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Risk factors for recurrent vertebral compression fractures
after percutaneous vertebroplasty in osteoporotic patients:
a systematic review and meta-analysis
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Recurrent vertebral compression fractures (rVCFs) after percu-
taneous vertebroplasty (PVP) impair quality of life in osteopo-
rotic patients, yet their risk factors remain debated, necessitating
a systematic evaluation. Objective. To synthesize clinical data
and quantitatively assess the impact of demographic, morpho-
metric, and technical factors on rVCF incidence post-PVP.
Methods. A search was conducted in PubMed, Scopus, Medline,
and Google Scholar (2010-2024) using MeSH terms: «verte-
broplasty», «compression fracturesy, «osteoporosisy, «risk
factorsy, «recurrencey. Twenty cohort studies (7,923 patients)
were included. Continuous variables were pooled using the
Sidik—Jonkman random-effects model (Cohen’s d), and cate-
gorical variables using the Paule—Mandel model (odds ratio,
OR). Heterogeneity was assessed with I°.and prediction inter-
vals, sensitivity analyses were performed. Evidence certainty
was evaluated using GRADE. Results. Significant risk factors
for rVCFs included absence of anti-osteoporotic therapy (AOT)
(OR = 1.97, I = 40 %), cement leakage (OR'=1.92, I> = 68 %),
and low bone mineral density (BMD) (d =—0.55, I? =72 %), with
moderate GRADE certainty. Female sex (OR = 1.30, I = 39 %)
and older age (d = 0.24, I’ = 62 %) showed weaker associations
with low certainty. Cement volume, body mass index, kyphotic
angle, its correction, vertebral height restoration, and thora-
columbar junction involvement were not associated with rVCFs.
Conclusions. The most significant vVCF risk factors are absence
of AOT, cement leakage, and low BMD, nearly doubling the risk.
Female sex increases risk by approximately one-third, and older
age has a minor effect. These findings highlight the importance
of AOT and technical precision in PVP to prevent rVCFs.

Hogi komnpecitni neperomu xpeoyie (HKIIX) nicns nyuxyii-
Hoi eepmebdponiacmuku (IIBI1) nocipwyroms axicme scumms
nayienmie 3 0CMeOnopo3oM. HYunHuKU PpUSUKY 3ATUUAIOMb-
¢ OUCKYCIUHUMU, WO 3YMOBUNO HeoOXIOHicmb cucmema-
muynozo amanizy. Mema. Y3acanvnumu xainiumi dami ma
KIIBKICHO OYIHUMU 6NAUE 0eMocpa@iuHux, moppomempuy-
Hux i mexuiunux ¢gpaxmopie na wacmomy HKIIX nicas I1BII.
Memoou. Ilposedeno nowyx y PubMed, Scopus, Medline,
Google Scholar (2010-2024 p.) sa MeSH-mepminamu:
«vertebroplastyy, «compression fracturesy, «osteoporosisy,
«risk factorsy, «recurrencey. Briaoueno 20 xocopmuux Oocii-
oorcenv (7 923 nayienmu). Kinvkicui 3sminui ananisysaiu mo-
odennio Sidik-Jonkman (d Koena), sikicni — Paule-Mandel (OR).
Lemepocennicmo oyinroganu 3a I? i npoeHo3HUMU IHMep8aIaMU,
BUKOHAHO 4YMIUGI auanizu. Ynesnewicmv 00Kka3ié oyiHeHo 3a
GRADE. Pesynemamu. Buseneno 3mauywi ¢paxmopu pusuxy
HKIIX: siocymuicmv anmuocmeonopomuunoi mepanii (AOT)
(OR = 1,97; I’ = 40 %), sumix xicmkogozo yemenmy (OR = 1,92;
I? = 68 %), nuzbka MinepanvbHa WinbHICMb KICMKOB0T MKAHUHU
(MLKT) (d =-0,55; I? = 72 %) — nomipruil piéeHb yneeHenoc-
mi 3a GRADE. JKinoua cmamo (OR = 1,30; I? = 39 %) i cmap-
wutt ik (d = 0,24; I? = 62 %) marome crabuiuil 6naus i3 HU3bKOIO
enesnenicmio. Obcse yemenmy, indekc macu mina, Kigpomuu-
HULL KYM, 11020 KOPeKYis, 8IOHOBIEHHA 8UCOMU Xpebys ma ypa-
gicenns T-L 3’eonanns ne acoyirsanucs 3 HKIIX. Bucnosxu.
Hauieacomiwi wunnuxu pusuxy HKIIX — eiocymuicms AOT, eu-
mix yemenmy ma Huzoka MLKT, aKi niosuwyroms pusux yosiyi.
JKinoua cmamp 30i161ye pU3UK HA MPEMUHY, NOXUTUL 8IK — He-
suauno. Li oani niokpecaiorome asxcrusicms AOT i mexuiunoi
mounocmi IIBII ona npoginaxmuxu HKIIX. Knouogi crosa.
Bepmebponnacmuka, ocmeonopos, Ho6i komnpecitini nepenomu,
Memaananis, YUHHUKU PUSUKY.
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Introduction

Vertebral compression fractures (VCFs) are
the most common injury resulting from osteoporosis.
Studies suggest that their incidence ranges from 30 %
to 50 % in individuals over 50 years of age, regardless
of gender [1-4]. Population-based research indicates
an annual incidence of 10.7 % in women and 5.7 % in
men [5]. For those aged 80 and older, the incidence
rises to approximately 30 %, while in younger age
groups (up to 80), it typically varies between 5 % and
10 % [6].

Vertebral compression fractures (VCFs) can lead
to severe pain, spinal deformities, limited mobility,
and a significant reduction in quality of life. One
of the primary surgical treatments for VCFs is percu-
taneous vertebroplasty (PVP). First described by H.
Deramond and P. Galibert, this technique was orig-
inally used to treat vertebral body hemangiomas [7].
Over time, it gained widespread use for treating VCEs
caused by osteoporosis, myeloma, or traumatic inju-
ries. PVP has proven to be both safe and effective,
especially when compared to conservative treatment
options. It provides rapid relief from pain, restores
mobility, and facilitates quicker rehabilitation [8, 9].

However, despite the rapid relief of pain and im-
provement in functional status, some patients may
develop complications: new fractures, spinal cord
compression, infectious processes, nerve root dam-
age and embolism. The most common and most
thoroughly studied complication is new vertebral
compression fractures (NVCF) in both adjacent and
distant segments. Previous studies have identified
a number of factors that influence the risk of NVCE:
age, female gender, bone mineral density (BMD),
location of the primary fracture, bone cement (BC)
distribution, volume of injection and migration, end-
plate status, primary kyphotic angle (KA), percent-
age of KA and vertebral height recovery, absence
of anti-osteoporosis therapy (AOT), body mass index
(BMI), T-L junction [11]. However, the results of ob-
servations are often inconclusive or contradictory.
This led us to undertake a systematic review aimed
at summarising the available evidence regarding risk
factors for new vertebral compression fractures fol-
lowing PVP.

Objective: To summarize and analyze the results
of clinical trials on risk factors for new vertebral
compression fractures after puncture vertebroplasty
and to quantify their impact in order to identify fac-
tors that significantly increase the likelihood of new
vertebral compression fractures in adjacent and dis-
tant segments.

Material and Methods

Eligibility Criteria. This systematic review
and meta-analysis was registered in PROSPERO
(CRD420251068792) and was performed according to
the PRISMA guidelines. The PICOS inclusive design
was used, in which the population (P) was patients
who underwent PVP. The intervention group (1) was
individuals with VCFs. Comparisons were made with
a group (C) in which NVCFs were detected. The pri-
mary outcomes (O) of interest were differences in
the presence of NVCF risk factors in these groups.
Only comparative studies (S) were considered for in-
clusion — original articles (prospective, retrospective
studies). Publications where vertebroplasty was con-
sidered for non-osteoporotic lesions; experimental or
preclinical studies (in vitro, in vivo on animals) that
do not contain clinical data on humans; duplicates
of the same article in different databases; non-orig-
inal sources that do not disclose any quantitative or
qualitative data on the risk of NCP — were excluded.

A literature search was conducted in PubMed,
Scopus, Medline, and Google Scholar from 2010 to
2024. There were no language restrictions.

A combination of MeSH (Medical Subject Head-
ings) and free text terms was used for the search,
using the logical operators AND, OR, and NOT.
Key terms were Vertebroplasty, Percutaneous Ver-
tebroplasty, Transpedicular Vertebroplasty, Spinal
Fractures, Compression Fractures, Osteoporosis,
Risk Factors, Recurrent Compression Fractures, Pre-
diction of Compression Spine Fractures.

The risk of bias in included studies was assessed
using the Newcastle—Ottawa (NOS) scale for non-
randomized cohorts and cross-sectional studies. Two
independent reviewers completed the NOS check-
list (domain Selection, Comparability, Outcome;
range 0-9); disagreements were resolved by a third
expert. The total scores were interpreted as follows:
7-9 — low, 4—6 — moderate, < 3 — high risk of bias.
Among the 20 included studies, 10 had low, 9 —
moderate, and 1 — high risk of bias.

Findings. Effect size for quantitative measures
was estimated based on the standardized mean differ-
ence using Cohen’s d. In some studies (e. g., [27, 28]),
descriptive statistics for quantitative measures were
provided as medians and interquartile ranges; in
these cases, the mean and standard deviation values
needed to calculate Cohen’s d were approximated
based on the approaches provided in [10]. For qualita-
tive measures, the odds ratio (OR) was used as a mea-
sure of effect size.
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The pooled effect size (OR) for each potential risk
factor was estimated using a random effects model, in
which the variance estimate (t?) due to different stud-
ies was calculated during the analysis of quantitative
indicators using the Sidak—Jonkman method due to
the high variability of the data and using the Paule—
Mandel method using the analysis of qualitative indi-
cators [12]

In addition, point and interval estimates of other
indicators of heterogeneity between studies are pro-
vided, namely, the I? statistic (Higgins & Thompson’s
I? statistic) and the H statistic (Higgins & Thomp-
son’s H statistic).

All calculations were performed at a confi-
dence interval of 95 %. For all indicators, the lim-
its of the prediction interval were calculated, which
shows the range within which the effect observed in
a new study randomly selected from the general pop-
ulation can fall with a probability of 95% [13, 14].

The analysis was mainly performed using the func-
tions of the Meta, Metafor, and Dmetar packages
of the R programming language; for some auxiliary
calculations, the MS Excel 2021 spreadsheet was used.

The confidence in the combined evidence for each
potential factor (age, low BMD, absence of AOT, ce-
ment leakage, female gender) was determined using
the GRADE approach using the online GRADEpro
GDT platform (version 2025.3).

Results

Study Selection

A search of electronic databases yielded 454 ar-
ticles. Initially, duplicates, case reports, letters, re-
views, and non-comparative study designs (n = 243)
were removed, leaving 211 titles and abstracts for
screening. Two independent reviewers then assessed
eligibility, excluding 183 publications that did not
provide numerical data on group differences in pa-
tients with VCFs and NVCFs. This resulted in 28 ar-
ticles being considered for inclusion. After in-depth
review, 11 studies were excluded because they did
not meet the eligibility criteria for comparing groups
of patients with VCFs and NVCFs. The screening
process identified 17 publications for inclusion. Ref-
erence lists were also manually reviewed, which re-
sulted in 3 additional studies that met the criteria.
Any disagreements between reviewers at any stage
were resolved by discussion. In total, 20 comparative
studies were included in the meta-analysis, as shown
in the PRISMA flowchart (Fig. 1).

Characteristics of included studies

The systematic review included 20 publications
published between 2011 and 2024 (Table 1), which

were conducted: 12 in China, 5 in South Korea, 1 each
in Japan, Ukraine, and Germany. Most of them were
retrospective cohort studies (n = 19), and one study
was cross-sectional. The total number of patients was
7,923, of whom 1,487 (18.6%) had new vertebral com-
pression fractures (NVCEFEs). The follow-up period
ranged from 5 to 36 months, most often 12. The mean
age of the participants ranged from (64.3 = 11.9) to
(74.8 + 7.8) years, with a predominance of older indi-
viduals in all samples, the size of which varied from
60 to 2202 subjects. The proportion of patients with
NVCFsranged from 18.3 to 51.9 % within individual
studies. The following possible risk factors for NVCF
were considered in the reviewed publications: age;
gender (female); BMI; absence of AOT; bone cement
leakage; bone cement volume; BMD; CC; T-L junc-
tion damage in the case of primary fracture; percent-
age of KA recovery and vertebral height.

Overall, the included studies differed in design,
country of origin, follow-up period, and proportion
of new fractures, which allowed for multivariate risk
analysis (Tables 2—4).

Risk factor assessment

Age

The effect of patient age on the occurrence
of NVCF was investigated in 19 studies included in
the meta-analysis. In some studies, older age was
associated with an increased risk of NVCF, demon-
strating a moderate to large effect, but a significant
proportion of them did not show an effect of age
(Fig. 2, a).

The estimated pooled effect (0.2891; 95 % CI:
0.1289-0.4494) indicates a statistically significant
but small association of age with the risk of NVCFE.
High heterogeneity (1> = 87.3 %; 12 = 0.0950) resulted
in a wide prediction interval that encompassed zero.
After excluding 5 publications — statistical outliers,
heterogeneity decreased (I*> = 24.9 %; 1> = 0.0281),
and the pooled effect remained stable (0.2278; 95 %
CI: 0.0971-0.3584), indicating a stable but weak rela-
tionship (Fig. 2, b).

Body mass index

Eleven studies assessed the relationship between
BMI and NVCF. Only S. Cai et al. revealed a sig-
nificant positive effect, while most of the results had
intervals that included zero and indicated the absence
of a statistically significant effect. The pooled ef-
fect was —0.0670 (95 % CI: —0.2859; 0.1519), which
also does not confirm the presence of an association.
Heterogeneity was high (I? = 78.8%; 1> = 0.1032;
H=2.173).

After excluding the study by S. Cai et al., heteroge-
neity decreased to I* = 47.6% (1> = 0.0428; H = 1.382),
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Fig. 1. Flowchart of study selection

but the adjusted effect of —0.1502 (95 % CI: —0.32009;
0.0206) remained statistically insignificant (Fig. 3).

Bone cement volume

Nine studies analyzed the effect of bone cement
volume on the risk of NVCEF. All standardized mean
differences (Cohen’s d) indicated no significant ef-
fect (Fig. 4). The pooled effect was 0.0321 (95 %
CI: —0.0736; 0.1379), and the prediction interval
(—0.162; 0:226) confirmed the absence of an asso-
ciation. The results of the studies were consistent,
there was no heterogeneity: > = 0.0042 (95 % CIL:
0.000-0.0173), 2= 0.0 %, H < 1.

BMD

A significant association between reduced BMD
and the risk of NVCF was found in 13 studies:
the pooled effect was —0.6076 (95 % CI: —0.8881;
—0.3271), which corresponds to a moderate or strong
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Fig. 2. Forest plot of the association of age of patients with new
spinal fractures: a) results of meta-analysis; b) results of meta-
analysis after exclusion of statistical outliers

effect (Fig. 5, a). At the same time, high heteroge-
neity (I = 88.8 %; 12 = 0.2289; H = 2.982) is due to
the variability of the results between studies.

After excluding statistical outliers, heterogene-
ity decreased (I = 72.1 %; 1 = 0.0537; H = 1.892),
and the adjusted effect size was —0.5515 (95 % CI:
—0.7248; —0.3783 (Fig. 5, b)) confirming the consis-
tent effect of low BMD on the risk of NVCEF. The pre-
diction interval (=1.104; 0.001) indicates that similar
results should be expected in future studies.

Kyphotic angle

Data regarding the value of KA prior to surgical in-
tervention were identified in only four published studies.

Based on the compilation of their data, we es-
timated the pooled effect size for this indicator at
0.0805 with 95 % CI: —0.172; 0.333 and a prediction
interval of —0.6217 to 0.7827 (Fig. 6). The findings
suggest that KA does not have a significant effect on
the incidence of NVCF.

Statistical data according to Higgins-Thompson
H = 1.3508 with 95 % CTI: (1.00; 2.34) and I* = 45.195 %
with 95 % CI: (0.0; 81.7) % indicated moderate hetero-
geneity, which was also confirmed by the data of the to-
tal variance > = 0.0321 with 95 % CI: (0.0000; 0.7587),
but at the same time no statistical outliers were detected.

Percentage of recovery of the kyphotic angle

Only 2 studies assessed the effect of relative re-
covery of the KA after surgery on the risk of NVCF.
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Table 1
Baseline data of included studies
Author / Year Country / Design Total number Group Group Follow-up Age, years NOS
of patients with NVCF without NVCF months
Zhang Z. L. 2021 [15] China / RC 2202 362 1840 14.7 69.32 +4.43 8
Park S. 2023 [16] Korea / RC 128 28 100 12.0 73.00 £ 7.00 7
Bian F. 2022 [17] China /RC 371 81 290 24.0 71.60 + 8.00 8
Chen Z. 2019 [18] China / RC 650 102 548 24.0 73.50 +7.90 7
LiH. 2017 [19] China/RC 390 68 322 18.0 70.00 = 7.00 7
Hu L. 2019 [20] China /RC 198 28 170 12.0 74.50 + 7.80 6
Zhou C. 2023 [21] China /RC 245 38 207 12.0 70.70 £ 7.00 7
Nie M. 2024 [22] China/RC 611 165 446 36.0 71.80 +9.00 8
Cheng Y. 2022 [23] China /RC 247 23 224 24.0 69.60 + 8.40 7
Seo D. H. 2014 [24] Korea/RC 206 29 177 14.0 72.50 = 6.90 6
Arima K. 2017 [25] China/RC 556 96 460 12.0 64.30 +11.90 6
Lu L. 2020 [26] China /RC 101 21 80 24.0 68.20 + 8.40 6
Zhang Y. 2023 [27] China /RC 279 47 232 18.0 71.10 + 8.80 8
Cai S. 2024 [28] China/RC 385 58 327 12.0 70.20 + 8.10 8
Kim M. H. 2011 [29] Korea /RC 104 54 50 12.0 71.40 +7.50 6
Yoo C. M. 2012 [30] Korea/RC 244 49 195 12.0 71.40 +7.50 6
Kang S. K. 2011 [31] Korea/RC 60 27 33 12.0 71.00 + 7.20 6
Guo X. 2023 [32] China /RC 300 100 200 224 71.60 + 8.60 6
Schwarz F. 2018 [33] Germany / RC 93 19 74 12.0 68.10 £ 9.40 6
Popov A. 2024 [34] Ukraine / RC 553 92 461 12.0 69.00 + 8.00 3
Note. RC is a retrospective cohort.
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Fig. 3. Forest plot of the association of BMI of patients with new
spinal fractures: a) results of meta-analysis; b) results of meta-
analysis after exclusion of statistical outliers

symmetric, indicating uncertainty in future studies.
The data obtained may be limited by the small num-
ber of included studies. Heterogeneity was assessed
as moderate: 12 = 57.0 %, 12 =0.0449, H = 1.526.
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Table 2
Investigated risk factors for NVCF
No Author / Year Risk factor
1 Zhang Z. L. 2021 [15] | Age, cement volume, cement leakage, BMI, BMD, KA

Age, gender, cement volume, cement leakage, AOT, BMI, KA, % KA recovery, T-L junction, %

2 Park S.2023 [16] recovery of vertebral height

3 Bian F. 2022 [17] Age, gender, AOT, BMI, BMD, T-L junction

4 Chen Z. 2019 [18] Age, gender, cement volume, cement leakage, BMI, T-L junction

5 Li H. 2017 [19] Age, gender, cement volume, cement leakage, BMI, T-L junction

6 Hu L. 2019 [20] Age, gender, cement volume, cement leakage, AOT, BMI

7 Zhou C. 2023 [21] Age, gender, cement volume, cement leakage, BMD, T-L junction, KA, % KA recovery
8 Nie M. 2024 [22] Age, gender, cement leakage, BMD, % KA recovery

9 Cheng Y. 2022 [23] Age, gender, cement leakage, BMI, BMD, T-L junction

10 Seo D. H. 2014 [24] Age, gender, cement volume, cement leakage, BMI, BMD, T-L junction, % KA recovery
11 Arima K. 2017 [25] Age, cement volume, cement leakage, BMI, BMD, KA

12 Lu L. 2020 [26] Age, gender, BMI, BMD, KA, % recovery of vertebral height

13 Zhang Y. 2023 [27] Age, gender, cement leakage, BMD

14 Cai S. 2024 [28] Age, gender, cement volume, cement leakage

15 Kim M. H. 2011 [29] | Age, cement volume, cement leakage, BMI, BMD, KA

16 Yoo C. M. 2012 [30] é)gféciizfsré fcjgrlfgr;/ﬂlue?g%tcement leakage, AOT, BMI, KA, % KA recovery, T-L junction,
17 Kang S. K. 2011 [31] Age, gender, AOT, BMI, BMD, T-L junction

18 Guo X. 2023 [32] Age, gender, cement volume, cement leakage, BMI, T-L junction

19 Schwarz F. 2018 [33] | Age, gender, cement volume, cement leakage, BMI, T-L junction

20 Popov A. 2024 [34] Age, gender, cement volume, cement leakage, AOT, BMI

Notes: BMI — body mass index, BMD — bone mineral density, KA — kyphotic angle, AOT — anti-osteoporotic

therapy, BC — bone cement.
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Fig. 5. Forest plot of the association of BMD with new spinal
fractures: a) results of meta-analysis; b) results of meta-analysis
after removal of outliers

Percentage of vertebral height recovery after
vertebroplasty

Three studies evaluated vertebral height and its
percentage recovery following surgical intervention.
The results of these studies showed moderate hetero-
geneity (Higgins-Thompson H = 1.1727 with 95 %
CL: 1.00; 3.64; 1> = 27.282 % with 95 % CI = (0.0;
92.4) %; t* = 0.0315 with 95 % CI: 0.0000; 2.6329),
and the pooled effect was 0.2397 with 95 % CI:
—0.0755; 0.5549. The data show that spinal height res-
toration after surgery does not have a measurable im-
pact on NVCEF incidence. However, it is important to
note that further publications on this topic are needed
to draw definitive conclusions. (Fig. 7).

Female gender

4 of 17 publications found a potential association
between female gender and the risk of new vertebral
compression fractures, one study (G. Xinyu et al.)
showed the opposite effect.

In the remaining studies, the odds ratios were
not statistically significant (95 % CI included 1),
and the pooled effect was 1.20 (95 % CI: 0.91-1.58),
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which does not support an association. Heterogeneity
was significant: I> = 59.1 %, 1> = 0.1785, H = 1.56.

After excluding the outlier (G. Xinyu et al.),
the heterogeneity decreased to moderate (12 = 39.3 %;
12 = 0.0873; H = 1.28), and the adjusted effect in-
creased to 1.30 (95 % CI: 1.03—1.66), indicating a sig-
nificant increase in the risk of new vertebral com-
pression fractures in women (= 30 %). The prediction
interval (0.66-2.58) indicates possible variability
of the effect in future studies (Fig. 8, 9).

Absence of anti-osteoporosis treatment

Studies on the effect of absence of AOT on
the incidence of NVCF showed moderate heteroge-
neity (t* = 0.0395 with 95 % CI: (0.0000; 0.4898),
H = 1.2862 with 95 % CI: 1.00; 1.98, I* = 39.553 %
with 95 % CI: (0.0; 74.6) %). The pooled effect es-
timate for this risk factor was 1.9695 with 95 % CI:
1.5498; 2.5030 and a prediction interval of 1.1129 to
3.4856 (Fig. 10), which allows us to conclude that
the chances of NVCF in the absence of AOT are
doubled.

Bone cement leakage

The effect of BC leakage on the risk of NVCF was
statistically significant: the pooled effect'was 2.13
(95 % CI: 1.33-3.42), indicating an almost two-fold

Surance ™o sa Wegst

LN [aEztEd RO
(ST
e
218 [ASEATE WA

&
:::- 001 [172;0.330 100.0%

2822078
a

Random efects model 175 B0
Fredicion Intenal
awsganaty /1w 50 [A0; 41U} T w0 (80K A7587)
Tastirziaral ez 2 02300 2 0225

—

Rl Seld0) B 22017000 100 2180 187000 008 HUOLOEN Ko
YoOlktdN) 4 1090 3900 195 6% 3500 0E [N S
.
Random efects mode! 17 yii] 0247 [0.144;0838] 10.0%
Prediction intenal. [3.486;3.842)
ety =570% 0% 34781 £ <0048 P ‘
Test r wvelefect 2 184 p =02150) : ‘ b

Fig. 6. Forest plot of the association of: a) kyphotic angle with
new spinal fractures; b) percentage of kyphotic angle recovery
due to surgery for new spinal fractures. Results of meta-
analysis
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Table 3
Results of a meta-analysis on the impact of possible risk factors (quantitative indicators)
on the incidence of new spinal fractures
Factor Pooled effect size Effect Number of studies Heterogeneity index
Cohen’s d Higgins & *12 2 (%)
(95 % CI) Thompson’s H, (95 % CI) 95 % CI)
. 0.289 0.095 87.3
ke i
Patient’s age (0.129: 0.449) weak 19 2.810 (0.042;0.231) | (81.7;913)
- 0.228 0.028 249
Patient’s age (0097 0.358) weak 14 1154 (0.000; 0.092) | (0.0; 60.2)
0.067 0.103 78.8
ke
BMI (~0.286; 0.152) absent 1 2173 (0.034: 0.369) | (62.6; 83.0)
. ~0.150 0.043 47.6
BMi (~0.321; 0.021) i 10 1.382 (0.000;0.192) | (0.0;747)
0.032 0.004 0.0
BC volume (-0.074; 0.138) absent ? 0.678 (0.000;0.017) | (0.0; 64.8)
0.608 0.229 88.8
ke
BMD (-0.888;=0:327) | moderate 13 2.982 (0.0799; 0.724) | (82.6;92.7)
0552 0.054 72.1
BMD (£0.725; ~0.378) moderate 1 1.892 (0.013;0.204) | (48.6; 84.8)
. 0.081 0.032 452
KyphotiegBalt (~0.172; 0.333) absent 4 1.351 (0.000; 0759) | (0.0;817)
% Kkyphotic angle 0.247 0.045 57.0
redovery (-0.144; 0.638) absent 2 1.526 (N/A) (0.0; 89.7)
% vertebral height 0.240 absent 3 1173 0.032 27.3
recovery (~0.076; 0.555) : (0.000;2.633) | (0.0;92.4)

Notes: * — total variance between studies (t?) estimated by the Sidak-Jonkman method; ** — data before exclusion

of statistical outliers.
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increase in odds (Fig. 11). However, heterogeneity
was significant (I> = 72.3 %; 1> = 0.5846; H = 1.90).

After excluding statistical outliers (L. Lu et al.),
the effect remained significant — 1.92 (95 %
CI: 1.30-2.82), the prediction interval narrowed
(0.53-6.97), and the heterogeneity decreased to
12=67.8 % (t>=0.3129; H = 1.76), but remained mod-
erately high.

T-L junction

The pooled effect estimate for T-L junction injury
did not reveal a significant association with NVCF
(effect 0.9017; 95 % CI: 0.5132—1.5843; Fig. 12).

The initial heterogeneity was very high
(I2 =92.7 %; t*> = 1.8336; H = 3.69), with statistical
outliers in the studies of H. Li and D. H. Seo et al.
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Fig. 8. Forest plot of the association of female gender with new
spinal fractures (results of meta-analysis)

After their exclusion, the heterogeneity decreased but
remained high (I =74.5 %; t> = 0.4795; H = 1.98), and
the adjusted effect remained statistically insignificant.

For the indicators whose pooled effect was sig-
nificant, we additionally assessed the evidence profile
using the GRADE approach (Table 5).

Discussion

Comparison of our meta-analysis with previous
systematic reviews demonstrates both a consistent
convergence of results and fundamental differences
that are clinically relevant. First of all, all studies
confirm the key role of low BMD in shaping the risk
of NVCF after vertebroplasty. In our study, the ef-
fect was moderate (d = —0.55) and remained stable in
sensitive analyses, which is consistent with the data
of G. Zhai et al. (SMD = —0.41) and partly with the re-
sults of S. Dai et al. (WMD = —0.38). Therefore,
timely diagnosis and aggressive correction of oste-
oporosis remain an indispensable link in the preven-
tion of new fractures [35, 36].

Bone cement leakage was also a notable factor.
In our analysis, it almost doubled the risk of frac-
ture (OR = 1.92), which is practically identical to
the meta-analysis by Dai et al. [36] (OR = 2.05) and
supports the conclusions of a previous review by Mao
ctal. [37]. A recent study by Wu et al. detailed the an-
atomical prerequisites for cement leakage, namely
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Fig. 10. Forest plot of the association of lack of anti-
osteoporotic therapy with new spinal fractures (results
of meta-analysis)

Fig. 11. Forest plot of the association of bone cement leakage with
new spinal fractures: a) results of meta-analysis; b) results of meta-
analysis after removing statistical outliers
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Table 4

Results of a meta-analysis on the impact of possible risk factors (qualitative indicators)
on the incidence of new spinal fractures

Factor Pooled effect size Number Heterogeneity index
of studies
OR (95 % CI) Higgins & *2 (95 %—CI) > (%) (95 %—CI)
Thompson’s H,

**Female gender 1.966 (0.9066; 1.5792) 17 1.5640 | 0.1785 (0.0335; 0.6677) | 59.12 (30.2; 76.0)
Female gender 1.3041 (1.0256; 1.6583) 16 1.2840 | 0.0873 (0.000;0.5174) | 39.1 (0.0; 66.5)
Lack of osteoporotic 1.9695 (1.5498; 2.5030) 7 1.2860 |0.0395 (0.000; 0.4898) | 39.55 (0.0; 74.6)
treatment

**Bone cement leakage 2.1318 (1.3276; 3.4233) 14 1.8990 | 0.5846 (0.1398; 2.3988) | 72.275 (52.6; 83.8)
Bone cement leakage 1.9152 (1.3013; 2.8186) 13 17630 | 0.3129 (0.0641; 1.4388) | 67.82 (42.6; 82.0)
**Damage to the T-L junction | 0.9069 (0.3765; 2.1847) 10 3.6898 | 1.8336 (0.7846; 6.4829) | 92.66 (88.6; 95.3)
Damage to the T-L junction | 0.9017 (0.5132; 1.5843) 8 19807 |0.4796 (0.1153; 1.5843) | 74.51 (48.5; 87.4)

Notes: * — total variance between studies (t?) estimated by the Paule—Mandel method; ** — data before exclusion

of statistical outliers.

Table 5

GRADE profile of risk factors for new vertebral compression fractures
after puncture vertebroplasty

Factor Number of studies/patients Pooled effect (95 % CI) 12, % Confidence level
Absence of AOT 7/4 748 OR = 1.97 (1.55;2.50) 40 @®DD Moderate
Bone cement leakage 13/5 106 OR =1.92 (1.30;2.82) 68 @©@® Moderate
Low BMD 11/2932 Cohen’s d = 0.55 (0.38;0.73) 72 ®DD Moderate
Advanced age 14/3 384 Cohen’s d = 0.29 (0.13;0.45) 25 @D Low
Female gender 16/6 349 OR = 1.30 (1.03;1.66) 39 @@ Low
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Fig. 12. Forest plot of the association of T-L junction damage
in a primary fracture with new vertebral fractures: a) meta-
analysis results; b) meta-analysis results after removing
statistical outliers

cortical disruption and vacuum gap, emphasizing
the importance of neutralizing these factors during
intervention [38].

A notable contribution of our work is the quanti-
tative analysis of the consequences of not receiving
anti-osteoporotic therapy. Our findings reveal that
the absence of drug therapy nearly doubles the risk
of new fractures, whereas most prior reviews have
merely described this association without statistical
validation [36, 37]. This underscores the importance
of AOT as a central component of secondary preven-
tion strategies.

Regarding demographic variables, female gender
was associated with an almost 30 % increased risk,
which was consistent with the estimates of S. Dai,
although statistical significance was not reached in
the review by G. Zhai. Age showed a small but re-
producible effect: in our pooled effects, the weighted
average difference was about 2-3 years, which is
practically the same as the results of S. Dai, while
the review by G. Zhai, limited to the sample up to
2017, did not find a signal effect.

Interestingly, neither cement volume nor body
mass index showed a significant association with
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the incidence of new fractures in our study or in pre-
vious reviews. This finding suggests that efforts to
adjust these parameters in an attempt to reduce risk
are not supported by evidence.

Methodologically, our study is distinguished by
a wider involvement of almost 7000 patients from
different regions and the use of modern statistical ap-
proaches (Sidik—Jonkman, Paule—Mandel, predictive
intervals, GRADE), while most of the predecessors
used the classic DerSimonian—Laird model with-
out grading the certainty of evidence. This provides
higher external validity and practical applicability
of our findings.

Limitations

First, the vast majority of the studies we included
had a retrospective cohort design (19 out of 20), which
limits the evidence of the conclusions due to the po-
tential risk of systematic errors. Second, there was
significant heterogeneity between studies for factors
such as age, BMD, and cement leakage (I> > 70 %),
suggesting variability in methodologies, population
characteristics, and interpretation of results across
studies. Although sensitive analyses were performed
to exclude outliers, residual heterogeneity remained.
Third, some potentially important risk factors had
insufficient numbers of included studies (% verte-
bral height recovery, % KA recovery, KA), limiting
the validity of conclusions about them.

It should be noted that the majority of studies used
for the analysis (91 % of cases (18 of 20 cases)) con-
sidered the Asian population. This is significant given
that race is necessarily taken into account when as-
sessing BMD, as representatives of this population
have a lower risk of osteoporosis compared with
Caucasians.

Conclusions

A systematic review and meta-analysis of 20 stud-
ies identified the most significant predictors of new
vertebral compression fractures following percuta-
neous vertebroplasty: the absence of anti-osteopo-
rotic therapy, bone cement leakage, and low bone
mineral density. The first two factors were found
to approximately double the risk of new fractures,
with the quality of evidence assessed by GRADE as
moderate. Female gender increases the likelihood by
approximately one-third, and older age has a statisti-
cally significant but small effect; for these, the level
of confidence remains low. In contrast, cement vol-
ume, amount and correction of kyphosis, restoration
of vertebral height, body mass index, body weight
and T-L junction invelvement did not show a signifi-
cant association with new fractures.
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