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Characteristics of VOzmax and ventilatory threshold in triathletes
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Abstract

Triathletes usually train in the three modes of exercise (swimming, cycling and
running), each of which requires specific muscles in a specific movement pattern. This
study investigated the characteristics of VOgmax and VT during flume-pool swimming (S),
bicycle ergometer cycling (C) and treadmill running (R), and examined how VO,,,, and VT
contributed to triathlon performance. Fourteen male triathletes participated in this study.
S-VOs,., of 53.5ml.kg *.min"' was significantly lower than both C-VOspma, of
58.5mlkg ".min"" and R-VOppey of 61.3mlkg Lmin™". S-VOy., was 87.8% of R-VO,,.,
while C-VOspmax was 95.5% of R-value. VT occurred at 38.0ml.kg *.min™! or 70.2% of
S-VOsmax, 42.5mlkg Lmin? or 71.0% of C-VOypa and 43. 8ml.kg l.min! or 71.0% of
R—VOgmax. S-VO, at VT was significantly lower than either C- or R-values. However, no
significant differences were observed in VO, at VT expressed as a percent of each VOopax.
With the exception of absolute and relative S—VOZmax and S*VOZ at VT, total performance
times were significantly correlated to both C- and R-VO,,,,, and C- and R-VO, at VT
when expressed in both absolute and relative values. These results suggest that adaptations
of Vogmax and VT to triathlon training occurred, and that C- and R—Voz,,,ax and C- and
R-VO, at VT were more useful in predicting the triathlon performance than S-values.

(Jpn. J. Exercise Sports Physiol. 1(1): 99~106, 1994)
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Table 1. Physical characteristics, training experience and training volume of the

subjects.
Mean Training Volume
Subj. Age Weight Height Experience Swim Bike Run
No (yr) (kg) (cm) {yr) (km - wk'™)
1 22 67.3 170.0 3 5 300 60
2 21 65.0 180.2 2 10 120 30
3 20 64.3 161.0 3 5 120 30
4 23 67.0 173.7 3 10 250 30
5 20 56.3 166.9 3 4 100 40
6 30 60.0 172.0 4 10 200 50
7 26 67.0 173.4 5 10 200 40
8 29 68.0 176.0 5 10 250 40
9 23 67.5 164.0 7 10 200 40
10 21 57.9 168.0 3 4 150 35
11 19 60.0 169.0 1 10 100 40
12 39 61.5 164.0 6 5 120 50
13 22 60.0 170.0 2 100 40
14 24 61.0 173.0 2 6 100 40
Mean 24.1 63.1 170.1 3.5 7.6 165.0 41.1
S.D. 5.3 3.8 5.0 1.6 2.5 65.2 7.6
— 100 —
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Table 2. Peformance times of the subjects.

Subj. S-Time C-Time R-Time T-Time
No (min + %) (min - %) {min - %) (min)
1 20.0 (15.2) 72.1 (54.8) 39.5 (30.0) 131.6
2 26.3 (15.7) 92.4 (55.0) 49.2 (29.3) 167.9

3 31.9 (18.1) 92.4 (52.5) 51.8 (29.4) 176.1

4 30.7 (21.5) 70.2 (49.1) 42.0 (29.4) 142.9

5 29.9 (17.6) 91.6 (54.0) 48.2 (28.4) 169.7

6 33.0 (21.3) 69.1 (44.6) 51.0 (32.9) 155.1

7 25.1 (16.0) 92.1 (58.6) 42.0 (26.7) 157.1

8 25.3 (21.0) 60.0 (49.9) 35.0 (29.1) 120.3

9 26.7 (19.3) 69.3 (50.2) 42.0 (30.4) 138.0
10 29.9 (19.5) 83.6 (54.5) 41.8 (27.3) 153.3
11 24.2 (14.3) 93.5 (55.1) 52.0 (30.6) 169.7
12 30.0 (20.9) 70.2 (48.9) 43.3 (30.2) 143.5
13 31.5 (23.3) 68.4 (50.6) 35.4 (26.2) 135.3
14 30.0 (21.8) 71.5 (51.4) 37.6 (27.0) 139.1
Mean 28.2 (18.9) 78.3 (52.1) 43.6 (29.1) 150.0
S.D. 3.5 ( 2.7) 11.5 ( 3.4) 5.7 ( 1.8) 16.2

S : Swimming for 1.5 km, C : Cycling for 40 km, R : Running for 10 km,

T-Time : total time, (
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Table 3. Maximal cardiorespiratory responses obtained from maximal swimming,

cycling and running exercise tests.

Variable Swimming Cycling Running
VO omax (1+min™") 3.42+ 0.37% 3.70+ 0.54" 3.88% 0.56
(ml-kg'-min™") 53.5 + 4.5% 58.5 + 6.8" 61.3 + 6.6
v$ R-VO;max (%) 87.8 +12.9 95.5 + 7.1
VE s max (1 min™") 113.7 +£19.1% 139.2 +19.3 134.3 +15.4
RER 1.03+ 0.05% 1.16% 0.10 1.16+ 0.08
HR,.«  (beats - min ') 177 .4 +15.6% 187.3 £11.11 192.3 +13.3

Values are means * S.D.

¥ .S < Cand R (p<0.01), T:C<R (p<0.05)

Table 4. Cardiorespiratory responses at the ventilatory threshold obtained from

maximal swimming, cycling and running excercise tests.

Variable Swimming Cycling Running
VO,@VT (1-min™") 2.41% 0.35% 2.70% 0.45 2.77+ 0.49

(ml+kg' - min™") 38.0 + 4.28% 42.5 + 6.1 43.8 £ 1.0
% VOsmax@VT (%) 70.2 + 2.5 71.0 £ 3.5 71.0 £ 2.4
VE@VT (1+min") 63.6 +15.3% 69.3 *£14.7* 72.8 +15.9
RER@VT 0.89+ 0.12 0.97+ 0.08 0.95+ 0.07
HR@VT (beats - min") 150.7 +18.0% 160.6 +12.2° 165.5 +11.4

Values are means + S.D.

§ 88 .5 < Cand R (p<0.05, p<0.01), T: C<R (p<0.05)
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Table 5. Correlation matrix for selected variables.

Variable S-Time C-Time R-Time T-Time
S-VOszman (absol) —0.778** —0.295
(relat) —0.377 —0.067
C-VOmax (absol) —0.746* * —0.846* *
(relat) —0.827%* —0.872**
R-VOsman (absol) —0.622* —0.800* *
(relat) —0.666**  —0.848**
S-VO,@VT (absol) —0.749* * —0.394
(relat) —0.560* —0.271
C-VO,@VT (absol) —0.733%* —0.800* *
(relat) —0.806** —0.817**
R-VO,@VT (absol) —0.662**  —0.829**
(relat) —0.719*%* —0.886**

S : swimming, C : cycling, R : running, T-Time : total time
absol : absolute value, relat : relative value to body weight
*, ** 1 p<0.05, p<0.01
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