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Aims: The aim of this study was to evaluate the effects of an aquatic training course on the kinematic walking patterns of elderly women.
Materials and Methods: Thirty elderly women aged 60—70, who had entry criteria for research, voluntarily entered the study process, of
which nine women refused to continue cooperation. Participants were randomly assigned into control (z = 10, 63.2 + 3.1) and experimental
groups (n = 10, average age 64.4 + 3.3). The exercise program consisted of an 8 week of aquatic protocol, three sessions a week, and each
session was performed for 60 min. The h/p/cosmos gait analyzer was used to evaluate the kinematic patterns of walking on the treadmill with
the force plate, and the velocity variables (km/h), cadency (steps/min), step length (Cm), and step time (s) were measured in two stages of
pretest and posttest. Results: The results suggested that aquatic training had a significant effect on the kinematic patterns of walking (walking
speed, cadency, and length of step) in elderly women (P < 0.05). Conclusion: Since walking patterns and walking quality have a significant
effect on maintaining balance and functional independence in the elderly populations, any intervention that improves these patterns will have
a significant effect on the balance of elderly people. Therefore, water resistance exercises can improve the walking patterns in elderly women.
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INTRODUCTION

The excessive growth of the elderly population in recent years
has led health policy-makers to seek solutions to increase
the elderly’s functional independency to minimize the costs
of these age-related disorders and disease.!'”] Decreasing
changes in physiological and neurological systems during old
age impair postural control and causes poor balance.*! Along
with these constraints, changes in the central nervous system
impaired the information processing of the elderly, which can
affect the psychological functioning, and thus disturb the motor
control and balance.l*” Body composition changes such as
increased body fat percentage and muscle tissue loss are factors
that affect the parameters associated with motor control in the
elderly.l3 In addition, changes in musculoskeletal structure,
vestibular system, sensory system, and visual system impair
elderly balance, which is one of the main causes of the fall in
aging.l'% There is evidence to show that the improvement of
various systems involved in maintaining body balance, such
as vestibular system, visual, and sensory and motor systems,
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can be enhanced by training interventions by which activated
antigravity muscles and body balance improves.™*!!-131 Research
evidence suggest that over 50% of the fall in elderly people
occurs while walking, with poor physical fitness and muscle
weakness are the main reasons for the fall. During stepping
and walking, the center of gravity of the elderly fluctuates
forward, left, and right, and the excessive intensity of these
fluctuations will affect kinematic walking patterns such as
step length, speed, and range of joints. This is because the
implementation of any interventions that can improve these
parameters will be effective. Therapeutic exercise has always
been one of these effective interventions, followed by the
health researchers. The elderly populations lack the ability to
participate in all sports activities due to the greater vulnerability
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of being injures compared to young people, as there is a high
probability of musculoskeletal injuries.!'*!%! Therefore, it is
necessary to have preventive exercise strategies for them,
which create the most training benefits for them. In this regard,
water therapy and water rehabilitation exercises are one of
the methods that has always been considered by researchers
for their effectiveness. The reasons for the suitability of this
training method are the physical characteristics of this exercise
method, such as flotation and hydrostatic pressure, and allow
the elderly to exercises without stress from weight-bearing.
For example, static and floating pressure acts as a robust
force, which exercises in the water work better than in dry
conditions as a supportive force. On the other hand, due to
hydrostatic pressure during immersion in water, the same
resistance is introduced to all muscle groups, which increases
the sense of movement and improves body awareness.!'!”!
The pattern of stepping and walking skills is one of the most
important activities in the elderly’s functional autonomy. The
most reports of elderly functional disability have been reported
due to the lack of autonomy in walking in men and women.!'®!
Therefore, the identification of aging age factors and limitation
of walking and effective methods for delaying the occurrence
ofthese problems have always been considered by researchers.
Sadeghi et al. (2002), in their research, stated that increasing
age and reaching to elderly age affect the patterns of muscle
contraction in the lower limbs of the elderly, which can lead
to changes in patterns of stepping.[') Changes in the walking
biomechanical pattern and parameters such as step length and
speed can disrupt the phase of balance and establishment on
the ground in the elderly, which reduces the level of motor
control. Muscle weakness in the hip, knee, and ankle muscles
are destructive changes that increase the probability of falling
during walking in the elderly.l*”

Researchers have shown that consolidation of each of the factors
involved in balancing and walking such as sensory system (atrial
and deep) and motor system (strength and flexibility) can be a
suitable strategy in the treatment and prevention of walking
problems and elderly balance, and ultimately, decrease their
fall.'2] As one of the challenges in setting up training programs
to improve the walking of the elderly, creating a safe and
low-risk environment is still influential.*®) Exercise in water
in recent years has been used to improve the level of physical
fitness and rehabilitation of elderly people. However, in spite of
the potential benefits of water rehabilitation, few studies have
focused on the effect of water exercise on the kinematic indices
of stepping patterns. Therefore, in this study, the researcher is
trying to investigate the effect of aquatic training on kinematic
walking patterns of elderly women.

MareriaLs AND MEeTHODS
Subjects

The present research method is a semi-experimental with
pretest/posttest and control group design. Thirty of the
elderly women aged 60—70 years who had entry criteria
were voluntarily enrolled in the study, of which nine were

discontinued. The participants were selected based on
convenience sampling method, and the sample size was
calculated based on Equation 1:

@ +0) (@, +7,,)
2

n= pE
They were randomly assigned into control (n = 10; age:
63.2 + 3.1 years) and experimental groups (n = 11, age:
64.4 + 3.3 years). The criteria for entry into the study were
regular inactivity in the past 6 months, no cardiovascular
problems, and lacking the physical and orthopedic problems
that impaired the walking functioning and attending
training sessions and testing. Any problem that prevented
the attendance of training sessions was considered as an
exclusionary criterion. The control group did their regular
activities during the experiment and had no organized exercise
as per the experimental group.

Procedure

The exercise program consisted of 8 weeks of resistance
training in water, three sessions per week, and each session
lasted for 60 min. The h/p/cosmos gait way instrument was
used to evaluate the kinematic patterns of walking on a
treadmill with the force plate (HP Cosmos, Germany). The
time and place variables, including walk speed (km/h), cadency
(Step/min), step length (cm), and step time(s), were measured
in two stages of pretest and posttest. To control the effect of
physical properties on the test results, the body composition
analyzer (in body 320, made in Korea) was used. Paired #-test
was used to compare intragroup changes, and independent
t-test was used to compare walking patterns between two
groups at a significant level of 0.05. As shown in Table 1, the
aerobic exercise program was run for 60 min, 8§ weeks, and
three sessions a week. Before starting the training protocol in
the pretest session, the research variables were measured in the
base state. The exercise program was performed as follows: the
proposed training protocol is to warm up for 15 min (stretching
movements in all joints and warming up major muscle groups;
walking forward, back, sides, heel, and toe and jugging in the
water); exercise for 30 min (weight transfer from front to back,
rotation around a square, foot-balancing exercise, standing
on one leg [every 20 s pause], weight transfer from one side
to the other side, step by side, squat, curling hamstring, hip
adducting, foot of a one-leg bike, pendulum training, moving
the elbow to the opposite knee in the standing position, and
exercising the pendulum of the hands); and return to baseline
for 15 min (tensile training, deep breathing, and buoyancy
exercises). Inferential statistics of dependent 7-test was used to
compare intragroup changes, and independent ¢-test was used
to compare the balance indices between the two groups after
8 weeks at a statistically significant level of 0.05.

Ethical considerations
The research was approved by the local Ethical Committee of
Imam Khomeini International University.
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Statistical analysis

Inferential statistics of dependent #-test was used to compare
intragroup changes and independent ¢-test was used to compare
the balance indices between the two groups after 8 weeks at a
statistically significant level of 0.05.

ResuLts

Data were normally distributed according to the Kolmogorov—
Smirnov test (P > 0.05). The descriptive data of kinematic
patterns are shown in Table 2.

As shown in Table 3, The results of independent #-test
showed that there was no significant difference in the
walking speed of elderly women between the two groups
in pretest (P = 0.50). On the other hand, no significant
difference was found in the posttest (P = 0.07). The
results of dependent ¢-test showed that aquatic training
had a significant effect on walking speed in elderly
women (P = 0.004).

As shown in Table 4, there was no significant difference between
the groups in walking cadency the pretest (P =0.87). However,
there was a significant difference in the posttest (P =0.01). In
addition, the results of dependent 7-test showed that exercise
grip had a significant improvement in walking cadency in
posttest (P =0.001).

As shown in Table 5, there was no significant difference in step
length between the groups in the pretest (P = 0.46). However,
there was a significant difference between the two groups
exercise in the posttest (P = 0.02). The results of dependent
t-test showed that aquatic training had a significant effect on
step length of elderly women (P = 0.001).

Discussion

The improvement in kinematic variables of elderly (such as
walking speed, cadency, and length) following aquatic training
was well documented in the current research.

The purpose of this study was to determine the effect of water
therapy training on the kinematic walking patterns of elderly
women. The results showed that water therapy exercises as
an appropriate treatment for improving the kinematic walking
patterns of elderly people can be used, which lead to improved
balance and increased functional autonomy. The results of this
study are consistent with a research by Hinman et al. who
showed that rehabilitation water therapy exercises led to an
increase in muscular strength of the lower limb and improved
balance and patterns of stepping, which resulted in increased
motor function.”?* As shown in the research results, water
therapy exercises improved the walking cadency in elderly
women. As previously mentioned, increased stimulation of
antigravity muscles by water therapy is one of the possible
reasons for the conclusion that water therapy exercises can
enhance the sensory information received from atrial, visual,
and sensory and motor systems and systems involved in
maintaining balance while walking.® The results showed
that water exercises have significant effects on the step
length of the elderly women. This finding can prove a better
balance and stability of the elderly following the water
therapy protocol, as the incremental step length increases
the stability of the stepping. In justifying the results, it can
be noted that the nature of the exercise protocol used in
this study was to increase strength by applying resistance
to lower limb muscles. In creating favorable conditions for
effective walking, in addition to the equilibrium aspects of
muscle groups, the extent of flexion, extension, abduction, and
adduction muscle movements and lower limbs is important.
Since in the elderly, reducing muscle strength reduces the
length of the step, resistance exercises can increase the power
of the lost and improve the length of the step. As observed,
the speed of stepping in elderly women improved following
the water therapy protocol. It should be noted that the length
of the step and the cadency and the better rhythm of walking
can lead to more speed in the elderly. Therefore, it is natural
that with increasing rhythm and step length, the speed of the
elderly will be improved. According to the studies, the length

Table 1: Exercise protocol

Warm up (15 min) Exercise protocol (30 min)

Cool down (15 min)

Stretching and
locomotion
movements

Weight transfer from front to back, rotation around a square, foot-balancing exercise,
standing on one leg (every 20 s pause), weight transfer from one side to the other side, step
by side, squat, curling hamstring, hip adducting, leg biking, pendulum training, moving the

Stretching training,
deep breathing, and
buoyancy exercises

elbow to the opposite knee in the standing position, and exercising the pendulum of the hands

Table 2: The mean kinematic variables of the research groups

Group index Mean=SD
Control Intervention of water therapy
Pretest Posttest Pretest Posttest
Walking speed (km/h) 1.8440.27 1.85+0.29 1.93+0.30 2.09+0.26
Cadency (step/min) 85.9+6.7 86.32+6.9 87.14+7.13 81.23+6.81
Step length (cm) 119.25+4.6 119.41+4.7 117.13+4 .85 12474531

SD: Standard deviation
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Table 3: Walking speed of elderly women in both groups
before and after intervention

Variable Test Group T P
Walking speed
Between difference Pretest Exercise 0.67 0.5
(independent #-test) Control
Posttest Exercise 1.91 0.07
Control
Within difference Exercise Pretest -3.72 0.004
(paired #-test) Posttest
Control Pretest -0.2 0.83
Posttest

Table 4: Walking cadency of elderly women in both
groups before and after intervention

Variable Test Group T P
Walking cadency
Between difference Pretest Exercise —0.16 0.87
(independent #-test) Control
Posttest Exercise -2.76 0.01
Control
Within difference Exercise Pretest 8.12 0.001
(paired #-test) Posttest
Control Pretest —-1.13 0.28
Posttest

Table 5: Step length of elderly women in both groups
before and after intervention

Variable Test Group T P
Step length
Between difference Pretest Exercise -0.74 0.46
(independent #-test) Control
Posttest Exercise 2.46 0.02
Control
Within difference Exercise Pretest —6.65 0.001
(paired r-test) Posttest
Control Pretest -0.22 0.82
Posttest

ofa step decreases in elderly and the rate of decrease in women
is more than men. One of the reasons for this issue refers to
the body composition changes such as muscles atrophy and
increased body fat percentage.[**! Therefore, the adoption of
endurance programs to reduce body fat percentage, along with
strength training to increase muscle, seems necessary. Since
one of the challenges of setting up training programs is to
promote the efficiency, the walking of the elderly, and to create
a safe and low-risk environment that affects their motor and
balance performance parameters, which ultimately will result
in functional autonomy. Therefore, the present study training
protocol can be used as a way to increase the walking patterns
of elderly women. One of the limitations of this research was
the low number of participants, which is recommended to

increase the number of people in future research in order to
increase the generalizability of the research results. Controlling
the psychological status of participants was the other limitation
that should be monitored in future studies. On the other hand,
it is suggested that the researchers compare the water therapy
exercises with other training methods and examine the results
in order to use the optimal pattern for elderly rehabilitation.

CoNCLUSION

Research in the field of kinematic functions for walking
patterns in the elderly can shift the researchers’ mind toward
the more beneficiary strategies for elderly rehabilitation. As
indicated in the research findings, water therapy exercises
with resistance mode in nature, improve kinematic walking
parameters.
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