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Abstract

Osteoporotic vertebral fractures (OVFs) are the second most common fractures in osteoporosis, often leading to reduced
functional capacity, chronic pain, and lower quality of life. Physical exercise and health education are considered promising
options for managing these symptoms. To determine the effectiveness and safety of exercise and health education compared
to usual care in patients with OVFs. A literature search up to April 2024 was conducted in PubMed, Scopus, Web of Science,
and the Cochrane Library. Clinical trials involving adults with OVFs were included, focusing on physical capacity (primary
outcome) and other health outcomes. Study selection, bias assessment, and data extraction were independently conducted
by two authors, with a third author resolving conflicts. Nineteen studies were included in the meta-analysis of exercise inter-
ventions. Exercise interventions were analyzed using a standardized mean difference (SMD) meta-analysis, with additional
sensitivity analyses. Physical exercise significantly improves functional capacity (SMD —0.41; 95% CI —0.69 to —0.14; p
0.003), aerobic capacity, balance, trunk muscle strength, pain, and quality of life in patients with OVF. No significant effects
were observed on thoracic posture or fear of falling. Adverse event risk was low (6%), comparable to usual care or daily
activities. Health education interventions (two studies) were synthetized narratively, both showing improvements in pain,
mobility, and patient knowledge. Physical exercise is effective and safe in the recovery of OVFs; thus, its prescription is
recommended. Most interventions focus first on core strength and motor control and then on aerobic and resistance training.
Further evidence is needed to demonstrate the effectiveness of health education.
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Introduction Rehabilitation treatments, including exercise and health
education, are normally recommended for a multidisciplinary
biopsychosocial recovery approach for OVF patients [8, 12].

Exercise clinical guidelines for people with OVFs recommend

Osteoporotic vertebral fractures (OVF) are the second most
common osteoporotic injury [1, 2], affecting around 20%

of the population in Europe [3]. The lifetime risk of such
fractures ranges from 40 to 50% in women and 13-22% in
men [4, 5], highlighting a critical challenge for healthcare
systems due to the associated increased mortality and sub-
stantial clinical impacts [6, 7]. People with OVFs experi-
ence impairment of physical function, which leads to the
limitation to perform activities of daily living as one of the
most significant consequences [8, 9]. Pain exacerbates this
issue, negatively affecting motivation, social relationships,
and overall quality of life [9—11].
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interventions that focus on improving functional capacity,
balance, back extensor endurance, spinal mobility, and pain
management, mainly through resistance training, balance, and
aerobic exercise [13, 14]. Enhancing health literacy in patients
helps to actively manage their condition, which is essential for
effective treatment, through aspects such as safe movements,
pharmacological management, preventable risk factors, nutri-
tion, and adherence to treatment [14, 15]. Previous systematic
reviews [16—18] have examined the effectiveness of physical
exercise and health education in treating OVFs, but they were
inconclusive and highlighted significant limitations.
Therefore, the first aim of this systematic review
and meta-analysis was to determine the effects of two

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00198-026-07994-8&domain=pdf
http://orcid.org/0000-0001-6888-0997

Osteoporosis International

rehabilitation treatments, exercise and health education,
on relevant clinical outcomes such as functional capacity
in patients with OVFs, compared to no treatment (a com-
mon scenario in many healthcare systems) or usual care.
The second objective was to specifically assess the safety of
exercise by studying adverse events during its implementa-
tion in people with OVFs.

Methods

This systematic review was registered in the International
Prospective Register of Systematic Reviews PROSPERO
with register number CRD42024547826. To carry out this
study, the guidelines of the PRISMA Declaration for system-
atic reviews and meta-analyses (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) were followed [19].

Eligibility

To carry out this systematic review, inclusion criteria were
based on the following PICOS criteria: (1) population: par-
ticipants over 18 years diagnosed with osteoporotic vertebral
fractures; (2) intervention: exercise and/or health education-
based intervention; (3) comparison: the inclusion of any
control group, as those not receiving any treatment or those
receiving the conventional treatment offered by healthcare sys-
tems; (4) outcomes: physical capacity and any other outcome
related to health; and (5) study design: clinical trials including
randomized control trials, quasi-experimental trials, and pilot
studies. Articles were excluded if they (1) had a different study
design, such as single-case studies, editorials, or systematic
reviews; (2) included populations whose vertebral fractures
were caused by other conditions, such as cancer; and (3) were
published in languages other than English and Spanish.

Search strategy and study selection

The databases Medline, Web of Science, Scopus, and the
Cochrane Library were researched from their inception to
April 2024. The search strategy is available in Table A.1. Two
independent researchers (M.F-G and J.C-G) carried out the
study selection process, and any discrepancies were resolved
by a third researcher (P.M-G). The systematic review soft-
ware COVIDENCE (Covidence systematic review software,
Veritas Health Innovation, Melbourne, Australia, available at
www.covidence.org) was used in the study selection process.

Data extraction

The following information of each study was extracted:
(1) author’s name, publication year, and country; (2) study
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design; (3) participant information; (4) time since frac-
ture; (5) outcomes included; (6) measurement instruments
used; (7) intervention time and follow-up; (8) intervention
information; (9) control group information. Two research-
ers (ML.F-G and J.C-G) performed data extraction, and any
discrepancies were resolved by a third researcher (P.M-G).

Risk of bias

To perform the risk of bias assessment, the Joanna Briggs
Institute Critical Appraisal Tool for Systematic Reviews
checklists [20] was used. This tool evaluates aspects such as
randomization, allocation concealment, similarity of groups
at baseline, blinding of outcome assessors, completeness of
follow-up, and reliability of outcome measurement. Two
items for randomized controlled trials (items 4 and 5) were
removed because they referred to the blinding of partici-
pants, which was not possible because of the intervention
type (exercise and/or health education). Each item has four
answer choices: “yes” (criterion met), “no” (criterion not
met), “unclear,” or “not applicable.” Studies were classified
as low risk (<1 high risk/unclear criterion), moderate risk
(2 high risk/unclear), or high risk (>3 high risk/unclear).
Two investigators (M.F-G and J.C-G) performed individual
risk of bias assessment in each study, and any discrepancies
were resolved by a third investigator (P.M-G).

Meta-analysis

The reduced number of studies regarding health educa-
tion interventions made it impossible to include them in
the meta-analysis. For the effectiveness meta-analysis, the
mean difference (physical exercise intervention vs. control/
usual care) in continuous outcome variables after therapy
was used to calculate the total effect size. Several meth-
odological decisions were applied to ensure consistency in
the data analyzed: (1) In studies with multiple intervention
arms, only the one most closely aligned with a structured
physical exercise protocol was selected; (2) for multiple
post-intervention time points, the assessment closest to
the end of the intervention was chosen; (3) when multiple
instruments assessed the same outcome, the most frequently
used tool across all included studies was selected; and (4)
only outcomes reported by a minimum of two studies were
included in the meta-analysis [21]. The reported standard
deviations were used and, if not reported, were calculated
using reported standard error or confidence intervals (CIs)
following the Cochrane Handbook for Systematic Reviews
of Interventions [21]. Eight studies reported changes from
baseline values instead of post-intervention values but were
included in the meta-analysis, as they could be assumed to
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address the same intervention effect [21]. Since the included
studies had assessed the outcome measures using different
scales, we used a uniform scale involving the standardized
mean difference (SMD). For outcome categories contain-
ing multiple assessment tools, the direction of effect was
determined by the most frequently reported instrument in
the meta-analysis; results from other tools were inverted to
align with this convention. The Higgins /7 statistic and p
value were used to test the heterogeneity of included studies,
which were classified as not important (0-30%), moderate
(30-50%), substantial (50-75%), or considerable (75-100%)
[22]. Depending on heterogeneity, a meta-analysis was per-
formed using either the generic inverse variance random-
effects model or fixed-effects model.

Three sensitivity analyses were performed: (1) to test the
robustness of the results, (2) to evaluate the presence of publica-
tion bias, and (3) to examine whether several mediators might
influence the results of the meta-analyses. For the robustness
analysis, studies were removed one at a time and we tested
whether the overall effect size (i.e., Z-score and p value) was
significantly modified in magnitude or direction. The publica-
tion bias was assessed by a funnel plot and the Egger regression
asymmetry test, using the small sample bias-corrected stand-
ardized mean difference (Hedges’ g) as the effect size metric.
It is noted that applying Egger’s test to standardized mean dif-
ferences can lead to inflated false-positive results because the
standardized mean difference and standard error are not inde-
pendent. To address this issue, we used a modified version of
the standard error proposed by Pustejovsky and Rodgers [23].
The influence of mediators was analyzed via meta-regressions,
including the following factors: publication year, exercise type
(i.e., 1—home-based, 2—supervised strength, 3—supervised
balance and strength, 4—supervised balance, strength, and aer-
obic exercise), type of control group (i.e., 1—no treatment or
usual care, 2—health education), intervention duration, follow-
up time, and the average age of participants.

For the safety meta-analysis, we calculated the risk dif-
ference based on the number of major and minor adverse
events relative to the total number of participants, both in the
exercise and control groups. We used the Mantel-Haenszel
statistical methods, anticipating a low number of events, and
we planned to use a fixed-effects model due to low hetero-
geneity. A risk difference greater than 0 indicated a higher
risk for exercise training, and a risk difference less than 0
indicated a lower risk for exercise training [24].

This last analysis was conducted with the {meta} pack-
age in RStudio version 3.2.1. The meta-analysis was per-
formed using the Review Manager Version 5.3 (The Nor-
dic Cochrane Center, The Cochrane Collaboration, 2014,
Copenhagen, Denmark), and the meta-regression with the
RStudio statistical program (version 1.4.1106, R Core Team
2020; R Foundation for Statistical Computing, Vienna, Aus-
tria; using the {meta} and {metafor} packages [25, 26].

Results

In the original search, a total of 1610 articles were identi-
fied, of which 656 duplicates were removed and 412 were
excluded using a reference management tool. Finally, a total
of 21 articles were included in this systematic review based
on the previously established inclusion criteria. The selec-
tion process is presented in Fig. 1.

Characteristics of the included studies

The main characteristics of the included studies are
described in Table 1. The studies consisted of randomized
controlled trials, except for three quasi-experimental stud-
ies [27-29] and a pilot study [30]. All the included studies
were published between 1998 [31] and 2024 [32], with most
conducted in Northern Europe, followed by Australia, the
USA, and Asia. The total sample consisted of 2076 par-
ticipants, with a mean age (+ standard deviation) of 72.77
(£5.57) years.

Most studies included only women in their samples,
except for six [27, 30, 32-34, 45] that included both male
and female participants. The time from fracture to study
inclusion varied, with some studies not specifying a time-
frame, while others required the fracture to have occurred
at least 3 months [30, 34, 44, 45] or at least 6 months [29,
36-38, 40] before the intervention.

In regard to the included outcomes and assessment tools,
functional capacity was the most evaluated domain, meas-
ured in 14 studies (66.7%). The Timed Up and Go (TUG)
test was the predominant instrument within this domain,
employed in 11 studies [28, 31, 33-35, 37-39, 41, 44, 47].
Self-reported pain was the second most frequent outcome,
assessed in 12 studies (57.1%), with the Visual Analogue
Scale (VAS) being the most common tool, used in 9 studies
[28, 29, 34, 35, 37-41]. Quality of life was evaluated in 11
studies (52.4%), where the QUALEFFO-41 questionnaire
was the instrument of choice in 8 instances [30, 33-35, 37,
38, 45, 46]. Other domains were quantified less frequently:
balance was assessed in 10 studies (47.6%), thoracic posture
in 8 studies (38.1%), trunk muscle endurance in 6 studies
(28.6%), and aerobic capacity in 5 studies (23.8%). These
domains utilized a wider variety of specific tests, indicat-
ing a lower degree of standardization for these particular
outcomes.

Regarding the types of interventions, two studies focused
exclusively on health education programs [27, 32]. Most
interventions focused on multicomponent physical exercise
programs. A total of six studies focused their physical exer-
cise programs on core strength and motor control combined
with aerobic training [29, 33, 35, 36, 43, 44], while two
studies added resistance training to the abovementioned
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Fig. 1 PRISMA flowchart of
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Record d befi
= | | 1610 Studies identified from ceores removed betore
£ databases SCreCning:
§ 443 in Pubmed Duplicate records removed
g 576 in Web of Sci (n=656)
E 546 m S eb o Seiences Records marked as ineligible
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(n=2)
Wrong intervention type
(n=2)
3
= Studies included in review
5 (n=21)
=

components [38, 39] and only one study combined all four
elements: core strength, motor control, resistance, and aero-
bic exercise [28]. Seven of them included only core strength
and motor control [31, 34, 37, 40-42, 47]. Two of the
included studies combined resistance and aerobic exercise
[45, 46] and finally, one physical exercise program focused
on mindfulness and yoga [30]. To summarize, the most
common interventions were those targeting core strength
and motor control (35%), followed by core strength, motor
control, and aerobic programs (30%), resistance and aerobic
programs (10%), core strength, motor control, resistance,
and aerobic exercise (5%), and mindfulness and yoga (5%).

@ Springer

Risk of bias

Tables A.2, A.3, and A.4 show the assessment of risk of
bias. One of the included studies was not assessed because
the full text was not available, so data were not sufficient to
complete the assessment [47].

Among the 17 randomized controlled trials included,
14 (82%) presented a low risk of bias and 3 (18%) showed
a high risk of bias. The main sources of bias were related
to the blinding of outcome evaluators, the identification
and control of potential confounders, and the reporting of
per-protocol and intention-to-treat analyses. Most studies
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reliably measured outcomes (82%) and performed appro-
priate statistical analyses (88%), also providing adequate
information on randomization procedures and baseline com-
parability between groups. As for the quasi-experimental
studies, two were rated as low risk of bias and one as mod-
erate. These studies met most of the quality criteria, except
for participant inclusion (66%), group differences before the
intervention, and the appropriate use of statistical analysis,
which was only fulfilled by one study (33%). Overall, the
quasi-experimental studies demonstrated acceptable meth-
odological quality, though further improvement is needed
in reporting baseline comparability and statistical analyses.

Effectiveness of exercise on functional and aerobic
capacity, balance, trunk muscle strength/
endurance, and quality of life

A total of 16 trials [28, 29, 31, 33-40, 42, 44-47] evaluated
the effects of physical exercise on desired outcomes. Ten
studies assessed functional capacity, 4 evaluated aerobic
exercise capacity, 10 of them evaluated balance, 7 analyzed
trunk muscle strength/endurance, and 9 trials evaluated
quality of life. Analyses by study level showed a significant
heterogeneity, except for aerobic exercise capacity, and bal-
ance (I>=0%, 44% and 0%, respectively). Considering all
the included studies, we found more favorable results for the
physical exercise interventions in terms of functional capac-
ity (SMD —0.41; 95% CI —0.69, —0.14), aerobic exercise
capacity (SMD 25.29; 95% CI 5.33, 45.26), balance (SMD
0.35;95% C1 0.16, 0.53), trunk muscle strength/endurance
(SMD 0.69; 95% CI 0.22, 1.16), and quality of life (SMD
0.48; 95% CI 0.13, 0.82). All results are shown in Fig. 2.
No publications bias was detected in any analysis (Figure
A.1). Results were robust for all variables except aerobic
exercise capacity, which lost statistical significance after
removing the study by Marini, S. et al. [28] (Table A.5).
Meta-regression analyses showed that some moderators
influenced the effects of exercise interventions. Functional
capacity was better in younger patients than in older ones
(#=0.14; p=0.020). The effects on balance were better with
multicomponent interventions (core stability, motor control,
resistance training, and aerobic) compared to less com-
prehensive or unsupervised home interventions (f=0.20;
p=0.031). Aerobic exercise capacity and quality of life were
not affected by any moderator (p > 0.050).

Effects of exercise on thoracic posture and pain

A total of 12 trials [28, 33, 34, 36-41, 45-47] evaluated
the effects of physical activity on undesired outcomes. Ten
studies examined pain and six measured thoracic posture.
Analyses by study level showed a significant heterogene-
ity for pain (/*=72%). Considering all the included studies,

we found favorable results in terms of pain (SMD —0.42;
95% CI —0.72, —0.12). However, although there was a trend
toward improvement thoracic posture (SMD —0.11; 95% CI
—0.28, 0.06), this was not significant. Results were robust for
all variables (Table A.5). Meta-regression analyses showed
that some thoracic posture was influenced by the type of
control group (#=-0.25; p=0.006), respectively. Pain was
not affected by any moderator (p > 0.050) (Fig. 3).

Effectiveness of health education interventions

As mentioned above, two studies focused exclusively on
health education interventions [27, 32]. Both studies high-
light the positive impact of health education on pain man-
agement for patients with OVF. Research by Liang et al.
[27] found that medical-nurse integrated education delivered
during hospitalization, both prior to and after percutaneous
vertebroplasty, improved elderly patients’ knowledge, exer-
cise adherence, and satisfaction, while reducing back pain.
Similarly, the study carried out by Liao et al. [32] showed
that a web-based app enhanced pain relief, mobility, and
quality of life for female patients, also clarifying misconcep-
tions about analgesics. Both studies underscore the value
of targeted health education in managing chronic pain and
mobility issues; however, they differ in their delivery meth-
ods—Liang’s study emphasized in-person medical-nurse
integration, while Liao’s study focused on a digital platform.

Safety of exercise interventions

Overall, the probability of having an adverse event in
patients with OVF while conducting exercise interventions
was low. The probability of experiencing a minor adverse
event while exercising in people with OVF was approxi-
mately 6.30%. Minor adverse events are defined as pain or
discomfort that does not require withdrawal from the inter-
vention. The probability of experiencing a major adverse
event, such as an injury or accident leading to the withdrawal
of the intervention, is about 1.65%. The risk difference com-
pared to controls, which mainly involved continuing daily
life or usual care, did not show a significantly higher risk
when practicing physical exercise (Figure A.2). For minor
adverse events, the risk difference was +2% (p=0.09).
For major adverse events, the risk difference was+ 1%
(p=0.360). Overall, the total adverse events showed a risk
difference of +2% (p=0.07).

Discussion
To the best of our knowledge, this is the most comprehensive

systematic review and meta-analysis evaluating the effec-
tiveness and safety of physical exercise and health education

@ Springer
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Fig.2 Pooled standard-

ized mean difference for the
change in desired outcomes
functional capacity, aerobic
exercise capacity, balance,
trunk muscle strength/endur-
ance, and quality of life. TUG
Timed Up and Go, 30CTS 30-s
Chair Stand Test, SPPB Short
Physical Performance Battery,
TLS Time Loaded Standing,
QUALEFFO-41 41-Item Qual-
ity of Life Questionnaire of
the European Foundation for
Osteoporosis, EQ-5D EuroQol
instrument, SF-36 36-Item
Short Form Health Survey
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Funcional capacity (TUG, 30CTS or SPPB)

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Weight IV, Random, 95% CI 1V, Random, 95% CI
Yang, L. (2007) 7.3% -0.93[-1.69, -0.17]

Papaioannou, A. (2003) 11.4% -0.00 [-0.46, 0.45] -
Bennell, K.L. (2010) 6.1% -0.36 [-1.25, 0.53] e
Bergland, A. (2011) 12.1% -0.45 [-0.86, -0.04] —
Evstigneeva, L. (2016) 11.6% 0.03 [-0.41, 0.48] -

Miké, 1. (2017) 12.3% -0.27 [-0.67, 0.13] -

Cergel, Y. (2019) 6.9% -2.21[-3.02, -1.41] —_—

Stanghelle, B. (2020) 13.1%  -0.18[-0.52,0.17] -

Barker, K.L. (2020) 14.9% -0.25 [-0.48, -0.03] =
Spangeus, A. (2023) 4.4%  -0.56 [-1.68, 0.56] .

Total (95% CI) 100.0% -0.41[-0.69, -0.14] <&
Heterogeneity: Tau? = 0.12; Chi? = 29.69, df = 9 (P = 0.0005); I = 70% j4 j2 ) 5 j‘

Test for overall effect: Z = 2.94 (P = 0.003)

Aerobic exercise capacity (6-minute walking test)

Mean Difference

Favours Exercise Favours Control

Mean Difference

Study or Subgroup Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Marini, S. (2019) 31.5% 35.81[0.22, 71.40] -
Barker, K.L. (2020) 34.0% 24.18 [-10.06, 58.42] T
Stanghelle, B. (2020) 23.1% 16.00 [-25.55, 57.55] B
Maffei, F. (2022) 11.5% 18.45 [-40.49, 77.39] B
Total (95% CI) 100.0%  25.29 [5.33, 45.26] L 2
ity: Chi? = = = 2= + + + +
Heterogeneity: Chi?> = 0.58, df = 3 (P = 0.90); | 0% 200 100 ) 100 260

Test for overall effect: Z = 2.48 (P = 0.01)

Favours Control Favours Exercise

Balance (functional reach, sway index or Romberg test)

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI

Yang, L. (2007) 5.1% 0.32 [-0.40, 1.04] T

Malmros, B. (1998) 7.4% 0.35[-0.22, 0.91] T

Bergland, A. (2011) 10.9% 0.72[0.31, 1.14] —-
Evstigneeva, L. (2016) 9.9% 0.50 [0.05, 0.95] —

Miké, 1. (2017) - 11.4% 0.27 [-0.13, 0.67] T

Marini, S. (2019) 5.9% 0.95 [0.29, 1.61] —_—
Stanghelle, B. (2020) 13.3%  -0.12[-0.47, 0.22] -

Barker, K.L. (2020) 18.8% 0.22 [0.00, 0.43] il

Gibbs, J.C. (2020) 13.8% 0.28 [-0.06, 0.61] ™

Maffei, F. (2022) 3.5% 0.79 [-0.12, 1.69] *'*

Total (95% CI) 100.0% 0.35 [0.16, 0.53] (4
Heterogeneity: Tau? = 0.03; Chi? = 16.01, df = 9 (P = 0.07); I* = 44% _54 _52 ) é jl
Test for overall effect: Z = 3.73 (P = 0.0002) Favours Control Favours Exercise

Trunk muscles strength/endurance (TLS or other isometric tests)

Std. Mean Difference
Study or Subgroup Weight 1V, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

Malmros, B. (1998) 14.3% 0.35[-0.21, 0.92] T

Gold, D.T. (2004) 16.3% 1.36 [1.01, 1.72] -

Bennell, K.L. (2010) 10.7% 0.74 [-0.18, 1.65] T

Bergstrom, I. (2011) 12.1% 0.78[0.01, 1.56]

Cergel, Y. (2019) 12.7% 1.57[0.85, 2.29] —_—

Barker, K.L. (2020) 17.4% 0.18 [-0.04, 0.39] il

Gibbs, J.C. (2020) 16.5% 0.08 [-0.25, 0.41] T

Total (95% CI) 100.0% 0.69 [0.22, 1.16] <>
Heterogeneity: Tau? = 0.32; Chi? = 46.72, df = 6 (P < 0.00001); I> = 87% _*4 _’2 ) é j‘

Test for overall effect: Z = 2.87 (P = 0.004)

Quality of life (QUALEFFO-41, EQ-5D or SF-36)

Std. Mean Difference

Favours Control Favours Exercise

Std. Mean Difference

Study or Subgroup Weight 1V, Random, 95% CI Year 1V, Random, 95% CI
Bennell, K.L. (2010) 7.6% 0.59 [-0.32, 1.49] 2010 T
Bergland, A. (2011) 12.9% 0.24 [-0.16, 0.65] 2011 T—
Evstigneeva, L. (2016) 11.8% 1.40[0.90, 1.90] 2016 —_
Cergel, Y. (2019) 9.2% 1.69 [0.95, 2.42] 2019 I
Marini, S. (2019) 10.4% 0.15 [-0.47,0.77] 2019 —1—
Gibbs, J.C. (2020) 13.7% 0.04 [-0.29, 0.37] 2020 T
Stanghelle, B. (2020) 13.6% -0.06 [-0.40, 0.29] 2020 -
Barker, K.L. (2020) 14.8% 0.17 [-0.04, 0.37] 2020 e
Spangeus, A. (2023) 5.8% 0.71[-0.43, 1.84] 2023 B
Total (95% CI) 100.0% 0.48 [0.13, 0.82] L 3
Heterogeneity: Tau? = 0.20; Chi? = 41.62, df = 8 (P < 0.00001); I* = 81% _54 _52 ) é j‘

Test for overall effect: Z = 2.70 (P = 0.007)

Favours Control Favours Exercise
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Fear of falling (FES-I)

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Weight IV, Random, 95% Cl Year IV, Random, 95% ClI
Olsen, C.F. (2014) 21.2% -0.61[-1.03,-0.18] 2014 —=

Marini, S. (2019) 12.9% -0.04 [-0.66, 0.58] 2019

Stanghelle, B. (2020) 26.4% -0.03 [-0.38, 0.31] 2020 I

Gibbs, J.C. (2020) 27.3% 0.04 [-0.29, 0.37] 2020

Maffei, F. (2022) 7.5% -0.47 [-1.35, 0.41] 2022 —T
Spangeus, A. (2023) 4.7% -0.80 [-1.95, 0.35] 2023 .

Total (95% CI) 100.0% -0.20[-0.47, 0.061

Heterogeneity: Tau? = 0.04; Chi? = 7.92, df =5 (P = 0.16); I = 37%

Test for overall effect: Z = 1.53 (P = 0.13)

-4 -2

2
Favours Exercise Favours Contro

Thoracic posture (kyphosis angle or occiput-wall distance)

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Weight 1V, Random, 95% CI 1V, Random, 95% ClI
Bennell, K.L. (2010) 3.8% -0.18 [-1.06, 0.71] —
Bergstrom, 1. (2011) 5.2% -0.41[-1.16, 0.34] —_— 1
Karakasidou, P. (2013) 3.8% -0.16 [-1.04, 0.72] I —
Evstigneeva, L. (2016) 14.8% -0.30[-0.75, 0.15] —

Cergel, Y. (2019) 7.6% -0.23 [-0.85, 0.40] — T
Barker, K.L. (2020) 64.7% -0.02 [-0.24, 0.19]

Total (95% ClI) 100.0% -0.11[-0.28, 0.06]

Heterogeneity: Tau? = 0.00; Chi® = 2.10, df = 5 (P = 0.83); I> = O%_4

Test for overall effect: Z = 1.27 (P = 0.21)

Self-reported pain in the spine (VAS)

Std. Mean Difference

: T
-2 2
Favours Exercise Favours Control

o

Std. Mean Difference

Study or Subgroup Weight 1V, Random, 95% ClI IV, Random, 95% CI
Yang, L. (2007) 8.5% 0.12 [-0.59, 0.84] B

Gold, D.T. (2004) 14.1% -0.37[-0.70, -0.05] =

Bennell, K.L. (2010) 6.7% -0.36 [-1.25, 0.53] 1
Karakasidou, P. (2013) 4.6% -2.30[-3.48,-1.11] e —

Marini, S. (2019) 9.7% -0.14 [-0.76, 0.48] —
Cergel, Y. (2019) 8.1% -1.82[-2.57,-1.07] —

Barker, K.L. (2020) 15.6% -0.21[-0.42, -0.00] -

Gibbs, J.C. (2020) 14.0% 0.00 [-0.33, 0.33] -
Stanghelle, B. (2020) 13.8% -0.20 [-0.55, 0.14] =T
Spangeus, A. (2023) 5.0% -0.52 [-1.64, 0.59] e

Total (95% ClI) 100.0% -0.42[-0.72, -0.12] <
Heterogeneity: Tau? = 0.13; Chi* = 32.69, df = 9 (P = 0.0002); I* = 72% —* _52 3 é ‘:‘

Test for overall effect: Z = 2.78 (P = 0.005)

Favours exercise Favours control

Fig. 3 Pooled standardized mean difference for the change in undesired outcomes, thoracic posture and pain. VAS Visual Analogue Scale

interventions in patients with OVF. Compared with three
recent meta-analyses, our review offers several important
distinctions and methodological strengths. First, we included
a larger number of trials specifically targeting patients

with osteoporotic vertebral fractures, while some previous
reviews combined different osteoporosis populations or frac-
ture types [16]. Second, our review evaluates both physical
exercise and health education interventions, whereas most

@ Springer
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prior meta-analyses focused only on exercise programs [18].
Third, we conducted meta-regression and sensitivity analyses
to explore heterogeneity and identify the exercise modalities
associated with the greatest benefits. Finally, we provide a
comprehensive assessment of multiple outcomes, including
safety, functional capacity, balance, aerobic fitness, pain, and
quality of life. Together, these factors support the robustness
and added value of the present review compared with previ-
ous studies.

Our findings confirm that physical exercise is effective in
patients with OVF, significantly improving physical health,
enhancing functional capacity, aerobic fitness, balance, trunk
muscle strength, and quality of life. Regarding safety, the
risk of adverse events during exercise interventions is low,
around 6%, showing no significant increase in risk compared
to usual care or continuing with daily life.

Notably, most clinical trials have focused on exercise
interventions, with only two focusing exclusively on health
education [27, 32]. Over half of the studies included were
published after 2016, reflecting the growing interest and
need for updated reviews, especially those focusing on non-
pharmacological approaches. Previous reviews indicated
that physical exercise programs incorporating resistance
and balance training can improve pain, physical function,
and quality of life in these patients [16—18]. However, our
research offers the most robust evidence to date. This work
highlights the benefits of physical exercise interventions on
aerobic exercise capacity and balance in patients with OVF.
Additionally, our research supports exercise programs—
including motor control, resistance, and aerobic elements—
to maximize benefits. For instance, our findings highlight the
impact of these interventions on aerobic fitness and balance,
while the effects on thoracic posture remain uncertain, war-
ranting further investigation. It is possible that the limited
effects observed on thoracic posture are related to the rela-
tively short duration of the interventions included and to
fixed structural deformities in the spine resulting from the
vertebral fractures themselves, which may restrict postural
correction through exercise alone.

The positive effects of exercise observed in this system-
atic review come from interventions that are mostly focused
on core strength and motor control, often combined with
aerobic components, sometimes include resistance train-
ing, and rarely, yoga practices. Since trunk endurance plays
an essential role in standing balance [48] interventions that
incorporate trunk muscle training analytically can lead to
meaningful improvements in functional tasks such as ris-
ing from a chair or walking quickly over short distances,
which can be transferred to activities of daily living [49].
Our meta-regression analyses help us define the exercise
modalities with the most optimal results for each outcome.
For instance, the interventions with the greatest benefits for
balance are those supervised and multicomponent, including

@ Springer

trunk muscle strengthening, balance, and aerobic compo-
nents [16, 28, 33, 34, 37, 41, 45, 46].

Likewise, our systematic review has summarized
improvements in aerobic exercise capacity, measured by the
6-min walk test, with an increase of 25 m (SMD 25.29; 95%
CI5.33,45.26) in this test. According to previous literature
[50], we can see that the findings of our study are included
in the minimal clinically important difference for change
ranged from 14.0 to 30.5 m. The few studies included in
this systematic review that have measured the benefits of
physical exercise on aerobic exercise capacity [28, 29, 46]
have included cardiorespiratory conditioning, strength, and
stretching exercises as components of their intervention.

Our review has reported the significant decrease in
back pain in patients with OVF through physical exercise,
especially in those programs involving supervised progres-
sive multicomponent training that focuses on balance and
strength training focusing on the extensor muscles of the
back and postural [16, 28, 33, 34, 37, 41, 45, 46].

The studies included in this review that used interventions
based solely on health education showed improvements in
health literacy, pain, and quality of life in patients with OVF
compared with the control group. These results contrast
with previous studies in patients with osteoporosis, which
found no improvement in quality of life through interven-
tions focused solely on the provision of health education [15,
51]. Some studies in this review integrated health education
as part of a multimodal program, and all of them reported
good results when combining physical exercise and health
education in terms of pain reduction and improved quality of
life [35, 43]. Future health education interventions should be
carried out in this population, as they can empower patients
and actively involve them in their recovery process, contrib-
uting to a better use of the health resources [52].

This systematic review has several clinical implications
that may be useful in the development of new interventions.
On the one hand, our work points out the main effects of dif-
ferent types of physical exercise interventions (i.e., balance
exercises, back extensor muscle strengthening and postural
exercises) on variables such as low back pain. Moreover,
our study has also found that exercise interventions have a
greater impact on functional capacity in patients closer to
60 years old than to 70. This suggests that further refinement
of exercise interventions for the older population is needed,
presenting a future challenge [53]. Finally, exercises that con-
sistently appear in all the studies included in this review (i.e.,
balance exercises, core stability and postural exercises) sug-
gest a clear direction for future research [28, 33-35, 37-39,
45, 46]. Future research should address the considerable het-
erogeneity in exercise interventions observed across stud-
ies. Specifically, it is necessary to determine which types of
exercise are most effective and safe for patients with OVF, as
well as which are most likely to be adhered to over the long
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term. Furthermore, given potential cost and accessibility con-
siderations, especially in some countries, it would be valuable
to investigate whether home-based exercise programs can
achieve comparable safety and effectiveness to supervised
interventions. Addressing these questions will help optimize
exercise prescriptions and improve the feasibility and sustain-
ability of interventions in real-world settings.

It is important to note that this study is not free of limita-
tions. Firstly, we found only two studies focused solely on
health education interventions, so we could not synthesize the
evidence with a meta-analysis as we did for exercise interven-
tions. This highlights the need for more literature on health
education. Secondly, our analysis was limited by an inability
to conduct sensitivity analyses on longer-term outcomes, as
only a minority of studies reported follow-up data beyond
the immediate post-intervention period. Thirdly, we found
high heterogeneity in most of our analyses, probably due
to the variety of measurement instruments used. However,
to address this, we applied the random effect model in all
meta-analyses. Fourthly, several relevant risks of bias were
identified: the blinding of evaluators, the identification of
potential confounders, the information about per-protocol
and intention-to-treat analyses, and the reliable measurement
of outcomes, which was fulfilled by 82% of the studies. In
addition, we could not assess the study by Yang et al. [47]
due to the unavailability of its full text. Future studies need to
consider these limitations. Fifthly, some results were incon-
sistent and heavily influenced by one study, such as the results
on aerobic capacity, which changed after excluding the study
by Marini et al. [28]. Lastly, the reliability of the safety data is
limited by the inconsistent reporting and collection of adverse
events across studies. This is likely because safety was not
the primary outcome, leading to a lack of detailed monitor-
ing protocols. However, most of the studies were robust. But
there are also important strengths to highlight: firstly, the pro-
spective registration of the protocol in the Prospero database,
which adds transparency and reduces the likelihood of report-
ing bias; secondly, a comprehensive and systematic search of
databases (Medline, WOS, Scopus, and Cochrane Library);
and lastly, a quantitative synthesis of evidence (meta-analy-
sis) to pool estimates of effect as well as sensitivity analyses
(meta-regression, publication bias, and publication bias), for
better interpretation of results. Additionally, it is important to
note that the benefits of interventions may not be maintained
over time. Some studies measured outcomes immediately
after the intervention, while only a few included follow-up
assessments after a period of time. This makes it difficult to
draw firm conclusions regarding the sustainability of effects.
Furthermore, the long-term effects and safety of exercise and
health education interventions in patients with OVF remain
uncertain. Future research should include extended follow-up
periods to evaluate whether the observed improvements in

physical function, balance, pain, and quality of life are main-
tained over time and to confirm long-term safety.

Conclusion

In conclusion, our results confirm that exercise has posi-
tive effects in patients with osteoporotic vertebral fracture,
improving functional capacity, aerobic capacity, balance,
trunk strength, pain, and quality of life, although it does not
significantly benefit thoracic posture. The risk of adverse
events while exercising is low and not significantly greater
than with usual care or daily life. Most interventions focus
on core strength and motor control, often combined with aer-
obic components and sometimes including resistance train-
ing; therefore, it is recommended to follow similar modali-
ties to obtain optimal results. Additionally, our results show
that supervised and multicomponent interventions appear
to have better improvements in some clinical outcomes.
Overall, these findings support the prescription of physical
exercise programs as a non-pharmacological alternative for
people with osteoporotic vertebral fracture, although more
evidence is needed to demonstrate the effectiveness of health
education.
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