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Development of a Method for Preventing Orthostatic Hypotension
during Prolonged Static Standing (2) '
— Effect of voluntary muscle contractions in the abdomen and

effect of voluntary ones, coupled within the legs and abdomen, on cardiac output —
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Abstract

To develop a method for preventing orthostatic hypotension using voluntary muscle
contraction, 30 healthy young males aged from 18 to 23 years were requested to
maintain upright standing for 30 min. Front-back sway of foot pressure center
(postural sway) by a platform stabilometry, and cardiac parameters by an impedance
plethysmography were measured during the experiments. Control condition (A) was
static standing with as little movement as possible. Experimental conditions were (B
static standing with repetitive voluntary muscle contractions in the lower abdomen at
the timing of a backward shift in postural sway, (C) standing with the repetitive
muscle contractions in the middle abdomen at the timing of a backward shift, (D)
standing with the repetitive muscle contractions in the calves and lower abdomen at the
timing of a forward shift , and (E) standing with the repetitive muscle contractions in
the calves at the timing of a forward shift and the ones in the lower abdomen at the
timing of a backward shift. Mean values of the cardiac parameters for 20 min in the
experimental conditions were compared with the ones in the control condition.

In the condition (B), mean values of stroke volume in 43% of the subjects increased.
The one in 40% of the subjects increased in condition (C). The ones in 50% of the
subjects increased in the condition (D). The ones in the 62% of the subjects increased
in condition (E). Increase ratio of stroke volume in these subjects in condition (E) was
10.2%6. This increase was statistically significant (p<<0.01). Increase ratio of cardiac
output was 11.8%.

These results may signify that the voluntary muscle contraction in condition (E) is
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regarded as the most effective method for enhancing the muscle pumping. We
concluded that the voluntary muscle contraction in the calves and lower abdomen
synchronized with postural sway is expected to be useful as a countermeasure of

orthostatic hypotension or syncope in prolonged static standing in humans.
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A 46.5+5.2 45.1+4.0 44.0%3.9 43.8+39 448+39
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A 49.7+8.1 49.0+7.3 49.7+6.3 49.5+6.0 49.4%6.7
E 51.6*10.6 51.1+9.0 51.8+8.6 52.1+9.2* 51.7+9.1
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F4 L2EBREDL SRDLLABOFE EFERE (bpm)

& 81X %2 XM % 3 XM 55 4 X 2 X R
A 80.71+10.1 80.7£9.5 78.2£9.7 76.1£9.9 78.918.3
B 78.0+10.6 77.4£10.0 79.0£10.3 78.0£9.7 78.1+9.9
A 79.2%x10.7 80.2*11.1 78.91+10.5 75.4%13.0 78.41+10.4
C 76.5+11.6 78.3+£8.9 77.1+8.9 774193 77.3+9.1
A 75.9%£6.2 778158 77.9%6.0 78.3%6.0 77.5%55
D 76.8£6.0 75.5%14.2 77.01+5.3 78.0£6.8 76.8£54
A 77.1+83 77.1£6.3 75.9%6.9 76.1x5.1 76.6£5.2
E 75.3£8.1 76.7+7.8 76.0£8.0 75.6+7.8 75.9+7.7
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& %1 XM 5 2 X 55 3 XF %4 XM 2 X H
A 3.89£0.65 3.85+0.64 3.72+0.90 3.70£0.74 3.79£0.68
B 3.87+0.80 3.80£0.81 3.87x0.80 3.75£0.77 3.83*0.78
A 3.31£1.09 3.34£1.10 3.23+1.13 3.11£0.94 3.256£1.04
C 3.21£0.87 3.25+0.85 3.21+0.80 3.18+0.84 3.21%0.82
A 3.51£0.39 3.4810.39 3.421+0.37 341+0.34 3.45+0.37
D 3.491+0.45 3.563+0.44 3.56+0.48 3.64%0.61 3.56+0.49
A 3.77£0.53 3.70+£0.47 3.63%+0.62 3.71+0.44 3.71£0.37
E 3.84%0.68 3.881+0.62 3.89+0.59 3.88+0.64 3.87%0.61
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& # F1XMH % 2 X B 3 X %4 XH 2 X M
A 52.1+9.7 51.2%+9.2 51.1x9.1 51.3*+7.9 51.4+88
B 55.4+11.1* 56.1+10.6** 55.5+10.2* 54.9+8.9 55.5*+10.1*
A 36.1£75 35475 34.8*5.7 35.6t5.6 35.5-_'-6._5
C 37.3x79 37764 39.2+5.1" 38.3+64" 38.1+6.4**
A 426*x25 42.7+3.2 42.3%4.7 424+5.1 42.5+3.8
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A 494+58 49448 50.7+3.9 51.1+44 50.2*+45
E 55.2+7.4** 54.7+6.2** 55.5+6.1** 55.8+7.0* 55.3+6.4**
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& %1 XM % 2 X % 3 X %4 X 2 KX M
A 79.1+11.3 79.3+10.2 76.6+6.6 73.1+6.6 77.0+75
B 73.8+10.0 72.3+93 74.5+9.0 73.8+9.8 73.6+9.3
A 80.7t14.6 80.3*x14.4 77.6%+12.9 72.8+14.2 77.8+13.3
C 77.1+155 81.0+85 76.8+8.9 76.7+£104 77.9%+10.1
A 76.7+5.0 77.8x54 76.9%£5.9 774169 77.2+56
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A 4.00%£0.41 3.95+0.41 3.81+0.66 3.74£0.77 3.88£0.52
B 3.89+0.68 3.87+0.87 3.97£0.78 3.87£0.78 3.90£0.77
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D 3.660.54 3.64+0.56 3.70+0.61 3.71x0.75 3.68£0.61
A 3.80+0.34 3.72£0.27 3.60%0.64 3.77+0.38 3.72£0.31
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