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[Abstract]

DWhen predicting the results of long-distance races, the maximum oxygen Duptake
(VO2max) measured in mld kg-!min-! has been widely adopted. However, as VOomax does
not always i%crease proportionally with an increase in weight, adopting the conventional
measure of VOomax in mll] kg-!min-! tDends to undervalue heavier runners. In order to
rectify this, it has been suggested that VO;max be calculated in relation to two-thirds or
three-quarters of the runners' weight. In the present study, published records for 1,500
%1, 5,000 m, and 10,000 mD races and marathons were collected, as well as the weight and
VOomax of the runners. VO,max was calculated in relation to the runners' weight and
also to two-thirds and three-quarters of their weight, and an attempt was made to
predict the race results. A sﬁgnificant relation was found (p<0.01) between the official
records for those races and VO>max, regardless of the proportion of the runners' weight
that was used in the calculations. Thus, it was concluded that when predicting race
records of runners among whom %’1ere is not a significant weight difference (i.e., 48-80
kg), the use of the conventional VO>max, i.e., mll kg-lmin-!, is preferable in terms of
convenience and generality, compared to using the other measures evaluated in the

present study.
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I. #m

1883 #F, K@ Rubner(1883)| T R/NESESFR R (3~30kg) X RIZT D&, FREDRESLAHR
(&) EDRIC
R =R R
DT BAN =KD LD ZEEBBNI LT, KV T, 1932 FITIET AU D Kleiber(1932)73, w7 A
217 R 600kg) ETD 26 FREHOEY DO RHIRLIKE L DRMIC
(NC RS =t O N
DRREMNDSE DT LA TR LTz, ZN LAY Fom ik, REHERITEED 2/3 TN, £
neb 3/4 FHNTHED OO DR DI E72 > TE T2, ZOFMFIC—IEDOIRIEFFZ$T>720D )% Heusner
(1982)Td 5D, Heusner (1982)1%. Kleiber (1932)D“7 AR —2" 728 26 FEIHD FFE S (heterogeneous)
DOENYNHEZHEINTZHD T, H L Rubner (1883)D K5 (Z[RIFEEEDE Y (homogeneous) & Xt HRIZT 5
B REO 2/3 FANCHAIL TREFRPEEDL LML, Fri2 (KED 2/3 FANZ, Meeh
(187D R EFEDIEA” | 37205 [INOTEDEENYETZLRE T HE R2E (R TAERS
ALHENT, (R (FFR) 22O ROIOBUIFE LD ] EWVOBERAIIRILICIE ST END | JR<EZIT A
NHNLHIINT2oT, ZHUTKLT 3/4 FANTEERIVRILIZ KT 50 DO R EERICAEICY TIE
LTEMND, EWRTI iﬁ@’f‘%“ﬁ‘i@ﬁﬁ””&bfmliKi FTARLNTND,

@J%L\’_?f%ﬂéﬁﬁi$(i)ﬁi§§%ﬁ§%% (VOzrest)%ﬁ%Lfﬁ\éhL#L\ t]\é&ﬂ%k’_‘ﬁ"é%é\&:
1T ZERRF O E (VO,) 7210 Tk RRE K TOEEF D VO, (VO max X2 VOzsubmax) WZH B
3%, Hill a%d Lupton (1923)X° Robinson et al. (1937 & FFFAMDOFELL T VOzmaX %:?%@éb?b =3,
%0)]3%30) VO,max OFAREIZAE lkg 49 (ml-keg ! min") ZEHAL T&72, 2L, “VO,max X°
\/OZsubmax DMRHEIC ;if%)ttﬁ‘nzfﬁi%)”kﬂiﬂibf\_%)@fﬁ)é L/ZJ)L Tanner(1949). Bergh et al.
(1991), Sjodin and Svedenhag (1992)I%7> =27 Z8i1F5 VOZmax J?3\/()Zsubmax I TUB@KE
{% LTEEDLEFELZWE FifL 7, £ L T, Dobeln(1956), Morgan et al. (1995)(% \/OQmaX <
VO,submax ZRED 2/3 F247-0 (ml-kg ?*+min™!) T, F7= Bergh et al. (1991)<° Svedenhag and Sjodin.
(1994) 1% 3/4 2720 (ml-kg ' min") THLHRE THDHEERLIZ, LLINET, FEOKEIOE
WEIRDZRIHEL, Fo =0 7 O T 4 —v 0 2% JOEMICTEE T 5720 DR ELNREFEEIZ N T
THAEETIZEAL TSN TORN,

% T, AT ETHEIN TWDOINADOFRSLOHR T, =) —hF - RERERET - — DR,
\/Ozmaﬁ T T AL BPHEENT- T — AR UEL , HExHE, HDU i300)~%&|4}5€(1 2/3.3/4)
HODVO,max &7 =07 HA WL DBREREHRNALE 52 L2k~ T, El@iﬁ\/Ozmax DFEXHEZ
U A Nl = O Rl B i

0. FRF&E .

1. ZRNETARENTWDmLDOF T, KE, Ly RIVETHO VO,max &, 1,500m. 5,000m,
10,000m, v7Y > OWFNOFEH O NGRS TWD B Fo 77—t L= (& 1), 72
EUARRRIE 121 AITFRRSIL TR, FRVD 13 AW TUEHGEES N TV otz 121 4 OfEER
B OFWERIL 18-43 7 £ T Tho7eid, £ DONEHMHEIL 23.6 £5.7 5k L HLER W L — T - Th -7z,
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W E O — = T HEESCN TS TRV, RLdkn S RARO R O~ 78 T 5 K F
EBHENICHTR T 53F £ TO AR AW B E ThoTz, BRI, 1,500m (n=29) Tl 3 43 32 &
M54 453 A0 P ETOR 68 D ZEN -T2 (3R 2) , AW TOBHE OFLERA 5| SN i X, N
5 (1982) . Conely et al.(1980) . Costill et al. (1976 ). ©&F &[] (1973) . Maron et al.(1975;1976) .
Matusi et al. (1972) . Powers(1983 ). Rhodes et al. (1984 ) . Robinson et al. (1937) . Saltin and
Astrand(1967). Svedenhag and Sjsdin (1994). L1 (2001) TH-7-,

1. SRR SCEHBRE 2L

Tie =i iR SR
=5 1500m 5000m 10000m T3V
Saltin et al. (1967) 3 2 - -
Matui et al. (1972) 30
#®FIEH (1973) 10
Maron et al. (1975) 6
Maron et al. (1976) 2
Costill et al. (1976} 1 2 10
Conley et al. (1980) 12
MEIES (1982) 19 20 19
Pawers et al. (1983) 9
Rhodes et al. (1984) 18
Conley et al. (1985)
1L b (2000) B 2 2 2
&EF | 29 65 44 ag

K 2. WERE DS RERNE, RRIFEIRE LT - RIEREE OB

Male
Means (SD) range M

Agelyrs) 23.6(5.7) 18-43 121
Height {cm) 173.100.7) 155.4-196.0 134
Weight (kg) 61.8(7.3) 47.5-79.4134
".In"'Dzmax

ml=min™ 4263(712) 2640-5910 134

mi*kg' ~min' 68.5(6.8) 48.6-84.4 134

ml kg 2 Tmin " 272(30.9) 185-360 134

milkg ¥ = min ' 193(21.0) 133-254 134
1500m (sec) 240018} 212-280 29
5000m (sec) 948(69) 802-1087 65
10000m (sec) 1836(107) 1664-2198 44
Marathon (sec) 9404(1294) T712-12097 3B
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2. WatALER
HEFOMIR Tz FHD SPSS 23—V % WV IIETE B RO AEE X Pearson OFHBREE IV
77o 728 A EKUEIT T T p<0.05 LT,

m. &5 .

1. REE, Mt VO,max (1+min™) & OFE%HED \/O2max(ml°kg’2£-min’1 ml-kg*/**min?) & D
Z IWKETHERBEBRIFROOI (R 3), Ll KE 1kg H0D VO,max (ml-kg ' -min™") DT

ﬁ BN LN,

3 HRAVRAE, BoRBERIR IR N Ot - RERBEE OB EGLE OB O~ v 7 2

Age Height Weight '\I'U2mm. 1,500m 5.000m 10,000m
A B c D
Age (yrs)
Height {(em) 0.299 **
Weight (kg) 0397 == 0791 ==
":'U:!mm.
A 0301 ** Q770 += 0803 *+*
B 0,036 0,291 == 0.103 0.649 w»=
cC 0179 * 0576 == 0470 #+ 0902 #+ 0895 *=*
D 0.152 0527 == 0398 *+ 0864 *== 00922 *=+ (0007 *=*
1,500m (s) =0.706 ** -0671 == -0646 ¢ -0.783 = -0.5%0 =+ -0763 ** -0.744 ==
5,000m (s) =0.505 ** =021 = -0132 =0.624 #* =0740 »* =-0728 ** =0.737 == 0920 #*=*
10,000m (s} =0.059 *+ 0.085 0242 =0.120 =0.645 ** -0454 #% =0500 #= (0B850 ** 00929 *=*
Marathon (s) 0138 -0.12% 0378 * -0.139 -0.691 *+¢ -0420 *+ -0447 += 0538 + 0666 ** 0736 *=*
A: mlemin!, B: ml*kg' *min?., C:mlkg?? min'. D: ml-kg®* min™
TRBAREUT 1% K ETHEL, BRI % K ETHEEEER T,
O 0
2. VO,max k?y:y%w%k@ BIFRTIL. #axt > VO,max (I-min ') 1% 1,500m & 5,000m DF > =2
THANE Fo FRHED VO,max (ml kg ' +min', ml-kg - L omlkg ™ emin ™) 1%V \‘f;}’lﬂ)?‘/:

YIEAN, 500m~E7//>k@F‘EJ IH WKETH BRGSO LN (& 3), HxHED Vozmax
ZEH T, FXEY: VOmax £ =0 7 XA LEDRIOMBIRE (r) 245 L, 1,500m T, #axt
il >2/3>3/4>1. 5,000m Tix, 1>3/4>2/3D>?f=@>*<¢1‘[ﬁ\ 10,000mTi%, 1>3/4>2/3, =7V T, 1
>3/4>2/3 ONEIZ/ -7z, 72720, #akHED VO,max (1+min™) & 10,000m M O~7V 2 DitgkE DRI
A EFBEBRARO b7,

V. %ﬁ

VOZmax BN ES YN é®?a’f“"‘é:b’(f“<ﬁﬁb\%ﬁ“bfb\éﬁ> ZORE, KH 1kg éut@@\%zmax(ml kg™
Lemin™) THRRSND, T, 1 DI VOzmax TR EICHBIL TIN5, 2212, IOLEITHE THA,
EWVIRGERIZIEE DN TWND, Ll ZORGEIFL T LE BB Tl vy (Heusner, 1982; Kleiber,1932), 31
ZIE, BB T B AL Bl B . HDOWIEANIEE B DRV HEE TIERW, Frloor =
YT BFEPRENZLFT=RAXF—DH NERETHAREMEN DDA, 2D —F T, (KENKE
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WZEE, REOFITRIEVEDIENI S 5D 2EIE (KRIENIE) 732720, B OREL H O TiE
T ITIRBZRNZENE | =R F—{HE DR FEND 2 LW AFNAEM T 5, Ll xfr%%%‘%
T =T OBEIRFICREL, BFDH X LW —=0 T T8> TR O T 4 —~
VAT E@b DO E HBYR R E (RIENR) SRS L T D EREL T, \_zhif{/ii%éh'(b\é
1,500m 226~V ETOHFFERFOME ZLD/RT 4 —~v 0 2% 5D BRI EY 72 \/Ozmax |

?“5:&%%%775?:0 a
ZDRER, \/Ozmaxmkﬁ‘/:‘/ﬁ‘?/fbk@&ﬁf;ﬁf“ =S 'f@?ﬁﬁ@ VOymax (I+min™") |% 1,500m & 5,000m
DOFeskE . AHXMED VO,max (mlekg ' *min', ml-kg?*- Lmlekg™*emin™) |V \%ﬂ®7/v—/7 HA

LEORIZH 1K ETHBERBRARDLNIZZEND, 1,500m TIEAMERHED VO,max (1+min™) 23,
5,000m MH=TYETIIWT NOMHERETHL T =7 &EA%Ea&.&%é:fmq‘:ﬁ:%&% it
ZORERIL, %%ci Morgan et Dal. (1995) D, 7> =27 %10 VO,submax AMAED 2/3 FANZEFIL T
EEDHZENS, VO,submax X° VO,max DHA7ZEL T mlkg ??+min! %ff%b ‘Z)’*‘%“%b‘bé&bfl?‘aﬁﬁ%{ *
7=, Svedenhag and Sjodin (1994) >, AV =—F DY —krZ7F—0D VO,max X° VO,submax 73MAED
3D/4 FHNHED L LT FEHE, LR DH D Th-o7-, FEIZ Morgan et al. (1995) 1%, 7> —&L3ETF—D
VO,max MEED 1kg %’.@Dﬁ%ﬁ@“m%n% 2/3 FHITHAE T2 E-> T, W7 —T DEN
47%& 39%IZ72Y, SHIZ, VO, submax(FRFME) THLHE, ZDZEEN 10%E 15%IT72>THND, TD7E
X, IR — o T =N~ TV B EDERET DERBEED 1% 2N 1 SITHY 52800, i
FRIZ5 JJOD%&LTfﬁbﬂZDtZﬂ;L% ZNHOMEITRE O GHE (NEHH) EEEDO T p—~v
ALDOBRE IR T-DTIE7L fAEL VO,max (1-min ™) EOBRNSHERIL 7280 T, ARFFED LT
:‘/7“0)/\°7¢—7‘62<‘:0)tt$§ﬁ%iﬁf*‘f:fb0)(* (AN .

ZIVET, (FEE VO, max O T B AN —FpDELN T _REFEEE V2 VO,max OFERHEE /74—
< ALDBRIZOWTIE, 12O FEB A% I 7z Nevill et al. (2004) DL BN OH &« K5
O REBET . —Z x5 Uiz uih (2010)@%&%7%%50 Nevill et al. (2000)DETIT, 1 ~A
IVEITREO N A — RN b B 8272 Bt 2 95 D1E VO, max (ml*kg ! *min™!) THHEAZ2L TS,
LU, ZOHEORREFIIF A TIIew, ILH@10)DH - & - RFEOTF—% 3t RICLIZHE T
1%, 1. 3/4, 2/3 DWTHO_EFEHE VTS 1,500m & 3,000m DOFtekEDOMICH BERERIEED S
iz, %LT FERRAITIL, BLA CRHEBEDVEME R &R E (3/4 R0 2/3) WD LD, TERDIKE kg
EAY17p) \/Ozmax (ml*kg temin ") D HFRLELWNELT,

7&&%%%@\ 1,500m 2 H~ 7Y ETCOEFE H OBEIRFORZIGHA KD | Z2O_EHEHRE AW
FAXHED VO,max (ml-kg '*min?) & 1,500m 2>H~ TV ETOT =0 T HALEORIZ, TNENHE
RBARDFRO Bz, L ZORE RITAMF R O#ERE (RER]) 7212 TUTEL_REHHTH- T,
T RTOREMICEF T 2L RO, 0D RE L OB R EEChHD, €T, ZIET,
— RSN NS 1, 3/4,2/3 @&%*ﬁi&@m\ é:“mﬁﬂ;mi/\"77r~af‘/xk%%%%fxB@%ﬁ%é
DERRRELTZ, ZOFER, 1,500mTiE, VO,max DFARHMEL DS HaxHE o a/Ogmax Sl sV OHE B RS AR 3
Bohie, :zm;‘rébxofumﬁﬂa‘:#(1990)01 1,500m? FRdkITHEEHE D VO,max &, 5,000mEL_EOFE H
T, miﬂ%@ VO,max (ml+kg ' *min™!) LKV EERBEREL AT DL LG &L —H LTz, 1,500mDFE s
DHERHE D Vogmax & D@ WHBIBIR A D281, 1,500m DT RLF —{HE EOWN, FERERE
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DEOLENIG D 64% ., FEVITRFEAMBE TH O TODDIZXLT, 5,000m 1% 87%, 10,000mix
93%., 7V 0% 98% MEEFBIEIKFL QDL (v—Fka— 2001), T72bb, HEENEL
BRHIZONIERABEOFEE TR~ DM BN WD b 8w B L TD, IHIT, Hitk
HEEDS ELSRDIZOIEE D KENWZENT o =0 7 ORFEERLTHZ L0, %.Eﬂﬁ@rf%%k DRI~
DEFEOTEH BRI OFHE I 2 DL e O M, HEENEL A2 DICOIUKRE 1kg KD VOZmaX i
PR JE VBRI RO N R K E B 2 HD, L, 2O SIZ W TR HERI 0% H e
v 0

DX JM:}? TI&, 5,000m, 10,000m, ~7Y > Oiteka THIT 255G VO,max OMXHESL THE
H1kg HHD VOZmaX A D REFEEL (3/4 & 2/3) b EWFBRED GO, 1o T, Bl CitA
DMEHERR 3/4 %2 2/3 T2 WD MBEMED 2\, F72, NEEEUIRI G ORHE ORI (M, i,
B, BHEES) ICLoTHRARDIEND, %@%a:é\of:/\“%%iﬁ@%tmﬁﬂmgguéo Lob,
ZZTHRLNEA_ESEHDMLORERISEH TELLIERL2 0, Ko T KE 1kg 249D VO,max (ml-
kgt emin ) 1%, FEEE S T EFIEM) Lok B OB E CHREREICEWVETE THIZENLE L5
< (BRI . LB BE RO LD AR S AT ThHI Ll nb, k@R E1kg H0D
\/Ozmax (ml+kg'*min™") TEFTIENEFLY,

V. 51
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