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Abstract: Maximal oxygen uptake (VO, max) is an important indicator for cardiac function. This paper reviewed the VO, max

and related index applied in the physical training.

Key words:
L 1 G8o4.7 [ 1 A [
[ ] 9 9
,2009,15(5) :445—448.
(1,
. (maximal oxy-
gen uptake, VO, max)
1
1.1 1920 Hill
Herbst o
s s (
) 7 VO, max
, 2]
VO, max 4 R
. . [4] s
-
Fick s
(arteriovenous oxygen difference ) le-sd
s s [7-8. 10-11] s Yoshida
) , VO, 6.8~7.3s
. 6.0~6.8 s tol
s , VO, max |
37 b 9
(30700388);
(Q20083303)
: 1. s 430079; 2.
, 430060, (1973,

maximal oxygen uptake (VO, max); cardiac function; physical training; review

1006-9771(2009)05-0445-04
[Jl

VO, max Ll s VO, max
L-61  de Cort s s
VO, max 87% z
, 8961, ,
VO, max 70% ~80%" . VO, max
[12-13]
(ICPFR) (WHO)
1.2 (running economy, RE)
RO
( ) 5] RE
s VO, max
L1618 RE VO,
VO, .
’ ’ (
) ;
H ’ V()z ) ’
(19
Williams 16 , 10 km
RE L20] © Franch 36
~ 3 ’
3, 20~30 min, 6 s .
3 VO, max 5.9%.6.0%.3.6%;
9% .10% .4% ; RE 3.1%.
3.0%.0. 9%, Denadai ., 100%
(velocity associated with VO, max, vVO; max)
vVO,max,RE 1500 m f22]



o 446 - 2009 15 5  Chin J Rehabil Theory Pract, May 2009, Vol. 15, No. 5
RE VO, max 10000 m
s ( \ vV, max 39
N N N 2.2 VO, max . VO, max
. N VO, max (tlimVO, max,
RE B s ) VO, max s
s VO, max*2.1 ml/min * kg .
; (Tlim)
s bl . (TAVO,;max) Tlim
2 tlimVO, max 260, Tlim  TAVO,max
VO, max . (a5
VO, max ,  vVO,max, Astrand  Saltin s
(TAVO; max) . (tlimVO, max) , 1~8 min VO, max""?,
(Tlim) , s VO, max VO, max
s , Billat tlimVO, max
2.1 (vVO; max) N - B2 vV, max , tlim-
VO, max VO, max 2. 111 Margaria , 105% ~ 200%
, vVO, max , Tlim 3 min~ 30 s, s
VO, max . 1923 L,Hill Lupton , 100% vVO,max ,
256 m/min , , VO, max, VO, max [24:26,26:50.52.35. 461
; 2, Volkov Billat 6 90% vVO,max (5
“ " (eritical velocity) , VO,max). 100% vVO,max, 120% vVO,max 140%
L1984 . WO, max(3 VO, max) . Tlim
Daniels vVO, max , (7314224) 5.(333£116) s,(123£32) s.(73£18) s;tlim-
VO,max RE B VO, max (994223) ,(201488) s,(70+£26) s,(19+
» vV, max . Billat 22) s, vV, max s
vV, max o , s
(0, o VO, max VO, max
vV, max s R tlimVO, max
vVO; max , Billat , TAVO; max
VO, max [L2e.2783] , Billat ; Tlim  50%., . timVO, max
vVO, max Tlim  TAVO,max B,
=1, Whipp . . 3
vVO, max RN . VO, max
s VO, max; o VO, max N s
s s VO, max R -
. Billat® 7 .
90%6,100% ,120% ,140% vVO,max , VO, max
s 7 5 90% vVO,max VO, max o ,
VO, max; 100% vVO,max s s
VO, max;7 6 120% vVO,max 40% ~50% VO, max VO, max
VO, max; 3 140% vVO, max VO, max, . , 95% ~100% VO, max
vV, max , VO, max, s
L6l » vVO, max VO, max m,
5000 m N 1500 m, 3000 m 5000 VO, max
mb3 38, 1500 m~*1 (10000 m Bl 21,1 km VO, max . 100% vVO,max
L4o] , Takayoshi ,vVO, max VO, max Lisel 1927
3000 m M1 Daniels R , Hill (p) (v)
vVO, max . 3000 (Tlim) B,
m N vVO, max vVO, max s
4] Margan VO,max RE vVO, max, Tlim



2009 5 15 5 Chin J Rehabil Theory Pract, May 2009, Vol. 15, No.5 o 447
Reindell s haustion in incremental exercise in humans[ J]. Physiol Res, 2005,
Emil Zatopek . (54) ;679 685.
., 1991 ,Gorostiag , 30 s 100% vVO,max (5] . BN +2003.,
.30 s 50% vVO,max 87(2):43—46.
VO 50% [6]Lpretre PM, Koralsztein JP, Billant VL. Effect of exercise intensity
, Max, , 0
on relationship between VO,max and cardiac output[J]. Med Sci
vVO, max VO, max 70% .,
y y Sports Exerc, 2004,36(8):1357—1363.
90 % ~100 VO,
’ 0 0 vy max [7]Powers SK, Howley ET. Exercise Physiology Theory and Applica-
— : [50]
1~8 min ° tion to Fitness and Performancel M]. 6th ed. New York: McGraw-
VO, max. VO, max Hill International Edition, 2007;264.
° [8] . (M.
1996  ,Brooks ,  100% vVO,max ,1996:12—60.
VO, max, R [9]de Cort SC,Innes JA, Barstow TJ, et al. Cardiac output, oxygen
2 P
s ( consumption and arteriovenous oxygen difference following a sudden
, , Y. 2000 . Billat rise in exercise in humans[]J]. J Physiol, 1991, (441).:501—512.

,30 s 100% vVO,max 30 s 50% vVO,max

QY
/A\50) VO, max (8 min vs 3
min) , o ,
( )
VO, max,
511 Robinson , 90% ~ 100 %
VO, max
toz] | s , Astrand
Rodahl 10 s .5s VO, max
s (VO,;max=>5. 3 L/min)
30 min, 20 min vVO;max
. Astrand  Rodahl s ,
10 s~ 3 min, ,
C ) w, Bil-
lat , 60%  100% vVO,max( VO, max
50% )
) VO, max
4l ] VO, max
vV, max o1y
, VO, max vVO, max
VO, max s
o vV, max.
RE.Tlim . tlimVO, max VO, max
L ]
[1] . [M]. ,2002:160.
] . . (3. ,
2002,21(2):173—178.
[3] , . L.

,2005, 39(7) . 54—58.
[4]Yano T, Horiuchi M, Yunoki T, et al. Relationship between maxi-

mal oxygen uptake and oxygenation level in inactive muscle at ex-

[10] Takayoshi Yoshida, Koji Yamamoto, Masao Udo. Relationship be-
tween cardiac output and oxygen uptake at the onset of exercise[J].
Eur J Appl Physiol,1993,(66) :155—160.

[11]JHill AV, Lupton H. Muscular exercise, lactic acid, and the supply
and utilization of oxygen[J]. Q J Med, 1923, (16):135—171.

[12]

[JJ. ,1996, (4) 40— 42,

[13]Boulay MR, Lortie G,Simoneau P, et al. Soecificity of aerobic and
anaerobic work capacities and power[]J]. Int J Sports Med, 1985,
(6):325—328.

[14]Morgan DW, Martin PE, Krahenbuhl GS. Factors affecting run-
ning economy[ J]. Sports Med, 1989, 7(5):310—330.

[15]Saunders PU, Pyne DB, Telford RD, et al. Factors affecting run-
ning economy in trained distance runners[ J]. Sports Med, 2004, 34
(7):465—485.

[16 ] Svedenhag J. Sjodin B. Physiological characteristics of elite male
runners in and off-season[J]. Can J Appl Sport Sci,1985,10(3):127
—133.

[17]Conley DL, Krahenbuhl GS. Running economy and distance run-
ning performance of highly trained athletes[ J]. Med Sci Sports Ex-
erc, 1980, 12(5).:357—360.

[18]Millet GP, Jaouen B, Borrani F, et al. Effects of concurrent endur-
ance and strength training on running economy and . VO(2) kinetics
[J]. Med Sci Sports Exerc, 2002, 34(8):1351—1359.

[19] i i
Ll +2005,2(2) ;83 —87.

[20]Williams KR, Cavanagh PR. Relationship between distance run-

(running economy)

ning mechanics, running economy. and performance[ J]. J Appl
Physiol, 1987, 63(3):1236—1245.

[21]Franch J, Madsen K, Djurhuusm S, et al. Improved running econ-
omy following intensified training correlates with reduced ventilatory
demands[J]. Med Sci Sports Exerc, 1998,30(8):1250—1256.

[22]Denadai BS, Ortiz MJ, Greco CC, et al. Interval training at 95%
and 100% of the velocity at VO, max: effects on aerobic physiologi-
cal indexes and running performance[ ]J]. Appl Physiol, 2006, 31
(6):737—743.

[23] Vandewalle H, Vautier JF, Kachouri M, et al. Work-exhaustion
time relationships and the critical power concept: a critical review
[J]. J Sports Med Phys Fitness,1997,37(2); 89—102.

[24]Daniels J, Scardina N, Hayes J, et al. Elite and sub-elite female



o 448 -

2009

5

15 5 Chin J Rehabil Theory Pract, May 2009, Vol. 15, No. 5

middle and long distance runner[ C]. // Landers DM. Sport and

Elite Performers. Vol. 3Proceedings of the 1984 Olympic Scientific

Congress. Champaign, IL: Human Kinetics Publishers, 1984:57 —
72.

[257]Billat V, Koralsztein JP. Significance of the velocity at VO;max
and time to exhaustion at this velocity[J]. Sports Med, 1996,(16) :
312—327.

[26]Billat V, Blondel N, Berthoin S. Determination of the velocity as-
sociated with the longest time to exhaustion at maximal oxygen up-
take[J]. Eur J Appl Physiol.1999,(80):159—161.

[27] . . ( AR ,
2004,25(1) :37—41.

[28 7 Anderson O.
Veronique"[]]. Running Res, 1994,(10):1—4.

To optimize your performance, train " A la

[29]Billat V, Renoux JC, Pinoteau J, et al. Times to exhaustion at
100% of velocity at VO; max and modelling of the time-limit/velocity
relationship in elite long-distance runners[J]. Eur J Appl Physiol,
1994,(69) :271—273.

[30]Diprampero PE. The energy cost of human locomotion on land and
in water[J]. Int J Sports Med,1986.,7(2):55—72.

[31]Lacour JR,Padilla-Maqunacelaya S, Barthélémy JC, et al. The en-
ergetics of middle-distance running[J]. Eur J Appl Physiol, 1990,
(60):38—43.

[32]Lacour JR,Padilla-Maqunacelaya S, Chatard JC, et al. Assessment
of running velocity & maximal oxygen uptake[J]. Eur J Appl Physi-
ol,1991,(62) .77 —82.

[33]Smith TP, McNaughton LR, Marshall KJ. Effects of 4-wk training
using Vmax/Tmax on VO, max and performance in athletes[J]. Med
Sci Sports Exerc,1999,31(6) :892—896.

[34]Whipp BJ. The slow component of O, uptake kinetics during heavy
exercise[ J]. Med Sci Sports Exerc, 1994, (26):1319—1326.

[35]Billat V, Morton RH,Blondel N, et al. Oxygen kinetics and mod-
eling of time to exhaustion whilst running at various velocities at
maximal oxygen uptake[J]. Eur J Appl Physiol, 2000, (82).:178 —
187.

[36]Billat V, Flechet B, Petit B, et al. Interval training at VO, max:
effects on aerobic performance and overtraining markers[ J]. Med Sci
Sports Exerc, 1999,(31): 156—163.

[37] Cunningham LN. Relationship of running economy, ventilatory
threashold and maximal oxygen consumption to running performance
[J]. Res Q Exerc Sport,1990,(61):369—374.

[38]Babineau C, Leger L. Physiological response of 5/1 intermittent
aerobic exercise and its relationship to 5-km endurance performance
[J]. Int J Sports Med, 1997, 18(1):13—19.

[39]Morgan DW, Baldini GD, Martin PE, et al. Ten kilometer per-

formance and predicted velocity at VO;max among well-trained male

runners[J]. Med Sci Sports Exerc,1989,(21):78—83.

[40]Millet GP, Candau R, Fattori P, et al. VO, response to different
intermittent runs at velocity associated with VO, max[J]. Can J Ap-
pl Physiol.2003,28(3) :410—423.

[41]Yoshida T, Udo M, Iwai K, et al. Physiological characteristics re-
lated to endurance running performance in female distance runners
[J]. J Sports Sci»1993.11(1):57—62.

[42]Astrand PO, Saltin B. Oxygen uptake during the first minutes of
heavy muscular exercise[J]. J Appl Physiol, 1961, (16):971—976.

[43]Hill DW, Smith JC. Determination of critical power by pulmonary
gas exchange[J]. Can J Appl Physiol,1999,(24) .74—86.

[44 ]Barstow TJ, Molea PA. Linear and nonlinear characteristics of ox-
ygen uptake kinetics during heavy exercise[ J]. ] Appl Physiol,
1991, (71): 2099—2106.

[45]Bosquet L, Leger L, Legros P. Methods to determine aerobic en-
durance[ J]. Sports Med, 2002,32: 675—700.

[46] , ,

[J]. ,2005,25(8):43,59—61.

[47]Midgley AW, McNaughton LR, Wilkinson M. Is there an optimal
training intensity for enhancing the maximal oxygen uptake of dis-
tance runners empirical research findings, current opinions, physio-
logical rationale and practical recommendations[J]. Sports Med,
2006, 36(2): 117—132.

[48]Hill DW, Rowell AL. Running velocity at VO;max[]J]. Med Sci
Sports Exerc,1996,(28) . 114—119.

[49]Vuorimaa T, Karvonen J. Recovery time in interval training for in-
creasing aerobic capacity[ J]. Ann Sports Med, 1988, (3). 215 —
219.

[50]Fox E. Diferences in metabolic alterations with sprint versus endur-
ance interval trainingl M]. // Howald H, Poortmans J. Metabolic
Adaptation to Prolonged Physical Exercise. Basel: Birkhauser,
1975.119—126.

[51]Billat V,Slawinski J,Bocquet V, et al. Intermittent runs at the ve-
locity associated with maximal oxygen uptake enables subjects to re-
main at maximal oxygen uptake for a longer time than intense but
submaximal runs[J]. Eur J Appl Physiol, 2000, 81: 188—196.

[52]Robinson DM, Robinson S, Hume PA, et al. Training intensity of
elite male distance runners[ J]. Med Sci Sports Exerc, 1991, (23)
1078—1082.

[53]Astrand PO, Rodahl K. Textbook of Work Physiology. Physiolog-
ical Bases of Exercisel M]. New York: McGraw-Hill, 1986:336.
[54]Billat V. Use of blood lactate measurements for prediction of exer-

cise performance and for control of training[ J]. Sports Med, 1996,

(22):157—175.
( :2009-02-02)





