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Anaerobic capacity of distance runners on the same level

of maximal aerobic power
Shoichi YAMAZAKI

(1) The purpose of the present study was to investigate the
significance of anaerobic energy release in two groups of
distance runners whose maximal aerobic power was known to be
comparable (VOomax averaged 71.1%0.27 ml/kg-min) but differed
each other significantly in their performance of 5,000m run (
group A; n=6, timed in average 14'51"0x13"8; and Group B; n=6,
timed in average 15'53"0x16"0).

(2) Twelve runners were subjected to 3 experimental series of
the treadmill running: 1. Maximal of "exhaustive" running, 2.
Two to four trials of submaximal runnings for 15 min, and 3.
Running at the intensity corresponding to 85 % of maximal
oxygen uptake for 14 min, then the "last spurt" for 1 min at
120 % of maximal oxygen uptake. In additign they were asked

to sprint up a staircase at a time with theip top speed.

(3) Exhaustive running time on the treadmill and maximal

oxygen uptake in A group were 8'56"2t47"3 and 8.u454t1.012L,
respectively. Both - were significantly larger than 8'02"8%t34"Q
and 6.787f1.426L registered in B group (p<0.05).

(4) Differences between A and B group in the cardio-respiratory
responses during maximal treadmill running, threshold of an-
aerobic metabolism, running efficiency, anaerobic power, alactic
and lactic oxygen debt, maximal blood lactate concentration,
etc. were found to be not significant.

(5) These results indicated that the variance in maximal oxyen
debt may exert a modifying influence in a positive or negative
direction which could be the reason why the same level of
aerobic power dose not gurantee a same performance in endurance

event.
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Fig. 1. Relationship between maximal oxygen uptake and
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present study.
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Table 1. Physical characteristics, VOgmax and 5,000m

performance of subjects.

G Subject Age Stature Weigth Vo,max 5000m performance
roup ubjec yr cm kg ml/kg-min min sec #

M S 23 167.1 51.20 69.80 15'08"2

J M 21 180.2 64.25 69.50 u'y7"o

A HT 21 172.4 61.80 71.60 14'53"0

T S 24 177.0 66.05 72.10 14'38"8

Y N 20 173.3 59.30 70.60 14'36"0

FT 18 164.0 54,10 74.40 1u4'57"6

Mean 21 172.3 59.45 71.33 14'51"0

S D 2.1 5.97 5.81 1.81 13"8

AN 22 169.4 60.80 71.10 16'04"0

N Y 21 167.5 59.35 71.60 16'10"0

B KN 21 167.3 60.05 70.90 15'34"Q

Y S 20 172.5 56.55 71.00 16'04"0

K S 18 1l64.0 52.45 70.30 15'37"0

T K 18 163.0 55.25 70.70 15'46"0

Mean 20 167.3 57.41 70.93 15'53"0

- S D 1.7 3.49 3.23 0.43 16"0

3

(p<0.01).

* The difference between A and B group was significant
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Table 2. Blood lactate concentration with reference

to forerun of Margaria’s power test in the preliminary

experiment.
) at rest 10m-forerun l4m-forerun
Subject ml/dl mg/dl mg/dl
1 24.0 33.5 32.2
2 21.2 23.7 29.2
3 20.0 25.2 21.3
4 18.1 20.3 28.3
5 24.3 24,1 19.3
6 20.3 22.8 36.0
Mean 21.3 24.9 26.1

S D 2.42 4.51 7.42




Yoomax VE(BIPS) R Q HR 02 pulse R R TV 0 removal Treadmill
Group Subject  1/min ml/kg-min 1/min beats/min W breaths/min  ®l mi/1  expaustive time
Ms 3,574 69.8 172,58  0.92 200 17.87 66 2615 40,45 7'u6"8
JH 4,462 69.5 174.46 0,91 180 .79 65 2684 39.84 9'38"9
a HT Wou24 71.6 164,67  1.08 180 24,58 70 2383 43,48 8'35"5
TS 4.762 72,1 166,28  1.08 182 26.16 i 2594 43.36 8'u1"g
YN u.188 70,8 172,36 0.99 18 22.7¢ 62 2780 40.96 9tu7"y
FT 4,024 7.4 152.67  0.89 180 21,18 " 1738 48,73 9'06"5
Mean 4,239 71,3 167.17  0.96 186 22,88 69 2460 42,80 8156"2
sD 0.412 1.82. 0.08  0.09 7.4 301 9.6 382,53 3.27 u7"3
AN 4,323 71.1  180.64  0.83 178 24,28 9% 1882 39,36 8'32"7
NY U248 716 149,22 0.99 -+ 192 22.13 63 2369 47.98 8'02"s
KN 4,255 70,9 174.07  0.87 180 23,64 60 2560 40.73 8713"y
B ts 4,016 71.0  151.16  1.09 190 21,18 62 2438 46,97 71508
K s 3.689° 70,3 132.28  0.88 182 20,27 o 2067 53.15 710216
TK 3.908 70.7  178.06  0.93 190 20.57 68 2619 39,71 813uM
Mean  4.073 70.9  160.96 0.9 188 22.01 70 2322 - 4465 8'02"8
$D 0,247 0.432 19.53  0.06 6.0  1.66 12.9 289.53 5.59 3umo

significant (p<0.01).




Table 4. Threshold of anaerbic metabolism.

Threshold of
Group Subject anaerobic metabolism

% of VOzmax

69.00
71.59
66.67
73.68
658.13
79.80

n 71.48
4.79

o

75.60
66.19
60.17
67.39
66.84
72.90

n 68.18
5.44
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Table 5 Anaerobic power.

Anaerobic power
Group Subject kcal/kg hr

70.34
75.78
66.95
70.31
63.90
68.30

L IH=Z00a R0

3

69.26
3.99

0]

71.52
59.8U4
75.79
71.52
63.04
75.789

n 71.25
4,71
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Table 6. Maximal oxygen debt and, alactic and lactic oxygen debt and

lactic oxygen debt to maximal oxygen debt ratio.

Alactic 0p debt Lactic 0, debt Maximal 0y debt Lactiec 02 debt

Group Subject

1 ml/kg 1 ml/kg 1 % ml/kg Maximal Op debt
M S 2.071 40.u45 5.935 115.92 8.006 156.37 0.741
J M 2.605 uQ.6L 6.894 107.27 9.499 1u47.84 0.726
A H T 2.406 38.93 5.322 96.12 7.728 125.05 0.689
T S 2.466 37.3Y4 7.294 110.45 9.761 147.78 0.747
Y N 2.494 42.06 4,700 79.26 7.194 121.32 0.653
FT 2.476 43.59 6.059 106.67 8.535 150.26 0.710 -
Mean 2.411 40.50 6.034 102.62 8.454 14l.4Y 0.711
S D 0.183 2.21 0.962 13.15 1.012 14.53 0.035
AN 2.423 39.85 3.282 53.98 5.705 93.83 0.575
N Y 1.716 28.91 4.956 83.50 6.172 103.99 0.803
5 K N 2.237 37.25 6.390 106.41 8.627 143.66 0.741
Y S 1.854 32.79 3.291 58.20 5.145 90.98 0.640
K S 2.673 50.96 5.804 110.66 8.377 159.71 0.693
T K 2.206 39.93  L4L.491  81.28 6.697 121.21 0.671
Mean 2.185 38.28 4.702  82.34 6.787 118.80 0.687 p
S D 0.354 7.55  1.279  23.54 1.426  27.98 0.079

The difference between A and B group was significant (p<0.05).




Table 7. Half reaction time and a, ki, aa, and5k1~Va1ues of

oxygén debt in fhéﬂreECQéfy péfiod.

Half reaction time

Group  Subject Alactic Lactic a, k, a, ka
sec min sec -

M S 32"5 8'30"2 2652 1.2802 48y 0.0815

J M 25"6 7'09"1 4238 1.6268 668 . 0.0969

A HT 2u"2 7'40"5 4129 1.7161 469 0.0903

, TS 36"3 6'30"1 - 2821 1.1439 778 0.1066

YN 28"5 6'42"1 3352 1.4598 492 0.1034

FT 26"8 10'09"7 3845 1.5528 413  0.0682

Mean 29"0 7'46"9 3506 1.4633 551 0.0812

SD un2 115" 672.5 0.2164 140.7 0.01uy

AN 20"0 5'35"1 3878 1.6003 401 0.1241

NY 33"2 4'uyi"g 2147 1.2514 731 0.1475

B KN 43"l 7'41"0 1992 0.8906 613 0.0902

Y S 28"7 yria"e 2689 1.4501 542 0.l646

K S 32"7 7'16"3 3400 1.2722 553 0.0953

T K 38"2 8'06"9 2821 1.0885 38y 0.0854

Mean 33"8 6'15"6 2821 1.2589 537 0.1178

S D 5"7 1'30"3 722.7 08.2522 130.8 0.0330

AN Nl )



Table 8. Blood lactate concentration obtained in

two maximal runnings.

) LA% LA
Group Subject mg/dl mg/dl
M S 212.8 152.4

Jd M 109.3 107.5

A HT 126.72 129.0
T S 158.2 143 7

Y N 167.9 112.6

F T 116.8 110.2

Mean 148.5 125.9

S D 39.1 18.9

AN 109.0 93.4

N Y 156.2 179.3

B K N 170.2 166.5
Y S 162.9 116.5

K S 134.7 1u9.4

T K 156.9 185.6

Mean 148.4 148.5

S D 22.7 36.6

Rlood lactate concentration obtained in the
measurement of maximal oxygen uptake.
* Blood lactate concentration obtained in the

measurement of maximal oxygen debt.



Table 9. Maximal oxygen uptake and performance of world-class athletes.

Maximal oxygen ubptake Performance

Runner Reference

1/min ml/kg-min 1,500m 5,000m 10,000m
Banister 13) 5.16 75.9 3tylty
Landy 5) 5.04 76.6 3'42"Q
Keino 39) 4.92 82.0 3'34"9 13'2u"?2
Kimihara 20) 4.82 84.0 29'01"0
Usami 20) 4.95 83.0 iu'o2"0 28'36"6
Sawaki 26) 4.81 77.0 3tuunsg 13'33"0 28'35"2
Koyama 7) 5.40 83.0 13'41"? 29'03"2




Fig.10. Spearman's rank-order correlation coefficient

between 5,000m performance and each variable.

Variables r
1) Maximal oxygen uptake 0.110
2) Treadmill exhaustive time 0.812 =%
3) Threshold of anaerobic metabolism 0.228
4) Anaerobic power 0.3u43
5) Alactic 09 debt 1 0.632 *
6) Alactic 09 debt ml/kg 0.477
7) Lactic 09 debt 1 0.611 %
8) Lactic 07 debt ml/kg 0.401
9) Maximal 09 debt 1 0.690 *
10) Maximal Op debt ml/kg 0.508
11) Half reaction time Alactic 0.185
12) Half reaction time Lactic 0.039
13) a, 0.400
1) k, 0.261
15) as 0.290
16) Ka 0.252
17) Maximal blood lactate concentration 0.112

%% The difference between A and B group was significant

(p<0.01).
% The difference between A and B group was significant

(p<0.05).
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