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EFFECTS OF BALANCE TRAINING ON BALANCE AND FALL EFFICACY
IN PATIENTS WITH OSTEOPOROSIS: A SYSTEMATIC REVIEW AND
META-ANALYSIS WITH TRIAL SEQUENTIAL ANALYSIS
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Objective: To appraise research evidence on the
effects of balance training on balance and fall effi-
cacy in patients with osteoporosis.

Methods: Six electronic databases were searched
from inception of the database to 1 August 2022,
with no language restrictions, and randomized con-
trolled trials of balance training in patients with
osteoporosis were included in this meta-analysis.
Two authors independently screened and revie-
wed the articles and assessed the methodological
quality using the Cochrane risk-of-bias tools. Trial
sequential analysis was conducted.

Results: A total of 10 randomized controlled trials
with 684 patients were included. Three of the stu-
dies that were included had low risk of bias, 5 had
moderate risk of bias, and 2 had high risk of bias.
A meta-analysis demonstrated that balance train-
ing improves dynamic balance measured using the
Timed Up and Go Test (mean difference (MD) =-1.86,
95% CI (-2.69, -1.02), Z=4.38, p<0.0001) and
the Berg Balance Scale (MD=5.31, 95% CI (0.65,
9.96), Z=2.23, p<0.03), static balance measured
using One-Leg Standing Time (MD=4.10, 95% CI
(2.19, 6.01), Z2=4.21, p<0.0001), and fall efficacy
measured using the Falls Efficacy Scale Internatio-
nal (MD=-4.60, 95% CI (-6.33, -2.87), 2=5.20,
p<0.00001) were also significantly improved. Trial
sequential analysis showed reliable evidence of
the effects of balance training on dynamic and sta-
tic balance improvement. The conclusions of this
review are supported by the statistical and clinical
significance of all outcomes in the meta-analysis,
based on the advised minimal clinically significant
differences and minimum detectable changes.
Conclusion: Balance training may be effective in
improving balance ability and reducing fear of fal-
ling in patients with osteoporosis.
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(LAY ABSTRACT A
Insufficient balance will limit activities and impair phy-
sical and mental capabilities, which will increase the risk
of falling and reduce quality of life. The study evidence
on the effects of balance training in people with osteo-
porosis is summarized in this paper. The investigations
identified 10 related studies that tested the effects of
balance training. The data from these trials shows that
balancing training can decrease patients’ fear of falling
and improve their balancing abilities. For patients and
therapists hoping to enhance the effectiveness of reha-

Q)ilitation, these findings are crucial. )
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Osteoporosis (OP) is the most common bone disease,
characterized by a decrease in bone mineral density
and an increased risk of fracture (1, 2). OP can affect both
females and males of all ages, but is more prevalent in
postmenopausal women and older men (2). The World
Health Organization (WHO) reports that osteoporosis
has emerged as a major global health issue, second only
to cardiovascular disease in terms of severity, affecting
more than 200 million people globally and continuing
to increase (3). Chronic pain, muscular loss, a shorter
stature, postural instability, and other clinical indications
of osteoporosis cause patients to lose their balance and
experience a fear of falling (4, 5). Due to these factors,
they avoid routine activities, their physical function
deteriorates, and their risk of falling increases and hig-
hers the risk of fractures (6, 7). Estimates indicate that
50% of women and 20% of men aged over 50 years will
experience an osteoporosis-related fracture.

There is a high correlation between poor balance and
falls (8—12). Falls and balance are a major cause of frac-
tures and even mortality in patients with osteoporosis
(3, 13). Almost all hip and wrist fractures and approx-
imately 30% of vertebral fractures are caused by poor
balance and falls, and they come at a high cost to the
healthcare system (14). To decrease these costs, strategies
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for poor balance and falls are essential. Balance training
can increase postural stability, which lowers the risk of
falls and reduces the risk of fractures (5, 15-19).

In order to improve postural control and align the
body’s centre of gravity with its base of support,
balance training is a rehabilitative activity that aims
to improve or restore the body’s ability to maintain
balance (5, 20, 21). Balance training has proven effec-
tive in the older population with positive outcomes (16,
17, 19). Studies on balance training in osteoporosis
patients have resulted in a range of conclusions, but
there has not been a thorough analysis of these. The-
refore, the objective of this study was to review and
evaluate the research evidence regarding the effects of
balance training on balance and fall efficacy in patients
with osteoporosis.

METHODS

The study was performed in accordance with the
Cochrane Handbook for Systematic Reviews of In-
terventions (22) and is reported in keeping with the
updated PRISMA 2020 statement (23). This meta-
analysis was prospectively registered in PROSPERO
(CRD42022350756).

Literature search strategy

Six electronic databases (PubMed, EMBASE, Web of
Science, EBSCO, Cochrane Central controlled trial
registration, and China National Knowledge Infrastruc-
ture) were searched from inception to 1 August 2022,
with no language restrictions. The literature was sear-
ched using medical subject headings (MeSH) and free
terms, including (Osteoporosis OR Osteoporosis, Post-
Traumatic OR Osteoporoses OR Osteoporosis, Senile
OR Osteoporosis, Age-Related” and “balance training
OR balance training programme OR balance exercise).
Moreover, the reference lists of included studies were
reviewed to identify other potential eligible articles.

Study eligibility criteria

Based on the PICOS framework, the following in-
clusion criteria were established: P (population):
Patients are diagnosed with osteoporosis according
to the WHO osteoporosis diagnostic criteria; I (inter-
vention): receive balance training; C (comparison):
receive routine medication or activities; O (outco-
mes): Timed Up and Go Test (TUQG), Falls Efficacy
Scale International (FES-I), One-Leg Standing Time
(OLST), Berg Balance Scale (BBS); S (study design):
randomized controlled design. Studies were excluded
if the patients presented any of the following criteria:
severe orthopaedic conditions other than osteoporosis,
eye and internal ear pathologies that could lead to
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imbalance, vitamin B12 or folate deficiencies, use of
any drugs that may affect balance, and uncontrolled
hypertension or hypotension. In addition, reviews,
meeting summaries, case reports, non-randomized
controlled trials, and repetitive articles were excluded

Study selection and data extraction
To manage the data, Endnote X9 (Clarivate Analytics,
Philadelphia, Pennsylvania, USA) was used to import
all search results. Two researchers independently and
concurrently examined the study titles and abstracts
and all duplicate papers were deleted. The whole text
of each paper was then examined in accordance with
the requirements for eligibility, and data extraction was
carried out separately. Disagreements were resolved
by discussion and consultation with a third researcher.
Two researchers used a prespecified data extraction
form to extract the following data from included studies:
author, study year, country, sample size, participants’
characteristics (age, sex), details of the intervention and
control conditions, duration of intervention, and outco-
mes. If possible, the authors were emailed to obtain the
missing data. The mean and standard deviation (SD) of
the outcome measurement and baseline measurement
were extracted, and their differences were calculated,
in accordance with the Cochrane manual (22).

Quality assessment

Two researchers evaluated the included randomized
controlled studies’ methodological quality using the
Cochrane Risk-of-Bias Tool (24). Any differences of
opinion were settled by consensus, with inclusion of
a third researcher. The risk tool includes 7 domains:
random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective
reporting, and other potential biases. Each domain was
rated as having a low, medium or high risk of bias.

Statistical analysis

RevMan (version 5.4,The Cochrane Collaboration,
London, UK) was used to conduct statistical analysis.
For continuous variables, the mean difference (MD) or
standardized mean difference (SMD) was calculated
with corresponding 95% confidence intervals (95%
CI), based on whether the outcomes were measured
with the same scales. A y? test was used for heterogen-
eity. When the heterogeneity test resulted in p < 0.05
and 12<50%, the fixed effect model was used for
meta-analysis; If p<0.05 and I? < 50%, the source of
heterogeneity was further analysed. After excluding the
influence of obvious clinical heterogeneity, the random
effect model was used for meta-analysis. RevMan
5.4.1 was used to generate forest plots. If the number
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of studies in the meta-analysis was 10 or more, Begg’s
test, Egger’s test, and a funnel plot were constructed
using STATA (version 16.0, Stata Corporation, College
Station, TX, USA).

Trial sequential analysis

Meta-analysis with small sample sizes may increase
the risk of false-positive (type I error) results, leading
to erroneous conclusions (25, 26). To control for this
potential risk, trial sequential analysis (TSA) was
conducted using TSA (version 0.9.5.10 Beta, Copen-
hagen Trial Unit, Copenhagen, Denmark) software
for outcome indicators. In this study, the probability
of type I error was set at a=0.05, statistical efficacy at
80%, and sample size at the required information size

Effects of balance training in patients with osteoporosis
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(RIS). If the cumulative Z-value reached the conven-
tional and TS A cut-offs, it suggested that the corrected
results were consistent and could be used as definitive
evidence. If the Z-curve did not cross any boundary,
no definitive conclusion could be drawn.

RESULTS

Study selection

The initial search yielded 864 papers. A total of 406
duplicate papers were removed, and then 434 articles
excluded after reading the titles and abstracts. The full
texts of the remaining 24 articles were obtained and
inspected. A final total of 10 RCTs met the inclusion

Record identified through database
searching (n=821) : PubMed (n=24) ,
Web of Science (n=313) , Cochrane
Library (n=307) , Embase (n=53) ,
Ebsco (n=153) , CNKI (n=14)

Additional record identified
through other sources (n=0) :

=
.S
g
h=|
=
3
A 4
. e _ | Records after duplicates
Record identified(n=864) removed(n=406)
=)
8=
=4
g y
v
Records screened by title and |
R d luded(n=434
abstract(n=458) ccords excluded(n=434)
v
> Full-text articles excluded,
§ Full-text articles assessed for with reasons(n=14) .
B  rere " » Unrelated to interventions(n=9)
= eligibility(n=24) Conference articles(n=4)
Duplicate data(n=1)
y
Study included in
2 qualitative synthesis(n=10)
E
k-
A\ 4
Study included in
quantitative synthesis(n=9)

Fig. 1. Flow chart of literature screening.
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criteria, and 9 RCTs were selected for meta-analysis.
Fig. 1 shows the study selection process.

Studies characteristics

The characteristics of the included trials are summa-
rized in Table I. They were conducted between 2007
and 2021 with a total of 684 patients (680 women,
4 men). The main focus of the intervention was balance
training, while the specifics of the intervention regimen
varied between trials. Firstly, the duration of most of
the interventions was 60 min; secondly, there was a
variety of intervention modalities in the control group,
including conventional medication, health education,
aerobic exercise, maintenance of daily activities, and
single-task balance training; and finally, the interven-
tion period varied considerably, ranging from 4 weeks
to 1 year.

Risk of bias assessment

After the methodological quality assessment of all
10 included studies (Table II), 6 of the studies de-
scribed the specific method of randomization grou-
ping, accounting for dropouts or lost participants,
while the other 4 studies did not clearly describe the
randomization method. Due to the specificity of the
implementation of the intervention method, blinding
was difficult to implement with participants, and only
3 studies mentioned blinding of participants. For the
blinding of outcome assessors, all the studies had a
low risk of bias.

Meta-analysis results

Dynamic balance measured using Timed Up and Go
Test. Six articles (27-32) reported on the effect of
balance training on dynamic balance measured using
the TUG in patients with osteoporosis, with 407 pa-
tients. A random effects model was adopted due to
heterogeneity between studies (p<0.0001, ?’=82%)).
Pooled results showed that balance training was effec-
tive in improving patients’ dynamic balance compared

Table II. Risk of bias assessment

Effects of balance training in patients with osteoporosis p. 5 of 13
with controls, with a statistically significant diffe-
rence (MD=-1.86, 95% CI (-2.69, —1.02), Z=4.38,
p»<0.0001) (Fig. 2). Konak’s study (33) showed
that the dual-task (cognitive and balance training)
group (Change (95% CI)=-2.81£1.0, p<0.001)
and the single-task (balance training) group (Change
(95% CI)=-2.85+0.81, p<0.001) were both effective
in improving patients’ dynamic balance measured
using the TUG. Trial sequential analysis showed that
(Fig. 3) the RIS was 348 cases and the cumulative
Z curve crossed both the monitoring and futility boun-
daries, and no additional trials were needed to draw
firm conclusions.

Static balance measured using One-Leg Standing
Time. Three articles (29, 34, 35) reported the effect
of balance training on static balance measured using
the OLST in patients with osteoporosis, with 153
patients. A fixed-effects model was adopted because
there was no discernible heterogeneity among the
trials (p=0.33, I’=9%). Pooled results showed a
statistically significant difference in change in static
balance between the balance training trial and control
groups (MD=4.10, 95% CI (2.19, 6.01), Z=4.21,
»<0.0001) (Fig. 4), significantly improving patients’
static balance. Konak’s study (33) showed that both
the dual-task (cognitive and balance training) group
(Change (95% CI1)=4.72+0.98, p<0.001) and the
single-task (balance training) group (Change (95%
Cl)=4.3+1.21, p<0.001) were effective in improving
static balance measured using the OLST in patients
with osteoporosis. Trial sequential analysis showed
(Fig. 5) that the RIS was 105 cases, and the cumula-
tive Z curve crossed both the monitoring and futility
boundaries, meaning no more trials were needed to
draw firm conclusions.

Dynamic balance measured using Berg Balance
Scale. Three articles (28, 30, 31) reported the
effect of balance training on dynamic balance
measured using the BBS in patients with osteopo-
rosis, with 207 patients. A random effects model
was chosen because it was determined that there

Was Were care

randomization =~ Was allocation  providers Were patients Were outcome

adequate? concealment masked? masked? assessors Selective

(selection adequate? (performance (performance masked? reporting? Risk of
Study Author Year  bias) (selection bias) bias) bias) (detection bias) (reporting bias) bias
Bergland et al. (27) 2011 Low Low Low Low Low Low Low
Dizdar et al. (28) 2018 Low High Medium Medium Low Low Low
FiIipoviC et al. (29) 2021 Low Low Low Low Low Low Low
Halvarsson et al. (34) 2015 Medium Low Medium Medium Low Low Low
Halvarsson et al. (35) 2016 Medium Medium Medium Medium Low Low Low
Konak et al. (33) 2016 Medium Low Medium Medium Low Low Low
Madureira et al. (30) 2007 Medium Medium High Medium Low Low Low
Miké et al. (31) 2017 Low Low Medium Medium Low Low Low
Otero et al. (32) 2017 Low Medium Medium Medium Low Low Low
Stanghelle et al. (36) 2020 Low Low Low Low Low Low Low
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Experimental Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
111 &
Bergland 2011 06 1448 a8 0.2 153 32 82% -080[1.51,-0.08] I
Dizdar 2018 -0.08 14 25 043 164 25 T.5% -0.81 [-1.36, 0.34] -1
Filipovic 2021 -23 242 33 -017 253 32 8% -213[3.33,-083] -
Madureira 2007 -368 361 30 227 T8 30 1.9% -592[8.80,-3.04 Y
Mika 2017 -218 1.842 49 069 378 48 A58% -284[4.03-1.69] -
Otero 2017 1.2 0.86 33 073 062 32 100%  -1.93[2.22-1.64] -
Subtotal (95% CI) 208 199 39.4% -1.86[-2.69,-1.02] .
Heterogeneity: Tau®= 0.76; Chi®= 2833, df= 4 (P = 0.0001}; F=82%
Testfor overall effect Z= 4,38 {F = 0.0001)
1.1.2 12week
Bergland 2011 -0a 137 34 0.4 1.85 37 TE% -090[1.66,-0.14] -
Dizdar 2018 -1.47 1.4 25 -083 1.491 28 TTF%  -064[1.45047] )
Filipovic 2021 -23 0 142 33 -047 2483 32 88%  -213[3.33-0087) -
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Fig. 2. Meta-analysis of Timed Up and Go Test. 95% CI: 95% confidence interval; df: degrees of freedom; 12: measure of heterogeneity; Tau2:
measure of variance; SD: standard deviation; IV: inverse variance method.

was heterogeneity between studies (p <0.00001,
12°=94%). Pooled results showed that balance train-
ing was effective in improving patients’ dynamic
balance measured using the BBS compared with
the control group, with a statistically significant dif-
ference (MD=5.31, 95% CI (0.65, 9.96), Z=2.23,
p<0.03) (Fig. 6). Konak’s study (33) showed that
both the dual-task (cognitive and balance training)
group (Change (95% CI)=4.40+0.95, p<0.001)
and the single-task (balance training) group (Change
(95% CI)=3.3+0.47, p<0.001) were effective in
improving dynamic balance measured using the
BBS in patients with osteoporosis. The dual-task
(cognitive and balance training) group showed better
improvement than the single-task (balance training)
group (p=0.007). After inclusion of the second

study, the traditional and TSA cut-off values were
crossed (Fig. 7), but the Z value was lower than the
TSA cut-off value following inclusion of the third
study. This indicates that the cumulative process
(with positive or negative results) is cumulative
across experiments; hence, the Z-values change,
and additional trials are required to draw firm con-
clusions.

Fall efficacy measured using Falls Efficacy Scale
International. Four articles (29, 34-36) reported the
effect of balance training on fall efficacy measured
using the FES-I in patients with osteoporosis, with
302 patients. A random effects model was adopted
due to heterogeneity among the studies (p<0.03,
12=65%). In a statistically significant difference from
the control group, the combined data demonstrated
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Fig. 3. Trial sequence analysis of Timed Up and Go Test. EG: experimental group, CG: control group, RIS: the required information size.
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Fig. 4. Meta-analysis of One-Leg Standing Time. 95% CI: 95% confidence interval; df: degrees of freedom; I2: measure of heterogeneity; Tau2:
measure of variance; SD: standard deviation; IV: inverse variance method.

that balance training was beneficial in reducing
patients’ fear of falling (MD=-3.52, 95% CI (-5.89,
—1.14), Z=2.90, p<0.004). Because Stanghelle’s
study participants had fracture experience, sensitivity
analysis was conducted. When Stanghelle’s study (36)
was deleted, 1> decreased from 65% to 0%. When
comparing the 2 groups, the difference remained
statistically significant (MD =-4.60, 95% CI (-6.33,
—2.87),72=5.20,p<0.00001) (Fig. 8). Trial sequential
analysis showed (Fig. 9) that the RIS was 377 cases
and the cumulative Z curve crossed the monitoring
and futility boundaries, but did not reach the required
sample size.

Subgroup analysis and publication bias

To explore potential sources of heterogeneity,
subgroup analyses were performed according
to intervention duration. Included studies eva-
luated the effects of short-term (3 months, n=4),
medium-term (6 months, n=2), and long-term
(12 months, n=3) balance training on dynamic
balance measured using the TUG in patients with
osteoporosis. Subgroup analysis showed that both
the short-term group (MD=-1.31, 95% CI (-2.03,
—0.58), 2=3.52, p=0.0004, I>°=55%) and the long-
term group (MD=-2.80, 95% CI (-5.07, —0.53),
7=2.42, p=0.02, I>’=89%) showed that balance
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Fig. 6. Meta-analysis of Berg Balance Scale. 95% CI: 95% confidence interval; df: degrees of freedom; 12: measure of heterogeneity; Tau2:

measure of variance; SD: standard deviation; IV: inverse variance method.

J Rehabil Med 55, 2023


https://medicaljournalssweden.se/index.php/jrm/index

JRM

JRM

JRM

Effects of balance training in patients with osteoporosis p. 9 of 13
RIS iz a Two-sided graph
Cumulatre
Z-Score
RIS =342
8 L
5
5
w
<9
3 .
.
&)
E
ER
=
*
Fig. 7. Trial sequence analysis of Berg Balance Scale. EG: experimental group, CG: control group, RIS: the required information size.
Experimental Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI ABCDEFG
FilipowiG 2021 655 501 33 -267 546 32 46.7% -3.88[6.43 -1.37 —— T TTTTT]
Halvarsson 2015 65 586 27 -1.78 541 25 286% -4.75[7.99,-1.51] —— 2022900
Halvarssan 2016 -7.25 486 22 148 a4 19 252% -5745[-9.20 -2.30] — CR O A . '.
Stanghelle 2020 -0.8 632 ¥6 0.3 7.23 T3 Mot estimable
Total (95% CI) 77 76 100.0% -4.60[-6.33,-2.87] -
Heterogeneity, Chi*= 0.74, df= 2 (F = 0.63) F= 0% f

Test for overall effect £2=5.20 (P = 0.00001}

Risk of bias legend

(A) Random sequence generation (selection hias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance hias)
D) Blinding of cutcome assessment (detection bias)

(E) Incomplete outcome data (attrition hias)

(F) Selective reporting (reporting bias)

(G) Other bias

40 5 0 5 10
Experimental Control

Fig. 8. Meta-analysis of Falls Efficacy Scale International. 95% CI: 95% confidence interval; df: degrees of freedom; I2: measure of heterogeneity;
Tau2: measure of variance; SD: standard deviation; IV: inverse variance method.

training intervention was effective in improving dy-
namic balance measured using the TUG in patients
with osteoporosis. The results of the intermediate
group MD=-1.28, 95% CI (-2.66, 0.11), Z=1.81,
p=0.07, I>)=90%) showed similar improvement in
dynamic balance measured using the TUG between
the test and control patients. The difference between
the 3 subgroups was not statistically significant
(»=0.52).

Subgroup analysis was performed on the studies
reporting the effect of balance training on dynamic
balance measured using the BBS in patients with
osteoporosis. The results of the subgroup analysis

showed that the short-term group (3 months, n=2)
(MD=2.37,95% CI1(0.24,4.51), Z=2.18, p=0.03,
1?=43%) and the long-term group (12 months,
n=2) (MD=17.55, 95% CI (5.16, 9.94), Z=6.19,
p=0.00001, I?=60%) indicated that the balance
training intervention was effective in improving
dynamic balance measured using the BBS in
patients with osteoporosis. The difference between
the 2 subgroups was statistically significant
(»=0.000).

The inverted funnel plot analysis test and Egger’s
test’s minimum literature size requirements were
not met by the amount of literature included in
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Fig. 9. Trial sequence analysis of Falls Efficacy Scale International. EG: experimental group, CG: control group, RIS: the required information size.

the meta-analysis of this study; hence it was not
possible to determine whether there was publica-
tion bias.

DISCUSSION

Main finding

The aim of this study was to investigate the effects of
balance training on static and dynamic balance and
fall efficacy in patients with osteoporosis. The study’s
findings showed that both dynamic and static balance
abilities (TUG, OLST, and BBS) improved signifi-
cantly after balance training. In addition, patients with
osteoporosis who received balance training indicated
significantly less fear of falling.

To compensate for the concern that this analysis only
evaluates statistical, and not clinical, significance, the
literature was evaluated regarding the statistical and
clinical significance of all outcomes in a meta-analysis
based on the recommended minimum clinically sig-
nificant differences and minimum detectable chan-
ges. For TUG (37), a minimally clinically important
difference (in s), ranging from 0.9 to 3.0 s, has been
reported in patients with lumbar degenerative disc
disease (DDD). Our calculated point estimate for
this measure (MD=-1.86, 95% CI (-2.69, —1.02))
falls within this range. For the BBS (38), a minimally
clinically important difference in score, ranging from
2 to 3 points, has been reported in patients with mul-
tiple sclerosis. Our calculated point estimate for this

measure (MD=5.31, 95% CI (0.65, 9.96)) is higher
than this range. For the OLST (39), 1 s longer OLST
between 0 and 30 s resulted in a 5% lower age-adjusted
risk of a hip fracture. In this review, after balance
training, participants increased their OLST time by
4.1s. For FES-1(21, 40), our calculated point estimate
(MD=-4.60, 95% CI (—6.33, —2.87)) was below the
reported minimally clinically important difference
values (3.5s). The information listed above serves to
support the findings of this review. However, osteopo-
rosis patients are not included in the study population
linked to the minimal clinically meaningful difference
and the minimum detectable change in TUG and BBS;
therefore, caution should be used when interpreting
the relevant results.

Comparison with previous studies

According to a previous meta-analysis (41), balancing
training may play a significant part in lowering the like-
lihood of falls in individuals with osteoporosis. While
there are certain findings that are consistent with the
prior meta-analysis, it is important to highlight that the
current investigation focused on examining changes in
balance and fall efficacy. First, compared with the last
meta-analysis, a number of new studies were included
in the current meta-analysis. The current meta-analysis
generally further reinforced or validated the earlier
findings of the prior meta-analysis as a result of the
larger combined sample size. Secondly, we conducted
a subgroup analysis of intervention duration. Subgroup
analysis shows that balance training may be effective
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in improving dynamic balance in the short term and
long term. However, the results of subgroup analysis
should be interpreted cautiously due to the limited
amount of research included in the analysis. Finally,
trial sequential analysis, a novel statistical technique,
was used to assess whether the cumulative data were
sufficiently informative. Trial sequence analysis
indicates that additional trials are necessary before
conclusive statements on body balance function and
fall efficacy can be made.

An individual’s balance is a complex multidimensio-
nal concept related to postural control, which essentially
refers to the ability to maintain posture (e.g. sitting or
standing), to move between postures, and to not fall
when responding to external disturbances (5, 17). In
recent decades, studies have shown that 20% of fracture
patients have osteoporosis, while 98% of low-energy
fractures are caused by falls (42, 43). In addition, balance
and strength training can help prevent two-thirds of
falls and even fatalities (44). According to a systematic
review (45), balance training is the most beneficial exer-
cise for enhancing balance, and the secondary exercise
was power. For the target population, balance training
focuses on both dynamic and static balance. By enhan-
cing dynamic and static balance, people can gain control
over their posture, enhance coordinated movement of
their upper and lower limbs, improve mobility, walking
ability and stability, and prevent falls (46). The current
study found that the experimental group with balance
training had better posture control, which is consistent
with the results of Eftekharsadat (47). Falls have just as
serious psychological effects as they do physical ones
(48). Fall efficacy is a crucial sign of a subject’s self-
assurance in fall prevention, which is mostly manifested
as a fear of falling (49, 50). Some osteoporosis patients
experience chronic pain and fear of falling, and they are
psychologically resistant to activity and exercise for fear
of physical harm (51-54). As a result, balance, physical
function, and even daily activity decrease, which further
accelerates calcium loss and causes adverse effects.
This study demonstrates how balance training can suc-
cessfully reduce patients’ fear of falling and encourage
active participation in activities and exercises, thereby
easing daily activities and enhancing quality of life.

Implications for clinical practice

The current study demonstrates that balance training
can help osteoporosis patients with their balance and
fear of falling. However, some issues remain. First,
only a small percentage of the study participants were
men; most were osteoporotic women. Postmenopausal
women are undoubtedly more at risk of osteoporosis,
but there is a dearth of data from male patients. Further
research is necessary to determine whether the results
of this study are directly applicable to patients who
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are men. Furthermore, trial sequential analysis (TSA)
confirms the efficacy of balance training, but further
research is needed to draw definitive conclusions about
fall prevention and body balance. Finally, there is insuf-
ficient evidence on the optimal duration and frequency
of intervention cycles and the effect on the number of
falls occurring. Only 2 studies (30, 31) included data
on falls (Madureira (—0.77+1.76 vs +0.03+0.98,
p=0.018); Miko, p<0.05). The large Cochrane Review
conducted by Sherington indicates that balance and
functional exercises are effective in preventing falls
in older people (16). In addition, it is advised that
orthopaedic outpatient healthcare providers encourage
balance training in osteoporosis patients who have just
received a diagnosis and who receive regular checkups
in order to enhance their balance, reduce their fear of
falling, increase their body control, and decrease the
likelihood of falling. If conditions permit, patients
who are about to be discharged from the hospital are
assessed for balance and fall efficacy, and health educa-
tion as well as different levels of balance training are
implemented based on the assessment results. When
performing community nursing duties, community
nursing staff can create specialized balance training
programmes to meet the needs of various groups,
regularly exchange experience and feedback, increase
patient training compliance, and enhance the balance
and walking ability of elderly residents as well as
patients with osteoporosis through long-term balance
training. While the trial follow-up included in the
study ranged from 4 to 48 weeks, a balance training
programme to avoid falls may also have long-term
advantages. It is important to note that the majority of
training programmes span 12 weeks or more.

Strengths and limitations

The strength of this meta-analysis lies in its com-
pliance with the PRISMA statement and registra-
tion on PROSPERO with protocol. This study has
some limitations. First, there volume of literature
is limited. Secondly, although exact exercise pro-
tocols were available for each study, confounding
factors were inevitable. Furthermore, there is a
lot of heterogeneity in the research; thus it is im-
portant to evaluate the results carefully. Finally, the
methodological flaws in the test itself and the bias
of the outcome report cannot be overcome by trial
sequential analysis (TSA).

CONCLUSION

This study indicates that balance training can help
individuals with osteoporosis reduce their fear of
falling and enhance their dynamic and static balance.
According to the trial sequential analysis findings,
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additional research is required to confirm dynamic
balance, as measured using the BBS, and fear of fal-
ling, as measured using the FES-1.
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