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The effect of posture on cardiorespiratory

responses to bicycle exercise

Ten healthy and well motivated male subjects (19-33years of age)of ave-
rage fitness participated in this study.

The subjects performed leg exercise using Monark bicycle ergometer at
submaximal and maximal work loads in three different postures;A, sitting
position; B, horizontal supine position;and C, supine position with legs 45°up.
The results obtained from the present study were summarized as follows:
1) The significant high correlation coefficient was found in all three di-
fferent postures between oxygen uptake and heart rate for submaximal
work loads. This result indicates that the almost same relationship was
obtained between oxygen uptake and heart rate and muscle mass involved
were identical irrespective of the type of exercise.

2 ) The exhaustion time in horizontal position and in supine position with
legs 45° up were on the average 24% and 29% shorter than the exhau-
stion time in sitting position respectively.

3) The VO, max in sitting position, horizontal position and supine posit-
jon with legs 45 up were 3.00, 2.84, and 2.62 £/min respectively. The
significantly higher VO, max was obtained from sitting position.

4) It may be suggested that local fatigue limits work performance before
central circulation maximally engaged in both horizontal position and supine
position with legs 45° up in maximal leg exercise. Moreover, change of
hemodynamic responses with postural change may influence work perfor-

mance.
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Table 1. Characteristics of subjects.

. Age B(.)dy Bo.dy gz(gace
Subj. Height | Weight A
rea
(yrs.)| (cm) (kg) ()
FUJ 20.4 170.0 68.0 1.78
FUK 33.8 167.3 68.0 1.72
HIR 30.3 174 .7 63.4 1.72
KOB 25.3 172 .8 64.0 1.69
MAT 23.0 170.0 60. 2 1.65
MI1Y 25.8 184 .1 72.0 1.89
TSU 22.8 160 .8 53.0 1.50
YAM 19.8 174 .7 63.0 1.70
YAT 20.5 174 4 69.0 1.74
YUA 28.5 167 .6 63.5 1.67
Mean 25.02 | 171.64 | 64.81 1.71
+S.D +4.43 | £5.84 | £5.47 | =0.09
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Fig. 1 The three experimental positions during bicycle exercise.
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Fig. 2 Pulmonary functions related to work load.
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Table. 2 Individual values for VO,, HR, Vi and f during submaximal leg exercise in the three
different body positions. (Si: sitting , Ho : Horizontal , Su : Supine +45° )
o [tem VO, (¢/min) HR  (beats/min)
Subj. “Lio~loag | Rest l1kp |1.5kp | 2kp | 3kp [Rest lkp [1.5kp | 2kp | 3kp
Si 030 096 — 1.78| 2.75| 704 86.8] — 118.0 | 161.6
FUK | Ho | 027 1.10| 1.43| 1.88] — 54,0 | 88.4 | 106.8 | 127.2| —
Su| 021 084 1.32| 1.84| — 56.0 | 78.6| 101.2 | 122.4| —
Si 021 1.14| — 175 2.67) 72.8| 102.4| — 139.2 | 179.6
YUA | Ho 023 1.08| 1.58| 2.12] — 53.6 | 106.4 | 124.0 | 154.8 | —
Su | 0.23] 098] 160] 2.9 — 56.8 | 104.0 | 117.6 | 144.0 | —
Si 0.33| 1.08| — 2.08 — 92.0 | 128.0 | 140.0 | 168.0 | —
HIR Ho 0.32| 0.84| 1.55| 1.57| — 79.6 | 119.6 | 141.2 | 164.8 | —
Su | 024| 053 1.55| 2.19| — 80.8 | 118.5 | 140.0 | 169.6 | —
Si 0.23| 1.12| — 2.19| — 70.4 | 110.0 | 158.8 | 176.0 | —
TSU | Ho | 023 1.06| 1.46| 2.22| — 60.8 | 118.4 | 144.0 | 173.2| —
Su | 0.5| 1.02| 1.51| 2.20] — 61.6 | 122.8 | 144.4 | 177.6 | —
Si 0.30| 0.94] — 1.86| 3.01[ 69.6| 9.8 — 120.0 | 169.2
YAT | Ho | 030 1.00] 1.64| 2.25| — 57.2 | 97.6 | 108.8 | 133.6 | —
Su 0.27| 0.97| 1.36| 1.97| — 44.0 | 63.6 | 94.0 | 128.0| —
Si 0.32| 1.04| — 193 3.01} 884 | 108.4| — 154.8 | 190.0
MIY Ho | 0.26] 1.02f 1.58| 2.01| — 60.4 | 103.2 | 127.2 | 147.2| —
Su 0.28] 1.12| 1.60| 2.18] — 75.2 | 104,0 | 126.6 | 144.8 | —
Si 0.30| 1.02] — 1.85| 2.87( 76.0| 99.2| — 135.0 | 154.0
KOB | Ho | 0.8] 087 1.59] 1.92] — 49.6 | 88.8| 112.0| 123.2| —
Su 0.23| 0.75| 1.67| 1.88] — 45.5 | 86.0| 97.6| 116.8| —
Si 0.32| 0.96| — 210 2.8 71.2| 98.4| — 136.0 | 162.4
MAT | Ho 0.27| 0.97] 1.42| 211 — 59.6 | 93.6| 108.4 | 134.4 | —
Su 0.23]| 1.02 155 2.10| — 53.6 | 95.2| 108.4| 133.6 | —
Si 031 1.01] — 2.241 2891 92.4| 120.0| — 149.2 | 185.6
YAM | Ho 029 1.03| 1.51| 2.23] — 64.0 | 114.0 | 129.6 | 162.0 | —
Su 0.24| 0.9 150 2.26| — 76.0 | 116.0| 133.2| 154.8| —
Si 0.26| 1.14| — 2.0 297 84.0] 110.0| — 145.6 | 176.8
FUJ Ho 0.31| 1.15| 1.68| 231 — 78.4 | 102,01 120.4| 152.0| —
Su 031 1.29| 1.56| 2.13| — 99.2 | 112.4| 134 8| 144.0| —
o | 02881 Loal| 1.979 | 2.724 | 78.72 [105.40 | | 144.18 |172.32
+0.04 | £0.07 +0.16 | +0.31 | £8.98 |+11.96 +17.79|4:10.74
Mean | mo | 0-266| 1.012| 1.544 | 2.062 | 61.72 |103.20 |122.24 | 147.24 |
3. D. +0.04 | £0.09 | £0.08 | +0.21 +9.51 |+10.85 |+12.78|+16.16
g, | 0-239 0.947| 1.522 | 2.094| 65.81 [101.01 |119.87 | 143.56 |
+0.04 | £0.20 | £0.10 | +0.14 +16.10 |+17.30 |+17.62|+18.68
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Ve (BTPS. ¢/min) f  (breath/min)
Rest 1kp |1.5kp 2 kp 3 kp Rest 1kp [ 1.5kp 2 kp 3 kp
11.01 | 30.54 — 55.52 100.86 14.8 24.8 — 32.0 36.0
9.35| 32.77 | 46.96 62 .55 — 16.8 28.4 31.6 29.6 —
9.58 | 28.35] 39.53 64 .22 — 14.8 25.6 27.2 34.0 —
6.30 | 32.53| — 58 .61 95.20 12.8 19.2 — 31.2 40.0
6.94 | 32.41| 46.91 66 .89 — 10.8 29.6 30. 4 34.4 —
9.49 | 30.84 | 44.55 67 .87 — 12.4 21.6 25.6 32.8 —
12.35 | 38.89| 52.11 79.77 — 16.0 33.6 34.4 38.0 —
12.24 | 34.31 | 54.56 62 .45 — 16.0 31.2 37.6 48.4 —
11.22 | 22.07| 55.32 87.30 — 14.8 30.0 28.0 38.4 —
9.57 | 34.99| 60.30 92.79 — 16.8 31.6 55. 2 46. 8 —
8.91 1 36.59| 52.73 88.02 — 16.0 38.0 42.8 56. 8 —
7.55| 36.24 | 54.07 97.71 — 16.8 32.8 43.6 58.0 —
11.85 | 31.40 — 63.95 109 .83 19.2 32.8 — 44.0 56. 8
11.53 | 34.68 | 50.12 69 .62 — 24.0 39.6 41.6 44.0 —
9.10| 29.91 | 39.54 61.14 — 19.6 22.8 34.8 42.8 —
8.96| 28.34 — 50.31 78 .07 10.4 24.0 — 28.8 30.0
7.97| 25.65| 40.10 49 .30 — 10.4 16.4 26.4 32.4 —
9.39| 27.95| 38.27 54 .58 — 11.2 23.2 26.4 34.2 —
9.97| 29.59 — 50.17 80.02 17.2 24.0 — 30.0 29.6
7.13| 25.07 | 43.26 57 .58 — 9.6 22.0 30.0 30.0 —
8.11| 29.14| 48.82 57 .00 — 14. 8 24.8 28.0 30.8 —
10.92 1 30.62 — 52 .56 70.52 16.4 21.2 — 30.0 26.8
7.73| 26.36| 34.53 54.22 — 8.0 18.0 22.8 30.0 —
8.17| 25.84| 39.82 56.19 — 9.2 23.6 30.0 29.2 —
9.80| 29.33 — 59..01 113.39 13.2 24.4 — 28.8 60. 0
9.72| 32.78 | 46.15 7240 — 12.8 31.2 28.4 40.0 —
9.25| 31.46| 47.37 71.99 — 14.8 24.0 33.2 44.4 —
8.23 | 31.17 — 62 .43 93.39 13.2 16.8 — 30.0 29.6
8.91 | 31.43| 49.70 72 .59 — 8.0 21.6 29.6 30.0 —
8.93| 37.30| 45.47 64 .74 — 10.0 30.4 26. 8 28.8 —
9.896 | 31.738 o 62.512 92.725| 15.00| 25.24 o 34.44 | 39.36
+1.698| 2.958 +13.013 | =14.416 | £2.47 | +5.44 +8.13 | +11.11
9.043 | 31.205 | 46. 322 65. 562 13.24| 27.60| 32.12| 37.56
+1.672|1+3.862 |+5.601 | £10. 461 o +4.75| £7.53 | 26.18 | 8,98 o
9.079 | 29.910 | 45.276 68. 274 13.84} 25.88| 30.36| 37.34
+0.962|1+4.276 | £5.835| +13.353 o +3.02| £3.61 | £5.25| +8.55 B
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Fig. 3 Cardiopulmonary responses related

to work load.
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Exhaust 12.6 9.6 8.9
ion Time

(min) + 20 |+ 1.2 |+ 1.0

Table 3. Maximal values during maximal leg

body positions.

exercise in the three different

Ve %2851 |- Exhaustion Time, VO;max,

16| 5| y
Exhaustion Time Vo, max.
12b h s
v/ c -
Cal < £l a-
8 A% &3 o 4%
I . L oA

o 4 ¥:070301370 #:0829%.0840

! P<000" P<ot
+ ) 1 1 1 L !

o 0 4 8 12 16 1 2 3 4 S

< min. |/min.

2220 200 -

2 HR max. g VE max.

" X | 160F *
< “ g
£ < /27
2160 ° Enor VA
f: = 3

100t 7:0761X36.291 80 1 Qs1sx.38717
2 R
1 1 1 L 1 1
60 100 10 180 220 4«0 80 120 160 200
beats/min. |/min.
Horizontal

HRmax, Vgmax % ¥l &EERETRL
DHEIRUKIZTH S, 203 KUK
1355 b5 &5 IZSHEM L b 12 Sitting’
ZFLEWVWEE R L, KXW THorizontal, Supi-

Fig. 12 Exhaustion time and maximal values for

oxygen uptake, heart rate, ventilation

during maximal leg exercise in the
horizontal position compared with core-
sponding values during maximal leg

exercise in the supine position with 45°

up.
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Fig. 14 Comparison of maximal values in the horizontal and

supine with 45° up positions to maximal values in

the sitting position.
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