Power consistency in rowing: relation to
physical capacity of rowers and boat speed

Shimoda, Manabu
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1.2

1.2.1

1.2.1.1

2000 m

1500 m 5

Hagerman et al., 1978; Mahler et al., 1984; Nolte, 1985;

Schabort et al., 1999; Schneider, 1980; Secher et al., 1982

15

Hartmann et al., 1993 1.2.1



2000 - 14,00

= 13,75
1800 1350
§ 1600 1325 =2
i {300 &
g 1400 la7s &
= P
= 1200 x| <9 <
é WK e 3 g K ¢ M s X iyt "x“wnl-f‘x R ™ | 2’2 5 E
§ 1000 BH0060000000000 | rpagoneaooooa T 12,00 =
S 800 s =
< 11,50
"""*'H""'H'W*l-l-h bt b gt | 10
§ 600 L1 1 11 | 1 1 | 1 1,25

135791115 130 s 250 s 350 s
stroke // second during test

+ force 6MMT, x power 6(MMT, o velocity 6MMT
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1.2.1 10

n=20

Hartmann, U., Mader, A., Wasser, K. and Klauer, 1. (1993) Peak force, velocity, and

power during five and ten maximal rowing ergometer strokes by world class female and

male rowers. International Journal of Sports Medicine 14: S42-S45.



VO, VCO;, VE

Heart rate: HR 1

(Hagerman et al., 1978; Mahler et al., 1984

n=310 6 2000 m
1 5 VO2max
96 98% VO, Hagerman et al., 1978
Hagerman et al. (1978) 6 VO, 30
VO, 6 2000 m
70% 30%

1.2.2



TIME

EXERCISE

RECOVERY —
10 20 30

NET O; cost=31¢+ 8.3

NET O; debt =13.4( £+ 6.3

™~

X RESTING VO, =400 m{/min

AEROBIC COST = 154.5 kcal

ANAEROBIC COST = 67 kcal

TOTAL ENERGY COST = 221.5 kecal

1.2.26

30

Hagerman, F.C., Conners, M.C., Gault, J.A., Hagerman, GR. and Polinski, W.J.

(1978) Energy expenditure during simulated rowing. Journal of Applied Physiology 45:

87-93.



VOZmax VOZmax

VO2max VOomax 61 min’
1.2.1 1970 2000
28 90 kg VO2max
6.5 7.0 1 min’ Fiskerstrand and Seiler, 2004

VOomax  2000m

Cosgrove et al., 1999; Kramer et al., 1994 VOomax
70 ml kg min™ Jensen
et al., 1984 VOZmax
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1.2.1

n= (cm) (kg) VOznax (I min™)
Stremme et al., 1977 8 5.71
Novak et al., 1978 9 189.7 88.7 5.51
Hagerman et al., 1978 310 6.6
Mickelson and Hagerman, 1982 25 192.7 89.9 5.63
Secher et al., 1983 14 192 93 5.89
Clark et al., 1983 90 6.6
Grujic, 1989 5.5
Secher, 1990 41 193 94 6.1
Stupnicki et al., 1995 41 91 5.6
Fiskerstrand and Seiler, 2004 28 90 6.5 7.0
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1.2.1.2

= =100 %
VO,
1€ Skcal , 1994
VO, Fukunaga et al.,
1986 Gross Net Work Delta

, 1986; Gaesser and Brooks, 1975

W
Gross efﬁciency:E—tx 100 %

t

W
Net efficiency=——"—x100 %

t~ =r

W
Work efficiency=——-—x100 %
E.-E, f

t u

W,
Delta efficiency = ddEt x100 %

Wt Et Er
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dw, dE Apparent efficiency
, 2001 Gross efficiency Delta
efficiency Gaesser and Brooks, 1975

14 29% Gross efficiency

1.2.2 2

Secher, 1983; Thorner, 1959 1.2.3

25 37 n=3

Di Prampero et al., 1971 1.2.4

1.2.3
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1.2.2

GE (%) NE (%) WE (%) AE (%)
Di Prampero et al., 1971 18-23
Cunningham et al., 1975 18.1+£1.9
Hagerman et al., 1978 14
Fukunaga et al., 1986 15.5-18.6 17.8 - 21.0 24.2-30.9 20.7 - 25.6
Steinacker et al., 1986 19
Jensen et al., 1996 19.5-29.0
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Secher, N.H. (1983) The physiology of rowing. Journal of Sports Sciences 1: 23-53.
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Gross efficiency
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Stroke rate (strokes min'l)
1.2.4 Gross efficiency

Di Prampero, P.E., Cortili, G., Celentano, F. and Cerretelli, P. (1971) Physiological

aspects of rowing. Journal of Applied Physiology 31: 853-857.
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1.2.3

(1

'

Morzhevikov and Shlyakov, 1982 Stroke efﬁciency =

F 'E]max)
Tamuliavichus and Yankauskas, . | E
Efficient stroke force =—2"
1984 c
Dynamic efficiency index
t
Dworak et al., 1975 jop F, (t)dt
I:hmax tp
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1.2.3

()
Relative boat and oar blade s \VA:
Zatziorski and Jakunin, locities ind Vg
elocities index =———
1980 VEORHS IEE =W )
2
Relative velocities coefficient V' Virers
. . . including blade drag
Zatziorski and Jakunin,
1980 v, (b, -D,)
VbreIB (Dbp + Dbr)
Overall propulsion coefficient v :
Zatziorski and Jakunin, 1
1980 K A ATy a— Vgt
IO (1 +VB) dt
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2

1.2.3

Sanderson and Martindale,

1986

Boat speed efficiency =

m

O

m

<
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1.2.2

1.2.2.1

4.75m s’ 10% 585ms’! 15%

Schatte, 1976

550ms’! 88%

8% 4%

Herberger et al., 1977

Millward et al., 1987; Sanderson and Martindale, 1986

n
R, =kxfxSxV" kg k
f S m’ Vv , 1981
Di Prampero et al. (1971) Celentano et al. (1974)

R =kv" n=2.2+0.98 1.95+0.49

k v W
=vR=2.8v"* 4.7v*”

2 Balukov, 1971; Henderson and
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Haggard, 1925;Wellicome, 1967

1.2.5

1.2.6

21



120
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E
40
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20
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1.2.5

Millward, A. (1987) A study of the force exerted by an oarsman and the effect on boat

speed. Journal of Sports Sciences 5: 93-103.
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W, : Mechanical power output Vo,

(W) (cals™ (cals™) (kW)
400 - 100 - 1600 125
12
300 75 f
41400
11.5
200 + 50 t
11
41200
100 | 25 |+
10.5
ot 0 ' L 0 0
2 3 4 5
Velocity (m s™)
1.2.6

Di Prampero, P.E., Cortili, G., Celentano, F. and Cerretelli, P. (1971) Physiological

aspects of rowing. Journal of Applied Physiology 31: 853-857.
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1.2.2.2

Dal Monte and Komor, 1989;

Sanderson and Martindale, 1986

27%

Martin and Bernfield, 1980 1.2.7

Martindale et al., 1984

Nelson

and Widule, 1983; Martindale and Robertson, 1984
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Dal Monte et al., 1985) Asami et al., 1985

Asami et al., 1985

Affeld et al., 1993

Mester et al., 1982; Wagner et al., 1993
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H -

g
1

Velocity (m s'l)

U oy,

442 .670  .8801.051 1.336 1.464
Time (s)

c————————————————

C: Catch, C-L: Leg Drive, L-U: Upper Body Drive, U-T: Transition,

T-A: Hands and Upper Body Away, A-S: Seat Movement, S-C: Blades to Water

VEL MIN = 4.90, VEL MAX = 7.43, AMPLITUDE = 2.53, VEL AVE = 6.28 m/sec,

STROKE RATE = 40.80

1.2.7

Martin, T.P. and Bernfield, Y.S. (1980) Effect of stroke rate on velocity of a rowing

shell. Medicine and Science in Sports and Exercise 12: 250-256.
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1.2.2.3

Vv

_V .
— Bmax_ B min % 100 %
VB

VBmax
VB
9.5 24.4%
30.7 39.8% Morzhevikov, 1978
(1980)
36.9 41.6

Martindale, 1986

Bmin

Skorohodova, 1959

Martin and Bernfield

241 296ms’!

597 6.46 m s’

Sanderson and

Celentano et al., 1974; Dal Monte and Komor,

1989; Sanderson and Martindale, 1986

(Dal Monte and Komor, 1989; Gutschow, 1955)
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1m

80 cm

and Hawkins, 2002 Celentano et al. (1974)
37.2
29 16.6% n=2
=['Rdt=R, t"-t) R, =kv,"
t t'
Rm
K vV,
k=47+1.0 n=195+049
1
1.2.8

28

Baudouin
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1.2.8 1

Celentano, F., Cortili, G., Di Prampero, P.E. and Cerretelli, P. (1974) Mechanical

aspects of rowing. Journal of Applied Physiology 36: 642-647.
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1.2.3

VO,

30

VOZmax



1.3
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2.1

Celentano et al., 1974; Dal Monte and

Komor, 1989; Secher, 1993 — —

Celentano et al., 1974; Henry et al., 1995; Martin and

Bernfield, 1980; Smith and Spinks, 1995; Spinks and Smith, 1994; Spinks, 1996
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2.2
2.2.1

14

=+ 3.1kg

222

500 m

100 m

2 16
217 = 1.9 177.5 & 2.3 cm 71.6
4 2000 m
4
2000 m
28 20
28
20 24 26 28 4
300 m
500 m
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223

AS-TG
Oms>
100 m
20 24 26 28 300 m
100 m
10 cm
Oo
Libretto30 PC A/D
DAQ Card-700
50 Hz
,2001) 2.1
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2.1
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22.4

300 m

= [ Fe(t)eos A(t)dt
Fc

tc

300 m

38

tf



coefficient of variance of power: CVP

variance of impulse: CVI

CvvV

300 m

Smith and Spinks, 1995
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coefficient of variance of velocity:

24 26 28

20



(m s7%) W) (N m) (deg)
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2.2.5

23

300 m

300 m

24

24

2.3.3b

2.3.3c¢

Tukey

23

20

28

20

28

CVP CVI CVV

41

5%

2.3.3a
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300 m

CVvP CVI CVV 1

CVP CVvv 1

CVP

CVI 2.1
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2.1 20 *P<0.05

300 m CvpP CVI Ccvv
300 m 1 0.64* 0.60* -0.61* -0.49 -0.66* -0.56*
1 0.31 -0.48 -0.41 -0.42 -0.92*
1 -0.60* 0.14 -0.02 -0.16
Ccvp 1 0.41 0.68* 0.66%
CVI 1 0.72* -0.40
Cvyv 1 0.48
1
300 m 300 m 1 1
Cvp CVI CVV 300 m

44



2.1 24 *P<0.05
300 m CvpP CVI Ccvv
300 m 1 0.73* 0.68* -0.68* -0.40 -0.64* -0.70*
1 0.72% -0.28 -0.36 -0.13 -0.36
1 -0.60* 0.34 -0.19 -0.20
CvP 1 0.37 0.62* 0.59*
CVl 1 0.77* 0.40
Cvyv 1 0.77*
1
300 m 300 m 1 1
CVP CVI CVV 300 m
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2.1 26 *P<0.05
300 m CvpP CVI Ccvv
300 m 1 0.81* 0.68* -0.65* -0.41 -0.63* -0.57*
1 0.72% -0.38 -0.42 -0.51* -0.40
1 -0.66* 0.23 -0.34 -0.30
CvP 1 0.47 0.62* 0.65*
CVl 1 0.77* 0.37
Cvyv 1 0.38
1
300 m 300 m 1 1
CVP CVI CVV 300 m
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2.1 28 *P<0.05
300 m CvpP CVI Ccvv
300 m 1 0.78* 0.57* -0.67* -0.39 -0.61* -0.62*
1 0.68* -0.32 -0.05 -0.52* -0.46
1 -0.65* 0.37 -0.37 -0.49
CvP 1 0.42 0.62* 0.60*
CVl 1 0.24 0.18
Cvyv 1 0.34
1
300 m 300 m 1 1
CVP CVI CVV 300 m
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24

CVP
CVP
1 300 m
CVvVv

1
4.4.1

3

Celentano et al., 1974; Di Prampero et al.,

1971 300 m

300 m

CVP

Celentano et al., 1974; Martin and Bernfield, 1980;

Sanderson and Martindale, 1986
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2.6

Dal Monte and Komor, 1989; Schwanitz, 1991

CVP
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242

CVI
300 m
CVP

CVI

Wagner et al., 1993

243

300 m
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Di Prampero et al. (1971) Gross efficiency

37 23%

25 18%

25

25

24 26 28 300 m

300

Gross efficiency
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2.5

300 m
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3.1

VO,

VO2max

Secher, 1993; Shephard, 1998

VOZmax

Cosgrove et al., 1999; Secher, 1993; Shephard, 1998

VOZmax

VO,

Fukunaga et al., 1986; Gaesser and Brooks, 1975

VOZmax
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Pyke et al., 1979 Secher, 1975

Yoshiga et al., 2000

VO2max
VO2max
3.2
3.2.1
16
VOamax 2000 m
1 3 2000 m
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3.1



n=16

3.1
2000
VOZmalx VO AE GEhigh load m
O 2max L7 %
(years) (cm) (kg) (Imin™) (ml kg min") (“o) (“0) ©) W)
20.7 176.2 72.5 4.1 57.6 22.7 24.5 409.3 2241
+0.9 +7.3 +6.4 +04 +3.8 +3.3 +1.7 +12.2 + 286

AE Apparent efficiency

GEhigh 10ad

Gross efficiency
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3.2.2

Concept2 Concept2 Model C

1 150 W
2 50 W
Aeromonitor AE-300S VO, VCO,
VE (ECG) NEC
Cardiosuper 2E32 3 Heart rate: HR
10 s VO, VCO, VE HR
10

Anaeropress 3500

2000 m

2000 m 2000 m
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3.2.3 VOomax

1 VO, VO,

2 12 R A\
02 VO2max VCOZmax V
Emax HR HRmax

24
46%
324
1 VO, VCO, VE HR

Gaesser and Brooks (1975)

Gross efficiency GE

Gross efficiency (GE) :%x 100 %

W E VO,

GE  GEhigh 10ad W E
Apparent efficiency AE W E R’ 0.86
0.98 , 2001
coefficient of variance of power: CVP Smith and Spinks, 1995
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CVP  CVPuigh10ad)

CVP CVPuin 2

3.2.5
VOZmaX VOZmax GE CVP
Tukey
2000 m VOZmax AE
GEhigh 1oad CVP  CVPhigh 10ad CVPuin
F 0.05 F 0.1
5%

64



33

300 W 2
VO2umax 16 3
350 W 1 400 W
VO, GE CVP 2
300 W 3.1 VO, 19+0.2
3.8+0.3 I min VO, 264+32
52.7 + 4.8 ml kg min™ GE 300 W
CVP CVP
200 W 250 W 150 200W
250 300 W
2000 m VOomax CVPhigh 10ad CVPhin
3.2 2000 m VOimax CVPhigh 10ad
CVPuin 2000 m AE GEhigh
load 2000 m
VO2max AE GEhigh 1oad CVP
CVPhigh 10ad CVPoin
VOomax CVP CVPhigh 1oad CVPuin
AE GEhigh 10ad 3.2
VO2max VOomax  CVPhigh 10ad CVPpin 33
CVPhigh 10ad CVPpin VOomax

65



VO2max
34 2000 m
CVPhigh 10ad CVPpin

2000 m

VO2max

66

VOZmax
CVPhigh 10ad

VO2max

CVPuin
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440

< 40
400
g
S 380
(]
(o]
360
3.2a 2000 m
y =483-17.6x

3.5

..
3 3.5 4 4.5
. -1
VOZmax (I min™)
VOZmax
r=-0.61 =10.0 (s)
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440

(s)

420

400 |

380

2000 m

360 -

1500 2000 2500 3000
(W)

3.2b 2000 m

y =474-0.029x r=-0.68 =9.2(s)
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440 |
< g0l
400 |
=
S 380}
(=]
(g\|
360 |
0 1 2
CVP (%)
high load
3.2¢ 2000 m CVPhigh 10ad
y=373+22.6x 1r=0.69 =9.2(s)
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440 |
< g0l
400 |
=
S 3801}
(=]
(g\|
360 |
0 1 2
CVP__ (%)
3.2d 2000 m CVPuin
y=375+22.2x r=0.68 =93 (s)
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3.22000 m VO2max CVP n=16 *P<0.05

Y R) ®)
2000m () VO Amin")  -13.0 3.57 -0.452*
W) -0.020 0.006 -0.468*
CVPhigh 10ad (%) 11.3 4.54 0.343*

490 0.91* 0.83 0.79
2000m () VO (Amin")  -134 3.68 -0.464*
W) -0.020 0.006 -0.460*
CVPuin (%) 10.6 4.79 0.325*

492 0.91* 0.82 0.77
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g
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y =68.3-6.55x r=-0.64 =3.03 (ml kg min™)
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70
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=
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g
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0
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3.3d Vo2max CVPmin
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20

10 |
—
N
0k
-10 +
220 ' '
1 2
CVP . (%)
high load
3.4a 2000 m VO2max
CVPhigh 10ad
y=-273+16.8x r=0.64 =7.6(s)
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20

10 |
-’ 0 i
-10 L
_20 ] ]
1 2
(1]
CVPmin (%)
3.4b 2000 m VO2max
CVPhin
y=-26.2+16.8x r=0.65 =7.6 (s)
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3.4

2000 m
CVPhigh 1oad CVPrin
CVPuin
CVPpin AE  GEhigh 10ad
CVPhigh 10ad CVPpin
CVPhigh 10ad CVPnin
CVPhigh 10ad
VOamax
3.4.1 2000 m

Smith and Spinks, 1995

VOZmax

Cosgrove et al., 1999; Kramer et al., 1994; Secher, 1983

VOZmax
CVPhigh 10ad
CVPhigh 10ad
VOZmaX

VO2max

CVPhin 2000 m

VOZmax
2000 m

VOZmaX

Schwaniz, 1991; Steinacker et al., 1986

2000 m VOZmax
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2000 m VO2max

CVPhigh 10ad CVPuin
VO2max
Dal Monte and Komor (1989)
VO2max
3.4.2
2000 m 70 80%
Hagerman et al., 1978; Steinacker, 1993
2000 m
VOomax CVP CVPhigh10ad T =-0.64,
P<0.05 CVPuin 1r=-0.67, P<0.05
VO2max
CVPhigh 10ad CVPmin
VO2max
VO2umax

80



Secher, 1993; Shephard, 1998; Steinnacker, 1993

VOZmaX

CvP

Hagerman, 1994

343

Anderson et al. (2005)

Minetti et al. (2001)

Cvp

CVPhigh 10ad CVPuin

81

AE



GEhigh 10ad

Fukunaga et al., 1986

AE 183 27.7% GEnigh 10ad  21.1  26.1%

Cunningham et al., 1975; Di Prampero et al., 1971; Fukunaga et al., 1986; Hagerman et al.,

1978; Jensen et al., 1996; Steinacker et al., 1986

AE GEhigh load 2000 m

Jensen et al.(1996) 6

Jensen et al., 1996

AE
GE

AE GEhigh 10ad
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3.5
VOZmaX
Pyke et al., 1979 Secher, 1975

Yoshiga et al., 2000

Smith and Spinks, 1995

2000 m
2000 m
CVP  VOomax 3
VOZmax
VO2max
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4.1

(Critical power: CP) Monod and Scherrer, 1965 —
CP
Monod and Scherrer, 1965 CP
ATP Poole et al., 1990; Housh et

al., 1991; McLellan and Cheung, 1992 —
y anaerobic work capacity: AWC)

Monod and Scherrer, 1965; Poole et al., 1988; Jenkins and Quigley, 1991

AWC
Bishop et al., 1998) —
Kachouri
et al., 1996; Pepper et al., 1992 Jenkins and Quigley, 1990; Mclellan and
Cheung, 1992 Wakayoshi et al., 1992; Wakayoshi et al., 1993

CP AWC
Kennedy and Bell, 2000)

CP AWC

Cosgrove et al., 1999; Secher, 1993; Shephard, 1998
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Secher, 1993; Shephard, 1998)

CP
CP
— CP AWC
CP AWC 2000 m
4.2
4.2.1
9
19.8 &= 0.8 1772 %= 4.1 cm 73.9 &= 74kg
1 3 2000 m
1 3
2 2000 m 3
VOZmax
422
3 Concept2
C
3
50 60 70%

86

AWC

Concept2 Model

10



50 60 70% MAX 60 70% MAX 30

50% MAX
50% MAX
2 1 3
CP AWC
10 500 m
10% 3
<
— 4.1

CP y AWC Monod and Scherrer, 1965; Hill, 1993)

50 60% MAX

30 30
coefficient of variance of power: CVP
Smith and Spinks, 1995 50 60% MAX CVP CVPsq,
MAX CVPe00 Max
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150

100
2
50
0 ! ! 1
0 200 400 600
(s)

412 -

Cp (CP 0303 kJ s 303 W AWC 14.3k))

(CP 0.238kJ s 238 W AWC 13.7k))
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423

2000 m 10

2000 m

500 m
4.2.4 VOimax
Monark 814E
VO2max
VO2max
VO2max
Cunningham et al., 1975 VO2max
Secher, 1993
Respiromonitor
RM300i1 Medical gas analyzer MG360
(ECG) Bio-scope 5211 3
Heart rate: HR 15 s
VO, HR
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0.5 kp

60 rpm

17.8

02 VO2max

4.2.5

38%

VCOZmax

Tukey

2 12

HR  HRpax

2000 m

90

12 4 0.5 kp
1 0.5 kp
VO, VO,
R \Y%
VEmax
500 m
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4.3

43.1
633 %= 63 W 3
4.1 —
CP 271 =21'W AWC
13.4 = 39kJ CP
8 = 5W AWC y
1.7 = 1.8kJ
4.3.2 VOomax
VOomax 4.0+ 0.3 1 min™ VOomsx  53.8 + 5.7 ml kg min™
CP  VOimax VOnomax
VOomax  =0.68 VOomax 1=0.67 4.2
4.3.3 2000 m
2000 m 500 m 4.2

1000 1500 m 500 m

1000 1500m 1500 2000 m

0 500m 1000 1500 m 500 m
2000 m CP AWC
4.3 2000 m
VO2max r=0.84 2000 m
500 m CP

91



:1=0.69 0.87 :1=0.68 0.89

4234
CVPspo, Max CVPsos max  CP 2000 m
CVPspo, Max CVPspMmax AWC
4.3
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70% MAX 60% MAX 50% MAX
() 64.4 +15.9 153.3 +41.8 395.6 +129.4
(W) 480.9 £ 53.7 356.1 £41.1 301.3 £45.0
(kJ) 30.7+7.1 53.9+13.8 115.1 +£24.2
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200 250 300
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4.2b VOoma CP
y=8.20+0.17x r=0.67 =4.53 (1 kg min™)
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4.2 2000 m 500 m

0-500 500-1000 1000-1500 1500-2000
(m)
99.3 +2.9 103.2+3.3 105.7 £ 4.7 105.9 +5.6
(s)
359 + 31 320 £31 300 + 40 297 £ 51
W)
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*p

4.3 CVP CP AWC 2000 m
0.05
CP AWC 2000 m
CVP 509 MaX -0.76* 0.13 0.68*
CVP 60% max -0.74* 0.01 0.67*
CP 0.92*
AWC 0.11
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44

CP

50% MAX

4.4.1

50% MAX 3

1993; Hill, 1993)

50%

CP  VOomax 2000 m
2000 m 500 m
AWC
60
CVP CP 2000 m
AWC
CP  AWC
CP AWC 70 60
CP AWC
1 10

Carnevale and Gaesser, 1991; Jenkins and Quigley, 1992,

1 10

R*=0.997 1 70 60

AWC
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AWC AWC

- y
AWC 10%
Hill, 1993 AWC
10.5% ATP
3 Bangsbo et al., 1990
— AWC
Bishop et al., 1998
— AWC
CP AWC
4.4.22000 m CP AWC
CP 2000 m
CP  VOomax
CP  VOzmax
CP
VO2max
Cosgrove et al., 1999; Kramer et al., 1994) AWC CP
2000 m
AWC CP
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Hagerman et al., 1978 critical

velocity
Kennedy and Bell, 2000)
VOZmax
CP
Secher,
1993 500 m
AWC CP
500 m
10
AWC
CP  AWC
443 CP AWC 2000 m
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50%MAX 60%MAX CVP CP
AWC

AWC CP

Palmer et al., 1999

Jones et al., 1985

Dal Monte and Komor, 1989;

Hartmann et al., 1993
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2000 m CVP

2000 m

CVPeo% Max

CVP60% MAX 2000 m

CP
CVPspy max CVPeso% max CP
4.5
CP 2000 m
AWC 2000 m
CP
VOZmaX
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5.1

Celentano et al., 1974; Martin and Bernfield, 1980; Sanderson and

Martindale, 1986

VO2max
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Shephard, 1998

McMahon, 1971; Sanderson and Martindale, 1986; Secher and Vaage,

1983 5.1 VO2max VOamax

Secher, 1993; Shephard, 1998; Steinacker, 1993

VOZmax
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Secher, N.H. and Vaage, O. (1983) Rowing performance, a mathematical model
based on analysis of body dimensions as exemplified by body weight. European Journal

of Applied Physiology 52: 88-93.
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Di Prampero et al., 1971
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Green, 1997

MacLaren et al., 1989

Ferguson et al., 2001

ATP

Bergstrom and Hultman, 1988

Minetti et al., 2001
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performance responses to constant-load vs. variable-intensity exercise in trained cyclists.

Journal of Applied Physiology 87: 1186-1196.
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