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Electromyographic Studies on the Work Load of Walking in Graded Water Immersion

Takashi YAMAMOTO, Naoya KANEMASU, Takuya WATANABE,
Makoto NARITA and Ken YAMAZAKI

Abstract

The purpose of the present study was to investigate the effects of both graded water immersion
walking and walking speed on the electromyographic activity of lower leg muscles, as well as on
walking cadence. Two healthy male university students participated in this study as subjects. They
walked in water of six different water levels and six different speeds using an underwater treadmill
systems. The electromyogram (EMG) was recorded by telemetry from six different muscles (m. rectus
femoris, m. vastus lateralis, m. biceps femoris, m. tibialis anterior, m. gastrocnemius. caput mediale, m.
soleus) of the right leg and the rectus abdominal muscle by means of surface electrodes. The raw EMG
signal was sampled at 1 kHz, full-wave rectified and integrated GEMG). The relationships among water
level, walking speed and iEMG were graphically presented in three dimensions. Overall, the faster the
walking speed, the larger the iIEMG at each water immersion level. The highest iIEMG was seen in the
tibialis anterior muscle, which is related to strong dorsiflexion of the foot in water. The iEMG in the
biceps femoris during water walking was more distinctive, especially at higher walking speeds, which
might also be due to the intensive extension of the hip joint necessary to propel the body against the
water resistance. The step frequency (SF) increased in proportion to the walking speed and in inverse
proportion to the water depth. These changes in iIEMG and SF imply a shift in walking style; that is, to
walking with vigorous strides. There are two factors influencing the iIEMG. One is buoyancy as a factor
for decrease one and the other is the depth of the water level, which causes large water resistance, as
a factor for increase. We should consider these two factors in evaluating the work load from the iEMG
in water walking, and may be able to express these effects clearly by applying mathematical analysis in
the future.
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