substantially impossible to make plgecise measurements of in vivo E. and
E; during exercise,  can be calculated from the ratio of external work accomplished (W,,,) to energy expenditure
(E) estimated from oxygen uptake (VO,) during exercise (=W, /E). The previous data on the 5 suggest that
the mechanical efficiency of exercising muscle declines as exercise intensity is increased. This would be accounted
for by VO, slow component (excess VO,) derived from exercising muscle during intense exercise above lactate
threshold, probably owing to the altered muscle fibers recruitment pattern. On the other hand, it is inferred that

the 77 could be underestimated due to different levels of internal work in exercising muscle itself. Consequently, the
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n calculated using the above mentioned method should be interpreted with caution when one type of exercise is

compared to another.
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BEAHOFERIIBEGTHY . ZORDELOBE
BHEE “IF VY TALTAYN T FY T4
FGAVEN POMAZ IR MONLHEETHAE (Il
AL, 1986) I AT VIR, TF Y EHEE
(ATP) D ofbZEMIANLF—F2WHHEL, 77F &
OREMERIZE W HEHIAINF—I2ERT S “TE—
=" DEFEHE- T3S (WHEEHE. 2001, 2002),
CD—EDGFFE— ¥ —DRIEDHEME L THIGEH
20 BRREIIIS AT (S EEE) & LTRBTA S
il b, SOETIE, HRIAVEF—OTRBTHY,
‘AT T2 bbbl TH 5 (Margaria,
1978)o L7:25o T, £BIIBIFAHARE L VW LD
BAFOEN (FE—ER  TAVF—BREOERI L=
BHl D 2 PO —HROER) ICKBEEh TV b}
THh ., MHIEROBMRINZIE b 2D FEMFEE D S BR
LTV LEFHLIEA S,
HHNRBRHMIC BT BILEN T AN F—DNEN (B
WE) TANF-—~NOLBBREZ, RAOFEHPHK
(Thermodynamic efficiency; e) TEHEN B, o h
& BTSN AR EEBEBEoOfomMoEELD v
BERKETTIILDTED “RAFHHE" OlET
by, HOBNFHZHFEEEXL TS (di Prampero,
1991),

e = (BEITh SN A3/ BARREICB ) 245

X100

FIRRIS, ARULERIC & BIEFM T 3V ¥ — DR T 7
NVEF—=~OEREOFHHEII BT D, BB DBNEE
AL, EORROBEHL LB, L Liat
O, EEONBRBETHEHAL Y I /2B TIE, %
AOBALRH 2 558 6 NAALEH T 3L F— 594
HELTHEBT B ZTEHLDILEREAHEHEL TELS
EVIBMLR AT LICHY, TLEFDOTATLANOR
BEOMEEITE L D ICERNT 5 L ARIC SRS A
570, ROBNFHHELFAETH D LIITVEEV,
2T, inll@igic sy Tid, i “AB Lz uF-
& WA LAT ORFEHOBRHIIREALL,
FREEBTEDI2 " LWV BEEEBV., XX0E
NEFZENS (di Prampero, 1991),

7 =(BRHEER /T 2L F—HTR) X100

ZDEHIT, BHEBROBMOGE ) ETE ) 2R
D BN R e IEMT B &L 510 FOFHERORE
EUNAR DFEPE L BB BB L S HMEN AR S
T&Tw5A (Aura and Komi, 1987, Barclay 1994,
Bangsbo et al, 2001, Coyle et al, 1992, di Prampero et
al, 1988, di Prampero and Piiper, 2003, Donovan and
Brooks, 1977, Ettema 2001, Furguson et al, 2002,
Gaesser and Brooks, 1975, Gladden and Welch, 1978,
He et al, 2000, Horowitz et al, 1994, Komi et al, 1987,
Luhtanen et al, 1987, Mallory et al, 2002, Ryschon et
al, 1997, Stainsby et al, 1980, Whipp and Wasserman,
1969) o

FRBEBLTIX, EERT AN F—HZD S HIGHERO R
WO FIZESEZ BT, in vivo TOTEER OB
BREDLHIFMEINIRETHIIPRFTHELED
12, EEERREOBIE D O B OB RICEEE R
RTEREBR L TAHZV,

EFIIH T I RNF-THBE
HEETIREGHREBERD-DI12, £ DILERIEHE
BLTEZD, ShOHLTORBICIMEFERN T F L F—
it (HHZAVF—) o%bEEoTwa, HHI AL
F—lid, AR (RTHEL) oKFmeE ok
CHRTSERL, HHEICLVEShIRAEDL
I (Wmax) 2RL T3, EETOIFEHRHRIE
IZEBRIEY (reactant) DAY (product) ~DH%
BROBIIBHZ AV DN EL D, Thbb, &
DIHRISIZ BT 5 RKIEH & EBPWOBRIALF—D
ENRILEN AN F—TH Y, FIFTHESR T AL F—
EWV) Tl b, BMEDOER - £{LEMNLEERIED
&5 L%R - FERETIE, REBEOT X ) H O
# J. W. Gibbs (1839~1903) 25 % AT, HEIZ 3
F—DME L LT “Gibbs free energy; G” W5
N5, BhEMBE, L, —EOILFAHRICIZRES
IANF—EbETr ¥V E— (enthalpy) 2L (AH).
BHI ANV ¥— (free energy) Z1t (AG) BL UL >
o ¥ — (entropy) %Zft (AS) & LTH#ZTw3,
—EEDRHTIZB T 2 EHOBHKROEL (AH) 11,
LA MfCE RS I & B RIS A & £ RPN L4 F—
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ZAbE/RL, —7 AH O—EF5F IBEIC L B AT AL ¥ —
o THBIZEBLTLE ) DT (entropy DHEK :
AS ik, BBV AT LB AEFELCAHEIIMEOE
LZRIRETHS.), EEOREEFNETES
AGIZ, AHDOETTI 2L, ZO—HHIBE 2V,

Thbb, EBICAG L LTHHATEL AN F—HfIX
BoTLIEICELEBRL TS, BH¥ML AT 4
(Thermodynamic system) (2875 I 6=2>D %K
DRFIERATERILTES (Whipp and Wasserman,
1969)

AH=AG+TAS (773 T I34EXHEEE ; K)

20, FATES2EBIANLF— (AG) 3. it
ENHBIANF—-DEL (AH) 2 6ARBAEOHK
5 (TAS) %#ELFIVAbDTHE, LA, En
Ll EICHAOBIERIGIC BV TIE, AH=SAG &% h,
ISR TED ANV F-IZ AGIZIZIZE L, B
FRORBLAZANF IR ICEVE AL ERTY
5 (di Prampero, 1991) . #h@@ihlFiZ B\ Tid ATP #*
MAFBENBBICHRHE SN SBHEHAT RV F—(AG,1p:
ATP? +H,0—~ADP +Pi®" +H" +AG,pp) A HE B
CHNSEICFHATEAIRLF— LI LIk D, L
7eHo T, BHlERFOBWMZIR L L b EMHICGHET 5
ToHiZid, ATP OMKZHIZEL S 1 mol Hz2h D
AGprp * EHEICHI B 2 EAWIHE 2 Do AGarp
(kJ-mol Nz FRAKICL W& h 2,

AG zrp(kJ-mol ) =AG"+RTIn([ADP] [Pi]/[ATP])

TIT. AGT X, HEIANVF-0KHHE (stan-
dard free energy). R 134 AE % (universal gas
constant: 8.314 J-mol 'K '), T (3#ixiffE (abso-
lute temperature: K). [ATP]. [ADP]. [Pi]lit. 7
U VEHEE, TV Y T, B X UEREEO
HPIRE (mol-l') THhd, %ITH% (Gibbs 1985,
Rosing and Slater, 1972, Veech et al, 1979) T34
&G TIZBT 5 AGY i3, —28~—32k]J-mol™' &
RHRERMOONTVE, CNODMEEFRE LT, i
MO [ATP]. [ADP]. [Pi]»HifEE L7 AGypp 12, —
47~—64 kJ-mol ' DEENIZH H . HHOLERI RN
(pH, 1 4 i, (NBEWOMRE, RE) LX) ELR
B LDHEEINTVS (Astrand and Rodahl, 1977,
Barclay and Weber, 2004, di Prampero and Piiper,
2003, Jeneson et al, 2000, Kushmerick et al, 1992,
Ryschon et al, 1997, Wackerhage et al, 1998), L
7255 T, EEEIZ BV TN OIKIR AR £ %) & &%
LT2DT, IEfER AGyp PFMIIE#EL 2682 %
BrwEEIOGNS,

—7 BATOBILRIRBOFREONT AG,p &

ZLTENDPBRBROH T AL F— (46943, external
work; W) CERENZ I COBBREYEZRTIE. &
PREEEO T3 ¥ —FHERIE, B 1LIRT LI,

2ERBEDN OGS Z LEAHRHE N TV A (di Prampero,
1991, Stainbsy et al, 1980, Whipp and Wasserman,
1969) . —2id, ATP %K% LI S 17z AG e
M HA~LEIRT 2 UEEMBR (Contraction-
coupling process), /&, #H (FIZ Glucose) % B
e Ui & h 7z AG 12 & ) ATP % BART 2 Bille(tsk
@Eﬁ(?hosphorylative coupling process) TdH 5, i
BRI BVWTRI O 20140 ¥ —FiRF IS AR B
TSR > Tna 720, BREIZET 588 0%HRS
# (Contraction-coupling efficiency; E¢ & Phosphory-
lative coupling efficiency; Ep) & §iESE0RAHY
ol SN TVB EEZTIVAEA) (=E:XEp)o
LzHoT, SOEZHEZEIL, W2PDOMREH
(AGorp =58 kJ - mol™', &K : Glucose=2870
kJ - mol™'=36 ATP. P/O, l.=6; Barclay and Weber,
2004) #*%. Whipp and Wasserman (1969) 7 —
5 (W, =57 W - min™', LU izl 7z VO,
=055 £+ min"') FHIHEBEENSRNET COHEHER
BEBRFICBITEn 2RE L THLV, Ecld. AGapyp
D W, \ERENZHETHBLNT, Ec=W,/AGrrp
=342 kJ/8.50 kJ=0.40. —} E; i, Glucose DHH

Jna—2x+0, —p CO,+H,0

ATP <4—

) ADP+Pi

n: 2

1 EFCHEIHEENIRLE ORI R
¥F—ADE#BIE (Whipp and Wasserman,
1969 E % HEWE)
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IZANF— (AGguwse) P AGapp KEBS N DHRT
0. Ep= AG,1p/AGgiucose =2088 kJ /2870 kJ=0.73
DERNEREFNFLBOND, SO EDH, HHIE
EE OB ED 7 1ZH30%IERE (0.40X0.73X
100=530%) Itk b LiffESshs, 72720, BhERIEIC
FIH S 3EE (Glucose or Fat) 12k o TP/O,Mtd
ZALT 5 &R, EBITREOELISEVEEOFIHED
2L, F—EERENUKkETD ATP EEROELT S
ZEEBET S v, S50, EROMEFEICENT
in vivo TOEEMHNDATP OIEFELFIRAE - BEK
RERETAHZEIIRHETHSL Z L. ATP DINKS#
PoHONDE AG, ., bAIRAMO pH, IRAEE, {UHREYR
BEOEIEKF L TEM T L2 EETH L, BE
B EEREIZBWT Eq & Ep 2 BBICHMT A L1
ATRISEWI LAYRIBTE 5,

#ZC, Bk L7 AHSAG QMR % 32 VO, % AH
RSS2 ehs, AEIIEEERILL (BN AL
ANF—EE VO, oI L., W, EOlHLN
TAHILICED ., BHEdOBRMEIE » 2FET 52 <
DWREHM»ETHLhTE TS (Bangsbo et al, 2001,
Bijker et al, 2002, Coyle et al, 1992, Crisafulli et al,
2002, Ferguson et al, 2002, Gaesser and Brooks, 1975,
Gladden and Welch, 1978, Henson et al, 1989, Hintzy-
Cloutier et al, 2003, Horowitz etal., 1994, Luhtanen, et
al, 1987, Mallory et al, 2002, Marsh et al, 2000,
Stainsby et al, 1980, Whipp and Wasserman, 1969),

BEEEOEEZICE T3 IRF—HBREOE

INFTHRNTEAL LI IZ, EBEED VO, DRIEH
POANZIANF—FHETEZ LIV EH
RIECTE& B, 772, BRI L E-> T, Tz B
TH, o, N ET> TR WIRE (Affozv
RETOMHILHE) TOZALF—2HBL TS (H2),
ZIT. ThoSBE0RITICERNS LWk
DIFNVF—RHHHERE O WOZLIVF—2R—2F
AELTHBTHLIERNIAINF—D6ELTWT
nEFMTIRENLINTE,

Gross efficiency (o) 13, EEOEMD T RN F—
(Em) %. Net efficiency (7,,) 1. BT H: L&~
PORHHOHRI AN F— (E.,) ¥ELFIVAIR
NE— (Ega—Eres) & B & U Work efficiency (yon)
. A ANF -2 oML 0 WOTEEROH
BRIFNE— (Eponwon) ZELFIVAZFINF—(E g0
—E onwor) & FNENTHEBBEOMN T AN F—LT 5
EZFEDOTHEHBFOBMAONRLFMT LD
T& 5 (Stainsby et al, 1980),

Ngross = Wext/ E o1 X 100

Toer= Woe/ (E rora1 = Eresr) X 100

n\mrk=wcxl/ (Elolal_Enonwork) %100

BEDESI I, HEBHCEENSLEVEL R
Enonwork 2 2 LB THEEBIBE O % = 4 L ¥ — % 3F il
TAHIELREAEMLEEITHALIIIEDRSL, L2L
7 H56 . Stainsby et al. (1980) %, MEByH X MATH)
EOZEL. PEOFEIHOZEL, BEAEOMA, BB
44 73, KBO LR, FVEVBHEOELED
bOILLBRBKEOE(L EDFERISNHDT,
7ol R EEBEAT O E o R Eponwone PWEME X — 2
F4 e UTEMEBICHS LA LT, SitbEHcE
BEMELEVIZALF —HRAE (B 2 Eoonwork) «
ThHOLEEHFIN—ZATA Y HFEHLLZVEVIR
BId W EEEHL. X=X 54 Y OEEEIZDOVT
PEEZIREL TS, LMo T, TDL) RHES
ERRT B0, DO THE & FhIHE
TAHIANEF-HEBRERONPHAHRE I AVF—H
RiRDOEFNENADOHMGFORE (AW/AR) & FFHT
% delta efficiency (ngma) B £ UHEBIICBITE2ET
AV —HRE (v:E) Lomtd (x: W) OB
K D slope D A & 5 fli 7 % instantaneous effi-
ciency (Mipgam) PaFMliEDEFK S /- (Donovan and
Brooks, 1977).

Naena=AW/AE X 100

Minstam = 1/ (AE/dW) X 100

Gaesser and Brooks (1975)i3. E$xBIERBHERIC,
% 7z Donovan and Brooks (1977)1d, #:47#RE R 5hHE
EEMig iV THRE L, BHZLICHEB» T2
DIANF— (HEEOHWEFIZE TSR LF—)
ZIEREICAHE S A2 HELA R L 2R DI, &R0

n
(=4

o

ENERGY EXPENDITURE (kcal-min-f)

S DELTA
0 ; eneroy (4€)
BELTA WORK (W)
5 - UNLOADED PEDALINO (UP) _ _ _ _____
e maoRERTWR)
o A r's A '] J
(o] 50 100 150 200 250

WORK RATE (watts)

H2 BiHEEEBECHIIIRY —HBRE T
FROBE. $LURN—XSILDESE
(Stainsby et al, 1980)
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BB RORE L LT g R Minsams DEF LW LG
BLTVD, L2ALEXE, SOZ20n DFMED
PO FICEREMS L vk V¥ —SHEO N %
BRLTVWBLEECE#EVELDH D, in vivo TORHE
BEOBRNFHHELERICERTI20TIEILZL,
CETHENICEBLARETH LI L F#AFHICBNT
BRI RE&THHLBEDLILS,

BERBORBENDERICEEL S5 2 2ER

HEEO TN F - IR Th D I SR L IRIFE -
REHEEZALTEY, /o @IS b4 2HBRD
EH;VFRVONT VD, Thofhe BB, i
b4 REBE 52 B0, ¥iKEY 4 7, WTHHE,
I, NI OFMOB AL 5 n ICEEES X
SEREBRFT L THL

1) iRtz 17
FHRAE S 4 713, £ ONGEIFEC B L D,
Type I & Type Il $#£i2. & 512 Type 11 {3 Type Ila
& Type IIb 2SN T3, Type I iGN HEEE AR
(. BREEHL ANV F -G IICERTYS, Type
Ma ZUHEREEASH < . FEEFEND L UEREE IV
¥t HIcENRTWw5, Type IIb X, Type lla &
Db S HIYHERBED . EEEENE T XV ¥ —It5:8
ENICEN TV A & N5 (Wilmore and Costill, 1999),
BB ICM L T, Kushmerick et al. (1992)
X, A IOMBBEEAVT, #MEED VO, oime
PCr it D413 Type I & Type [T IZBWTIZIZME
BETHol:p, ZORBERIEVPALND I EER
L7:o Typel Tid, ZNONTHOL NV %2 CTHIE
L. Q1Mo FE 2 7 = X 41242 Type I & Type II
Dt - BHE VDD B LT 5, F72, Barclay
and Weber (2004) X, =7 ZDOH A L. 9=
Tinitial X Mrecovery  (1Ntial efficiency, inia; AGarp D W
NDOEB|ENE ; HiB D Ec 1% L\, recovery effi-
Ciency, Mrecovery 5 EH D AGprp ~NDEBRBH | HiB D
Ep 2% L) CFEHLZLET, Typel & Type Il D g
DRBEIToTWVD, THIZL B L, WHHEICENT
Moo VR TH B A it 1& Type I THHC L IS
Neccovery |4 Type Il THEIfEE 2B 2 EARS N, Fhid
Type LIZBIFA2 LD ZVEIHADEEIZL D EHBIL
TWwb, TDEHIZ. Typel & Type Il  n D id,
Z OSBRI L ATREMATRBE S T 5,
Coyle et al. (1992)i%. EH¥ZHLEAE OMMRHEY A
TEnDBEBRERFLTVS, FRIZEBH L, Typel
RHED B & Nyoa B & U Do DHNIIHEA RO (£

NEN r=0.85; p<0.001. r=0.75; p<0.001) (E3). X
AR REH) P D 7,00 KBTS ERE AR S
N7z (r=0.85; p<0.001) 78, n D&\ i Type I KD
%IZL B LBXTVS, FHIZ, Horowitz et al. (1994)
b. VO, max, Lactate threshold; (LT)$ X U°—B}R
WEYF D VO, DMBRENPRBREDH 4 7 ) A M
WT, Type [B#EDH N7V —7 (72+3%) 1, v
Th—F (1852%) L0 b fue AEVE & FEEL
Twb, —J7. Mallory et al.(2002) 2. PEEOEE
HERBEEIC BV Ty Ny & peak VO, L H T2 B
B o7z, RS 4 7 L ITHBEBREIZD S ho
LIEEHRELTYS, Zhid, Coyle et al.(1992)
%> Horowitz et al. (1994)2%, Pl —=> 7 EhiH
IMHBEREEF M RIZL TV A DA LT, Mallory et
al. (2002)13. BEFRESNLSHEEN LV OH
BEEIHRIILTWABILIZE B Lk,

—7%. Sargeant (1999)iz X . MMy 1 T2k -
THRBINEREE IR 2 > TH Y, Typelid Type Il &
D LBOILHEEE T, I Type I11d Type I & b b3
WILEHEBE T ORKEERTIENRESI A TS
(H4)o COHEZBRTIE, 7 OFMIIZ. FHiEEHO
BEFZBTHIULERNELDEEZOND,

2) EERE
AR LZzL s, e FEMRIZLAZ {OBFEIIBW

24
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3 BEEREEICH T DBRE (7,,..) & Type
1 M DEIE DR (Coyle et al, 1992)
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TVO, L YT RANVF—HHERD, 7 OFE%1T-T
XTWah, RO AN F-EHBIZITBITS ATP 13,
EE¥EL L UEREFEWBRE (Phosphocreatine (PCr)
S, BER) OB INEA, VO, IFEREENS
Broo ATP R E KB L2V, £2C, LT%Z#
ADE) L EMEOEEIC B WTHM SN g idER
INHCRBOONG 2D, RRADEY ., HPOILEE
#ift (A[Lal). &R [ATP] - [PCr] MEEZALA O
BESHIAVF-2RAL 2T R 5% v (Medbe
and Tabata, 1993),

Anaerobic ATP production(mmol - kg ™' w.m.)

=1.5X A[La]+ A[PCr]+ A[ATP]

Ld L. &£&TE in vivo TORMD[ATP]® [PCr]®
NEIRETHE, 22 TENILDLEMELFELL
T, MipfLEEERE (AlLa),) 2 5kRick 5 EREE
BT ANVF-—ORAEFEFREEIR TS (i
Prampero and Ferretti, 1999),

Anaerobic energy=A[La],X3.3 ml - kg™' Xbody
mass

I, FNEFROBREITE, T3 F— A L4
MBICKEZBOAALR, n IZOERTILETHSH
%o Gladden and Welch (1978)i%. BABLUBRKT
WERD pid, EEHEEOMKICEVRLITEZ LR
&L Tvwab, Henson et al. (1989) b, R¥Y ¥
WEIZHBEWT, LTHRELBR 2 L Do WBETT5Z
EEHEL (B5), ChIRLTHEDLELOAKTO
VO, slow component (excess VO,) DZHIZRET 2
EBHLTWYD (K6), &5 Sargeant (1999)i2 &
5., EEPEEOHA, 5 LT MEL Lick 5 & EH)
SREED ERZfEV Type 1T BHEDHHINER BN 5 728
(R7), HREBHEARERD n0BTEHRIELICLS

Pedal rate
(rev/min)
60 120
A LT T~
K¢ N
g/ Y AN
5 1 N\ _ Mean
S/ & typeri
(7} i N\
/ 1 \\
i Type-l
g \
i \
i . 3
Velocity

M4 FIEEE (NAIVEER) OBUVICHED Type
ISL U Type IIRMOBHOWDROLTE
(Sargeant, 1999)

tEZLNS,

3) iniEgsid

R D REE L IR LBIBBRICH D . BOEE T
BRI n ICHBERIZL TS L FHIE NS, Abbate
et al.(2002) 13, 5 v FPO=EEM GEE) THAVWT, B
A TSR (60, 90 Hz) I3 KUNHE (150 Hz) & h b &h=R
HEWI & FHELTWva, di Prampero and Piiper
(2003) b, KOBEBIGE AV, HONEREL n OB
BERFLAKER, EHEEOHKEInDETE5]&
BT, FENEL40~120 mm-s™)® VO, D

WORK RATE (W)

VO2.WORK RATE '
(mlmin ' W)

(%)

EFFICIENCY OF WORK

FEMALE

1
SUBJECTS -
MALE ®
7

w3 b

5 LTHMELIT. LTHESLULTHRELEO—F
AEEBHRICE T IBENDEE O, 51 14
(AVO,/AW)DZEAL (Henson et al, 1989)

3000 1

VO, (mLmin")

04

10

9
<

TIME (min)

®6 LTHELUEO—FEAFHERIFICEHTS VO, slow
component DI (Henson et al, 1989)
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it (10~25 W-kg™") Ich#&¥TsL, nDKT
(22~15%) (IHBH/NEDo L EFHEL TV A,

n BT AR, SEHOERILOES % ARl
ERENER & A WSS (. £ DRI concen-
tric contraction(CON)IZ & W fTbh b, —h, # - & -
B oL TogERIE, CON & eccectric con-
traction (ECC) DfpilsEANREE L - IUEHR TlThh
%, Stainsby(1976) 1%, XD =M% AT, CON D
VO, iFAW OB KISV LR T 545, ECC 0 VO, 36
FOWMKIEVBLTEH I %R L (IX8)Bijker et
al. (2002)1&, = 7BLIUHA 2 ) v 7oyt
MEBERS - SMIERS - B85 D Electromyograph (EMG)
I aMoEEKE (FaHER ; iEMG) &lE - 8
L7z TORR N td. TV 7D (42%)D)idH
A7) 7(25%) LW REVEEHEL TS, ¥
A7) 7T, $XRTOHBTAFHAKL IEMG &D
Ml HFELBENFALNLD, T 7Tk, A%

100 Atfore o [
types
- €
£ 751 75 E
g 3
% % Force 5
g 50 50 &
3 ,’0 ‘g
€ 0_—‘0’ ,tg N
4 //A’, %
§ 25 - . -25 g
/ £
& .o
i ¥ ) = 1
25 50 75 100

Exercise intensity (% V qa)

7 EEEAE (% VO, max) DIMHNIC & 3 FHigME S
1842 — > D%k (Sargeant, 1999)

|5‘ VOz
pL/g cont.

:.:‘ /"—""\
i /hg

3 7 ZN7

3

Lood P/Py
0 5 10 15 20 25

B8 MEHEES & UHREIRIC S 3 AFEE (P/P,)
& VO, DRE§fR (Stainsby, 1976)
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