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ABSTRACT

Studies have shown that a fingertip lightly touching a stable surface reduces postural
sway, by providing additional tactile feedback information to the postural control
system. In the present study, we examined whether or not water immersion of a
fingertip enhances the postural control system during quiet standing. Eight young and
nine elderly subjects maintained quiet standing for 40s with the index fingertip in the

water (water touch, WT) or on the stable surface (light touch, LT). The temperature
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of water in the WT condition was 20, 30, or 40C for young subjects and 30T for
elderly subjects. In the control condition (CON), a no touch trial, the subject quietly
stood on a force platform for 40s, with their arms by their sides. In the young subjects,
eight trials were conducted for each condition; while the elderly subjects completed
three trials for each condition. The results showed that, in the young subjects, the
mean velocities of the foot center of pressure (CoP) in the anteroposterior (AP)
direction was significantly reduced in the LT and WT at individual optimal temperature,
compared to that in the CON condition (P<0.05). On the other hand, in the elderly
subjects, the power of low-frequency CoP sway (below 1Hz) in the AP direction
significantly decreased at LT and WT conditions (P<0.05). These results indicate
that WT can enhance the postural control system, as well as the LT. This promises the

75

neurophysiogical effect of water exercise on the postural control system.
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1 Diagram of the experimental setup for
CON (left) and LT (right) conditions.
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2 Diagram of the experimental setup for WT condition.
The right illustration is anterior view of fingertip water immersion.
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3 Example time series of foot center of pressure
(CoP), center of mass (CoM), and second derivative of
CoM (CoMACC) in a young subject.
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%1 Results of the postural sway measures at each condition in young subjects. Values are group mean (S.D).
CON LT WT20 WT30 WT40 ANOVA
Mean velocity CoP  (cm/s) 0.681(0.181)  0.597(0.137)# 0.641(0.152) 0.663(0.157) 0.668(0.179) P<0.05
CoM _ (cm/s) 0.289(0.111)  0.249(0.0740)# 0.264(0.083) 0.274(0.088) 0.270(0.077) P<0.05
Mean Amplitude ~ CoP  (cm) 0.363(0.110)  0.323(0.077)  0.364(0.104) 0.363(0.105) 0.354(0.072) N.S.
CoM (cm) 0.402(0.167)  0.340(0.097)  0.387(0.130) 0.383(0.143) 0.369(0.092) N.S.
CoMace (m/s?) 0.010(0.003)  0.009(0.002)# 0.010(0.003) 0.010(0.003) 0.010(0.003) P<0.05
Peak-to-peak CoP (cm) 2.253(0.739)  1.929(0.440)  2.168(0.560) 2.227(0.665) 2.083(0.399) N.S.
ampltiude CoM  (cm) 2.082(0.841)  1.753(0.528)  2.013(0.615) 2.011(0.722) 1.869(0.393) N.S.
CoMace (m/s?) 0.097(0.032)  0.082(0.022)# 0.088(0.030) 0.094(0.032) 0.092(0.028) P<0.05
Root mean CoP (cm) 0453(0.143)  0.396(0.092)  0.447(0.125) 0.451(0.130) 0.433(0.084) N.S.
square amplitude CoM  (cm) 0.489(0.202)  0.410(0.116)  0.469(0.156) 0.467(0.171) 0.443(0.103) N.S.
CoMace (m/s?) 0.013(0.004)  0.012(0.003)# 0.012(0.003) 0.013(0.004) 0.013(0.003) P<0.05
LF Power CoP (cm?/Hz) 1.393(0.989)  1.094(0.500)  1.276(0.568) 1.477(0.892) 1.260(0.580) N.S.
HF Power CoP  (ecm%Hz)  0.032(0.019)  0.024(0.014)  0.030(0.018) 0.029(0.013) 0.033(0.023) N.S.
Rxy_peak MG 0.269(0.137)  0.298(0.115)  0.257(0.139) 0.312(0.146) 0.329(0.148) N.S.
SOL 0.330(0.120)  0.283(0.068)  0.313(0.112) 0.320(0.107) 0.324(0.105) N.S.
TS MG (ms) -310(120) -275(100) -246(90) -275(79) -259(89) N.S.
SOL  (ms) -333(123) -357(65) -394 (154) -396 (77) -353(70) N.S.
# Signficantly different from CON (P <0.05) .
52 Results of the postural sway measures at each condition in elderly subjects. Values are group mean(S.D) .
CON LT WT30 ANOVA
Mean velocity CoP (cm/s) 0.899 (0.459) 0.732 (0.358)# 0871 (0.502) P<0.05
CoM (cm/s) 0.260 (0.054) 0.219 (0.062) # 0.245 (0.084)  P<0.05
Mean Amplitude CoP (cm) 0.367 (0.095) 0.292 (0.095) # 0.319 (0.091)  P<0.05
CoM (cm) 0.371 (0.101) 0.299 (0.112)# 0.322 (0.083) P<0.05
CoMpee  (m/s?) 0.010 (0.002) 0.009 (0.002) # 0.010 (0.003)  P<0.05
Peak-to-peak ampltiude CoP (cm) 2.178 (0.525) 1.724 (0497)# 1986 (0.516) P<0.05
CoM (cm) 1.822 (0.410) 1.504 (0.484)# 1.694 (0.388)  P<0.05
CoMpee  (m/s?) 0.098 (0.028) 0.071 (0.020)# 0.093 (0.032)  P<0.05
Root mean square amplitude CoP (cm) 0.448 (0.111) 0.357 (0.112)#  0.393 (0.106) P<0.05
CoM (cm) 0.451 (0.116) 0.362 (0.13D)# 0.395 (0.097)  P<0.05
CoMace (m/§2> 0.013 (0.003) 0.011 (0.003)# 0.013 (0.004) P<0.05
LF Power CoP (cm*Hz) 1641 (0.950) 0.893 (0.580)# 1.023 (0.541)# P<0.05
HF Power CoP (cm?Hz)  0.061 (0.052) 0.030 (0.027)# 0.048 (0.057)  P<0.05
# Signficantly different from CON (P <0.05).
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4  Group data for mean velocity of CoP (CoP total
path length/time) at the three conditions, including normal
standing (CON), light touch (LT) , and immersion into
water at optimal temperature (WT-O). * Significantly
different from CON (P<0.05). The results are expressed
as the mean and S.D.
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