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Authors conducted comparative studies both the water walking (WW) and the land 
walking (LW), in order to evaluate the muscular activities of the lower extremity. Nine 
young healthy subjects performed WW at voluntary slow, normal and fast speeds for 8 
seconds with two repetitions. As for the LW, they walked at the normal speed condition. 
Surface electromyography electrodes were placed on the tibialis anterior (TA), medial 
gastrocnemius (GAS), rectus femoris (RF) and biceps femoris (BF). As for WW, some 
shank muscular activity patterns at different speed had moderate or high correlation with 
LW in cross correlation function (r = 0.62-0.80). The mean muscular activities of GAS at 
slow speed condition during WW were lower than that of LW. At the fast speed condition, 
TA, RF and BF activities in WW were higher than that of LW. It was considered that WW 
was able to simulate LW highly regardless of speed of WW especially in the shank 
muscles and stimulate thigh muscles and TA sufficiently even in slow speed WW. 
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INTRODUCTION: 

Water exercise has become more popular for both the fitness enhancement and the 
rehabilitation training. In water, buoyancy acts our body to reduce the gravitational stress at 
the joints, while water viscosity requires the subject to exert greater force than when moving 
on land (Miyoshi et al., 2005). Though many studies about muscular activity of water walking 
(WW) had been conducted and often compared with land walking (LW), almost all the 
studies were mainly focused on the difference between LW and WW (Kato et al., 2002; 
Barela et al., 2006). From the viewpoint of rehabilitation training, the similarity of LW and WW 
should be important. It might be able to suggest the utility of WW as a walking practice. The 
purpose of this study was to analyze quantitatively muscular activities of the lower extremity 
during WW compared with LW. 

METHOD: 

Subject: Nine healthy young males participated in this experiment. Their mean age, height, 
weight and %fat were 24.9 ± 2.2 yr, 172.0 ± 3.8 cm, 69.3 ± 3.7 kg, and 19.4 ± 4.1%, 
respectively. Ethics Committee of the Institute of Health and Sports Sciences at the 
University of Tsukuba approved this study. 
Experimental design: Subjects performed LW at voluntary normal paced speed. On the 
other hand, for the WW, they walked voluntary slow, normal and fast speed for 8 seconds 
with two repetitions. In advance to the WW trials, subjects performed LW at their comfortable 
speed (normal). As for the WW, subjects carried out their trial at their comfortable speed 
(normal; WWN), faster and slower speed (WWF or WWS). The water temperature was kept 
27 ± 2°C; its depth was 1.1 m which correspond to approximately the level of the navel. 
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Electromyogram recordings: The left lower extremity muscular activity of the tibialis 
anterior (TA), medial gastrocnemius (GAS), rectus femoris (RF) and long head of the biceps 
femoris (BF) were measured using a surface electromyography (EMG) electrodes (Mini 
Ag/AgCl Skin Electrode, NT-511G; Nihon Kohden Corp., Japan) at 1.5 cm intervals of two 
electrodes. A reference electrode was placed on the clavicle. The skin cuticle was removed 
carefully using a blood lancet (Blood Lancet; Asahi Polyslider Co. Ltd., Japan) and cleaned 
with alcohol wipes so that the inter-electrode impedance was less than 20 kΩ . The 
electrodes were covered with transparent film and putty for waterproofing. Subjects were 
instructed to perform isometric maximal voluntary contraction (MVC) for 5 seconds for each 
muscle on land in advance. The raw EMG signals were measured by using the eight-channel 
multi-telemeter system (WEB-5500 multi-telemeter system; Nihon Kohden Corp., Japan) at a 
time constant of 0.03 seconds and with 2 kHz sampling rate. 
Data analysis: A digital video camera which was synchronized with the EMG was placed on 
the left side of the subject; it allowed coverage of one cycle from the latter part of the trials at 
30 Hz frame rate. Ball-marker with 3cm diameter was attached to the top of the head, inorder 
to analyze the walking speed. One single cycle EMG data which was defined by the interval 
between two sequential heel contacts were recorded. The raw EMG data were filtered using 
4th-order band-pass filters with cut-off frequencies of 500 Hz and 10 Hz, and subsequently 
full-wave rectified and low-pass filtered with moving average at 5 Hz to obtain the linear 
envelope. The muscular activity level was presented at percentages of peak 1-second values 
of the maximum voluntary contraction (%MVC) for each muscle.  
Statistics: Every one cycle was normalized into 0% to 100% with a step of 1%, and its 
magnitude was presented as mean ± standard deviation (SD). A cross correlation function 
without time lag was adapted to compare the muscular activity patterns during one cycle. An 
one-way repeated measures analysis of variance (ANOVA) with the Dunnet post hoc test 
was used to compare the mean values of the data. All comparison was conducted between 
the LW and each speed of the WW. Statistical significance was inferred at p < 0.05. 

RESULTS:  

Muscular activity pattern: Figure 1 shows each muscular activity pattern during one single 
cycle for LW and WW. The cross correlation coefficient between LW and each speed of the 
WW were moderate negatively in the RF (r = -0.57 - -0.61), and were high positively in the 
TA with slow WW and GAS (r = 0.62 - 0.80). 
Magnitude of muscular activity: Table 1 represents mean %MVC during one single cycle 
for each trial. Significantly lower muscular activities of the GAS were found in WWS and 
WWN than that of LW. The muscular activities of the TA and RF in the WWN and WWF were 
significantly higher than that of the LW. The BF activity in the WWF was significantly higher 
than that of the LW. 
Walking speed: The walking speeds were 1.26 ± 0.14 m/s at the LW, 0.44 ± 0.08 m/s at the 
WWS, 0.57 ± 0.07 m/s at the WWN, 0.72 ± 0.06 m/s at the WWF. All speeds of the WW were 
significantly slower than that of the LW. 

Table 1. The mean muscular activity during one cycle. 

 LW WWS WWN WWF 

TA (%) 9.9 ± 2.1 8.1 ± 3.5 12.7 ± 5.0 * 17.5 ± 3.8 * 

GAS (%) 15.6 ± 5.4 8.6 ± 3.9 * 11.7 ± 5.1 * 13.8 ± 5.6 

RF (%) 1.8 ± 0.8 2.4 ± 1.2 3.5 ± 1.4 * 5.5 ± 2.2 * 

BF (%) 4.0 ± 2.2 4.5 ± 2.8 5.5 ± 2.3 9.3 ± 4.2 * 
Mean  ± SD.  
* ; significant difference between LW and each WW at p < 0.05. 
LW: land walking, WWS: water walking at slow speed, WWN: water walking at normal speed, WWF: 
water walking at fast speed. TA: the tibialis anterior, GAS: medial gastrocnemius, RF: rectus femoris, 
BF: long head of the biceps femoris. 
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Figure 1. Each muscular activity pattern during one single cycle on LW and WW trials. 
Magnitude are mean  ± SD. 
r: cross correlation coefficient values. 
LW: land walking, WWS: water walking at slow speed, WWN: water walking at normal speed, WWF: 
water walking at fast speed. TA: the tibialis anterior, GAS: medial gastrocnemius, RF: rectus femoris, 
BF: long head of the biceps femoris. 
 

DISCUSSION: 

Muscular activity pattern: The significantly moderate to high cross correlation coefficient 
were obtained in comparison with the muscular activity pattern between the LW and the each 
speed of the WW. The moderate to high positive cross correlation coefficient would mean 
that the muscle activity pattern of the WW were similar to that of the LW even in the slow 
speed WW and fast speed WW. Especially, the correlation coefficient of the RF and BF were 
moderate negatively, whereas those of the TA with slower WW and GAS at the every speed 
were high on the WW. The reason of that in the RF was due to the higher muscular activity in 
the WW than the LW during the latter part of one cycle to overcome water resistance for 
forward swing of lower extremity (Kato et al., 2002). As for the BF, the higher muscular 
activity in the WW than the LW during the former part of one cycle, which was due to the 
generation of high propulsive force to overcome water resistance (Barela et a., 2006), would 
affect to the cross correlation values. In the other characteristic of the muscle activity pattern, 
the higher muscle activity of the TA in the WW than the LW was observed. It would be due to 
the function to control stable posture during the WW (Kato et al., 2002).  
Magnitude of muscular activity: The magnitudes of the muscular activity of the TA and RF 
were significantly higher in the normal and fast speed WW than the LW, and of the BF at the 
fast speed WW. The reason of that was described above. The magnitude of the muscular 
activity of the GAS was significantly lower in the slow and normal speed WW than the LW. It 



was considered that the extremely slower speed in the WW than the LW was affected to the 
GAS activity for generating propulsive force by ankle plantar flexion  (Miyoshi et al., 2006). 
All walking speeds of the WW were significantly slower than the LW. However, there was no 
significant difference between the slow speed WW and LW in the TA, RF and BF, and 
between the fast speed WW and LW in the GAS. Because of that, it was considered that the 
thigh muscles and TA was able to stimulate sufficiently even in slow speed WW, but the GAS 
could not stimulate sufficiently if it was not a fast speed WW. 
Availability of the water walking: Water exercise has become widely used for rehabilitation 
training for people with lower extremity arthritis, frail elderly people, because of the effect of 
the buoyancy (Suomi et al., 2000; Sato et al., 2007). From the viewpoint of the rehabilitation 
training, it must be important to clarify the similarity and difference between WW and LW. On 
one hand, many previous studies have focused on the difference between LW and WW, our 
present study focuses on the similarity of the muscular activity. As a result, the WW was able 
to simulate the LW highly regardless of the speed of the WW in the GAS, and stimulate the 
TA sufficiently even in the slow speed WW. It was suggested that slow speed WW also 
effective as a walking practice on muscle training. 

CONCLUSION: 

This study investigated muscular activity during LW and WW. Compared with the LW and the 
WW for these patterns and magnitude of the muscular activity. As a result, it was considered 
that the WW was able to simulate the LW highly regardless of the speed of the WW with 
GAS and stimulate the TA sufficiently even in the slow speed WW. And it was suggested that 
the slow speed WW also effective as a walking practice on muscle training. 
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This study compared water walking (WW) with land walking (LW) in order to evaluate the 
muscular activities of the lower extremity. Nine young healthy subjects performed WW at 
voluntary slow, normal and fast speeds for 8 seconds with two repetitions. On the LW 
condition, subjects performed two trials at normal pace. Surface electromyography 
electrodes were placed on the tibialis anterior (TA), medial gastrocnemius (GAS), rectus 
femoris (RF) and biceps femoris (BF). As for WW, each muscular activity patterns at 
different speeds had moderate or high correlation with LW in cross correlation function (r 
= 0.53-0.90). The mean value of the muscular activity of GAS at slow speed condition 
during WW were lower than that of LW. At the fast speed condition, TA, RF and BF 
activities in WW were higher than that of LW. It was considered that WW was able to 
simulate LW at any levels of speeds and stimulate thigh muscles and TA sufficiently even 
in slow speed WW. 

KEY WORDS: water, walking, electromyography, similarity. 

INTRODUCTION: 
Water exercise has become more popular for both the fitness enhancement and the 
rehabilitation training. In water, buoyancy acts on the body to reduce the gravitational stress 
at the joints, while water viscosity requires the subject to exert greater force than when 
moving on land (Miyoshi et al., 2005). Though many studies about muscular activity of water 
walking (WW) have been conducted and often compared with land walking (LW), almost all 
the studies were mainly focused on the difference between LW and WW (Kato et al., 2002; 
Barela et al., 2006). From the viewpoint of rehabilitation training, the similarity of LW and WW 
should be important. It might be able to suggest the utility of WW as a walking practice. The 
purpose of this study was to analyze quantitatively muscular activities of the lower extremity 
during WW compared with LW. 

METHODS: 
Subject: Nine healthy young males participated in this experiment. Their mean age, height, 
weight and %fat were 24.9 ± 2.2 yr, 172.0 ± 3.8 cm, 69.3 ± 3.7 kg, and 19.4 ± 4.1%, 
respectively. Ethics Committee of the Institute of Health and Sports Sciences in the 
University of Tsukuba approved this study. 
Experimental design: Subjects performed LW at normal (comfortable) speed. On the other 
hand, for the WW, they walked voluntary slow, normal and fast speed for 8 seconds with two 
repetitions. The water temperature was kept 27 ± 2°C. Depth of the pool was 1.1 m which 
corresponds to approximately the level of the navel. 
Electromyogram recordings: The left lower extremity muscular activity of the tibialis 
anterior (TA), medial gastrocnemius (GAS), rectus femoris (RF) and long head of the biceps 
femoris (BF) were measured using a surface electromyography (EMG) electrodes (Mini 
Ag/AgCl Skin Electrode, NT-511G; Nihon Kohden Corp., Japan) at 1.5 cm intervals of two 
electrodes. A reference electrode was placed on the clavicle. The skin cuticle was removed 
carefully using a blood lancet (Blood Lancet; Asahi Polyslider Co. Ltd., Japan) and cleaned 
with alcohol wipes so that the inter-electrode impedance was less than 20 kȳ . The 
electrodes were covered with transparent film and putty for waterproofing. Subjects were 
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instructed to perform isometric maximal voluntary contraction (MVC) for 5 seconds for each 
muscle on land in advance. The raw EMG signals were collected by using the eight-channel 
multi-telemeter system (WEB-5500 multi-telemeter system; Nihon Kohden Corp., Japan) at a 
time constant of 0.03 seconds and with 2 kHz sampling rate. 
Data analysis: A digital video camera which was synchronized with the EMG was placed on 
the left side of the subject; it allowed coverage of one cycle from the latter part of the trials at 
30 Hz frame rate. Ball-marker with 3cm diameter was attached to the top of the head, inorder 
to analyze the walking speed. One single cycle EMG data which was defined by the interval 
between two sequential heel contacts were recorded. The raw EMG data were filtered using 
4th-order band-pass filters with cut-off frequencies of 500 Hz and 10 Hz, and subsequently 
full-wave rectified and low-pass filtered with moving average at 5 Hz to obtain the linear 
envelope. The muscular activity level was presented at percentages of peak 1-second values 
of the maximum voluntary contraction (%MVC) for each muscle.  
Statistics: Every single cycle duration was normalized into 0% to 100% with a step of 1%, 
and its data was presented as mean ± standard deviation (SD). A cross correlation function 
was adapted to compare the muscular activity patterns during one cycle. An one-way 
repeated measures analysis of variance (ANOVA) with the Dunnet post hoc test was used to 
compare the mean values of the data. All comparison was conducted between the LW and 
each speed of the WW. Statistical significance was inferred at p < 0.05. 

RESULTS: 

 
Figure 1. Each muscular activity pattern during one single cycle on LW and WW trials. 
Values are mean  ± SD. 
r: cross correlation coefficient values. 
LW: land walking, WWS: water walking at slow speed, WWN: water walking at normal speed, WWF: 
water walking at fast speed. TA: the tibialis anterior, GAS: medial gastrocnemius, RF: rectus femoris, 
BF: long head of the biceps femoris. 
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Muscular activity pattern: Figure 1 shows each muscular activity pattern during one single 
cycle for LW and WW. The cross correlation coefficients between LW and each speed of the 
WW were moderate in the RF and BF (r = 0.53 - 0.70), and were high in the TA and GAS (r = 
0.83 - 0.90). All coefficient values were significant (p < 0.05). 
Mean values of muscular activity: Table 1 represents the mean values of the %MVC 
during one single cycle for each trial. Significant lower muscular activities of the GAS were 
found in slow and normal speed WW than that of LW  (p < 0.05). The muscular activities of 
the TA in the normal and fast speed WW were significantly higher than that of the LW  (p < 
0.05). The muscular activities of the RF were also significantly higher in the normal and fast 
speed WW than the LW (p < 0.05). The BF activity in the fast speed WW was significantly 
higher than that of the LW  (p < 0.05). 
Walking speed: The walking speeds were 1.26 ± 0.14 m/s at the LW, 0.44 ± 0.08 m/s at the 
slow speed WW, 0.57 ± 0.07 m/s at the normal speed of the WW, 0.72 ± 0.06 m/s at the fast 
speed WW. All speeds of the WW were significantly slower than that of the LW  (p < 0.05). 

Table 1. The mean values of the muscular activity during one cycle. 

� LW� WWS� WWN� WWF�
TA (%)� 9.9 ± 2.1� 8.1 ± 3.5� 12.7 ± 5.0 *� 17.5 ± 3.8 *�
GAS (%)� 15.6 ± 5.4� 8.6 ± 3.9 *� 11.7 ± 5.1 *� 13.8 ± 5.6�
RF (%)� 1.8 ± 0.8� 2.4 ± 1.2� 3.5 ± 1.4 *� 5.5 ± 2.2 *�
BF (%)� 4.0 ± 2.2� 4.5 ± 2.8� 5.5 ± 2.3� 9.3 ± 4.2 *�

Mean  ± SD.  
* ; significant difference between LW and each WW at p < 0.05. 
LW: land walking, WWS: water walking at slow speed, WWN: water walking at normal speed, WWF: 
water walking at fast speed. TA: the tibialis anterior, GAS: medial gastrocnemius, RF: rectus femoris, 
BF: long head of the biceps femoris. 

DISCUSSION: 
Muscular activity pattern: The muscular activity patterns of the LW and each speed of the 
WW in the present study were very similar to the previous study which investigated the 
activitys of TA, GAS, BF, vastus lateralis, erector spine and rectus abdominis during normal 
speed of WW (Barela et al., 2006). The peak activities of the GAS in WW were relatively 
10% later than that of in LW. On the other hand, the TA was activated mainly during the 
swing phase, and BF was activated during the support phase. Statistical analysis revealed 
that the significantly moderate to high cross correlation coefficients were obtained in 
comparison between the LW and the each speed of the WW. The moderate to high cross 
correlation coefficient indicate that the muscle activity pattern of the WW were similar to that 
of the LW even in the slow speed WW and fast speed WW. Especially, the correlation 
coefficients of the RF and BF were moderate, whereas those of the TA and GAS were high 
at the every speed on the WW. The reason of that in the RF was due to the higher muscular 
activity in the WW than the LW during the latter phase of one cycle to overcome water 
resistance for forward swing of lower extremity (Kato et al., 2002). As for the BF, the higher 
muscular activity in the WW than the LW during the former part of one cycle, which was due 
to the generation of high propulsive force to overcome water resistance (Barela et al., 2006), 
would affect to the moderate cross correlation values. In addition, the authors found that the 
higher muscle activity of the TA in WW than that of on LW. It was considered that subjects 
should to walk with stable posture during WW (Kato et al., 2002). 
Mean values of the muscular activity: The mean values of the muscular activity of the TA 
and RF were significantly higher in the normal and fast speed WW than that of the LW, and 
in the BF, the muscular activity was significantly higher in the fast speed WW than LW. The 
reason of that was to overcome water resistance during forward swing and to generate high 
propulsive force during stance phase (Kato et al., 2002; Barela et al., 2006) with stable 
posture (Kato et al., 2002). The mean values of the muscular activity of the GAS were 
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significantly lower in the slow and normal speed WW than the LW. Kato et al (2004) found 
that the GAS activity during WW was higher than LW in the same walking speed. However, 
the maximal walking speed of the present study during WW was slower than that of during 
LW. It was considered that the extremely slow speed in the WW was affected to the GAS 
activity for generating propulsive force by ankle plantar flexion (Miyoshi et al., 2006). 
However, there was no significant difference between the slow speed WW and LW among 
the TA, RF and BF, and between the fast speed WW and LW in the GAS. It was considered 
that the thigh muscles and TA was able to stimulate sufficiently even in slow speed WW, 
however GAS could stimulate insufficiently except at the fast speed WW. 
Availability of the water walking: Water exercise has become widely used for rehabilitation 
training for people with lower extremity arthritis and frail elderly people, because of the effect 
of the buoyancy (Suomi et al., 2000; Sato et al., 2007). From the viewpoint of the 
rehabilitation training, it must be important to clarify both the similarity and the difference 
between WW and LW. On one hand, many previous studies have focused on the difference 
between LW and WW, our present study focuses on the similarity of the muscular activity. As 
a result, the WW was able to simulate the LW highly regardless of the speed of the WW, and 
stimulate the thigh muscles and TA sufficiently even in the slow speed WW. It was suggested 
that the slow speed WW also effective as a walking practice on muscle training especially in 
thigh muscles and TA with less risk of injury and increased overall safety (Devereux et al., 
2005). 

CONCLUSION: 
This study investigated muscular activity during LW and WW, and compared with the LW and 
the WW for these patterns and mean values of the muscular activity. As a result, the walking 
patterns of the WW, even in the slow and fast speed conditions, were highly simulated to that 
of the LW. Additionally, the slow speed WW could stimulate thigh muscle and TA sufficiently, 
because there was no difference in the mean values of the muscular activities. Therefore, the 
WW has a possibility to adopt as a walking practice on muscle training for those who aims to 
re-acquire walking ability in daily life, such as, frail elderly receiving nursing care. 
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