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Abstract
Background: Walking in water is an effective rehabilitation exercise for patients with various diseases.
However, how the mechanical properties of water alter the temporal parameters of human walking is still
unclear. Therefore, the objective of the present study was to examine the durations of various gait phases
relative to gait cycle at the same speeds both on land and in water.
Methods: Ten healthy male subjects walked on land and in water at slow (2.4 km/h) and moderate (3.6
km/h) speeds. Subjects’ movements were recorded using a digital videocamera. Durations of stance, singlestance, and double-stance phases relative to gait cycle were calculated.
Results: Relative stance phase duration was significantly shorter in water than on land, whereasrelative
single-stance phase duration was significantly longer in water than on land. It was revealed that the
buoyance effect of water alters the longer duration of single-stance phase in water compared with on land.
Conclusion: The present findings clarify that water can alter the temporal parameters of gait during
walking.
Keywords: Mechanical property of water, temporal parameters, healthy adults, human walking

Introduction

Motion patterns of walking can be altered due to aging and
various diseases [1-3]. Temporal parameters of motion patterns
also change with changes in gaitability [4,5]. Most abnormal gait
patterns show elongation of double-stance phase and shortening of single-stance phase [6]. Shortening of single-stance
phase on the side affected by disease (e.g., hip osteoarthritis)
can increase the vertical component of the ground reaction
force on the contralateralside [7]. Consequently, shortening of
single-stance phase on the affected side would cause secondary
impairments of joints (e.g., knee osteoarthritis) and/or muscles
on the unaffected side. Furthermore, as asymmetrical walking
can increase metabolic and mechanical cost [8], activities of
daily living can be affected due to fatigue. Individuals with a
symmetrical walking over along-term duration often learn a
symmetrical walking patterns. We have experienced that even
if therapy can remove the cause of asymmetrical walking (e.g.,
pain), some patients still continue to walk asymmetrically. Thus,
it is necessary for physical therapy to normalize abnormal

walking pattern in parallel to removing its cause.
For alleviation of pain and prevention of consequent abnormal gait pattern, walking in water may be effective [9,10].
Buoyancy-one of the mechanical properties of water-can decrease loading on the lower limb joints [11], allowing individuals
to walk without pain. Consequently, walking in water might
improve the temporal parameters of abnormal gait. Therefore,
it is necessary to clarify how the temporal parameters of gait
differ between walking on land and in water. In a previous study,
Barela et al., [12] reported that duration of stance phase relative to gait cycle was approximately 60% both on land and in
water. However, it was noted that subjects in their study walked
at their preferred speeds, resulting in slower speeds in water
than on land. This change in speed leads us to a question how
much walking in water represented that on land.
Therefore, the present study addressed this issue by examining the durations of various gait phases relative to gait cycle
in subjects who walked at the same speeds both on land and
in water.

© 2017 Sato et al; licensee Herbert Publications Ltd. This is an Open Access article distributed under the terms of Creative Commons Attribution License
(http://creativecommons.org/licenses/by/3.0). This permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Sato et al. Physical Therapy and Rehabilitation 2017,
http://www.hoajonline.com/journals/pdf/2055-2386-4-10.pdf

doi: 10.7243/2055-2386-4-10

Methods
Subjects

Ten healthy male subjects volunteered to participate in the
present study. Ages ranged from 21 to 23 years, and average
height and body mass were 1.70±0.06 m and 63.3±6.9 kg,
respectively. The inclusion criterion was no orthopedic or
neurologic disorder that could interfere with the subject’s
study performance. The exclusion criterion was morbidity of
orthopedic or neurologic disorder in the last 6 months. We
judged whether the subjects had such disorders by detailed
history taking. All subjects provided informed consent after
being informed of the purpose and procedure of the study.
The experimental protocol was approved by the Medical Ethics
Committee of Tohoku Bunka Gakuen University.

Procedures

Each subject completed all walking trials within a single day.
Subjects walked on a treadmill on land (Autorunner, MT-11;
Minato, Osaka, Japan), and on an underwater treadmill (Dynamizer, R3000; Tiger, Japan), which was immersed at such
a depth for the water level to reach the xiphoid process of
each subject [12,13]. Water temperature was maintained at
30°C to 31°C [14,15]. Before commencing the tests, all subjects
practiced walking on land and in water at the test speeds for
1 minute. Both land and water walking trials were performed
at speeds of 2.4 km/h (slow) and 3.6 km/h (moderate) [15]. The
upper extremities of each subject were crossed and held in
front of the chest. Each subject walked for 3 min under each
of the 4 conditions, with a 1-min rest between consecutive
trials. Subjects wore swimsuits throughout the trials, even
when walking on land. Subjects’ movements when walking
were recorded during the last 30 seconds (ie, 20 to 25 gait
cycles) of each condition in order to obtain data for steadystate walking. Twenty gait cycles were used for the analysis.

analysis of ANOVA was performed. Furthermore, the effect
size, η2, of each factor (land/water or speed) of ANOVA was
calculated. The minimal detectable change for the dependent variables was calculated [17]. All statistical analysis was
performed using SPSS version 20.0 (IBM Corporation, Armonk,
NY, USA), with significance set at P<0.05.

Instruments and measurements

Results

Subjects’ movements in the left sagittal plane were recorded
using a stationary digital video camera (GZ-MG330-R; Victor, Kanagawa, Japan), operating at 60 frames/s. Kinematic
parameters were analyzed using motion analysis software
(Frame Dias V; DKH, Tokyo, Japan) [16]. Times of heel contact
and toe off for both feet were defined as the temporal parameters. Duration between 2 successive left heel contacts
was defined as a gait cycle. Stride frequency was calculated
as number of strides per minute.
Durations of stance, single-stance, and double-stance phases
were determined and calculated as percentages relative to
gait cycle. Step length on the left side also was measured. The
experimental setting is illustrated in Figure 1.

Figure 1. Experimental setup of walking trials in water.

When durations of stance, single-stance, and double-stance
phases were compared relative to gait cycle,relative stance
phase durations in water and on landunder the slow speed
condition were, on average, 63.8% and 57.0%, respectively,
while those under the moderate speed condition were 61.8%
and 54.9%, respectively (Figure 2). The main effect of water
and land conditions was statistically significant (F (1, 9)=758.4,
P<0.001). The detection force and effect size were 1.00 and
0.989, respectively. Moreover, relative single-stance phase
duration was significantly longerin water than on land (F
(1, 9)=97.8, P<0.001), whereas relative double-stance phase
duration was significantly shorter in water than on land (F
(1, 9)=300.4, P<0.001).
Step length was significantly longer in water than on land
Statistical analysis
(F (1, 9)=19.4, P<0.01).The detection force and effect size
Two-way repeated-measures analysis of variance was used were 0.969 and 0.674, respectively. Stride frequency was
to examine the differences in kinematic data based on ex- significantly lower in water than on land (F (1, 9)=1541.8, P
perimental environment and walking speed. Post hoc power <0.001), as shown in Table 1. The minimal detectable changes
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Table 1. Step length and stride frequency when walking on land and in water (n=10).
Slow (2.4 km/h)
Land
Variable

Mean (SD) 95% CI

Water
Mean (SD) 95% CI

Moderate (3.6 km/h)
Land
Water
Mean (SD) 95% CI

Significance Effect size
(land-water)

Mean (SD) 95% CI

Step length, m
0.49 (0.05) 0.45-0.53 0.57 (0.05) 0.53-0.61 0.56 (0.04) 0.53-0.59 0.64 (0.06) 0.60-0.68 P<0.01*†
Stride frequency, 41.7 (4.2) 38.7-44.7 35.6 (2.6) 33.7-37.5 53.0 (3.0) 50.9-55.1 41.6 (4.4) 38.5-44.7 P<0.01*†
stride/min

0.674
0.994

CI: Confidence Intervals
*Difference between land and water
†Difference between walking speeds

was lengthened with increasing suspension strength using
a harness for suspension of the body. This previous finding
supports the present finding because both suspension and
buoyancy are forces that lift thebody.
The shorter relative stance phase duration in water compared with on land is inconsistent with a previous finding
[12]. The previous study showed that stance phase duration
relative to gait cycle was approximately 60% both in water
and on land, without a significant difference. This inconsistency may be attributable to subjects’ walking speeds. In the
present study, subjects walked in water at the same speed
as on land, whereas subjects in the previous study walked at
their preferred speeds. Limb movements in water receive the
resistance of water. As water resistance depends on movement
speed of the limb [10,12], speed of the swing leg is slower in
water. Therefore, longer relative swing phase duration would
Figure 2. Durations of stance, single-stance, and double-stance
phases relative to gait cycle (GC) on land (filled marks) and in
result in shorter relative stance phase duration.
water (open marks). Data are presented as mean (SD).
Stride frequency is synonymous with number of gait cycles
in a given time. Duration of gait cycle is determined by acceleration of gravity (g) and length of the leg (l) (√g/l) [21,22].
for the step length and stride frequency were 0.14 and 11.6, As shown by elongation of single-stance phaseduration in
water (Figure 2), buoyancy increases resistance of the fall of
respectively.
the body. Therefore, since walking in water is associated with
Discussion
longer gait cycle duration than that on land, stride frequency
The present study examined the temporal parameters of in water would be lower than that on land.
walking on land and in water at the same speeds, and found
Step length was longer in water than on land. Althoughshorter stance phase but longer single-stance phase in water step length decreases with decreasing stride frequency in
than on land.
order to maintain walk ratio on land [23,24], the relationship
The present study revealed for the first time that relative between step length and stride frequency tends to differ with
single-stance phase duration was longer in water than on different environments.
land. During normal walking on land, the center of mass
In clinical situations, alternations of spatiotemporal pareaches its highest level at approximately the middle of single- rameters were observed [25,26]. The present study suggests
stance phase, and then falls to its lowest level at around the that walking in water may be effective for normalization of
beginning of double-stance phase [18,19]. The muscles of temporal parameters during walking for patients with unithe lower limb in the loading response phase are less active lateral disease. It is necessary to examine whether walking in
in water than on land [12,15]. This result would be attributed water can improve abnormal gait patterns in future studies.
to an attenuated impact force due to buoyancy. Therefore, it
A limitation of this study is its small sample size. However,
is considered that the falling speed of the center of mass in since both detection force and effect size showed high valthe latter half of the single-stance phase would be slower in ues, we consider that the present findings are valid. Another
water than on land. This is likely the cause of the longer single- limitation is that the participants in the present study were
stance phase duration in water compared with on land. Finch healthy young males. Because of this limitation, the results
et al., [20] reported that relative single-stance phase duration of this study cannot be generalized to subjects of other ages,
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sexes, and to those with pathology. Such subjects should be
included in future studies.

Conclusions

The present findings clarify that water can alter the temporal
parameters of gait during walking.
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