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ABSTRACT

Background: Falls and their consequences are a huge burden for older women living in the community as they are the main
cause of loss of autonomy and disability. The most effective intervention to address the problem is based on exercises that
target balance. Older women experience falls and the consequences of them more often. It is proven that the best way to adress
this problem is with regular and targeted exercise. This is a protocol that investigates the effectiveneess and the compliance of
an exercise protocol in a dynamic platform to adress balance disorders. The protocol has been proven to be both effective and
have a good compliance, wich makes it an excellent alternative to classical exercise regimens.

Aim: The aim of the study was to analyse the effectiveness and the compliance of a dynamic platform-based protocols, where
not much is known, in targeting falls, in older women living in the community.

Design: This was a randomized control trial.
Setting: An outpatient Balance Rehabilitation Clinic in a tertiary University Hospital.

Population: Results from 20 women all of them potential fallers, 10 in the intervention group and 10 in the control group
(no intervention), were analyzed.

Methods: Older women with balance disorders were screened for balance disorders with the the mCTSIB test of the dynamic
platform, if positive further evaluation was performed with the miniBEST and SPPB test. Based on the miniBEST (less than
18), the women were placed randomly in the intervention or control group. The intervention group completed 36 sessions
three times per week for 30 min. The control group did not receive any intervention.

Results: Dynamic platform exercise programs were proven to be effective (mini-BEST, p<0.006; mCTSIB, p<0.02; SPPB,
p<0.02) in balance rehabilitation and therefore fall prevention. The results also show that good compliance was achieved with
a p<0.001, and the % of patients that adhered to the protocol was up to 96%.

Conclusions: We can conclude that that fall prevention exercises on a dynamic platform are effective and with good
compliance. Platform exercise is an ideal start for older community dwellers to find in a protected environment the beginning
of the thread that will lead them to a change of lifestyle and, therefore, to longterm health.
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INTRODUCTION

Falls in older people and their consequences are a huge burden
for patients and the health care system as they have important
economic [1,2], and personal [3], costs. People with fall-related
injuries, such as hip fractures, fail (50% of them) at large to
regain their previous level of functioning [4] and they also have a
high mortality rate, between 8.4% and 36.0% during the first
year following hip fracture [5].

In the past decade, research on fall prevention strategies has been
extensive. Multicomponent protocols, which address many risk
factors for falls, are a more efficient way to address this problem,
but if we look at a single strategy, exercise alone is the most
efficient way to approach fall prevention in older people [6].
The Cochrane analysis of 2019 [7], clearly demonstrated that to
have an effect, the exercise program should absolutely challenge
balance. Furthermore, a more recent meta-analysis demonstrated
that the duration of this program could not be determined,
because all types had a positive impact on fall prevention [8]. All
the exercise protocols analyzed in these reviews were group or
individual exercise programs performed by instructors.

However, little is known about the effectiveness and compliance
of dynamic platforms, which are increasingly used to assess
balance, in the implementation of exercise protocols to improve
balance in older people.
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This was a study on a fall prevention dynamic platform exercise
protocol for older women living in the community. With this
protocol, we wanted to assess whether a dynamic platform could
be an alternative to group exercise or individual programs, the
advantages and disadvantages, and compliance of the patients to
the protocol.

MATERIALS AND METHODS
Population

This is a Randomized Control Trial, Twenty-two women with
balance disorders, aged 65-85 years of age, were randomly selected
to either participate in the balance rehabilitation program
(intervention group) or to be part of the control group. The
randomization used was for every second person in the control
group (no intervention).

The inclusion criteria were age >65 years, community dwelling,
balance disorder, good understanding of the Greek language,
and willingness to participate in the study. Exclusion criteria
were respiratory or cardiac failure, active cancer, inability to
maintain the upright position with or without technical aids,
severe dementia, hospitalization or major operation in the last
6 months, major neurological disease (stroke, extrapyramidal
syndrome, or polyneuropathy), and leg length discrepancy of >2
cm. Figure 1 shows the CONSORT diagram.
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Figure 1: CONSORT diagram showing the enrollment of subjects, their allocation to treatment, disposition status and how they are analyzed in

the trial.
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Setting

The protocol was performed at the outpatient Balance
Rehabilitation Clinic of a tertiary University Hospital. The
equipment used was a Biodex Balance System (Biodex Balace
System SD (BBS) System™ SD-Static and Dynamic Balance
Assessment, Static and Dynamic Training. Biodex Medical
Systems, Inc. 20 Ramsey Road Shirley, NY 11967-4704 U.S.A.)
(Biodex Manual). This is a circular dynamic platform that
measures the degree of tilting around each axon. It uses sensors
to detect body tilting and can be regulated in a way that impedes
motion (static mode), or it can tilt (dynamic mode) and provoke
the patient further. The patient’s body position was measured
and recorded on a screen. Data from each session were gathered
and stored for further analysis. The platform tilts up to 20° in
every direction with 12 (12 more stable to 1 less stable) a level
of stability according to the resistance of the string, and every
resistance lasts for 3,75 seconds. The calculations of the Latero-
Lateral index of stability (LL) and Antero Posterior (AP) index
of stability and, accordingly, the Overall Index of Stability (OIS)
comes from the combined degrees of tilting around the AP and

LL axes.

Protocol

All the women enrolled in the study were community
dwellers. They were referred to the outpatient clinic of balance
rehabilitation for evaluation. The evaluation protocol was based
on the Comprehensive Geriatric Assessment (CGA) [9], and the
domains were physical functioning, nutrition, polypharmacy,
depression, fear of falling, depression, and cognitive decline,
which are closely related to falls. Upon evaluation, all fall-
related conditions, such as polypharmacy, were managed (like
polypharmacy etc.). A thorough clinical examination that could
reveal a pathological entity related to falls was performed based on
which more diagnostic procedures could be performed. Finally,
laboratory analysis was performed to identify whether electrolyte,
nutritional, or vitamin deficiency was present. In particular, the
vitamin D level that is closely related to falls was always evaluated,
and if there was any deficiency, it was always addressed before any
further intervention, as lack of vitamin D (less than 20 ng/dl) is
closely related to falls [10].

In particularly the CGA for fall evaluation included the
following tools, the START-STOPP tool [11], for inadequate
prescription, the Fried criteria [12], for the diagnosis of
frailty, the Mini Nutritional Assessment [13], for nutritional
assessment, the SARC-F tool [14], for sarcopenia, the
Mini Mental State Evaluation (MMSE) [15], for cognitive
impairments, the Geriatric Depression Scale (GDS) [16], the
evaluation of Activities of Daily Living (ADLs) with the Katz
scale [17], the Instrumental Activities of daily Living (IADLS) with
the Lawton Brody index [18], the Short Physical Performance
Battery (SPPB) [19], for motor functioning, and the Fear of falls
with the FES-1 (Fear of Falling I) [20].

In particular, the evaluation of balance was performed with the
mCTSIB (modified Clinical Test on Sensory Interaction on
Balance) of the dynamic platform and miniBEST (mini Balance

Evaluation System Test). The mCTSIB of the BIODEX BBS
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has proven reliability and validity in measuring balance in older
women living in the community [21]. We performed the Mini-
BEST if the results were not within the normal range. This test is
considered the most comprehensive tool for balance evaluation
in older adults living in the community [22]. We used the Greek
translation of Lampropoulou, et al., with proven intercultural
adaptation [23]. As reported by Godi, et al., a score of 18 was
used as a baseline to separate women with a higher (less than
18) and lower (>18) risk of falls [24]. Women with a score less
than 18 were randomly assigned (every second woman to the
control group) to be in the control or interventional group, and
the allocation was made by the physician who did not perform
any of the balance tests.

Both groups were evaluated at the beginning and end of the
study. The balance rehabilitation program consisted of 3 sessions
per week, with duration of 30 min per session, for a total of 36
sessions. In compiling our own protocol, we relied on meta-
analyses that proved that balance exercises should have adequate
dosage and duration, challenge balance, and recommended for 3
hours per week as ideal [25]. The program was very demanding,
and the 3 hours session was not well tolerated in the short pilot
we ran before; thus, we decided to use a 30 min session with a
total of 90 minutes per week.

The same physical therapist delivered the protocol through the
dynamic platform in the same way, meaning that in each session,
the patient was exposed to all diverse types of exercises generated
by the software so that each one had another way to challenge
balance. The patient would start with the easiest level and
proceed to the more difficult one. The patient was also instructed
to use the handrail whenever she experienced an impending fall.
All progress was noted, as well as compliance in every session and
the use of handrails.

The primary outcome after the intervention was the possible gain
in balance with the mCTSIB and Mini BEST test. The secondary

outcome was compliance during the intervention period.

Statistical analysis

All score variables were found to be non-parametric according
to the Shapiro-Wilk test for composite normality. Therefore,
descriptive statistics were provided in the form of medians (Q1-
Q3), and non-parametric tests were applied. Specifically, controls
and cases were compared using Wilcoxon’s rank-sum test, while pre
versus post-comparisons were performed using Wilcoxon’s signed-
rank test. The overall comparison of case versus control postscores
with their pre-scores as covariates was assessed using non-parametric
Analysis of Covariance (ANCOVA). Finally, the compliance ratios
of our study and those of other studies were compared using the
binomial ztest for proportion. All statistical tests were two-sided,
and statistical significance was set at p<0.05. Statistical analysis was
performed using the R project for statistical computing and R-Studio
IDE, two well-known open-source products.

RESULTS

Table 1 summarizes the outcomes of the statistical analyses. The
significant outcomes were as follows: The intervention was from

1/01/2018 to 9/2019, and stopped because of lack of funding.
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Table 1: The main statistical table of the analysis outcomes, depicting comparisons between controls vs. cases pre and post, as well as paired comparisons
between post vs. pre in controls and cases separately. An ANCOVA procedure testing either confirms the outcomes or not. Significant p-values are

depicted as bold.
Post minus Post Non—t .
Variable Control vs. Case pre Pwvalue  Control vs. Case post P-value pre in Pvalue minus pre P-value parametric
control in case ancova
p-value
20.6 (19.12-22.58) ws. 17.1 19.75 (18.62-23) ws. 18.8 0.25 (-1.9- 0.9 (:0.58-
HG max (14.7.20.1) 0.089 (16.1-21.3) 0.57 1.4) 1 3.32) 0.153 0.825
. 0.78 (0.64-1.07) vs. 0.68 0.85 (0.65-0.97) ws. 0.71 -0.01 (-0.03- 0.11 (-0.03-
velocity (0.58.0.76) 0.14 (0.67.0.87) 0.935 0.02) 0.678 0.25) 0.25 0.085
10.5 (9-13.75) vs. 10.5 11.5 (9.25-14) vs. 10.5
MNA (9-11.75) 0.669 (10-12) 0.786 0(0-1) 0.41 0.5 (0-1) 0.12 0.422
26.5(23.5-27.75) ws. 28 21.5(23.75-28.75) wvs. 0.5 (-0.75-
MMSE (27.25.29) 0.071 28.5 (26.29) 0.281 0(0-1) 0.203 1.75) 0.724 0.851
GDS 5(2-7.75) vs. 3 (2-4) 0.237 5(2.25-8) vs. 4 (2.25-5) 0.515 0 (00) 1 1(0.752) 0.28 1
-1.95
11.25 (10.02-12.75) ws. 11.98 (10.85-13.88) ws. 0.21 (-0.01-
UG 15251351167 09 1as@ossisse 07 e O (55053)” 0084 0409
. 14.5 (12.25-16) ws. 13.5 14 (12-16.75) vs. 16.5 (16-
miniBEST (11.5-15.75) 0.703 12.75) 0.061 0(0.75-0)  0.572 3(3-5.5)  0.006 0.039
miniBEST
domainl 3.5 (34) us. 3 (2-3.75) 0.328 3(3-3.75) ws. 3.5 (34) 0.398 0(0.75-0)  0.424 0.5(0-1) 0.053 0.357
miniBEST
domain? 3(2-3.75) vs. 3(2.254) 0.507 3(2.25-3.75) vs. 4 (3-4) 0.06 0 (0-0) 0.773 1(0-1) 0.066 0.095
miniBEST
domain3 3.524.75) vs. 3(2-3.75) 0.428 3(34.75) vs. 4 (3-4) 0.407 0(00.75) 0424 1(1-1.75) 0.012 0.113
miniBEST
domaind 4.5 (4-5) vs. 5 (4.25-5.75)  0.477 5(3.25-5) vs. 6.5 (5-7) 0.034 0 (0-0) 0.586 2(0-2) 0.028 0.359
8(5.259.75) vs. 5.5 1.5 (1-
SPPB (4.256) 0.078  7.5(6.259) vs. 7(6-8.75)  0.702 0 (-1-1.5) 1 2.75) 0.02 0.17
SPP,B 3(2-4) vs. 2 (1.25-2) 0.084 2.5(2-4) vs. 3 (2-3.75) 0.872 0(0.75- 1 1(0-2) 0.031 0.587
domainl 0.75)
SPPB 2.5(2-3) vs. 2 (1.25-2) 0.23 3 (2-3) vs. 2(2-2.75) 0.404 0¢0.75- 1 0(0.75-1) 0.792 0.857
domain2 0.75)
SPPB
i 2(2-3) vs. 2 (1-2) 0.358 2(2-3) ws. 2 (1.25-2.75) 0.719 0 (0-0) 0.773 0(01) 0.233 0.319
domain3
39 (30-44.5) vs. 33 (27.75- 35(32.25-39) vs. 34 (24.5- 0 (-1.5-
FES 39.5) 0.762 40.25) 094  0(2.251.5) 0.528 1.75) 1 0.722
IADL 7 (6.25-8) vs. 7 (6.25-7) 0.721 7 (6-8) vs. 6.5 (6-7) 0.491 0 (0-0) 0.586 0 (0-0) 0.773 1
1.7 (1.5-1.79) vs. 1.59 1.53 (1.43-1.77) vs. 1.4 40.26 (-0.33- 0.2 (-0.48~
mCTSIB (1.46.2.11) 0.705 (1.32-1.69) 0.472 0.02) 0.103 0.09) 0.027 0.781
0.24
0.62 (0.45-0.66) vs. 0.66 0.64 (0.52-0.69) vs. 0.46 0.03 (-0.06-
EOFS (0.590.73) 0.121 (0.350.59) 0.031 0.11) 0.557 (-0.44- 0.01 0.225
0.09)
1.39(0.97-2) vs. 1.34 1.3 (0.9-1.57) ws. 1.01 0.06 (-0.21- 0.53
ECFS (1.13-1.73) 0.853 (0.78-1.18) 0.326 0.28) 0.646 (0.71.0.08) 0.064 0.59
0.31
1.36 (1-1.69) vs. 1.52 1.1 (0.95-1.35) ws. 1.2 <0.19 (-0.39-
EOFoS (1.21-1.69) 0.472 (1.02-1.39) 0.57 0.04) 0.092 (—00.0472; 0.024 0.473
3.63 (3.12-3.83) vs. 3.52 3.06 (2.67-3.97) vs. 3.04 0.6 (-1.06- 0.73 (-1-
ECFoS (2.964.38) ! (2.883.69) R N !
Katz 6 (5-6) vs. 6 (5.25-6) 0.558 5 (5-6) vs. 6 (6-6) 0.13 0 (0-0) 1 0 (0-0) 1 0.373
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miniBEST

Pre-scores were not found to be statistically significantly different
between the control and case: 14.5 (12.25-16) wvs. 13.5 (11.5-
15.75), respectively (p=0.703). The same also holds for the post-
scores: 14 (12-16.75) wvs. 16.5 (16-17.75), respectively (p=0.061).
The paired analysis did not reveal a statistically significant
difference in control between prews. Postintervention, with a
post-pre difference of 0 (-0.75-0), and p=0.572, but did reveal a
difference in case: 3 (3-5.5), p=0.006. A non-parametric Analysis
of Covariance (ANCOVA) confirm a statistically significantly
difference for the whole procedure (p=0.039). The results show
a statistically significant difference in the case group before and
after the intervention, (Figure 2). The domain 4 of the mini-
BEST which corresponds to the dynamic gait is the one with
more impact from the protocol in control vs. case comparison

with a p=0.034.
Short Physical Performance Battery (SPPB)

Pre-scores were not found to be statistically significantly different
in control vs. case: 8 (5.259.75) ws. 5.5 (4.25-6), respectively
(p=0.078). The same holds for postscores: 7.5 (6.25-9) vs. 7 (6-
8.75), respectively (p=0.702). Paired analysis did not disclose a
statistically significantly difference in control between pre vs.
post, with a post-pre difference of 0 (-1-1.5), p=1, but did reveal

OPEN aACCESS Freely available online

a difference in case: 1 (0-2), p=0.031. Non-parametric Analysis of
Covariance (ANCOVA) did not confirm statistically significantly
difference for the whole procedure (p=0.857). The results show
a statistically significant difference in the case group before and
after the intervention, p=0.02, (Figure 3), with the first task that
evaluates balance to be the most impacted with a p=0.031.

mCTSIB

Pre-scores were not found to be statistically significantly different
in control vs. case: 1.7 (1.5-1.79) vs. 1.59 (1.46-2.11), respectively
(p=0.705). The same holds for post-scores: 1.53 (1.43-1.77) vs. 1.4
(1.32-1.69), respectively (p=0.472). Paired analysis did not disclose
a statistically significantly difference in control between pre ws.
post, with a post-pre difference of -0.26 (-0.33 -0.02), =0.103, but
did reveal a difference in case: -0.2 (-0.48 -0.09), p=0.027. Non-
parametric Analysis of Covariance (ANCOVA) did not confirm a
statistically significant difference for the whole procedure (p=0.225).
The results show a statistically significant difference in the case group
before and after the intervention (Figure 4). The 2 open Eyes tasks
whether in Firm (EOFS) or in Foam Surface (EOFoS) where mainly
impacted by the protocol p=0.01 and p=0.024.

The other parameters, Hand grip, ADL’s, gait speed, MMSE, GDS,
MNA, (p=0.825, p=1,00, p=0.085, p=0.422, p=0.851, p=1,000,
and p=0.409, respectively) showed no statistical difference.
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Figure 2: Visualization of the analysis of the mini-BEST score, both pre and post for. (A) controls and cases as well as for the difference of post
minus pre, for; (B) Controls; (C) Cases, separately. Note: Control (B); Case ().
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Figure 4: Visualization of the analysis of the mCTSIB score, both pre and post for. (A) controls and cases, as well as for the difference of post minus

pre, for; (B) Controls; (C) Cases, separately. Note: Control (B); Case ().
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Compliance

A statistically significant difference (p<0.001) showed that
compliance was achieved. The % of patients that adhered to the
protocol was 96%.

DISCUSSION
This was a Randomized Controlled Trial (RCT) study regarding

the effectiveness of an exercise protocol for fall prevention in
elderly women living in a community with a dynamic platform.
Based on the results of our study, we can conclude that dynamic
platform exercise programs are effective (mini-BEST, p<0.006;
mCTSIB, p<0.02; SPPB, p<0.02) in balance rehabilitation for
falls. The tests used in our study to evaluate balance demonstrated
a statistically significant difference pre and post-intervention.
Among the four known domains of the mini-BEST (Anticipatory,
Reactive Postural Control, Sensory Orientation, and Dynamic
Gait), Sensory orientation and dynamic gait showed statistically
significant results (p=0.012 and p=0.028, respectively). We can
hypothesize that sensory adaptations and dynamic components
are the first to respond to the challenge; anticipatory and postural
responses need more time to be affected. We believe that time is
probably the variable because the platform specifically addresses
anticipatory responses and postural control reactions. The SPPB,
which evaluates overall motor function, was also positively
impacted, mostly in the subdomain of balance (p=0.03), as
expected. The mCTSIB a sensory tool that evaluates balance
was also positively impacted by the intervention and mainly the
2 domains with open eyes whether in firm or in foam surface
(p=0.01 and p=0.024), the explanation could be that the closed
eyes domains are more difficult tasks for older women to be
impacted in such a short time.

This conclusion is also consistent with a recent meta-analysis of
2021 that evaluated fall prevention strategies and concluded that
exercise in a single intervention was most strongly associated with
a reduction in fall rate, with a reduction in the number of fall-
related fractures [26]. The exercise protocols used in this meta-
analysis did not incorporate platform protocols.

The second critical point that emerged from this study was very
good compliance. Of the patients who started the protocol,
only two did not continue (p<0.001, 96%). The first was due to
a health problem that required immediate treatment, and the
second stopped for personal reasons for a brief time and came
back. Excellent compliance with platform exercises is not always
observed in other exercise programs Hanley [27], (reported
compliance 60%), while 78.5%, 95% CI: 72.8%-84.2% came
from the meta-analysis of Zhao [8]. We cannot determine the
exact reasons for these favorable results, but we can hypothesize
that 2 was the main reason. One is motivation built by immediate
feedback from the program when achieving a goal and progressing
to a more difficult level. The second is the personalized approach,
the relaxing and intimate environment with the presence of only
the therapist to ensure safety and comfort. In the population
studied the majority of participants were of the more aged and
vulnerable group of over 75, they are the group that falls more
often, and they are the ones with the lowest compliance. Enrolling
them in exercise group programs was always difficult because they
felt ashamed of their performance (as stated by them), and the

Int ] Phys Med Rehabil, Vol.12 Iss.1 No:1000716
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alternative of an individualized supervised program was very
appealing to them.

There is not much in the literature concerning exercises in
BIODEX dynamic platforms. We found only the following

programs.

e Asample of 18 seniors living in the community in a Pakistani
region through a Randomized Controlled Trial (RCT)
included nine in the intervention group and nine in the
control group. The elderly received 8 weeks of treatment
three times a week for 30-45 min. The age group ranged
from 50 to 85 years. The programs included weightshift
training and stability limits. The results showed a statistically
significant improvement in the intervention group (p<0.001),
whereas no improvement was observed in the control group
(p>0.05). The population studied showed differences in the
Berg Balance test, Biodex Fall Risk Score, and Timed Up and
Go test. There was a difference in the Timed Up and go test
between the groups before the intervention, while in all the
tests after the intervention, there was improvement in the
intervention team [26].

¢ AnRCTstudyin children 5-8 years with diplegia of both sexes.
The protocol consisted of 12 sessions three times a week.
The results showed a statistically significant improvement
in the intervention group (p<0.05), which, in addition to
classical physiotherapy, also performed a program on the
BBS platform, whereas the control group only performed
classical physiotherapy [28].

e Inelderly patients with diabetic polyneuropathy, an RCT was
performed with 34 patients in the intervention and control
groups. Both groups were measured at the beginning of the
study using the Berg Balance Test, Timed Up and Go test,
and Fall Risk Test. The intervention group 30 min three times
a week for 10 sessions with the protocol “Stability Training
in Standing Position”. The results of TUG p=0.01; Berg
Balance=0.04; Fall Risk Test p=0.002 in the intervention
group the control group did not show a significant difference

(29].

¢ RCT in multiple sclerosis. Thirty patients with multiple
sclerosis or secondary progression were recruited into two
groups. Strength and balance measurements were performed
with Manual Muscular Testing, Timed up and go, modified
as worth, Romberg, and Berg Balance Test. The intervention
team after 24 sessions of 2 times a week for 12 weeks in
standing stability training. No significant difference was
found in the intervention group (TUG=0.003 BBS, p>0.05)
(30].

e Older adults living in institutional structures were divided
into two groups of 20 people each. Measurements were made
before and after the intervention, which was the FES-I (Fear
of Falling) and dynamic balance test on the platform (Fall
Risk Test). The intervention team held 2 sessions on the
platform for 12 weeks. In the intervention group, there was
an improvement in dynamic balance, as shown by the Fall
Risk Test, and a moderate difference with the control group
in Fes- (8 points) [31].

The programs used in these studies were extremely variable;



Antoniadou E, et al.

however, they used a way to challenge balance and measured the
effects with well-established balance evaluation scales. All but the
MS protocol showed statistically significant differences in the
intervention group. Only the protocol was clearly addressed to
older people living in the community, but they had sexes, fewer
participants, and a shorter period of time, but a greater time per
session. They used only two modalities of the dynamic platform:
Weight-shifting and limits of stability. They found a statistically
significant difference between the intervention and control
groups before and after intervention. All the other protocols
involved patients of other age groups or with diverse diagnoses,
and the last protocol of Gusi, et al. involved older people but was
institutionalized [31].

Regarding adverse effects, only one patient reported a fall during
the exercise period. This very low fall rate is in accordance with
the meta-analysis by Zhao, et al., [8]. We also had no accidental
falls during the sessions, and the patients reported that the
presence of a therapist throughout the program and the ability to
grasp the platform in case of loss of balance was reassuring.

We have also noted, along with physical improvement, that
there was an improvement in the patients’ self-confidence.
This qualitative data is difficult to measure with a valid scale; it
was what the patients shared with us in everyday life. The only
objective scale for qualitative data was the fear of falling FES
scale, which showed no significant difference but measured fear
and not confidence.

We also wanted to see if exercise in such a short period could
affect all other components of the CGA, such as hand grip, ADL,
IADL’s usual gait speed, MMSE, GDS, and MNA scores (p=0.153,
p=1,00, p=0.773, p=0.25, p=0.724, p=0.28, p=0.12). The analysis
showed no difference before and after the exercise protocol in
the other components, and no difference was expected, as the
program was not aimed at any of those. This finding reinforces
the already proven concept that, to have an impact in any domain,
the intervention must be focused on a particular domain.

As for the limitations of this study, gender differences were
not addressed, and we have demonstrated the validity and
reliability of the test in the elderly female population living in
the community, and we do not know if this can be applied to the
male. In addition, the population came from a single center that
makes it a convenience sample, and further studies are needed
to assess the elderly living in shelter structures or nursing homes.
However, as an added value to this study, the population studied
was well defined and had no mixed institutionalized and not

older adults, which is of added value.
CONCLUSION

Regarding the device, there are two limiting factors for its
extensive use. One is the acquisition cost, which limits the
availability. Attitude analysis systems are fast, standard, and do
not require experience in operation; however, this entails a cost
that clinical trials performed with little or no equipment do not
have. There were also no reference values or normal limits of
the device protocols for the correct reporting of the findings.
However, they can be used in more vulnerable groups of the
elderly owing to their safety and personalized approach. We
conclude that fall prevention exercises on a dynamic platform
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are effective and have good compliance. Platform exercise is an
ideal start for older community dwellers to find in a protected
environment the beginning of the thread that will lead them to a
change of lifestyle and, therefore, to long-term health.

ETHICAL COMMITTEE

The ethical committee of the University Hospital approved
the protocol (no. 621/15-12-17) for the enrolment of a patient
in the study, and written consent was necessary after a detailed
explanation of the procedures and the probable harm.

DATA AVAILABILITY STATEMENT

The data associated with the paper are not publicly available but
are available from the corresponding author upon reasonable
request.

CONFLICT OF INTEREST

No conflict of interest.

FUNDING

Funding was received from the ELKE (SPECIAL RESEARCH
FUNDS ACCOUNT) of the University.

AUTHOR’S CONTRIBUTIONS

Author 1, Author 1,3,4 have provided substantial contributions
to the conception or design of the manuscript and to the
acquisition and interpretation of the data. Author 2, Analysis of
the data and interpretation.

REFERENCES
1. Davis JC, Robertson MC, Ashe MC, Liu-Ambrose T, Khan KM,

Marra CA. International comparison of cost of falls in older adults
living in the community: A sysematic review. Osteoporos Int.

2010;21(8):1295-1306.

2. Florence CS, Bergen G, Atherly A, Burns E, Stevens J, Drake
C. Medical costs of fatal and nonfatal falls in older adults. ] Am
Geriatr Soc. 2018;66(4):693-698.

3. Hartholt KA, Van Beeck EF, Polinder S, Van Der Velde N, Van
Lieshout EMM, Panneman MJM, et al. Societal consequences
of falls in the older population: Injuries, healthcare costs, and
longterm reduced quality of life. ] Trauma Inj Infect Crit Care.

2011;71(3):748-753.

4. Vaishya R, Vaish A. Falls in older adults are serious. Indian ]
Orthop. 2020;54(1):69-74.

5.  Abrahamsen B, Van Staa T, Ariely R, Olson M, Cooper C. Excess
mortality following hip fracture: A systematic epidemiological

review. Osteoporos Int. 2009;20(10):1633-1650.

6. Dautzenberg L, Beglinger S, Tsokani S, Zevgiti S, Raijmann RCMA,
Rodondi N, et al. Interventions for preventing falls and falllrelated
fractures in communityldwelling older adults: A systematic review
and network metalanalysis. ] Am Geriatr Soc. 2021;69(10):2973-
2984.

7. Sherrington C, Fairhall NJ, Wallbank GK, Tiedemann A,
Michaleff ZA, Howard K, et al. Exercise for preventing falls in older
people living in the community. Cochrane Database Syst Rev.

2019;1(1):CD012424.
8.  Zhao R, Bu W, Chen X. The efficacy and safety of exercise for
prevention of fall-related injuries in older people with different

health conditions, and differing intervention protocols: A


https://link.springer.com/article/10.1007/s00198-009-1162-0
https://link.springer.com/article/10.1007/s00198-009-1162-0
https://agsjournals.onlinelibrary.wiley.com/doi/abs/10.1111/jgs.15304
https://agsjournals.onlinelibrary.wiley.com/doi/abs/10.1111/jgs.15304
https://agsjournals.onlinelibrary.wiley.com/doi/abs/10.1111/jgs.15304
https://agsjournals.onlinelibrary.wiley.com/doi/abs/10.1111/jgs.15304
https://link.springer.com/article/10.1007/s43465-019-00037-x
https://link.springer.com/article/10.1007/s43465-019-00037-x
https://link.springer.com/article/10.1007/s00198-009-0920-3
https://link.springer.com/article/10.1007/s00198-009-0920-3
https://link.springer.com/article/10.1007/s00198-009-0920-3
https://agsjournals.onlinelibrary.wiley.com/doi/10.1111/jgs.17375
https://agsjournals.onlinelibrary.wiley.com/doi/10.1111/jgs.17375
https://agsjournals.onlinelibrary.wiley.com/doi/10.1111/jgs.17375
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD012424.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD012424.pub2/full
https://link.springer.com/article/10.1186/s12877-019-1359-9
https://link.springer.com/article/10.1186/s12877-019-1359-9
https://link.springer.com/article/10.1186/s12877-019-1359-9

Antoniadou E, et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

meta-analysis of randomized controlled trials. BMC Geriatr.

2019;19(1):341.

Ellis G, Gardner M, Tsiachristas A, Langhorne P, Burke O,
Harwood RH, et al. Comprehensive geriatric assessment for
older adults admitted to hospital. Cochrane Database Syst Rev.
2017;201709).

Charoenngam N, Shirvani A, Holick MF. Vitamin D for skeletal
and non-skeletal health: What we should know. J Clin Orthop
Trauma. 2019;10(6):1082-100293.

O’Mahony D. STOPP/START criteria for potentially inappropriate
medications/potential prescribing omissions in older people:
Origin and progress. Expert Rev Clin Pharmacol. 2020;13(1):15-
22.

Fried LP, Young Y, Rubin G, Bandeen-Roche K. Self-reported
preclinical disability identifies older women with early declines in
performance and early disease. ] Clin Epidemiol. 2001;54(9):889-
901.

Vellas B, Guigoz Y, Garry PJ, Nourhashemi F, Bennahum D,
Lauque S, et al. The Mini Nutritional Assessment (MNA) and its
use in grading the nutritional state of elderly patients. Nutrition.

1999;15(2):116-122.

Malmstrom TK, Morley JE. SARC-F: A simple questionnaire to
rapidly diagnose sarcopenia. ] Am Med Dir Assoc. 2013;14(8):531-
532.

Arevalo-Rodriguez 1, Smailagic N, Roqué-Figuls M, Ciapponi
A, SanchezPerez E, Giannakou A, et al. Mini-Mental State
Examination (MMSE) for the early detection of dementia in people
with Mild Cognitive Impairment (MCI). Cochrane Database Syst
Rev. 2021;7(7):CD010783.

Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, et
al. Development and validation of a geriatric depression screening
scale: A preliminary report. ] Psychiatr Res. 1982;17(1):37-49.

Katz S. Studies of illness in the aged: The Index of ADL: A
standardized measure of biological and psychosocial function.
JAMA. 1963;185(12):914.

Lawton MP, Brody EM. Assessment of older people: Self

maintaining and instrumental of daily living.

Gerontologist. 1969;9(3):179-186.

Guralnik JM, Simonsick EM, Ferrucci L, Glynn R]J, Berkman LF,
Blazer DG, et al. A Short physical performance battery assessing
lower extremity function: Association with self-reported disability

activities

and prediction of mortality and nursing home admission. ]

Gerontol. 1994;49(2):M85-94.

Int ] Phys Med Rehabil, Vol.12 Iss.1 No:1000716

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

31.

OPEN aACCESS Freely available online

Dewan N, MacDermid JC. Fall Efficacy Scale-International (FES-T).
J Physiother. 2014;60(1):60.

Antoniadou E, Kalivioti X, Stolakis K, Koloniari A, Megas D,
Tyllianakis M, et al. Reliability and validity of the mCTSIB dynamic
platform test to assess balance in a population of older women
living in the community. J Musculoskelet Neuronal Interact.

2020;20(2):185-193.

Franchignoni F, Horak F, Godi M, Nardone A, Giordano A.
Using psychometric techniques to improve the Balance Evaluation
Systems Test: The Mini-BESTest. ] Rehabil Med. 2010;42(4):323-
331.

Lampropoulou SI, Billis E, Gedikoglou IA, Michailidou C,
Nowicky AV, Skrinou D, et al. Reliability, validity and minimal
detectable change of the Mini-BESTest in Greek participants with
chronic stroke. Physiother Theory Pract. 2019;35(2):171-182.

Godi M, Arcolin I, Leavy B, Giardini M, Corna S, Franzén E.
Insights into the Mini-BESTest scoring system: Comparison of 6
different structural models. Phys Ther. 2021;101(10):pzab180.

Sherrington C, Michaleff ZA, Fairhall N, Paul SS, Tiedemann
A, Whitney ], et al. Exercise to prevent falls in older adults: An
updated systematic review and meta-analysis. Br ] Sports Med.

2017;51(24):1750-1758.
Daud SAH, Rahman MU, Arsh A, Junaid M. Effect of balance

training with biodex balance system to improve balance in patients
with diabetic neuropathy: A quasi experimental study. Pak ] Med
Sci. 2021;37(2):389-392.

Hanley A, Silke C, Murphy. Community-based health efforts for
the prevention of falls in the elderly. Clin Interv Aging. 2011;6:19-
25.

Elgohary TM, Emara HA, AlShengiti A, Hegazy FA. Biodex
balance training versus conventional balance training for children

with spastic diplegia. ] Taibah Univ Med Sci. 2017;12(6):534-540.

Eftekhar-Sadat B, Azizi R, Aliasgharzadeh A, Toopchizadeh V,
Ghojazadeh M. Effect of balance training with biodex stability
system on balance in diabetic neuropathy. Ther Adv Endocrinol

Metab. 2015;6(5):233-240.

Eftekharsadat B, Babaei-Ghazani A, Mohammadzadeh M, Talebi
M, Eslamian F, Azari E. Effect of virtual reality-based balance
training in multiple sclerosis. Neurol Res. 2015;37(6):539-544.

Gusi N, Carmelo Adsuar J, Corzo H, Del Pozo-Cruz B, Olivares PR,
Parraca JA. Balance training reduces fear of falling and improves
dynamic balance and isometric strength in institutionalised older

people: A randomised trial. ] Physiother. 2012;58(2):97-104.


https://www.sciencedirect.com/science/article/pii/S1836955314000265?
https://www.ismni.org/jmni/Archive.php?year=2020
https://www.ismni.org/jmni/Archive.php?year=2020
https://www.ismni.org/jmni/Archive.php?year=2020
https://medicaljournalssweden.se/jrm/article/view/17823
https://medicaljournalssweden.se/jrm/article/view/17823
https://www.tandfonline.com/doi/full/10.1080/09593985.2018.1441931
https://www.tandfonline.com/doi/full/10.1080/09593985.2018.1441931
https://www.tandfonline.com/doi/full/10.1080/09593985.2018.1441931
https://academic.oup.com/ptj/article/101/10/pzab180/6334618?login=false
https://academic.oup.com/ptj/article/101/10/pzab180/6334618?login=false
https://bjsm.bmj.com/content/51/24/1750
https://bjsm.bmj.com/content/51/24/1750
https://pjms.org.pk/index.php/pjms/article/view/2336
https://pjms.org.pk/index.php/pjms/article/view/2336
https://pjms.org.pk/index.php/pjms/article/view/2336
https://www.dovepress.com/community-based-health-efforts-for-the-prevention-of-falls-in-the-elde-peer-reviewed-fulltext-article-CIA
https://www.dovepress.com/community-based-health-efforts-for-the-prevention-of-falls-in-the-elde-peer-reviewed-fulltext-article-CIA
https://www.sciencedirect.com/science/article/pii/S1658361217301191?
https://www.sciencedirect.com/science/article/pii/S1658361217301191?
https://www.sciencedirect.com/science/article/pii/S1658361217301191?
https://journals.sagepub.com/doi/10.1177/2042018815595566
https://journals.sagepub.com/doi/10.1177/2042018815595566
https://www.tandfonline.com/doi/full/10.1179/1743132815Y.0000000013
https://www.tandfonline.com/doi/full/10.1179/1743132815Y.0000000013
https://www.sciencedirect.com/science/article/pii/S1836955312700899?
https://www.sciencedirect.com/science/article/pii/S1836955312700899?
https://www.sciencedirect.com/science/article/pii/S1836955312700899?
https://link.springer.com/article/10.1186/s12877-019-1359-9
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD006211.pub3/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD006211.pub3/full
https://www.sciencedirect.com/science/article/abs/pii/S0976566219303960?
https://www.sciencedirect.com/science/article/abs/pii/S0976566219303960?
https://www.tandfonline.com/doi/full/10.1080/17512433.2020.1697676
https://www.tandfonline.com/doi/full/10.1080/17512433.2020.1697676
https://www.tandfonline.com/doi/full/10.1080/17512433.2020.1697676
https://www.sciencedirect.com/science/article/abs/pii/S0895435601003572?
https://www.sciencedirect.com/science/article/abs/pii/S0895435601003572?
https://www.sciencedirect.com/science/article/abs/pii/S0895435601003572?
https://www.sciencedirect.com/science/article/abs/pii/S0899900798001713?
https://www.sciencedirect.com/science/article/abs/pii/S0899900798001713?
https://www.sciencedirect.com/science/article/abs/pii/S1525861013003034?
https://www.sciencedirect.com/science/article/abs/pii/S1525861013003034?
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD010783.pub3/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD010783.pub3/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD010783.pub3/full
https://www.sciencedirect.com/science/article/abs/pii/0022395682900334?
https://www.sciencedirect.com/science/article/abs/pii/0022395682900334?
https://jamanetwork.com/journals/jama/article-abstract/666768
https://jamanetwork.com/journals/jama/article-abstract/666768
https://psycnet.apa.org/record/2011-21299-001
https://psycnet.apa.org/record/2011-21299-001
https://academic.oup.com/geronj/article-abstract/49/2/M85/595537?redirectedFrom=fulltext&login=false
https://academic.oup.com/geronj/article-abstract/49/2/M85/595537?redirectedFrom=fulltext&login=false
https://academic.oup.com/geronj/article-abstract/49/2/M85/595537?redirectedFrom=fulltext&login=false

