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Abstract

Purpose. Determination of Electronic Balance Board effect on Balance in Women in their
postmenopausal period was the aim of this study. Subjects and Methods. Our study design was

a randomized, single blind controlled trial. A total of 40 sedentary, medically stable women in their
postmenopausal stage complained of poor life quality. The range of the participated women ranged
between 50 to 65 years that were randomly allocated into 2 equal number groups: group (A), that
participate in the electronic balance board training program in addition to balance rehabilitation
program and aerobic exercise, and group (B), which received balance rehabilitation program and
aerobic exercise. Each group received 3 sessions weekly for one month. The stability index, AP index
and ML index was recorded before and after the intervention. Results. There were a significant
reduction in overall stability index, AP index and ML index in group A in compared to group B at the
stage of post treatment. Conclusion. A program of four weeks’ electronic balance board besides
balance rehabilitation program and aerobic exercise yield improvement in the balance of the Biodex
Balance System than a balance rehabilitation program alone in treating problems of
postmenopausal balance.
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Introduction

Menopause is the period that women passed usually from 49 to
52 years of their age [1]. This period is associated with many
intrinsic factors that favor fall like postural instability, decre-
ased physical functioning and more fear against falling. Addi-
tionally; women in their menopause encounter more
limitations in range of motion, grip and leg strength, flexibility,
gait and walk analysis and functional performance than preme-
nopausal women [2]. After menopause, several of woman's bo-
dy composition usually changes like bone loss, increase in the
mass of body fat and a reduction in lean body mass. The most
probable cause of these changes is the sudden decrease in the
production of endogenous estrogen at menopause time. Falls
and their consecutive fractures have been contributed to the re-
duction in lean body mass occurring with age. It has been re-
ported that 33% of women in their postmenopausal stage
experience one fall per year. It was estimated that 5-10% of
falls lead to fracture and also 80% of all non-spinal elderly
fractures are caused by falling [2]. Estrogen receptors that rece-
ive estrogens will be distributed with estrogen deficiency in ar-
ticular cartilages, synovial membrane, and ligaments, which
are thought to be associated with degenerative changes. Proge-
sterone has its receptor in osteoblast in bone tissue and acts po-
sitively on the severity of degeneration directly. [3]. Spinal
degeneration can disturb postural control and predispose pe-
ople to fall because of damage to mechanoreceptors in the apo-
physeal joints. Degeneration can also affect proprioception in
joints. ‘Proprioception” is the term which describe the sensory
information from receptors in the muscles, tendons and joints
provide feedback regarding joint position sense, movement
(kinesthesia) and touch. This input from the lower limbs is ar-
guably the most important contributor to standing balance [4]
The constant small deviations in center of mass position,
which is the commonly used measure of balance standing na-
med as" Postural sway". Control of postural sway involves
continuous muscle activity (primarily about the leg and hip)
in response to integrated sensory inputs [5]. Because of the
economic burden of these falls and their related injuries, ap-
plying an effective intervention strategy could considerably
reduce the overall incidence of falls, decrease both the rate
and the risk of falling and also decrease concomitant costs of
health care [6]. Thus, the first step recommendation is to start
programs of physical activity in a safe environment, ensuring
sufficient fitness levels and self-confidence to decrease fear
from falls and prevent their occurrence. [7]. Physical therapi-
sts usually perform traditional exercises of balance that de-
crease risk of falling. To accomplish this, designing
intervention strategies for improving or maintaining gait and
balance is considered necessary to minimize the overall num-
ber of falls and fear of falling in elderly. Physical activities
which promote balance can be adapted for a geriatric group
with much success [8]. Studies have also explored that physi-
cal exercise regimens including a balance element help decre-
ase fears of falls in the elderly who had experienced a fall
within the last year [9]. Researchers have shown a lot of ways
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to reduce falls and improve balance in elderly. These studies
show a discrepancy beginning from strength training and task-
specific training ending in tai chi and even video game systems
using recently [10]. Systematic reviews have recommended that
perturbation-based balance training (also called reactive balance
training) perhaps decreases rates of falling by 46-48% [11]. Nu-
merous methods have been applied to create perturbations such
as a low-friction plate on a walkway [12], treadmill accelera-
tions [13], waist/ankle-cable pulls or motor-driven surface trans-
lations [14]. While systems of over-ground, possibly will be
similar to actual life threats (i.e. have strong ecological validity),
the perturbation frequently takes place at a fixed location and
may possibly lead to loss of “unpredictability” [15]. Technolo-
gies used in the context of physical activity for the elderly can
take many forms, from interactive television to virtual reality
and Kinect-based applications, both at home and institutionali-
zed settings [16]. Exergaming might be applied as a perfect stra-
tegy for exercise behavior alteration in adults [17] and appears
to be appropriate, effective, and safe for older adults [18]. More-
over, the Wii-based exercises- can be performed either alone by
their selves at home, or by participating with others in a group,
which may make the exercises easier and more attractive to a lot
of elderly [19]. Moreover, the Wii-based exercises- can be per-
formed either alone by their selves at home, or by participating
with others in a group, which may make the exercises easier and
more attractive to a lot of elderly[20]. Studies have illustrated
that Wii-based training can enhance balance in elderly with both
normal [21] and inappropriate balance [22]. Additionally, it is
very hopeful in improving the balance to use the technology to
Nintendo Wii-fit plus which is considered the latest technology
of exergaming. It has the advantage to be cost effective and less
expensive tool to help balance training in the elderly. The inten-
sity and repetition of exergaming have an important role of im-
proving the functional activity skills. Also, the patient
Motivation level is high because of the pleasure gained from the
usage of games in treatment purposes [23]. Accordingly, the aim
of our study was to analyze the effects of both aerobic exercise
and electronic balance board in enhancing balance in women in
their postmenopausal stage.

Subjects and Methods

Our study design was a randomized, prospective, pre—post-test,
single-blind, controlled trial. An appropriate sample of 40 wo-
men in their postmenopausal stage was collected from the out-
patient clinic of obstetrics and gynecology department, faculty
of physical therapy, Cairo University. They were enrolled and
evaluated for their suitability to participate in our study. We only
include women that complain from a decline in their physical
function, whose range of their ages is from 50 to 65 years, their
body mass index (BMI) ranged from 25 to 30 kg/m2 and they
didn’t report any leisure-time physical activity participation
throughout the last year. Exclusion criteria were Postmenopau-
sal women whose visual or hearing impairment did not allow
the possibility of interaction with the system, postmenopausal
women with any mental, neurological, vestibular, cardiovascu-
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lar disorders and metabolic disease or postmenopausal wo-
men who have been received hormonal replacement therapy
or any drug known to affect the balance. We obtained a writ-
ten informed consent from all women prior any evaluation.
Additionally, we gathered an ethical approval from the insti-
tutional review board at Faculty of physical therapy, Cairo
University prior the study initiation with number P.T.REC/
012/001500. Our study was performed in the duration from
January 2018 and February 2019 following the Guidelines of
Declaration of Helsinki on conduction of human research.

Intervention

After a short orientation session with the participants to di-
scuss the study nature and the tasks to be accomplished, they
were randomly allocated into two equal number groups (gro-
up (A) and group (B)) by an independent and a blinded rese-
arch assistant who opened closed envelopes that contained
cards which were randomized by computer. No participants
dropped out of the study after randomization. Group (A) par-
ticipated in the electronic balance board program and a balan-
ce rehabilitation program in form of fall-specific training
program (i.e., forward-directed stepping response to bac-
kward-directed postural perturbations) and aerobic exercise
(cycling and treadmill).Group (B) a balance rehabilitation
program in form of fall-specific training program (i.e., for-
ward-directed stepping response to backward-directed postu-
ral perturbations) and aerobic exercise (cycling and treadmill)
three sessions per week for two months.

Treatment Procedures

Balance rehabilitation program

Each postmenopausal woman in both groups (A & B) rece-
ived a balance rehabilitation program in the form of fall-spe-
cific training program (i.e., forward-directed stepping
response to backward-directed postural perturbations) 15 min
per session, 3 sessions/ weeks for 4 weeks.

Aerobic exercise program

Each postmenopausal woman in both groups (A & B) rece-
ived aerobic exercise (treadmill) for 30 min per session, 3
sessions / weeks for 4 weeks.

Before starting the treatment, complete explanation about
what was going to be done during the treatment sessions and
how to use the treadmill to be confident that the treadmill was
safe for her.

Each training session started with five minutes of warm-up
walking at comfortable speed. Then, the speed was gradually
increased to the level of workload at which participants felt
‘somewhat hard’ (12-14 on Borg scale) for two 15 minutes
sessions with one to two minute break in between (total 30
minutes) followed by a five minute cool down period.

Electronic balance board

Group (A) participated in electronic balance board program
for 15 min per session, 3 sessions /week for 4 weeks.

* When post-menopausal woman step on the balance board
and begun to play, an avatar appears on the screen and imita-
ted the postmenopausal woman’s movements.
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* During this session, the system gives the patient auditory fe-
edback with a positive reinforcement when the patient accom-
plishes his/her goal throughout the sessions and a different
reinforcement when the patient performs an incorrect action.

* Activities included balance games (e.g. Tablet tilt, Soccer
heading, Ski Slalom) in which the postmenopausal woman
had to shift her weight laterally on the balance board. When
she performed each program, she had to move her center of
gravity without changing the position of her feet on the balan-
ce board.

» Postmenopausal women’s score was continuously displayed
on the screen at the end of each game and finally we calculate
the final score and the final Game score give them motivation.

Outcome measures

Balance was evaluated by Biodex Balance System before and
after the intervention in both groups. The stability index, AP
index and ML index was recorded before and after the inte-
rvention.

Testing procedures

Balance was evaluated by Biodex Balance System before and
after the intervention in both groups. The overall stability in-
dex, AP index and ML index was recorded before and after
the intervention:

The woman weight and height were entered to control screen
display located in front of the subject, the woman asked to le-
ave hand rail when the test proceed, the woman was centered
by informing her to stand on both feet, the test duration was set
for 30 sec. through level (7), the test duration instructed to try
to achieve a centered position on the platform to which is easy
to keep the cursor on the visual feedback screen directly in front
of the woman. Keeping the cursor in the center of screen grid
meant that the platform was kept leveled beneath to woman's
feet while standing in a comfortable up right position.

Statistical analysis

All statistical measures were performed via the Statistical Pac-
kage for Social science (SPSS) program version 20 for win-
dows. Descriptive analyses exhibited that the data were
normally distributed and not violates the parametric assumption
for the all measured dependent variables (A-P stability index,
M-L stability index and overall stability index). Furthermore,
testing for the homogeneity of covariance using Box's test
shown that there was no statistically significant difference with
p values of > 0.05. The box and whiskers plots of the tested va-
riables were done to detect the outliers. Normality test of data
using Shapiro-Wilk test was used, reflecting that the data was
normally distributed for all dependent variables. All these fin-
dings helped the researchers to conduct parametric analysis. So,
2x2 mixed design MANOVA was used to compare the tested
variables of interest at different tested groups and measuring
periods. The alpha level was set at 0.05.

Results

As indicated by the independent t test, there were no statisti-
cally significant differences (P > 0.05) between subjects in
both groups concerning age, weight, and height (Table 1).
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Table 1. Demographic characteristics of patients in both groups

Characteristics

Group A (n = 15)
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Group B (n = 15)

Age (years) 55.1+2.63 56.75 +2.93 -1.871 0.069
Body mass (Kg) 79.45 +10.74 79.9 +11.47 -0.128 0.899
Height (cm) 162.4 £5.23 163.3 +3.27 -0.652 0.519
BMI (Kg/m?) 30.08 +3.25 29.93 £4.07 0.124 0.902

Significant level is set at alpha level < 0.05

Statistical analysis using mixed design MANOVA analyzed forty
patients assigned into two equal groups. It shown that there was
statistical significance within subject effect (F =219.725, p = 0.0001)
and treatment*time effect (F = 18.959, p =0.0001). As well as, there
was no statistical significance between subject effect (F = 2.657,
p = 0.063). Table 2 presents descriptive statistic (mean = SD)
and multiple pairwise comparison tests (Post hoc tests) of all
investigated variables. In the same context regarding within
subject effect, the multiple pairwise comparison tests revealed

that there were significant decreases (p < 0.05) in the A-P stability
index, M-L stability index and overall stability index in the post-
treatment condition compared with the pre-treatment in both groups.
Regarding between subject effects multiple pairwise comparisons
revealed that there was no significant difference in the pre-
treatment period between groups (A) and (B) in the all dependent
variables (p > 0.05). However, the A-P stability index, M-L stability
index and overall stability index decreased significantly in group (A)
compared with group (B) in post-treatment period (p < 0.05).

Table 2. Descriptive statistics and multiple pairwise comparison tests (Post hoc tests) of the dependent variables for both groups

Group A

Pre-treatment

Post-treatment

Group B

Pre-treatment Post-treatment

A-P stability index 3.75+0.58 1.28+0.4 34+0.7 1.7+0.49
M-L stability index 3.36+0.97 1.02 +£0.35 3.32+£0.53 1.72+0.21
Overall stability index 474+1.16 1.88 £0.42 4.66 = 0.85 221+0.5

Within groups (pre vs. post)

A-P stability index

M-L stability index Overall stability index

Group A 0.0001*

Group B 0.0001*

0.0001*
0.0001*

0.0001*
0.0001*

Between groups (Group A vs Group B)

A-P stability index

M-L stability index Overall stability index

0.0001*
0.0001*

Pre-treatment

Post-treatment

*Significant at the alpha level (p < 0.05).

Discussion

Falls in elderly are considered of important public health concern.
Since they occur frequently in people aged 65 and older, and con-
stitute the main cause of hospitalization due to injuries in this age.
Usually injuries following falls are complicated with loss of inde-
pendence, disability, and even elevated mortality rates [24]. Wo-
men have a higher possibility of falls than men [25]. This may be
caused by decreased levels of estrogen during menopause that im-
pair protective reflexes [26]. Also women at this stage usually
have different changes in many of their body composition like

www.fizjoterapiapolska.pl

0.0001*
0.0001*

0.0001*
0.0001*

elevated body fat mass, decreased lean body mass and bone loss.
At menopause, the sudden decrease of endogenous levels of
estrogen is the believed cause for these changes. Researches
claimed that the decline in lean body mass with age perhaps
contribute to falls and their subsequent fractures. One third of
females in their postmenopausal stage encountered at least one fall
per year. Among numerous consequences, 5-10% of falls yield in
a fracture and 80% of all non-spinal fractures in the elderly are
caused by a fall [27]. Accordingly, the aim of our study was to
analyze the effects of both aerobic exercise and electronic balance
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board in enhancing balance in women in their postmenopausal
stage. In the present study, results revealed improvement in
balance in both post intervention groups when compared to pre
intervention scores however significant improvement in balance
in subjects treated with electronic balance board were recorded
after treatment when compared to controls. Such observations
agree with others [28], reported that evidence analysis show the
great effect of training by virtual reality in the treatment of
mobility and balance in the elderly. Also, the findings on the usage
of virtual reality treatment for balance training and recovery seem
to be hopeful and promising. The observed improvement in
balance in this study is supported by other authors [29], who
reported improvement in balance through four studies examining
the effects of Wii-based exercise programs in comparison with no
exercise indicating that Wii-based training may assist as a tool to
enhance balance control and self-confidence in elderly, the result
of this study is also in line with [30] who is stated that there is
good evidence that appropriate exercise can improve balance and
reduce falls in older people In this study, remarkable
improvements were recorded in the electronic balance board
group. Such observation may be attributable to that the system of
Wii Fit encourages movement of the body mass center of
individuals through stimuli provided via games. As said by the
author, the bodily challenges are identical to those seen in Tai Chi,
that is believed to decrease falls hazard. The system of Wii Fit
adds benefits in both dynamic and static balance [30]. The
program of Nintendo Wii Fit has the advantages to be simple and
individuals can perform it at home. Additionally, this program
could be a preference for services of public health to prevent and
even treat falls because it has a lower cost if compared to other

modalities as reported [31]. Another argument about the
intervention program to prevent falling in old females found
a surprise that reduced proprioception or neuropathy has only
occasionally been mentioned as a cause of instability or falls.
Studies by Nevitt et al. [32], Wolfson et al. [33] and Grisso et
al. [34] found no significant associations between measures of
impaired peripheral sensation and falls. In contrast, a strong
association has been found between documented lower limb
neuropathy and falls [35,36]. Disagreement on the effect of
proprioception loss on falling appears to be due to the insensitivity
of some assessments, or inability to detect anything less than
marked sensation loss. Although the current study reveals
objective data with statistically significant differences, there are
some limitations. The main limitation of this study was short term
effect. Therefore, longitudinal studies are needed to evaluate long-
term effect.

Conclusion

At the end, it can be concluded that, in postmenopausal women,
12-week program of electronic balance board addition to aerobic
exercises yielded significant improvement in balance when
matched to aerobic exercises only.
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