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Significance and Assessment of the Velocity at \.702max (v‘;702max)
- Keiji YAMAJI

Abstract

The concept of a maximal aerobic running velocity (running velocity associated
with Vogmax; VVozmax or velocity in an incremental test at which Voz
max was elicited) was first introduced in 1984 by Daniels et al and formulated in 1986
by di Prampero. Since that, it was become clear by many researchers that good
estimations of over 1500m to marathon running performance among elite and subelite
runners could be derived from VVOzmax and time to exhaustion during exercise at the
velocity associated with Vogmax. A summary of findings from datas which have been
reported indicated that the mean running time to exhaustion at vVozmax was about 5
to 8 minute, the reproducibility was a high significant correlation, and the mean
coefficient correlation, and the mean coefficient of variation (CV) ranged from 16 to 25
in well-traind runners. However, the conceivable reasons of this wide variation have not
been revealed.

Considering to take advantage of VVogmax as being the index for workload of
endurance training, an experimental method and protocol as following is recommended
for determination of VVozmax; (1) the initial speed was set at a running velocity (0%
slope) corresponding to 110 to 130 beats'min™ heart rate (HR) and was increased 10
m-min”’ every one minute up to exhaustion. (2) in the last 30 sec of each stage, Vog
and HR were obtained and calculated for one minute values. (3) VVOzmax was the last
running velocity that reached to examination. vVozmax which was obtained such as this
method was not always corresponded to running velocity which Vozmax was elicited.
Therefore, we can identify it as “a pseudo-vVo,max’.

Key words: Maximal aerobic running velocity, Vosmax
Running time to exhaustion at vVosmax

I. 3U®IC ' METEZ A% 01X, ARRENT AV F—ZAEH
EHRAEOMEERBIIABRN T )L F— 54 3 ~100 M O #FE K T H 51500m, 3000m,
CEMENIANF-BEORXE, T4hbb, & 3000m [EE T, HABMEEIE (Voymax) DK
N2 RELGEEO AV F — % B ICEE &3, TNLEORBRIERE (5000m LA L) O
L, B#ET20IC89, 728218, BEEFOBER Tlt, X510, BEEIUKE (% Vomax) &5\

BILRERFEE

Faculty of Education, Toyama University

NI | -El ectronic Library Service



Japan Soci ety of Exercise and Sports Physi ol ogy

EEOREBICELSEES T 5 EREAWIEXBE
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INSDOEBEN L AOVE —FE L EREN L L
VEF=FEOKME, BAPVPIIRE LRIV
F—k B DO N HHCHEEDO T TRIETE 25
DEENERT s FOILINF—FEORE SRR
HRBEE LT AINF =2 PICENT v =T
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RS(m - min) =9 v = 7k

ZOEH, BEFOFHT = v rEE )
S CORFICL o TERENDZ LIk b, &
NHLORFEH/EWIIRL, Lrdbbb—=2 7D
BTHEMFIHTE BF-LIBENIL KO HNT
X7, FO—D20E 2 F Y, 19854 Daniels™ 12
Lo TRIBS N7 Vomax (HSTHT > =V -
A ¥ —F (running velocity associated with \'/o2max;
vVoymax) TH 5, % LT di Plampero™ i,

) vVoZmax DEZRLEYE L HEHBWIZEERH L, 20
W, T A HEBBII 205 5, 2263139 pyprss
12X 5T, vVomax & 5\ ik vVoymax TH J ¥ =
v TR & & TR AEEOKTIR performance &
OMEEDPHL NI ENTE T,

ZIT, AEFIEERRRE TV ICBREL
T vVoymax DEHECTE, =51 IHHEFEOR
BEICOWTwH#ELDD, 7=y 7 OFER T
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I. VomaxiCH%T25>=2TRE (Wo,
max) BEHKTSHHD
A. vVosmax DBFZEDIZL
193748, Robinson et al'®id —iEsitss & —Ax A
@Vozmax PHETAZIELICE T, EH5FEAED
EWHEED T ¥ F—OVosmax B —HE A HATH
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Fﬂb%ﬂ&v‘kb")iﬁﬂr‘{)d 7;(’ < 7u \/\12,20,29,36,40,44)
IS DG DRI HERE OIS Vomax
OLE, TRAWNEWES (homogenous) ZTHE 2
BELGERFRBOONL GBI ETHE, 12k 2
£, Sjodin and Svedenhagm W~ TV v O ECER
2EHIOT S A RBURD S v F =75 A0
Vomax &5V v - L—ADFHS v = v 7
Y ORI r=078 (p<0.001) DRABEI RO LIS
bOO, 2EEH0FTUADOT v F—IIRET D L
r=001 (p>01) THELZBHEITED SNk,
¥ 72, Conley and Krahenbuh!'”, Costill and Win-
row'”, Danielsm, Noakesgg), #5137 E\-/OZmax
TH Y RO OEFRIRENH - 720, FHELFA
B L CTHoTdVoymax 123575 B ERAT v =
7 DREFYE (running economy) 2dH 5B I & L HEER
L7zo 72 & 2 1219854E 1 Daniels® lE A DK F 5
¥ F — ® Voymax #573.3ml + kg« min™ ¥ 60.4ml -
kg s min & A Y FOED1I29ml - kg - min &K
EREVIZS b 5T, 3000m EDNZ b ELERD
\%ﬂ&9\wﬂ&ﬁﬁﬁt<&é®iﬁﬁw7
SV T ORBEEONEICE Y, Thbh, Voymax
&5y:y7@ﬁ%ﬁ020®§$ﬁm%éﬂt¥
RAZADVomax (ST 2T ¥ =¥ 7 REC
FoTtEBshAZEEFHLICL (K1), &
DE %1%, Daniels et al'” HS19844E (12 BIfE S 7
Ny sRESHETEE LS, 0KDOKFT Y
F—ERFIILI MLy FINVDT v TREL
Vo, M7 5 Voymax 2SN T2 5 v =V VY EE%
V\./ozmax L 24P, performance & BRELBBRADH
BIERBLENIILAZ EIIETCLDTH A,
BE di Prampero et alE, 5= v O
4 % e 5 T H3Vogmax, % Vogmax &F ¥ =
TORBEICEI L L, TNOO=ZR/FEBEIC
W3 2 EE L ERICHL 2T L, %?(L , 7
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7)

DEFRATEEHRLA, LT, c‘:Vozmax, F-
Voymax, Vogmax - C'& OREIZZRZN rP=051,
’=058, =063 HFE LR EED, RO
$oT, EBEDI =7« L—RAIIBITHFEET

YRV TRENTFHTESL L LTz,

vVoymax BSEEHAMDE I HIGELE B 2 & %
ARE 2 D O L7 DA Morgan et al®®*”Td 3,
Morgan et al®* 1% Daniels'® & [F4£, Vo,max 7513
TRV—AHFDT V=T« A= FRRODL &
PREETH Y, TNITT Y=Y 7 ORFME R R L
TETH S vVozmax I2& 2 Tl0km L —RIZBIT
BYHT = A= FRRET B Z EHTAEE
ThHobe L7, 86, T bL—=v7ashizB
T 5 > F— DHBH Vosmax Ok, FTRAKE %2
W — 7 (heterogenous group) & FDHMNE 3 &%
B 7z Vomax Ok, FTRANS R 7L —7F

(homogenous group) & HETHELEIFESN
720 T 7% b, heterogenous group TIiL10km L —
ADFREEE Voymax & ORICEE 2B (<0.05)
AEED & 1727 homogenous group 127 A L HE|Z

CEELRBERE (p>005) RO EL o, L

L, 10km L — 2 DF4kE vVomax % Mid LELHS
dmmol Mz AMED S = v FEE (VLT) &0
BICIEEELRBER (p<001) FEDENT, F0
AR, Vozmax o= =2 lBWTERR
TR ELHITLIERELRFTHSL, €DLIC,
Vozmax K& % FE O %\ homogenous 7 7 IV — 7
MTRT ¥ = FOREEI I REZ RO S Lk
L7

80 A hich Table 1. Correlations among 10 km run
Poor economy ¢, highmax @ time (RT) and Vo,max, running
;0 + B Good economy a4, low max a ® 73.3 economy (RE), predicted
/ velocity at Vo,max (vWo,max),
| /O s04 2 and treadmill velocity at a 4 mM
= /o - blood lactate concentration (v at
£ _° et | 4 mM BL) in well-trained male
£ so o Phe
- -7 ] runners heterogeneous (study 1)
E e 5| |3 and homogeneous (study 2) in
S .8 El|E Vo,max (Margan et al, 1989).
& ol |9
RS
30 % :';l a Comparison Study 1 Study 2
oD' bot” (N=13) (N=10)
0 WMo me e 390 - 30 330 3%0 10km RT vs Vozmax r=-0.55" r=-0.45
Running velocity m-min"!
. . 10km RT vs RE r= 0.30 r= 0.64"
Fig. 1. Vo, at four velocities and Vo,max .
for two elite female distance run- 10km RT vs vVo,max r=-078T r=-0877
ners. Best 3000-m time were 9:06 10km RT vs V at 4mM BL r=-0.851 r=-0.827

for A and 9:07 for B, which are
closely refrected by their vVo,max
data (Daniels, 1985).

* P<0.05.
T P<0.01.
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B. vVozmax DRDF

1. Vo,—RS EMH 5 KD 5 HE

Morgan et al®” 13230, 248, 268, 293m - min'®
BHET64MTD, UM Ly FIVERST
Vv, EOEEDOVeE G Y=y s - A¥—F (RS) &
OEEH S, BURSE L 72 Voymax (AN T 5T ¥
=V 7 #E (predicted velocity at Vo,max) KD
72 (K2), Cunninghamls).bi24% DLFTF vF—
(159+1.05%) ZRZHRIZ L7729, Morgan et al®”
£ 1 HEB:160, 188, 2155 X U%241m - min D F ¥
VY TRET, &3 458, FhegEo Ly R
INEFRITY, F0O7H%241n - min O EE % EE
L, =32 ki225% 3 OoMEFAE L EET 5 HE
TVomax % 3K %, Morgan et al’? L AR, VR
T vVo,max % K77,

2. HEERITL B HE

Lacour et al 0)5%%7)1/—7"31‘39)!;*, HEREES

F—EHHRIVomax (LHHBTH T V=V S ALY -
F (running velocity corresponding to \'/ozmax;
Vamax) %

Vamax= (Vosmax—0.083) =+ Cp ' roeeeeeeeseeees 9)
A RD A, 72721, \./ozmax (ml - kg - S,
Vamax (m - S'l), Cgr=energy cost of running (ml
kel m), Thbb, = (\./'02—0‘083) vl
bo B, WMATOI v=v /& EL L T542m +
S'(325.2m - min ) A BRA L7z, F 72, 0.083ml -
kg'+ ST Medbg et al® & 1) B 7 Voo /v O B8
HADY B L DR AITHLT B Vo, NETSH %

My RINVORPIOT v = 7 EE%10.3km -
Wt L, ZOEETLHHES TLHRKER
Sk, TOHIT 45T EIC154kn - h WG L 22T
5, L2»dIrory FEmENEDLBERIC1 S OK
B%& & D %A% (intermittent exercise), HEERE DS
exhaustion #F{F XA FTIT V=T &xfTolz, €L
T, exhaustion V23E L 72 B D Vo, % Vogmax & L7z,

3. vV IRBEOEEIEIC L5k

Billat et al”i Voymax 75 X M3 5 1% # &

(minimum speed that elicits Vosmax) % 56 i
EMT = v 7 #E (maximal aerobic speed) &
L, BRORERET >+ — (29 3®) ZHRI
vWopmax ZHIE L7z, ZOBEVZAER, BO0
MLw B3I ViEES12km - b (0 %1ESD TR
L, 34T L2 2km - h' 25D 5 WIHEE THRERE
D 3km L—ADFHT =V FEED% £ THE

330 w0, Max~- 324.5 memin~"

< -".
-~ .[
T <
g 3107 ~
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3
~ 2901
>
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Z
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Fig. 2. How to estimate a velocity at Voz
max from a relationship between
running velocity and Voz at four
running velocities (230, 248, 268,
293 memin”') (Morgan et al, 1989).

B, FOHLISTEC Lkm - M FOBD 2, KT
Vo TR OBREOI M OVo,d 2 1% KR
B2 153 HOVo,k L, exhaustion |25 L 72E
DVoy % Voymax, ZDEED T v = 7#EE% vWo,
max & L72,

F 72, Hill and Rowell®®1X13A D K%L F b
5y y B OBEREF O vWomax (velocity as-
sociated with Vosmax) % K72, 3, 3HED5
SREEHIC 5 SEOKEL RS ALD LT, Z
D% 242 L 1213m - min ' ¥ 5 i T exhaus-
tion 1238 ¥ % ¥ T D #EiT 720 #%43 Billart et al® &
RO T L Y vVopmax 23K,

Berthon et al?ld Ly FILOMEEAEL 1%
EEEL, 5~ 6ED#E T exhaustion 12:ET 5
VRO T v =y FRERERE LT, 561,
34T EIC15km c h OB T L=y TRED
WA L, Z 0% Billart et al® & [F#ED
FEEZHEWT vVozmaX 2IRD Iz,

4. vVozmax DOPZE EDOFE S

a. IKEEAT O ESHET D

E2ITRENTVRAHEHIZ, TNHETO vWomax
DHEFEIZ MLy FINWEKFICEELT V=0T
TIT) 2 &W% . —RICREERES ‘/'}‘*@Vozmax
IESHET ORI R TKFEEITORDE Lrd 5
VIEETFEWY L Lo T, vVozmax DL —=
v TEANONEEEEZ L EKFEEITVEE L,
LAaL, KFEEITTE MY Y RINVOEED
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Table 2. Protocols and methods of determining vVozmax

Morgan et al |Cunningham |Lacour et al (1990)* & |Billat et al |Hill & Rowell
(1989)% (1990)  |Padillar et al (1992)® | (1994)° (1996™; 1997°)
Subjects Sex M F M-+F M F
Age (yrs) 27.3+£36 157 23.7£35 29+3 university students
Holizontal or uphill holizontal holizontal holizontal holizontal holizontal
-+ uphill
Continuous or continuous | continuous | disconti.(l min rest) continuous |disconti.(5 min rest)
discontinuous _
{/OZ—RS line or curved line line line curved line curved line curved line
Initial velocity (m*min™) 230 160 172 200 241
Running time for one stage 6 4 4 3 2
(min)
Running velocity between 18~25 26.7 26.7 33 13
each stage (m+min")
300m * min" ZHR B T ENEVOT, Py N3 EZ7z,

VICHEEBIHBENTNWAE I E, L bEEBED
Ly FINVEZHELLBENT Y F—ThHbH I L
VAT i B s N

b. EFEAAE A

MLy FINEEZ—RFIFLTREZ LS 7T b
I — VIR BEH IR FLER O HIE ORI T b
BADH DB g b 31 Lacour et al®l %
Padillar et al*” 1% 15, %72, Hill and Rowell™®
&5 B ORERICRILEZTT>TWwb, —7F, Mor-
gan et al®® % Cunningham™ 13 1 BN S v = 7
BHEZ4~60LRCEY, EFPICRMYERL
TWwh, RIMEKREBICIT) &3, ERICL2D
BERIZHET S LI BRTIEIERTIED S, J
YoV T EPHTAZEILL TR L EIDTAR
Flbdb, B, Vo,—RS B Ko bBOMIES
#ERTHERTIE, TV 7P ERNIC ex-
haustion ¥ T b Z L HAHETH L,

c. Vo, —RS BIRIE B2 B >

Morgan et al®® % Cunningham'® I3 K T D5 >
SV TRIELNST Yoy PEE Vo bk DBR
5 Vo,—RS B A R, ZOEHOER FIZVo,
max BEET L EIREL. Thbb, Z0&EZH
I¥Vo, & RS & ASL 2 ¥ CHEMM R HREED L
L72bDTHBH, THITH LT, Lacour et al®?,
Billat et al®, Hill and Rowell®® i35 > = ¥ 7
FEOEFTY & &L IVo, b T 23 DD, exhaus-
tion 3T < 72 % & Vo, dBEMEAR 4 1ZIET L, Vo,
CERRELSENL, Thbb, Vo,—RS idilif s

Taylor et al’® 13 Voymax HHEOEEMAER L LT
VEEBTH % DT Vol220ml - kg™ + min ' Pl EoD
WA ohznwz E, 28 FTnw5b, Lil,
Vosmax DI 5E PP exhaustion 3 £ 7 - THNLE 7
I P—BREP LT LS EBEREICHEHTA LI
BR & 7 Vv 72 & %2 4F, Cumming and Friesen' %
Cunningham et al™ i3 A 4E T1E50% LT LA, F
7o, BATIENTSS LT T P—HEPROLNL
W LTWwWb, —fREAZNRIZLZZPL Y FINV
52T, Pollock et al*"75#80%, Faulkner et al??
#392%, Katch et al™®361%1275 b —HK 250
Twb, —f%iZ, To b= 7E3NEF T
77 F—HROERARIH Y, Tho0HELE
B abibz—MALIZVE, Vo,—RS % Biflil
EMEEZDLDEIOLAMBEER, F=07
OIS ETVo, & RS & OB HERE T L 1C
BHOPIZT BT ENLETH D,

d E—BEOT = FEE

BATICE W T v = v B E D) 6 exhaustion T T
DT v =y FHEEDREDVo,—RS I HEIZ1E
SEH—TEH L, 722 2%, Brooke and Hamley”
SEREOVESED b P EEDIERIIIT THEPN ALK
WhnE o i % anticipatory phase, TZHEEDEHE
POEEOVEEICESEM% linear phase, €L T
EE D 5 exhaustion ICEBHE A ICHEMEIET§
A H# % exhaustion phase & FNFNXS Lz, &
TITEWS = v FHEE THA LN A anticipatory
phase R T A 720121, BB =V 7
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BEEDERE DR, IR MLy FIVICSB
FAT = FERP O ATEETRTER SR
Vo THETHE SN TS vVomax BIEDEED
VEERY (B—BW) 05y r 7#ZFRET TR’
#200~241m - min”, KFTiE#160~170m - min’
Yid (R2BH), £E50HEITE, By
¥ = THNITEF150~230m * min™, LT 120~
200m + min" O & T d 1L (IR 100~ 1208
i), HR—RSVSEME %5 Z L #HER L T
2o I OLIEEOEEIE Wahlund'™ 0 PWCyr00 B
EOBEOE—BEBOARIEETH S 1 5HM O
115~ 13041,/ S EBS 5 b D Th o 720 7275, Vo,
—RS ® B4R % fEX B TR 5 BT anticipatory
phase ZBE L THERT A I ENTELDT, H—
BRnT v =y FREOBRRIIFHET E NI L 21T
*ZRBTIERBVOTES L %5,

e. BT v =y FIRH L ERBEOS =7

HEDE -

INF ORI DL Al ALEE O RIE
LHATLEDD T v = FEE L Vo, k OBfRE K
BDTWBD, ZEEDS v = FEEICIE2 ~ 6
SOEHH B, £F V= v 7 EETOMHILEOH
EREMEICIT 7201213, EFIRESEETS 3~
6 TOREEPEEBTLETHL, LIL, T2
v TREOEEIEI/ NS WEE I EFIREO K
&) ERETCHIEEYT 5, BRI, MPFLBRTEEL
WA, TV S OEEIIERE IR D K
b, 72 z2E, 14 281210m - min "§FOED
B L LUEETH D, Conconi 7 A N DIRFEZE Con-
coni et al¥iF, T =V rHEEL HR O FREZBE
BB D16~ 24 OERET, FEREMD.OHE
¥i38beats + min U THAZET LW LT3, E£F
7 EOFEY T, TO&EERET 2O, 1
AZE1210m - min "FOEH B T v =V SEEOH
AT LW ERBR LTS, Juids &0
B T E R BER B % 47 ) 1%180kpm - min” % 4
GTE, 15TE, 15BTEORR - ZO0HNE
AT o 72B5 I8 5 L5 HR— Vo, EiASE L 3T
THZEND, BEFRELIIEEFREOEETHL
N7z HR— Vo, BRUCED R W E SRR L7 & 512,
G2 003, SEHBORIMIERET1IHT L
10m - min ' $FOED BT v = v SEEOHHEE, £
B DS DRIED T v = v 7 HE & Vo, &k DY
BRD S, F—EE TOEEDOVo, DR DT A

3~4ml-kg'  min ITFTHSZLEHAL T
%,

INLDILEELDY, 16~UEDVo, & T
ZVHEORBOTE Y N EEBL IO, &
M OWEIE 142 & 1210m - min”'@ % VW id1mile -
min A5k Ly F3IVEERT AHEHP»0ATHEE
Thb, 512, K50 = FREOVoILEED
M DEE 2B LAbORRATAZIENEE L
Vi,

f. 2 5N%EB% vVogmax ORISEHE

a~e N b ¥ X 5N 2% Ei#i% vVo,max DRIESH
FiRhLy FIVOERAELZFEL, 15T
10m * min "$TOED B HE OB TIT) . WEE
DT ¥ TOHEAT100~120beats + min -0
FEHOT oV FEEE L, H16~24BFE 0L
TR L) E—BREOS VoV I EEEER, w
—wp P vy FEE LB E OBRR
b, B—BEDT V=V FRERRET S Z LN
BThH D, Vold30W T L IClIEL, &5 =v 7
HEEDL~60B B DOVo,» 2R F DT v =V Ik
f%@\./oy‘:‘f%o % LT, exhaustion {23E L 72K &
OEER S > T yVomax £ § 5, 72& 218, T
=V R i T S BRE AR E | exhaustion
RHRALGEICEEELL) L LT v v I RE
% yWosmax £ § %, CNETAZRTTAE =R
FEELLEE LD HED BV 72 % exhaustion
time B NS Th b, Voymax ZET V=V 5
REOHELOIMHMORD RELELT L, L2
BoT, THOHLHITLTERDLNT v\‘/ozmax R
HHF L Voymax DWRE L BORES v =
HEL VI b TIRAEVDT, “A% L vVomax”
bz b, LaL, ERROLHIICLTEKDL N
V\./ozmax HoT “vVoZmax L9 AR” T krEX
VERLOBRICIZBAEE S 5 & L2 & o TRELE RRICH
TEMNTED,

L L, vVomax DEME LB EFEICOWTIE
HeDEGEHRELT, BVELFAMEITWEY
LRI LT ZEPVETHS ),

O. Womax E4ESWEZEOHEETSEL
)i 31ET
A. vVoymax & AEFFEWERE L OBRG
vVoymax 5% A D performance #7267 5

Vo,max, % Vosmax, running economy @ =D D%
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FERMRLAEECTHD I L D25 vVomax Vo,
max®®, % Vomax (VT & 2 WIZLT) % 2 »
35 v = v ZOREED LEBREREET A, 12
L 21%, Lacour et al’®iZ LT (4mmol) =0.86vVo,
max+0.04 (r=092; p<0001) OMEFER%, F
72, VVT & vWoymax & OREIC r=072 (p<0.001)
% EORREHME L TV 5,

B. V'{/ozmax & BEFEREER & DRELR

di Prampero et al®®AS17~528 D7 < F = T
F—DTN-TTV Y L— ARDOFHHERE L vVo,
max & ORICHEELEE (p<0.001) %#HELTL
%, % < ORFFEEE D09 1 5 T1500m B 5
TV -RIVY - L—=ADFHEE ) & vVozmax
EDORICEELBRPRES N TS (£3), ¥
T, vVogmax 121000m @ I g 3 B 221500~
3000m DR EE L k) HELBEED D, —
¥, 800m DFHHEE (m-SY) & vVo,max & O/
CIXEERBEGR (p>01) AED LR TN

INSDOT LIE, BTHERD vVomax D EEEREE
DRI5 ~ 85 THDH I L LEBIGTIESS T,

V. vVo,max D¥5rsR (t,,, at Vo,max)

B, vVogmax DFEFEEEEIAT aerobic & anaerobic
DO H DEFRZ IR L 7E OFFMEESL L TEE
HMENTELS®, F72, LaVoie and Mercer™ i
EEREERE) 1 51 B Voymax DFIUHL T 2 AT
T ORGP EREY 2B a 71 v a vz
TR, DEIRE (RS b BBT AR R
BEL o TWAZ LR LIz, TDH’T T VA
5 DI|ESN D 27 X1 B h b OHES I L o
T, Voymax BEHLIENT ¥ = v FEEICBT
5 H R (time to exhaustion at Voymax) %F
A DOBREN LR IN TS,

A. vVosmax ORI & B ES L OB
Lacour et al® it vVosmax O ¥ (B) &
\./'ogmax (ml- kg’ +min™) BXOILBEMIELEME

Table 3. The coefficient of correlation between selected phygiologic vari-
ables and running time to exhaustion at vVo,max or an average
velocity at various distance races.

Subjects Distance Correlation for selected physiological Correlation (r) be‘tween
races and performance variables performance and vVo,max
n |Sex Vozmax ' vVo,max Vo, at AT |[vVT
References (ml-kg"*min")
di Prampero et al (1986) ”|amateur runners 36| M |full-marathon 0.849 : Vamax=1.56Vmarathon-1.74
(m-sec”)
Morgan et al (1989)* well-trained runners M |10km run time
heterogenous in Vo,max | 13 -0.55 -0.78 -0.85
homogenous in Vo,max |10 -045 -0.87 -0.82
Cunningham (1990) " runners 24| F |{5-km cross- -0.69 0.77 -0.66 0.78
country race
Lacour et al (1990)"" athletes M {800m NS
24| M |1500m 0.62 Vamax=090V g, +0.10
M |3000m 0.64
13| M |5000m 0.86 Vamax=1.3V,y, -1.6
Lacour et a1 (1991)® |athletes 24 |MHF|1500m (vim +sec ™) 0.90 Vamax=089V,,, +0.42
) (m-sec™)
Padilla et al (1992)* middle-distance runners 800m (vim-sec”) NS
14| F [1500m (7#) 0.72
10| F [3000m (#) 0.66
241 M |1500m (7) 0.62
18| M [3000m (~) 0.64
Berthon et al (1997)” volunteers 800m (m-sec™) NS
12|  |1500m (#) 0.97 Vamax (5) =0.79V , +0.73
9} 13000m (7) 0.97 =103V 00,7022
91 {5000m (#) 0.95 =1.04V5,-0.10
12 {10000m( ~) 0.95 20,93V 1100, 70.69
13|  |half-marathon 0.96 =083V, +1.44
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(LT ®%Voymax) & DRI,
VVozmax DFeEEH (7))
=850.0—6.80 X Vomax (ml * kg™’ + min™")
r=—0.349(p<0.05)
v\./'OZmax DR (F)
=—100.43+5.96 X LT (% Vo,max)
r=0.378 (p<0.05) ‘
PO Ew, T ‘Billat et al®iZ vVozmax
DEIEE B (4, at Vomax) & vVosmax & O
i<, ‘
tom at Vopmax (F5)
=1088.7—335 X‘VVOZmax (km - b7Y)
r=—0.362(p< OTOS)
DY DT L 2BDT, F72, Vosmax 16km 12
BBy 7 ORERL ORICEE 2R
(p>0.1) PREOLNL»o72b DO, 3000m L —

2 DESE, LT (%Vogmax), N—7T + XTIV +

L — A DFHIERE L OB ICEERBR L R0,

L7255 T, vVogmax O Fi: AVo,max %5
YoV TOREBRELVOL LA, BEEHESLV A
R OFHRE & FRERBERVSHH s, &FFF
AMED performance DIEE L L TLX YV EHTH S L
Al L7,

B. BIMELEEMRE (CV)

Billat et al® i 8 GOHETLY — } 5 ¥ F—D vVo,
max |25 1) B FHEEE (i at Vogmax) OZE—H
HOT R F2%404+£ 1018, —AMBROE_REDT
2 MA402+1138E 2 Y, TT A+ ORI r=0.864
DEE (p<0.001) ZEFRERDL, LirL, £BH
2% (CV) 1325% & 7%, EAOFmEMIIKE
LEBPELALZEVPHL P L% o7z, [ Hill
and Rowel P IZI3ADLF P T v 7 BFAHEIZL
72 vVosmax OEEEEEE O EERH (CV) 2521% T
Holb#E L2 T2, Hill et A1k 6 ADTEK
ELS5 vy F— MBFLNRIC LR TEE R
B16% ThHholzZ L kHEL T D, TOBMANRE
BOER % BRT 570101 vVosmax DR
CB5 5 EHFOFWALEE % 5, Billat et al®
X HIPYASE & L7205, vVoymax DGR
(t at Vomax) 7%
t,y at Vogmax

—anaerobic capacity,” (vVo;max—vAT)
DAL - THEEHENS & L7z, £ZTHill and

Rowell® 13, vVosmax @ #5585 1 A% anaerobic
capacity, vAT, vVomax Ik > CEHEEND I &
e, EANEEDS NS ORFIZE o TENLT
HBHENELERD 2, £ DR, anaerobic
capacity 26%, vAT 44%, v'\./ozmax 12%, =L T
CDEDODEFE %A b anaerobic” (vVosmax
—vAT) 12X o T36%PHASINL E L, 2D
L, vVoymax OIS A SIS KX BIEA
DEERE (21%) 1%, anaerobic capacity, vAT,
vVogmax & 5 Vit 2 & OEBREYETF %&b/
bOL Y BMOERIZE) &L ZAHPREVT LHH
LHThHb, ZOMOERE L TLEFERER PR
BAHOERENE 2 5N 575, BEICEI
LR LTOIRITNIER SR WHETH 5,

C. vVoymax OFHERE

FAITRENTWD LI, vVogmax DR
&, BFAH400~48080, KFA TN LY #3560~
11075483290~ 420 Ch 5, BREHLEL LS5
~ 85 THh b, ZOEI Billat et al® A% vVopmax @
FEREHIL 5 ~ 8 i L TR DT b DL —FT B
bDTHolze T2, 100m 5TV - <IF3 VY FE
TOT vy 7EE LB ERORG () oF
TS RT, AEBEERNT R F—3E L EREHT
FVF—FED0%TO LD EEZ LD HDLIT
53‘8)? Montmayeur and Villaret®™ o V\./'ozmax D Fr
Bl O EBELISFIEBT B DD TH o7z, &
512, Bb B L\ Berthon et al? DERET b vVosmax
DEFEERZEET A7 14—V FF A MO&wD#EY)
LEEEAS 5 THLELTWS, ZDEZIE, 54
HETESNAFEYT o= VEE (17.1km + h7)
25, Py FIWEICL o TESN vVomax (169
km-h?) LU, FIvs - 74—V RTHE
BEOEEOHBICEbE TRETAIZLIZL > TH
57z vVosmax (182km + h') X DBV &
EhSRERITONTbDOTH S,

—F Tt Katch et a® D & 9 ICEBRBTRIE S
N5 Vomax & EEHEN4E L OBRER~DEE, —F
HEDT v JEERE LTS U EESLLENS
WELEERbHS, WTRIZLA, vVomax DFF
FERER O 5 ~ 8 43 & \x 9 D1F1500~3000m DFERL
BER M4 5 2 &, Lacour et al® o, v\'lozmax
253000m L — ADFHEE ¥) 1TITELVEW
IMEDPLATHRLURETH 5,
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Table 4. Running time to exhaustion (., at vVozmax) at the velocity as-
sociated with Vo,max (vWo,max)

Items Subjects n |Sex|Age '\'/ozmax vVoZmax ty at v\'/ozmax

References (yrs) (ml*kg*min™) {(m-min™) |(sec)

Higgs (1973)% active college women 20 413 278

Volkov et al(1975)"”  |recreational women 4 60.8+3.2 308+ 15

Lacour et al(1990)"” |middle-distance runners | 27 | M |23.7£34] 713445 |364.8+18.0 [480+42
v\./'ozmax=V at 3000m

Padilla et al(1992)* |middle-distance runners | 14 | F |241£42| 653+50 |3252419.2 (4204132

24| M |23.7£35| 719+42 357.0£15.0 [504+£126

Billat et al (1994)° subelite runners 8| M |29.0£30] 695+42 354.2+18.3 |first time=404=£101
second time=402+113
r=0.864

Hill & Rowell (1996) ® luniversity track team 131 F |19.0+£1.0] 52.1%£51 271.0£18.0 [290+61

Hill & Rowell (1997) | (400m~5000m) '

Hill et al (1997)*” former members of a| 6|M |24.0+40] 616+91 |271.0£180 330£85

university track team

Hill and Rowell” {3 Anderson” % Billat" ® % 2
2FEICLT, N—= Y70 HEA vomax D
BMRE LT Z & ThNIL, vVozmaX d b £
HMNL— U FHRETHL, BT, vVomax D b
L= = 2 IR - JEERIRAE (central) DTE LY
b LA KREMER (peripheral) DOUFEIZIEIT D,
T vVoymax DFHGEEE R & HAE & L C vVosmax O
YWETHWE LA V=N P L=V P BT
I B, V\./ozmax DFFERFIE D60 % 53 2 38 70 B &
b NGV, EALZLTVwS, LAL, 2o
F 2R O A BL L T v, vVogmax % vVoy
max DGR 2 W N L =2 7R L — 2D
THENPL TV DIEIAD S DRETH 5,
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