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Research Paper: The Effect of Aquatic Balance Exercise 
With Weighted Vest on the Balance Recovery Strategy 
of Middle-Aged Women

Purpose: Disturbances in balance and also regaining the balance strategy is very important 
in the middle-aged women who are near their menopause and subject to severe hormonal and 
physiological changes, reduced muscle strength, and decreased bone density. The purpose of this 
study was to investigate the effect of balance training in the water with and without the weighted 
vest on the balance recovery strategy of middle-aged women affected with a balance disorder.

Methods: Present study was a quasi-experimental study conducted on 26 middle-aged women. 
They were selected by convenience sampling method and randomly divided into two groups: 
balance training group in water with weighted vest (13 women), and balance training group in 
water without weighted vest (13 people). In order to assess the balance strategy recovery, the 
electromyography activity of the gluteus maximus, gluteus medius, and rectus femoris muscles 
around the hip joint and lateral gastrocnemius, peroneus longus, and anterior tibialis muscles 
around the ankle joint was recorded during the drop-landing task. The water balance training was 
performed for 6 weeks, three sessions per week, each session for 45 minutes. After 6 weeks of 
training, all pretest stages were repeated in the post-test. Shapiro-Wilk and ANCOVA tests were 
used for analyzing the obtained data. The significance level was set at 0.05 for all tests.

Results: The Independent t test results showed no significant difference between demographic 
information of the two groups (P<0.05). The results of ANCOVA showed that the recovery 
balance strategy of middle-aged women in the group of water balance training with weighed shirt 
had significantly improved (P<0.05). Also, the eta coefficient was 0.76 which indicates relatively 
large amount of impact exercises. 

Conclusion: Doing balance exercises in water with weighted vest can well affect balance factors 
and improve the recovery balance strategy of middle-aged people. Therefore, in order to prevent 
disturbance in the balance and falling with increasing age, it is recommended to take advantage 
of water balance exercises with weighted vest in the middle-aged period.
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1. Introduction

iddle age is one of the longest and most 
important periods of human life [1]. The 
last Iran population and housing census 
was conducted in 2016. It revealed that 
44.8% of the Iranian population aged 
between 30-64 years (middle-aged 

population); 6.1% were over 65 years (old population), 
indicating the high percentage of the middle-aged popu-
lation in the country [2]. It is also estimated that by 2031, 
this population will enter the old age, and the elderly will 
make up the majority of the Iranian population [2]. 

Associated problems with aging include cognitive, 
social, biological (health), physical and physiological 
changes (menopause and the end of reproductive capaci-
ty in women) [1]. It is associated with disability, physical 
and sexual weakness, weak physiological and psycho-
social functions, muscle atrophy, reduced motion, func-
tional disorders, strength loss, mobility loss, inability to 
perform daily living tasks, neuromuscular coordination 
deficits, degraded proprioception sense and balance, and 
bodily fluctuations. The above-mentioned issues may 
lead to functional degradation and increased vulnerabil-
ity of middle-aged people [3].

Balance impairment is a subject of decreased muscle 
strength, increased reaction time and the proprioceptive 
deficit. It is among the most prevalent and important 
problems associated with aging and reaching middle 
age; it increases the risk of falling and injury in this 

population [4, 5]. This is more important in middle-aged 
women who have undergone menopause and experi-
enced severe hormonal and physiological changes [6]. 
studies have suggested that with age, women are twice 
as likely as men to fall because of fluctuations in stature 
[6] and experience its adverse consequences [7, 8]. To 
maintain or recover balance, humans use two strategies 
when faced with sudden perturbations. First, fixed-sup-
port strategy, including hip and ankle strategies; second, 
change-in-support strategy, including stepping or grasp-
ing movements [9].

Evidence indicated that there is an inverse relationship 
between the individuals’ age and their balance recovery 
strategy; with age, they tend to use hip strategy, rather 
than ankle strategy to recover balance [10, 11]. This can 
be due to degenerative changes in musculoskeletal and 
neuromuscular mechanisms, reduced muscle strength, 
degraded proprioception sense in the lower limbs, as 
well as increased reaction time [11, 12]. Based on this, 
middle-aged women also suffer from balance problems 
after undergoing menopause and hormonal and physical 
changes. Therefore, before the entry of this population 
into old age and facing aging-related problems, it is ad-
visable to better prepare middle-aged women. 

A modern training method is the use of a weighted vest 
and carrying additional weight during exercise [13-15]. 
Consequently, the use of this practice in water can have 
some advantages. Firstly, the weighted vest is used in 
a safe environment with the lowest risk of injury. Sec-
ondly, applying additional weight by wearing a weight-

M

Highlights 

● Balance exercise in the water with a weighted vest improves the balance and balance recovery strategies in middle-
aged people.

Plain Language Summary 

Disruption of balance and problems in balance recovery strategies are the most important and common problems 
in older adults, which increases the risk of falling and injury in these individuals. Middle-aged women experience a 
higher risk of falling as a result of hormonal changes, menopause, and fluctuations in stature. Studies suggest that with 
aging, muscle's ability to use a safe and effective ankle strategy to maintain and regain balance reduces, and individuals 
tend to use hip strategies rather than ankle strategies to maintain their balance. This study aimed to investigate the effect 
of balance exercises in water with and without wearing a weighted vest on balance recovery strategy of middle-aged 
women. The study participants were randomly divided into two groups: one intervention group performing aquatic 
balance exercises with a weighted vest and one control group performing aquatic balance exercises without a weighted 
vest. Results showed that balance recovery strategy in middle-aged women significantly improved after performing 
aquatic balance exercises with a weighted vest. This intervention can enhance balance factors; hence it is recommend-
ed to take advantage of the benefits of water exercises by wearing a weighted vest at middle age.
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ed vest can simulate a water environment in a natural 
environment and reduce the effect of floating in water. 
Applying additional weight in water imposes the same 
amount of pressure and adsorbent to muscles and joints 
as experienced in a dry environment [16]. Therefore, this 
is the most efficient technique for improving physical 
factors, such as strength and muscular endurance, coor-
dination, the precision of proprioception sense, and bone 
density [3]. Thus, aquatic exercises that can eliminate the 
effect of weightlessness and reduce the risk of falling for 
middle-aged people are useful for them. However, lim-
ited studies have explored this area. 

Vanaki et al. studied the effect of aquatic aerobic ex-
ercises by applying excess weight on the spinal bone 
density of overweight women [17]. They reported the 
positive effects of these exercises on bone density. Sa-
hebozamani et al. and Beyranvand et al. evaluated the 
effect of aquatic exercises on balance recovery strategy. 
They investigated the balance strategy of elderly men 
through an 8-week aquatic exercise program. They con-
cluded that although aquatic exercise improves balance 
in older people, it failed to transfer the balance recovery 
strategy from hip to ankle after applying a sudden per-
turbation [18, 19].

Previous studies have mainly compared aquatic exer-
cises with those in dryland environments; however, no 
study has compared the two aquatic exercises. Moreover 
aquatic exercises applying extra weight by a weighted 
vest were overlooked in previous studies. Moreover, it is 
important to know whether performing aquatic exercises 
while using a weighted vest can be more effective or not. 
Furthermore, previous studies have only examined static 
and dynamic balances; balance strategy as the most im-
portant variable in maintaining and the recovery of the 
center of gravity within the base of support has received 
less attention.

Beyranvand et al. explored the balance recovery strat-
egy by the motion analyzer and using kinematic vari-
ables. However, studies have suggested that the most 
reliable tool for assessing the balance recovery strategy 
is Electromyography (EMG) device, and the study of 
muscle activity when faced with an external perturbation 
[10]. Most of the studies in Iran have examined the bal-
ance of elderly people; while middle-aged people who 
are subject to numerous physical changes like impaired 
balance [6] have been neglected. Thus, this study inves-
tigated the effect of a 6-week aquatic balance exercise 
program in water with and without wearing a Weighted 
Vest (WV) on the balance recovery strategy of middle-
aged women with balance impairment.

2. Materials and Methods

This was an applied study with a quasi-experimental 
design. Samples were 26 women aged 56-60 years liv-
ing in Tehran City, Iran. The subjects were selected by 
purposeful and convenience sampling techniques. The 
sample size was determined using the following formula 
and according to previous similar studies [9, 20]: 

( Z 1 - α / 2 + Z 1 - β )
2 ( S 1

2 + S 2
2 ) / ( M 1 –

M2)
2=1.64+1.282[0.82+1.12]/3.5–2.42≈13

Inclusion criteria were being female; being aged of 
56-60 years; not being in the acute phase of menopause; 
physical health; normal Body Mass Index (BMI), no 
pathological symptoms, fracture, surgery and joint dis-
eases in lower extremities; not having the shortness of 
breath, heart failure and cardiac palpitations; and achiev-
ing a lower limb length of <0.94 in the Y balance test (as 
the sign of balance impairment) [21]. Exclusion criteria 
were inability to perform exercises; not attending in two 
consecutive sessions or three alternate sessions; feeling 
pain in any part of the body during exercises; not partici-
pating in the post-test measures. 

To ensure the health of subjects, they were requested to 
complete the General Health Questionnaire (GHQ) and 
the Physical Activity Readiness Questionnaire (PAR-Q). 
A written informed consent form was obtained from the 
study participants. Then, they were randomly divided 
into two groups of WV (performing aquatic balance ex-
ercises with WV) and control (performing aquatic bal-
ance exercises without WV).

After fully explaining to the participants how the test 
should be performed, they were requested to perform 
some trials of the drop-landing task [22]. Before plac-
ing electrodes, the skin area was prepared by shaving 
the excess hair and cleaning with cotton and medical 
alcohol. Then, electrodes were placed on the selected 
muscles according to Surface Electromyography for 
the Non-Invasive Assessment of Muscles (SENIAM) 
(European recommendations for surface electromyog-
raphy) and considering the center-to-center distance of 
20 mm [23, 24]. 

A footswitch was installed on the subjects’ toes. Then, 
they were requested to stand barefoot on a wooden box 
(height=30 cm) for performing the drop-landing task. 
Their test foot (dominant leg) to which electrodes were 
attached, must had no contact with the box and other foot 
could bear the subject’s weight. To provide better safety 
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Table 1. The protocol of aquatic balance exercises

Warm Up (10 Min)

Set×Repetition Exercise 

30 m for each movementForward/ backward/ sideways walking

2×30 mToe/ heel walking

2×30 sMarching

Holding for 10 sStretching movements

Balance Exercises (30 Min)

Set×RepetitionExercises Week

2×30 mCarnival walking 

1

1×30 mSpiral walking

3×10 rFoot pump (ankle plantar flexion)

3×8 rBoth-leg squat

3×20 sSingle-leg stance

3×30 sCircle walking (clockwise and anti-clockwise)

2×30 mWalking Carnival

2

2×30 mSpiral walking

3×8 rBoth-leg squat and ankle pump

2×20 sSingle-leg stance with a training partner

3×30 sCircle walking (clockwise and anti-clockwise, while one is standing on both 
feet in the center of circle)

3×5 rFront-to-back weight shift

2×30 mWalking carnival with bending knees

3

3×10 rBoth-leg squat and ankle pump

2×20 sSingle-leg stance with a swimming board

3×30 sCircle walking (clockwise and anti-clockwise, while one is standing on a single 
foot in the center of circle)

3×7 rFront-to-back weight shift

3×6 rAxial rotation of the foot

2×30 mStraight walking (marching)

4

3×15 sStatic squat with shoulder flexion and extension

2×20 sSingle-leg stance without a swimming board

3×30 sCircle walking (clockwise and anti-clockwise, while one is standing on a single 
foot in the center of circle and creating perturbations)

3×7 rSide bending 

3×6 rAxial rotation of the foot (by increasing the size of circle)
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and concentration for the subjects while performing the 
task, soft cushions were placed around the test area.

To begin the test, the subject was asked to slightly 
move forward, land on the test foot, and maintain bal-
ance for 5 seconds. The subjects were taught to land on 
their toes and do not jump before landing. During the 
performance of the drop-landing task, the surface EMG 
device (Megawin model) recorded the activity of gluteus 
maximus, gluteus medius and rectus femoris muscles in 
the hip and lateral gastrocnemius, peroneus longus and 
tibialis anterior muscles in the ankle [25-27]. The mus-
cle feedback activity was analyzed before initial ground 
contact until 250 m/s after ground contact [28].

In EMG signal processing, to compare different mus-
cles and different subjects, muscle activity should be 
normalized to a reference value [28]. For this purpose, 
the values obtained from calculating the Root Mean 
Square (RMS) of muscle activity during perturbation 

were divided by the values obtained from the Maxi-
mum Voluntary Contraction (MVC) of each muscle. 
Furthermore, muscle activity was described as a per-
centage of maximum MVC (%MVC). Each MVC was 
repeated twice for 5 seconds, and the mean score of the 
middle 3 seconds of MVC was used to normalize the 
obtained data [29].

After finishing the pretest phase of study, aquatic bal-
ance exercises were conducted in a shallow part of a 
covered indoor swimming pool at Shahid Beheshti 
University at a temperature of 26-28°C under the su-
pervision of examiner (a an aquatic therapy coach). All 
the training exercises were first taught to the subjects 
by the examiner, then they were asked to perform prac-
tical trials [28]. The body weight is reduced to 40%-
51% after Anterior Superior Iliac Spine (ASIS) level of 
immersion in the pool [30]. 

Balance Exercises (30 Min)

Set×RepetitionExercises Week

2×30 mStraight walking by stopping on the resting leg

5

3×15 sStatic squat with toe and the circular rotation of the shoulder

2×20 sSingle-leg stance with eyes closed

3×30 sCircle walking (clockwise and anti-clockwise, while one is standing on a single 
foot in the center of circle with eyes closed)

3×7 rSide bending and creating perturbations

3×8 rBoth-leg forward and backward squat jump 

3×30 sLeg scissors with switching leg

6

3×15 sStatic squat with toe and the circular rotation of shoulder

3×15 sSingle-leg stance with eyes closed

3×30 sCircle walking (clockwise and anti-clockwise, while one is standing on a single 
foot in the center of circle with eyes closed)

3×7 rSide bending and creating perturbations

3×8 rBoth-leg forward and backward squat jump 

Cool Down (5 Min)

Perform the movements at the end of all training sessions 
as describedBreathing control movements

Holding for 30 secondsStretching movements
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In the first week, the WV group performed the exer-
cises without any additional weight and only by wear-
ing vests. From the second week, with weight loss in 
the pool water, weights were added to the vests as 10-
20% of body weight. The design of vests allowed the 
symmetrical distribution of load on the lumbar spine 
and pelvis. The addition of weights was performed in a 
way to avoid flexor torque during exercise; the subjects 
could perform balance exercises in a safe environment 
[13, 15, 31, 32].

The exercises were performed for 6 weeks, 3 sessions 
per week, and each session lasted 40-45 minutes. First, 
there was a 10-min warm up, then a 30-min balance 
exercises in water, and eventually, a 5-min cool down 
[30, 33-35]. The exercises performed in the WV group 
started using a WV equal to 10% of their body weight 
and gradually completed by the end of the 6th week with 
a WV equal to 20% of the body weight [14]. The over-
load principle (FITT Principle) during the training ses-
sions was gradually applied. With increasing intensity, 
using combined movements, the number of repetitions 
increased and the rest period between the sets reduced 
[36]. For the uniformity and possibility of comparing the 
effects of WVs, a fixed training protocol was designed 
for both study groups (Table 1). After completing the 6 
weeks of aquatic, all of the aforementioned tests were 
performed at the post-test phase.

For analyzing data, we used descriptive and inferen-
tial statistics by SPSS. For testing the normality of data 
distribution, Shapiro-Wilk test; and for examining the 
interaction effect of time (before and after intervention) 
on the group (WV and control), Analysis of Covariance 
(ANCOVA) were used. The Cohen’s d effect size for 
each between the two groups was also calculated where 
a size of 0.2 indicates a ‘small’ effect size, 0.5 a ‘medi-
um’ effect size and 0.8 a ‘large’ effect size. In analyzing 
data, a 95% confidence level (P≤0.05) was considered.

3. Results

The demographic characteristics of subjects, includ-
ing age, height, weight, and BMI are presented in Table 
2. The Independent Samples t-test results indicated no 
significant difference between the two groups in terms 
of age, height, weight, and BMI. After confirming the 
normality of data distribution by Shapiro-Wilk test, AN-
COVA was used to examine the effect of aquatic bal-
ance exercise with and without WV on balance recov-
ery strategy (the ratio of hip muscle feedback activity 
to ankle muscle feedback activity) of the subjects. Table 
3 presents the Mean±SD scores of feedback activity for 
selected hip and ankle muscles before and after interven-
tion in both study groups. 

ANCOVA results indicated a positive effect of aquatic 
balance exercise with WV on improving balance recov-

Table 2. The Independent Samples t-test results for comparing the demographic characteristics of participants (Mean±SD)

Characteristics WV Control Sig. 

Age (yr) 57.3±4.4 57.7±5.4 0.13

Height (cm) 159±6.1 161±5.6 0.09

Weight (kg) 65.3±4.5 64.9±3.9 0.1

BMI (kg/m2) 25.9±3.8 25.4±4.4 0.18

Table 3. The Mean±SD scores of feedback activity for selected hip and ankle muscles and their ratio at the pretest and post-test phases

Group Pretest Muscle Activity Hip-to-Ankle Ratio Post-Test Muscle Activity Hip-to-Ankle Ratio

WV 
Hip joint 65±7.8

1.58
68±10.1

1.15
Ankle joint 41±4.9 59±8.4

Control 
Hip joint 67±6.3

1.59
69±8.8

1.56
Ankle joint 42±11.3 43±6.5
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ery strategy (transfer of strategy from hip to ankle) in 
middle-aged women (F=23.2, P=0.003, Eta=0.76). The 
Eta coefficient of 0.76 also indicates a relatively large 
effect size of the intervention. 

4. Discussion

The present study evaluated the effect of a 6-week 
aquatic balance exercise program with and without a 
WV on balance the recovery strategy of middle-aged 
women. The obtained results revealed that this training 
technique can significantly improve the balance recov-
ery strategy (P<0.05) and reduce the hip-to-ankle ratio.

A distinctive feature of aquatic balance exercises used 
in this study, compared to the other methods of aquatic 
therapy exercises is the use of additional weight by wear-
ing a vest when exercising in water. Most of the studies 
conducted on balance and its recovery strategies have 
reported the relationship between the reduction of ankle 
muscle strength and the switch of balance recovery strat-
egy from ankle to hip [9, 12, 18] Kamrani Faraz et al. 
[37] in line with the findings of Maeda et al. [38], stated 
that the weakness of dorsi- and plantar flexion muscles 
of ankle caused by aging and immobility can transfer the 
balance recovery strategy from ankle to hip and increase 
the risk of falling at old age [39]. The use of WVs in 
this study for balance exercises probably improved the 
muscle strength of the ankle joint, plantar sensory inputs 
and the activity of ankle muscles when applying pertur-
bations. It also switched the balance recovery strategy 
from hip to ankle [19].

Most of the studies that have used aquatic exercises 
to improve balance in different communities have only 
considered static and dynamic balance indices, and re-
covery strategy as the most important factor in maintain-
ing and recovering balance. The most important cause 
of falling in individuals has received less attention [30, 
33-35]. Beyranvand et al. reported no effect of aquatic 
exercises on improving the balance strategy in elderly 
men; only the static and dynamic balance of elderly men 
improved after an 8 weeks of aquatic exercises, in their 
research [21]. In our study, the subjects were middle-
aged menopausal women with recent extensive physi-
ological changes; while in Beyranvand et al.’s study, 
samples were elderly men. 

The difference in subjects’ age and gender as well as 
the training exercises can also be other reasons for the 
difference between the results of this study and those of 
Beyranvand and colleagues. They used commonly ap-
plied aquatic exercises in other studies; however, in the 

current study included the addition of external load by 
wearing vests. We also considered a combination of fac-
tors affecting balance such as strength, speed, agility and 
challenging variables of proprioception sense in lower 
limb joints [30, 33-35]. 

Using extra load during training can increase post-
exercise neuromuscular adaptation. This increase in 
neuromuscular adaptations cause the use of more effec-
tive neural units, the facilitation of movements of fast-
contraction and large motor units, the increased coordi-
nation of muscles, reorganization in the sensory cortex, 
the increased efficiency and power of synaptic com-
munication, the increased activation of nervous system, 
the reduction of inhibitory neural reflexes, the reduced 
resistance of neural pathways to impulse transmission, 
and the facilitation of sensory transfer inputs [12, 40]. In 
addition, performing resistance training exercises inside 
a safe environment (water) can increase the strength of 
lower extremity muscles and muscle coordination.

Water is a safe and fun environment for exercising, 
compared to dry land, and encourages people to exer-
cise and have physical activity, especially in older ages 
[40]. Improved balance recovery and control by aquatic 
activities are the consequences of the fact that water 
allows individuals to carry out a wide range of move-
ments without the fear of being injured. Furthermore, 
the disruptive forces of stability provide an appropriate 
environment for balance exercises and challenging the 
systems involved in balance, including the system for 
sending afferent signals and returning efferent signals 
which can be effective in improving the body posture 
control [40]. 

The continuous challenge of balance in water environ-
ment due to the presence of water currents. In particular, 
wearing a WV and getting more disturbed activate pro-
prioceptive receptors in the lower limb joints. Thus, this 
process continuously maintains the cycle of data trans-
mission to the central and peripheral nervous systems. 
Subsequently, it sends afferent feedbacks to the lower 
limb muscles to correct motion errors. 

This is repeated during a 6-week aquatic exercise pro-
gram with a WV, which eventually corrects motor errors. 
Therefore, there is no need for processing in the central 
nervous system for transferring information and increas-
ing the time for sending muscle afferent feedbacks; the 
peripheral nervous system automatically maintains and 
recovers the balance [41]. In this regard, improved bal-
ance recovery strategy after 6-week aquatic exercises 
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with a WV is also probably due to the increased neuro-
muscular system efficiency. 

This is because the continuous involvement of lower 
limb muscle feedback activity has probably led to the 
retraining of motor error correcting systems and the 
feedforward activation of muscles in this region. This 
indicates that after aquatic exercises, the ankle muscles 
are trained to have the readiness to cope with perturba-
tions before facing the stimulus, control them at ankle 
joint level, and prevent them from transmission to the 
higher joint levels in lower extremities, from the transfer 
of the center of gravity, the base of support, and finally 
from falling.

Exploring the feedforward activity of lower limb mus-
cles was not among the main purposes of this study. How-
ever, the information obtained from the surface EMG de-
vice demonstrated improvement in feedforward muscle 
activity; this data suggests the improved functioning of 
motor error correction system in the neuromuscular sys-
tem [41]. An advantage of the present study, compared 
to other studies was the tool used to assess the balance 
recovery strategy. Previous studies have reported that 
the most reliable tool for assessing the balance recovery 
strategy is the EMG device, and examining muscle ac-
tivity when faced with an external perturbation.

Aquatic exercises with a WV can be effective in trans-
ferring balance recovery strategy from the hip to ankle in 
middle-aged women who are entering old age and fac-
ing musculoskeletal problems. Obviously, this reduces 
the risk of falling when faced with a sudden perturbation. 
The present study considered the exercises that cover all 
factors affecting balance such as strength, proprioception 
sense, speed, agility and response time. Thus, it is sug-
gested that sport rehabilitators, especially those treating 
middle-aged people use the proposed balance exercises 
to better prepare them for coping with aging.
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