HEEEBOR L X7 2Ny 7 ke AW I BN AEREE

BEEESHODERLI TS ANy ZERERBVWI
R EEAIE
- BGEEEBRORY VEAEBHDOEBWIEHODFICRIEFTRE -
g | E &%

The efficiency of cycling and the indirect calorimetric method using the Douglas bag
—The effect of pedaling frequency on cycling efficiency, fat and carbohydrate oxidation during
submaximal cycling exercise —

SHIOTA Masatoshi
(Received September 28, 2012)

Abstract

Purpose: This study was conducted to investigate whether the pedaling frequency at a constant
mechanical power contributes to the cycling efficiency (n gross andn net) , and the rate of fat
and carbohydrate utilization during submaximal cycling exercise.

Methods: Healthy, recreationally active men (n=11) and women (n=5) cycled 5 min
at workloads of about 54 watts at pedaling frequency of 45, 60 and 90 revolutions/min,
respectively , and rested 3 min at approximately equal interval until the following step.

Results: Mean Gross Efficiency (n gross) significantly decreased from 17.98+1.97% and
16.77+0.94%, at 45 rpm and 60 rpm to 13.4410.82% at 90 rpm, and Net efficiency (n net)
similarly decreased from 25.60+4.75% and 22.45+1.64% at 45 rpm and 60 rpm to 16.97 %
1:33% at 90rpm. Although the rate of fat oxidation was not changed in all pedaling frequency,
the rate of carbohydrate oxidation gradually rose with increase in pedaling frequency, the rate
of carbohydrate oxidation at 90 rpm significantly (p<0.05) increased compared with these at 45
rpm and 60 rpm

Conclusion: These results in the practice biomechanics indicate that these values of n gross
and 7 net indicated in this practice are consistent with those reported previously, and that
the n gross and n net decrease and the rate of carbohydrate oxidation gradually increase, with
increasing pedal frequency, respectively.

Key Words: pedaling frequency, gross efficiency, net efficiency, fat and carbohydrate oxidation
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OOEBN LI ELE 252 LItk 5,

220, AEBOHNY [HEOEEOHRTRZ 2 b0 HEIEEICEBYZE) = A V¥ —
BRPBEL, EHoREANTHENE o ANV —FROEE - EHEN T ERLERT 5,
EHOPROEF 2B CAEN R AN -BREB A VX — (XY =) BU EE2RD,
BRESRO ANV —-OHA 2R RIICHERET S, ] LT,

ZOEBTIR, RANVEEKREELSE, IUAER WY —) OoRREEE 2177
BEIL, BHOMENED X I ITEMNMT 2oV TrvR— IR,

BTz, EEOREIZIR>TVR— 2 FLD3B,

FE]l EBICHS TROIAREESOMROZYMIIoOVT, InF TOME L LG
35,

HE2  RANVEEBROENIEVCHRIEESH ORI EDO X I IZEL LT, £, FOK
R 0 2 #RE S %,

B3 RANVEEER OBV - JREBRLEX ED X D ITEMLL T2, £ OERIZMH
AT %,

1. EBZ1TS5 L TCOEXRN LM

FEHN ANV -2 o BBN IV —DE BRI D ¥ MWEER (Thermodynamic
efficiency) & L TRENSE D, BREB TR AN TRV THIHOERDRERT F
5. 2003), ZOEFTIH., HEHEHKOMENEBEEILBE LAV —HERLE
BRELEBICTH I L7tV — L DR EFHOBBEOEIE (n) LAL L UTOXNTHRHB ST,

n = (WHAY—/ =2 0X—HEER) X100 (%)

X1z, BHUMR2EOILY — B AV —0FHGAERBIZ oW TR L 72 (Minett, 2011;
Whipp and Wasserman, 1969), #%. W4 DILEN AV X -3, RBEELBRELHES
BKEZBRILREANLEDRT 2BECELESNS, LENZ ANV —TEESNTIATP (77
IV VEY VB BIKOMBIZ L VST m A vE— 12X DO HEZ D, AL A
TR U CEE D L LTS M 3R (Winter, 1979). 3 X b b s 7 — & LTHD (B
By —) dnd, —h, FIBSNT:ATP.BHAT 2DIHEED 2 VIIIEETEEL LT
BitL. 22 LATP*HAKT %,
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C6H1206 + 602 :> 6H20 + 6CO2 + ATP

C16H3202 + 2302 \:> 16H20 + 16CO2 + ATP

Energy (E; Metabolic Expenditure) =VO2
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P TOT (Mechanical total work needed to ride a bicycle)
(Pext+ Pint + P others)

Heat

Figure. 1 Energy and efficiency processes. Mechanical efficiency during exercise
in cycle-ergometer.

P ext: Mechanical external work rate as imposed by a cycle-ergometer (W)

P int: Mecanical internal work to accelerate the limbs during the pedaling cycle

P others: Mechanical work of deformation of pedals during the push

ERRITIZ, BHES L CESRORENER,» L. Tz I VX —8 (B rest), EBFx
A2 NWVX—%8 (E total = E rest + E exercise) L L TR B, . HEHEEBICHDL S B
Wy —ix, AEFE GEHRE (kp/m/min) = AFERE (kp) X[EEH (rpm) X 6.12 (m/
[FE#E) L LTRODBIENTES, ZNZTIAT v b (HFER) T LIBELYEERD 2,

2. HAONRD— (W7 —) OFFl

BRI ST — wWbhbw s,y — (4,87 — ; External power; P ext) & EIZiR <7z &
IIHEER (W) LLTROZZLENTES, LL, NV —ETERORTREND L IITH
POTEATTOEE) (Pext =0) THoTHHIIUHE - WELEOERL, = A VXF-ZHES
ns,

NRY— =J X HE

IITCHEBINZ ANV 3N L EEEHEFICLI > TR INTANGHER
(Winter, 1979). S kbbb nEHETEL 2,07 —H BT, WK,¥7 — (Internal power;
Pint) L LTEHESNDE GFRE. 2003), $XDLP intix, VFEEHEFOEE THS7:.
Pextth hZ I 202 bb 3, BETE Y —T, EB, BAFHOHEREED (P
ext = 0) TIREFRIZE DBHOIM - ABELSHEZ D, A VX —DHBEI NS, —FH., Pextld
BEROIMIFKEINTNT —TH ) KET TP et B 7 — (HFER) & L7z (Minetti,
2011),
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N —DEELHLND S, ZZTIE, ST - L BEHERI LB LNEEBO RV
¥ o EHOMER (HoMBHDE) L LTERIRT,

3. EROE DT

HHORE (n) X, R—2AT74 Y (HEZANVX—VE) ORZHICL->TRL S, &D
BAN L n i3, EHROLWEZANVX—& (Erotal) #_X—RX74 LT, STy — (P
ext) LOHERDZHDOT. (1) HEIE (Gross efficiency; n gross) EMIENTWS, XiT,
(2) #ixh= (Net efficiency; n net) &3, EWBTAINVX -2 L EHBROHE LA VX —
(B rest) Z#BlWicz i vxX—8 (E total — Erest) =274 & LT, (3) HLEHX
(n work) 1Z. 2B INVX—»LPext = 0 WOEBRFOHE VX — (E nonwork; E
unloaded pedaling) %z L5\l =3 V¥ —8 (E rotal — E nonwork) & X—ZX 54 L LT,
EFNFNP extt DLERDDBDDT, ZNZNRLUIR-AFA VEHEBL TEBRKOn 2
Z1ii 3 5 (Stainsby et al., 1980), n gross. n netk X Fn work® B HIEITOWTTFITRLT,

n gross = P ext / E total X 100
n net = P ext/ (E total — E rest) X 100
n work = P ext / (E total — E nonwork) X 100

ZOEFTIZ, (1) HpE, (2) MRz RO 3T,

EZAT LITRLI R0 E ) I BHIROR—Z T4 v L L2845 (B total 7t L)
BRIROEZBILLoTEDLY  FORBRIEEBRORKERL 5T B, 3HIfHIXxDR—
RTAVIZOWTH, EBHOMEER, &, wvEVEIROBLE itk VREKEIED S
A[REMEAH D (Stainsby et al., 1980), AT U d—HETIE XL, . XREROEWIZL o
THR—ZAFIAVORMY FHEDLY, FOFMIBRL-TL 5, 7z, EL 7 XS itfoft
B AU —L LCIRZ:5E. BGEES Z AR TR I NN 7 — (E ext) O
EMEHBOIETECZHRUNRY —Pint) % ED & 512D »DREIBEHH %, Kaneko 5 (1979)
X, P imtZZOTP totalr &, EDORIE (n true) THSHL TS, KEFTRIDORILD
WTREHMEL TW WS, Pimthiiibd 3 2 & TUROMLFMdEDL > T b, THIZOVT
ZEE TRV,

4. ¥ - lEEBOHA LBICEDOM

BE Y UIEEORILEIIOVWTIE, X7 FANy 7iEIc X DRENEERE (VO,) “BLRE
R (VCO,) #R®. ZALDHED L, X v 7 KRS (RQ) %R (EBRzid, K
ZZHuk i Respiratory exchangeable Ratio; RERE L TR &%), 1 £ OBMFEITN T 5 #& (keal)
EROT:, FIHhORAARBIINTIEER L CIREOREDEIS (%) KD, ZhLDfEE
b LIz, EBIIBOWTHE L RS X CEBIRFOVO2: 6 ERITHB S 1 2& (E total
BXUE rest) ZEHL. ZHIZRIITRO IS L CIREORBEOE S (%E cro, %E fa) %
FEL. BBXUIEEOB{LEAE (Ecro, Efar) #EH LTz, 7. ZoOlE»L, FEEL1 g4
D#94 kcal, JEE1 g7 D49 kcal DRARZFHRAET L L, TNZTHhOREE L L UIRERILE
PEH S (FEEERF, 1972), kB, EHRICHB I X 2 HEORIBEITH )
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Bi&

1. }R%EE

NREET, AX—VRERY I - XMEEITLTH S, 1TEDOI LEBEFEEIL, KF¥
H6EZTHoT:e TOEFIZBVTIX, EBAFHBREITO 2 LItk 30T, BajickiR., &
BLLIIOVTHAN, EESERTBESICRAEEL LTOABMTEILbH D,

2. EZH&E

FBIZ, 5~6ZD3 T N—=TIH), HEEZTCRAENBEREI VI X - X2k 2B %
FTo12

FBIZ, FTIANy JHEEZRAORERTAIZE D, BEHEE ANV -2RDTZ,

EEEFIEAOEFTHNEOTHZHEMBL: ) 2T, ZEF 2B LT, £7. BEBAREY
155 bR, KRB L A LR TE S 25 5 O[T X BRI EAT o foo HRY AR
Bt 4 2Bz i3034A% (Cyteyetk, Heartbeat counter PL-6000) % a8 & €7, HHERFOHIEK
T#Iz, BEEE VT X —& (Cyteyett, Cateye ergociser EC-1600) DFERE D& S L.
A bhu)—LOBFZITHbE45EIER/Sr. 60EER/4. 0ME/D DOIEETENENS DH D
HEHEE 2 17-o 72, FEERCOAWERIINIZ, 1.2kp, 09kp, 0.6kpTH o7z, WIH
HHEEE (U987 —) & LTIix330.48 kpm/min (54 W) TH H . KAHE CHEHEROY
¥ EBEETH o7, 5oMOEEN& IS B0 B X CEBNEEEE (Rating of
Perceived Exertion; RPE) VNP3 & = F.1976) 2 IR L 72, KRR T O BERBLEEITR 1T,
EHR OO KSR OEEE FTETLOZHREL TH L, XOEERBOERIZHED
Brotz, ZDX ) BWHETIER, HEEPEZLHIE X FREEER R O MR Y X EREL
ODHIEGIZE B X URPEDHIEZ#E VB L T2,

MR R DML, R T A A2 (Arco Systemtt, O,BFAR-1) AW . BREE (0,)
EBRLREBEE (CO,) RHIEL, MIABROHEITZERT A A -4 (R)iEHL. CO,
NDS-5A-T) #HWVWHIELT:e INHDF— X2 b KRS X U AR TOEBRKOBEN
BEYRDT,

3. MEMIETE

R 72 Z MBI T R CTESE L ERERE TR L. FEERTO HRHEERR OO
RPE, BEMBE. n grossB X Un netz LizowTid, EBREOBREMIZOVWT—TRES
BOET WO L, EEENRD b T:35A 121k, Tukey-Kramerik % W TE B O
EREMERTol0 WTN O ERKELBRES %R L L7,

ZB, ZORETRHEILEZITo TwEH, EBROEE TR, MEHLEEIZOWTIX3&E
BEIAT O DT, KEB TR Z OMEHUEE E TRRO TV LW,

g
1. BEBEEBOWE ; n grosst n netDZEAL
K2z, HEEEE n grossE n net: ODERIZOVWTIRLTZ,
H grosst n net: H RENVEEEB OIS L, 20K grossBXTFn netl b
45 rpm > 60 rpm > 90 rpmJEICAEfEE Z D TH D, n grossDIEIZNAIZ17.98+1.97%., 16.77
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+0.94%. 13.44+0.82%. n netDfEIZNEIZ25.60+4.75%., 22.45+1.64%. 16.97+1.33%ThH o
720 720 n netDfEIEn grossODE L D WTFHROEEEHTH BWEZRL .

35
| —8—Gross Efficiency —6—Net Efficiency
30 A
C
R 25 4
20 4
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pre-exercise  45rpm 60rpm 90rpm
pedaling frequency (revolutions/min)

Figure 2. The effects of pedaling frequency on Gross efficiency
(n gross) and Net efficiency n ner), during submaximal cycling
One-way analysis of variance, n gross: p<0.0001, n net: P<0.0001
post-hoc test, a: p<0.05 vs. 45 rpm, b: p<0.05 vs. 60 rpm.

2. EHHi B X CEBRO AR, BEWERE (VO,) bk U-RILEEIHER (VCO,) o
21t L EBRRPEDZAL

B3 i, EBHI 5 & EBIE O LK. V0,5 & UVCO,0 L L EBRPEDZ LIz oW
TRLTz

H iR HEBIRF O HRIZ, 90 rpm TOHRH345 rpm B & F60 rpm TOHR & D AR IZEH W HE%Z R
L7ze L L., 45rpm&60 rpmTO HERBEEBRFOHRIIAERZRB R b ko7,

HEZBLEBIEF ORPEIZ. 90 rpm®RPE 345 rpm TORPEIZHAREEIZEMHTH - 72,

HIEEEEEOV0,5 X FVCO,IE. W3 b 90 rpmDHIEMEA60 rpmB X U745 rpm T O
EMEE D, BEICE X o705 45 rpm & 60 rpmT O HEEEBEOVO0,35 X FVCO,ITiZw
ThoEBRERRON Lo T,

3. KHFB X UEBRO ANV —HEE, R H (Respiratory exchangeable ratio;
RER). JEHE - BE OBt DOEIE (%E cHo. %E fat) ¥ & % - feERR{LE (E cro., E far)
DEAR 417, REFheE X EBIFRFO = A VX —HEE, RER, %E cHo & %E fards X UE cHo
LE fatDELDOWTRLTZ,

HIRBEEHROMB A VX —8 (E total$ X UE rest) 1%, E rest231.16+0.20 kcal/minT
»H Y BEELEBIEFE totalid45 rpm, 60 rpm B X TF90 rpmiZ B\ THHIZ,4.34+0.40,4.62+£0.27,
5.77%0.36 kcal/min T3 D, 90 rpm®DE total 2545 rpm3s & F60 rpmD Z 15 X D BEEICEE%
ALT,

HiEHEB B ORERIZ, 45 rpm, 60 rpm 3B X 790 rpm D FEHEIZ 35 T0.83~0.88 (fAAD
REROD#iFH:0.75~0.92) O#iPATH » SEBFTRER (0.83+£0.05) & i ZIFFAMELETH - 7225,
90 rpm TORERIZ45 rpm DRERIZHAREEITHE 22> 72,
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Figure 3. The effects of pedaling frequency on cycling HR, RPE, VO2 and
VCO2 during submaximal cycling exercise
One-way analysis of variance, HR: p<0.01, RPE: p<0.05, VO2: p<0.0001,
VCO2: p<0.0001. post-hoc test, a: p<0.05 vs. 45 rpm, b: p<0.05 vs. 60 rpm
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Figure 4. The effects of pedaling frequency on cycling energy expenditure (EE),
RER, and %E cHo and %E fat, and E cHo and E fat during submaximal
cycling exercise
One-way analysis of variance, EE: p<0.0001, RER: P<0.01, %E far: NS and
%E cHo: p<0.001, E fat: NS and E cro: p<0.001.
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BEREEBROZRERICB T 2RRIITT 25 - BERBEOEEIZ. %E chodiHIZ44.6
+15.6%. 55.4%+11.0%%5 & UF59.5+£11.5%TH D, BIEHOEINIZHENF L ITHEIML. 90 rpm
D%E cHOD345 rpmTD F NI ~EFRICEHMETH o 12, —H. %E far TIZNEIT55.5+£15.6% 0>
544.6+11.0%, 40.6+11.5% LR L IZIET L, 45 rpmTO%E far390 rpm T D Z LI RF
BIEWMETH - 12, BEREEBREOE crold R X VEEH ORIV ER L (45 rpm: 0.525
+0.201 g/min, 60 rpm: 0.684+0.148 g/min, 90 rpm: 0.914+0.185 g/min). 45 rpm3 & LF60
rpm TDE cHoIZ 90 rpmDE cHOZBERICHEELZ /R L 72, Lo L. E farldHi245 rpm: 0.248
+0.061 g/min, 60 rpm: 0.215+0.051 g/min, 90 rpm: 0.244+0.071 g/minTH D, W hD[E
BETHIZIXFEKEL R L 12,

ER

FEZBOER»L, (1) n grossk¥ X U'n netix, 45 rpm, 60 rpmIB X FI0 rpmdD R X )v[A]
BRI BV, NIz n grossOfEIX17.98+1.97%, 16.77+0.94%. 13.44+0.82%. n net DiH
12N 1225.60+4.75%, 22.45+1.64%., 16.97+1.33%TH o7z F7:. (2) n grosss & U'n
net X OEINIZHEVER (p<0.05) IZTIE T L. n grossB8X UFn net 35 HIZBWT H45
rpm TO HEREEH O ITH 60 rpmTORIE DS, 3 51245 rpmB X F60 rpmTO HERH
EEIRF ORPFTITH N0 ipm TORIRIZFRIVET L7z, (3) ZEEHTO HEEEB R O
B UIRERLE . IBERLEIZOVWTIERANVEEROEINIE S BIZR LA L 20T
2, BEBRALEIIOVTIE., BEROBEMIZEVWERIZHEINL (p<0.05), 90 rpmTOHERIL
B, 50 rpm3B X F60 rpm TOERILRICHSRERIZHHETH o 12,

U EDKERD L, n grossk & U n netiZBIEMOEMIZHENMET I 22 L. 20ETOERERA
ELT, IBEOBRILEBIZENMIZ LW, RANVEEBOMINIECVEEOFEMERL., FE
BHZR—ZAFTA4 VELTOZANE—HBEI AL, EBOYRMET LI EFZ LNT,

MTIZHEL~3IzoWTEET 3,

1. ZRBTRD-n grossBEE U n netDFE

EEPFTRDIzn grossDOFEHEOEEIIL13.44~17.98% TH D, n grossDEIZNEIZ17.98
+1.97%. 16.77+0.94%. 13.44+0.82%. n net OFHHEDOEFH1316.97~25.60% TH o 12,
Boning &> (1984) 1340, 60, 70, 803 X X100 rpm @ = X v [E B T50 W, 100 Wi & OF
200 WOHER () OROBHERIZOVWTRD, n grossORIFOHPHIZHI10~22% T, n net
IZOWTIRIB~27T% DEHIZH D, WTHhHAER (W) 23K BT LR 213 EHEIE
{UBZEERL, FEBTOMLER (W;Pext) 34 WTHY, ZOHER (50W)
TDOBoning > D 1 grossB & Fn netDFHEIZIEIZ, 10~16.5%, 13~265%THH . KEFD
MR LIZIF— LT, £7:. Hansenk Sjegaard (2007) 13MEP extE & FFZEEDP et TD 7
grossDFGfEIZ, 61 rpm, 88 rpmEB & F115 rpmDJEIZ, {EP exrT20.2, 18.58 & UF15.2%.
FEEDP extT21.9, 2148 X UF18.3% & W N OEE TH BEBOMINHEVVET TSI L
%4 LT %, Chavarren & Calbet (1999) X, HERHEB)IZL I 2 n grossDFHEDHEA
1%13~20%. Sidossis& (1992) 3. BEEEBRITOn gross® FHHED#PH2518.5~21.5% T
Hol:ZEHERLTEBY, ERL RENVEIERS X OHERIIR L > Twizds, KEFHTKR
Sl:n grossB L n netid, ZhETOWELFEF—HLTH), EFEKIERIIITbNT
Wiz Ll TE 5,
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2. LY, RINVEGEHEOEMNICHEVWEGEEDHODRIETLZ00?

Boning 5 (1984) 1%, 100 Wi & 0F200 Wiz k1) 5 HEEGEB I B VW TR IR D LK
NVEIEEEIZ60~T70 rpmTH D, ZhB L, HEHIGE THES THRRIFMET T2 L %
ARLTWE, FEBIZEWTH60 pmD RZNVEIEBORK IR OIEIRS LD EFZ, 45
rpm, 60 rpm¥ & CF90 rpmD BRI ZHEL 124, ZOB@MARREIANT, REB B
2 n grossB X U n netix, RENVEERBMOBEIMIHEMET Lz, ZEIOX I TERERSELT:
DH?

EEFOERIZOWTIE, Boningd 050 WTO HEEEEBH O BFEABERERZRL TV
3, $4bb, 50 WO BEHEE TIZ, 40 ripmiI BT 2 RIEM TR IR NR L, 20l L
OEEH TOMRIFETTELE VIR TH o720 RENVBERH OV HEREEEI DR
EIMET 92 &V IEEEIL. Chavarren & Calbet® X UfSidossis & DEEIZH R o, #DfE
EVEBBREIE & RAVEIEH O HEWET T 2 BENEA &0, EBEBE O LFICH
WEIRIE T OFE I R 2 ERL TV 3,

EEBOMRL N OW|E» L, RENVEEROBEINIHAVCEEEERORIZET TS
. ZAUTILEBRE (hER) SER L. 50~60 WIZEE O\ EBIRE OB 2 £ DA A3
FNDZZEPHLDIIL o, T, 2RO LEOEEEE CORREEBICBIT 2HOIRVED
KORLNVEELEIZ60~T70 pmTH B Z L30Tz, TELENEFEELLTLETEZ L
Tx 5,

TRAEIZR > T, ¥, RANVEEBOZITHECHEEEHOPRIIMET L0, &
EECIR. HEEEHOMHHEE Pext) 354 WE—ETH D, P extIAMIERH 5 Z & 28
S0z, ZOREE (FHHD) O—o1z, FEEROBEMIZES VO,E X UE ronald L7 23305
LI, WTFNHA5 ipmER—RATA VELT, ZIDLDLREEHLVITETE (1) &L
TRDT: An grossB X U An netid. AR LTRD T2 AVO,B & U AE rotal & OAABIERI
BWT, An grossé ANO,3 & U AE rotal L OFBIBIRIZNEIZ, r=—0.971, r=—0.943, An
net: AVO,3 X U8 /E rotal & OFBBEMRIZNEIZ . r=—0.729.r=—0.713 £ W 3" 1 b H X (p<0.05)
IEVCAHBIEMRE R LTz, Lidio T, RENVEEROIIIP extBiF2V0,5 5\ ZE total
PRMs e FERYE 2 20EXDH D, FO—2P intOFETH 505, T 2 TEP intizow
TREELTELY., MOFERZEZ2LEXDH L (PintlzonwTiEERT 2), fio—oi
BB OIS BHEBELOTATH D, MOBEIMLOMEKLE S TH L, tho—>2I3,
RENVEFRBOEINEVCEIE S W 2HRMES 1 TITBOBH o 2 L BFEZ L5,

3. L¥., RYNVEEGEEOBMICEVEERLERSEMNLT-O0?

FEEEAEL 2 o8 S L DI EEBERETITEI L BLEI 2E3H D, £
Rz, EEXTHOB S I28be THREM BB IL2H S, TULOBSIZAR—-YT
WIHIRPET SR 3FERELEdDLEEZLNS, L2L, BEREEEO Z N LIZOWTOD
B LEEE LRI TV, JRIZOWTRI A TBER LTV, BEREHMAZEIEE L
TIZFOHELOEHHILEFE L LTIEZ2LESH L LB S,

Kz, RENVEEEHOEINIFECBIB SN HRESX A TOBNIIOVWTTH S, b DO
ARHME X Type I & Typell iz, Typell i3 & 5 i2Typella& Typellbiz i 5413, Type I i&, X
MR DBV AFAME IR, BILEED RS AREE A VY B AAT s 2 L
5. B L WIEN S, —h. Typellb i3 Wb W 5 #EFARME T, DUHEEE b3l < FAER D 1L

— 198 —



HERBEEBIOE L £ 77 2Ny 7 3k AW RBROAERE

ROIBEF LR TV, EEEAL ANV —HEEEBEARAL TV, Typellald, IUHIEE 5K
CEAMIZHEN, FBREET AV — S, BERB X OCPaRil L 2 EREE AV
X —HHABE D ICEN T AR & E A AR L OME AL T DB (BT EAFH. 2009),
RRHEITIZ = A VX — RO X VM L EOBMEDL D D, BEHRKE & IIX4H 5 Type 1 #RHED
BEMMBSL T NITEVIF ERIRIIEL ) (Coyleb, 1992), L L. HEF#HRHME T D 5Type
[#RAELBI B S N2 O FFREH DB, DMEEINENE ETH D, Type I #RHMEITHERT
ANFE—ORIEIE N (Hand, 2001),

INLDZ EDDL, REANVEERBOBINIHEWEIR S NI HRMEL 1 7TOEE . BV EER
. 45 rpmTidType | MR TE T AVF —OHRMBREL, 20 L SiITFFHI NN - BE
BRIGE D E| & 1349445356 % TH o 72 DR L. 60 rpm TIX55%45%., 90 rpm TI1x59x$41% & ¥
B LT B, %7z, 45, 608 X 0F90 rpm® EIEE O PG EBRILE £30.25, 0.21, 0.24 g/min
ERE LB L oDz L, FERER{LEIX0.52, 0.68, 0.91 g/min& R4 IZHEML
TETHBY., HEROBEINIHEVHIGEEEZE T D, =2 VX —3ROE W Type I KRHE 23
BRSH, FOLOBERIIIZ= AN —FANEE)., BRCEIEMLTELEZL
s,

4. 8T — (Ptot). AWNRT— (Pext) BLUARWNT— (Pint) DR
K51z, BEREESFOKR Y —, AT —B X CHBASY —ORRIZOVWTRL T,
KEBTIZEBRICHD LAY — (Pext) 2 LEBORIRZEB L7205, WY — (P

int) BINZ 724887 — (P total) L 2B FINX— (Etota) OB #E 252 LHTE D,

Thbt, BENARIRESERZINVE—RBE2LEO TREDHE (P rota) £ L TEEOD

BEFEHLED LT 225 TH B, Kanekob (1979) %, X FH|EIZ X ) THOES)

BOZELL» LEBROP imEHEE L, BEOWE (n true) TXOXN»LEH LT,

n true = (P ext + P int) / (E total — E rest)

AKEETIZ. P imtFMinettis (2002) oG ICESERXRA»EHB LTz, FORER. P ext
1154 WT—ETH %25, P inflZEEROBMIZAE V41 £ 0.5 W, 9.8 £ 1.2 W, 33.0 £ 4.1
WEREmL, & <1290 rpm T 8 D AW LEMERLT: (K5),

Pint (W) = 0.153XBM X f° f: RZVEEH (Hz)

ZOP imEAWT, n trueBEH LSRR, 45 rpmT26.63 + 3.88%. 60 rpmT26.54 =+
2.06%. 90 rpmT27.22 + 244% £ %D, WTHOREEBTH 2134 < L o 72, Kaneko b 23
HTi. n trueid251~324% DEEHIZH D, 2D L EDn netlF20~27% OFWHTDH o 72,
AEECTRDIzn net OEOFMIZ1I7T~26% TH D, iFi¥Kaneko b DEIRDME & —BL 72,
% 7z, Hnsen & Sjegaard (2007) X, R X )Vv[EIEE$61 rpm, 81 rpm3B & F115 rpm T, 40%
VO,max$ & F70% VO, maxP8fE OEB # EME L. HOBBSIREZROTWE, DR,
n truel3EIZ{RFREE CT24.8~26.6%. FEHEE DME T24.9~269% 0EHTH D, FEITKD
72n grossDHPH IXIKFRE T20.2~15.2%, PEEOHRE T21.9~183% DHEHHTH o 7z L |
LTWb, KEBTRDT:n gross DIEOFFRIZ17.98~13.44% TH o 72,
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Figure 5. The effects of pedaling frequency on P tot, P ext,
P int and ntrue during submaximal cycling
n true = (Pint + Pout)/(E exercise — E rest)
One-way analysis of variance, P tot: p<0.0001, P ext: NS,
P int: p<0.0001, n true: NS.
post-hoc test, a: p<0.05 vs. 45 rpm, b: p<0.05 vs. 60 rpm,
c: p<0.05 vs. 45 rpm.

AEE DOFER & Hansen & SjogaardDFER 25, 13 IZF UEBHEE THILn truelZiZIXF L
K#E (RKEEBDn trueld26.5~27.2%. Hnsen & Sjogaard D L7z n trueld24.8~26.9%) i
HY, RENVEEEBOREIZITI LW E850 5, . ZOBDO N netd X n grossiE K
NEIBEBOFE L ZT. BIEHOBEIMIENET T3 2 L1305,

DXz, EHOMHRORDFIZIELDH Y. ROFGIT & o TEBIORIFIZR K )V EER
DEEBYZF 5 L2355, Hansenb (2004) 1. 4 ZDOWHEEOP imEHETFTNVESEIZ,
R E VA %61 rpm. 81 rpmEB X TF115 rpmITERE L. 40%VO,maxB X F70% VO,maxii
EOEBZEML, BRI L, ZORE. WTRDE TNV THP intiX R X )VEIERE 5390
ipMEFBZ 52H7: )56, [UWUIITHEMT 2ERMEZRLIZEBELTVS, ZOKRIZ. EE
DRERLIZIEABETH o7, $72. 4KROP imEF VDI b, KEFLHELEWEZRELT
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DIIWintere 7 VDb DTH Y, 61 rpmTHI6.8~8.6W, 88 rpmT28.8~29.9W, 115rpm Tk
76.2~84.3W#% R L. &EH TR 7260 rpmI & UF90 rpmDP intDfE (45 rpmT4.1+0.5W,
60 rpmT9.8+1.2W, 90 rpmT33.0+4.1W) & B IEEBE TH o 2o LB, FEEB OP inti
Minetti5 (2002) OFHEEFVvLLEHLTWS,

HEHOHE (n) 3. EBRICHALIABEART— Pext) 2oBHLIHFIEELRLT WV
W23H B H, WY — (Pint) B2 T — (Protal) »LROLNB 0 trueldff
BESZ LIAERERBLTE )., HOBBNDELTIMT 25 2 CREELEZIHEZRL
TWwW3,

N

(1) n grossB X U'n netix. 45 rpm, 60 rpm3B & TFI0 rpmD = X VEEREIZ B W T, HIZn
grossDE 1317.98+1.97%., 16.77+0.94%. 13.44+0.82%. n net O fE 1 NH1225.60+4.75%.
22.45+1.64%. 16.97+1.33% %R L 7z,

(2) n grossB X UFn netiZ R OBINCHEVER (p<0.05) IZTIET L. n grossB X Un
net V3 HIIZB VT H45 rpmTO BEREEB ORYF I R60 rpm TORIFEDS, & 51245 rpmB
X UF60 rpm T D HERHEB R ORI ITH R0 rpm TORIIFRITET L 72,

3) FRIEHTOEEREEHROMHEL L FIRERLER. BERLEII OV TIIRA VEE
BOEIMMITHEI BILZR O L o703, BERILEIZOWTIE, BEHOEMIZHFEVWERIC
il (p<0.05), 90 rpm TOPEMR{LE A, 50 rpmIs X 160 rpm TOREMILBIZIL~ERILE
fETH o7z,

PUEDOFER»L, KEZBIZBWTIEn grossBE Uy netix 2 TOME L I3 IE—T 51
PIRENTZ, 72, n grossB X O n netlXREHOBEINIZHEVET T2 2 &, RAVEEERKD
BN CEERILEIERT 22 L, REMPELLLEL T,

RENVEBHOBINIAEWCEER{ICEIBART 2 ER L LT, SRS 1 7OBI B pEFR
L. W 5 ) L7AABWEEER T Type | SfENFICH B s h, FBRENLBERE» L0
TANF—BFBsTEEZ LN, — . BEHIEL &SI VESHIRMETD 5 Typell
WRHEL S CHIR S, BERTPLL LIERZENLBE» O ANVE—FAEKL., &
BOMEIMET LI EEZ LT,

N
BEBELZITTHITH), FR4EE FHRBEERE BREEH) (X772 5y 78
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List of abbreviations (B$3C5)

ADP: adenosine diphosphate 7 7/ ¥~ Z B[

ATP: adenosine triphosphate 7 5 ./ ¥ v =% &

BM: body mass; kg A&

CO,: carbon dioxide + —F{LIRE -

CON: concentric contraction %5 #1455 U

E ana: anaerobic energy expenditure fEREMH = ANV X —HEE
E aro: aerobic energy expenditure EMEM = A VX —HER

— 202 —



BBREEBOREL X777 ANy 7 dkE BT HEHORRRE

ECC: eccentric contraction {H5RM£H 4G

E exercise: energy expenditure for exercise EEID7: D DT A NVF —HEE (K d & EB)E
ND IR NFE - OIS & LT)

E nonwork: energy expenditure during nonwork Pext = 0 EEjlF = A V¥ —HE R

EP: phosphorylative coupling efficiency #ER{V #B:@1E D 5=

E rest: energy expenditure at resting state Z#R = 2 VX —HEE

E total: total energy expenditure ¥8 3 VX —HE R

€ : thermodynamic efficiency #H%#2h%E GEBREBIZB ) 2R REMEEIIN T 2HEIC
ZINTAAEOESR)
£ pedal frequency; Hz = & VR E

n (4 —2%) : muscular efficiency i OBBAIZIHE (KR TIX. E total 12T 5P ext DEIE
ELTERELR)

n gross: gross efficiency (E fotal 12x$3 5P ext DEIA 2> L 5l 3 5 2hAH)

n net: net efficiency (E exc (E total - E rest) 1233 3P ext DE|E v b 5l 3 2 $hEAH)

n true: true efficiency (E exc {ZXf 3 5P total (P ext + P int) DEIA 2> & FHili 3~ 2 K MHE)

n work > work efficiency {(E total-E nonwork) 1Zx3 5P ext DEIE » & FHili 3~ 2 25K (HE)

Kp: kilopond ¥ uR> F {1 kp LIZIEHELCEIMEE TIZBWTl kg OERIZIMDZH (1
kp = 9.80665 N)}

[La]b: whole blood lactate concentration Ifil F¥LERIEFE

[La]m: muscle lactate concentration £} FLERIRE

LT: lactate threshold FLERM: RYME

MVC: maximal voluntary contraction AR I

0,: oxygen B2

OE: oxygen energy equivalent; J.- £ ' BRRUE

PCr: phosphocreatine 7 v 7 5 > B

P ext: external power 7+ #/¥ 7 —

P int: internal power Y/ —

P tot: total power §2/37 —

R (RER) : respiratory exchangeable ratio MEJE3Z ikt (VCO,,VO,)

VCO,: carbon dioxide output; m £ -min" ~E{bEEHHE

VE: ventilatory volume; £ -min” #i%&

VO,: oxygen uptake; m £ -min”* FRRBHE

VO,max: maximal oxygen uptake Bz KM BEE

VT: ventilatory threshold #1514 BifE
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