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Physiological study on rowing exercise
——using a new type of oil pressure rowing machine

A K B % A K OEOE K OHE B AT
Norio YAGI, Kando KOBAYASHI *!, Hirohisa WAKITA *2

purpose of this study was to investigate cardio-vascular responses during rowing exercise in which rowing rhythm

(pitch) and resisting work load were controlled. A oil-pressure rowing machine which was newly developed was used for this
experiment. Five healthy men ages of 21 to 31 participated this study as the subjects. Each subject rowed a rowing machine
nutes in 12 different conditions combined by 3 different rowing rhythm (pitch) of 20, 25 and 30 times/min and 4
nt resisting work load of Light(1), Moderate(2), Heavy(3) and Very Heavy(4). Oxygen intake was measured during
rowing using Douglas-bags and heart rate was monitored continuously. Maximum oxygen intake and oxygen intake during

running for 10 minutes at submaximal work load were measured by treadmill running for the comparison of work intensity
between rowing and treadmill exercise.

The following results were obtained from the present study.

1. Mean values of peak pressure exerted to the oil sylinder and of impulse of each rowing stroke were increased with
resisting load proportionally.

2. In the rowing rhythm of 20 times/min, oxygen intake increased with resisting load proportionally. In the higher rhythm,
such as 25 and 30 times/min, proportional increase in oxygen intake with resisting load was not observed.

3. Maximum value of oxygen intake during rowing was correspond with 89—95% of Vo,max obtained from treadmill
running. In most cases, rowing exercise was carried at a work rate of 70-80% of Vo,max.

4. Higher value of ventilatory equivalent was observed during rowing at a rhythm of 30 times/min compared with at the
other rhythms.

5. In rowing exercise, there are some possibility of self controll of work intensity, even thogh rowing rhythm and resisting

load were fixed strictly.
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Table 1. Physical characteristics of subjects.

Age Height Weight thaI;l; gth

Sub. (years) (cm) (Kg) (Kg)
A 30 166.0 60.0 135

B 31 172.0 59.0 161

c 22 171.0 70.0 190

D 21 172.0 68.7 173

E 21 171.2 57.5 143
Mean 25 170.4 63.0 160
(S. D) (5) (25 | (59 (22)
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Fig 1. Schematic illustration of rowing-machine
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Photograph 1.  View of experiment.
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Fig. 2 Changes of peak pressure, impulse per one
stroke, heart rate and oxygen intake during rowing ex-
ercise at a work load of Level 2 (moderate) on the pitch
of 25 times - min.
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Mean values of mean peak pressure, mean impulse per one stroke, heart rate and

oxygen intake at 12 different rowing conditions.

Mean Peak Pressure

Pitch (times/min.)
Item Lavel
20 25 30
1 24.1(1.7) 32.0(2.0) 27.2(4.0)
Mean ieak 2 33.6(3.0) 33.2(1.3) 31.6(0.9)
(K/“%Tm 3 42.0(4.7) 37.3(3.6) 36.6(4.0)
o 4 46.6(5.8) 43.0(2.3) 43.2(6.2)
Mean Tiamy 1 97.7(19.2) 118.4( 6.8) 105.1(10.5)
can '“ps SE 2 153.7( 9. 4) 150.6( 9.3) 129.3( 9.7)
pf;‘?ft?r% ¢l 3 216.7(16.3) 192.9( 8.2) 168. 1(14.2)
gs/time 4 304. 2(22. 8) 265.7(20. 6) 215.6(19.7)
1 138(18) 169(11) 167 (12)
Heart Rate 2 151( 6) 162(11) 169 (16)
(b.p.m.) 3 167 (10) 175(12) 180 (10)
4 172(11) 178(12) 179( 9)
1 1.990(0.372)  2.677(0.206)  2.709(0.175)
0- Intake 2 2.457(0.234)  2.704(0.152)  2.758(0.226)
(1/min.) 3 2.817(0.255)  2.789(0.137)  3.067(0.218)
4 3.004 (0. 301) 3.054 (0. 157) 3.070(0. 146)
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Fig 3. Comparison of mean peak pressure at 12 different rowing conditions.
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Fig 4. Comparison of mean impulse per one stroke at 12 different rowing conditions.
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Fig 5. Comparison of total impulse per one minute at 12 different rowing conditions.
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Fig 8. Comparison of ventilatory equivalent at 12 different rowing conditions.
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Vozmax. | H.R.max. 120m/min. 160m/min. 200m/min. 240m/min.
: Voz HR. Voz H.R. Voz H.R. Voz H.R.
Sub. (/min) | (bpm) | /iy | (bpm) | (/min) | (bpm) | (/min) | (bp.m) (l/mionA) | (b.pm)
A 3.371 199 1.543 130 1.979 140 2.532 172 3.039 | 192
B 3.460 187 1.760 108 2. 400 141 2.879 161 3.262 | 174
G 3.557 201 2.214 147 2:525 157 3.326 183 3.529 | 201
D 3.758 199 1. 866 124 2.413 156 3. 055 179 3.639 | 196
E 3.638 198 1.770 131 2.101 144 2.928 175 2.288 { 189
Mean 3.557 197 1.831 128 2.284 148 2.944 174 3..351 1' 189
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Fig 9. Relation between %H. R. max. and %Voz;max. during rowing exercise and treadmill run-

ning. Values of Vozmax. and Max. Heart Rate was adapted from treadmill running.
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Fig 12.  Comparison of impulse per oxygen intake at 12 different rowing conditions.
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