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Background: Percutaneous vertebroplasty (PVP) and percutaneous kyphoplasty (PKP) are common
vertebral augmentation (VA) procedures for the treatment of osteoporotic vertebral compression fractures
(OVCF), each with their own advantages and disadvantages. In recent years, the development of new
implant-assisted technologies has provided a breakthrough in VA. This study systematically evaluated and
meta-analyzed the reports on new implant-assisted VA techniques in recent years, so as to provide evidence
for clinical diagnosis and treatment.

Methods: The PubMed, Embase, Ovid, and SpringerLink databases were searched for randomized
controlled studies on VA in the treatment of OVCE. In this study, patients in the experimental group were
treated with PVP using the new implant-assisted VA technique, while patients in the control group were
treated with PKP. Bias assessment was conducted using the tool integrated with the Revman 5.4 software,
and meta-analysis was carried out to compare the mid-term postoperative pain relief, functional status,
quality of life, and cement extravasation between the two groups (each presented with a forest plot).
Results: Eight articles were finally included in the selection, involving a total of 1,027 patients. PVP
surgery using the new implant-assisted VA technique was superior to PKP surgery in relieving postoperative
pain [mean difference (MD) =-3.77, 95% CI: -5.63, -1.92, P<0.0001] and improving the postoperative
Oswestry Disability Index (ODI) score (MD =-1.59, 95% CI: -3.01, -0.16, P=0.03). However, it was not
significantly different from PKP surgery in improving postoperative quality of life (MD =-0.27, 95% CI:
-3.55, 3.01, P=0.87), and the cement extravasation rate was significantly lower than that of PKP surgery [odd
ratio (OR) =0.38, 95% CI: 0.19, 0.74, P=0.004].

Discussion: The new implant-assisted VA technique can significantly relieve pain, reduce clinical
symptoms, improve postoperative quality of life, and significantly reduce the problem of cement
extravasation. However, this new technology is still evolving, and more high-quality randomized controlled

studies on this topic are needed to provide stronger evidence.
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Introduction

Osteoporosis is a metabolic disease that occurs frequently
in the elderly (>60 years of age). With aging, the function
and activity of osteoblasts of the patients decrease, while
osteoclasts increase under the regulation of hormones,
which leading to bone formation decreases and bone
resorption increases, resulting in bone loss, changes in bone
structure, increased bone fragility, and extreme susceptibility
to fracture. Osteoporosis vertebral compressed fracture
(OVCEF) is a common fracture caused by osteoporosis.
Thoracic vertebral fractures are manifested as strong pain
in the thoracic segment, kyphosis, thoracoabdominal
compression, muscle atrophy, loss of self-care ability, and
severe cases can cause paralysis and bed rest, or even loss
of life (1). The disease can be treated conservatively, which
involves analgesia and osteoporosis drugs, resting in bed,
and wearing a brace to ensure body balance. However,
conservative treatment alone cannot cure the patient’s pain
condition and the dysfunction caused by the disease (2).
Surgical treatment can restore the physical stability
of the lumbar spine, relieve pain, improve function, and
enhance the quality of life of patients. At present, the
more mature minimally invasive surgeries mainly include
percutaneous vertebroplasty (PVP) and percutaneous
kyphoplasty (PKP). Both of these procedures enhance the
strength and toughness of the vertebral body by injecting
fillers (usually bone cement materials, polymethyl acrylate,
PMMA) into the vertebral body, which is classified as
vertebral augmentation (VA) therapy, and can increase the
pain relief rate of patients by more than 90% (3). Hinde
et al. (4) conducted a meta-analysis which included 16 RCT
literatures and compared the effects of surgical (PVP or
PKP) treatment with non-surgical treatment in more than
2 million patients with OVCEF, and showed that the
mortality of patients treated with surgery was 22% lower
than that of patients treated with non-surgical treatment
after 10 years. Some other studies compared the effects of
PVP with PKP, the results of which had suggested that the
PKP technique dilates the vertebral body and injects bone
cement into the cavity, has lower cement extravasation
rate, and reduces spinal cord oppression and nerve root
injury caused by leakage, however, with the development of
medical science and technology as well as the introduction
of some implants, PVP technology corrects the original
cement extravasation problem and shows more excellent
clinical results (5). Nowadays there was still no such meta-
analysis for the new implant-assisted VA techniques. In

© Annals of Palliative Medicine. All rights reserved.

Lin et al. A meta-analysis of new VA surgery techniques for OVCF

this study, we searched the literature reporting new PVP
techniques in recent years and compared them with PKP by
means of meta-analysis to understand the therapeutic effect
of the latest VA surgery. We present the following article in
accordance with the PRISMA reporting checklist (available
at https://dx.doi.org/10.21037/apm-21-2834).

Methods
Search strategy

PubMed, Embase, Ovid, and SpringerLink were selected
as the main query databases, and data related to VA was
searched through other channels such as clinicaltrials.gov,
and Google scholar. The mainstream databases were searched
using the keyword rapid search: “Vertebral augmentation/
Percutaneous vertebro-plasty/PVP” AND “Osteoporosis/
Vertebral compressed fractures/VCF”. If the database had
a filter function, the literature publication time was limited
from January 2010 to the present, and the literature type was
limited to randomized controlled trials (RCTs).

Eligibility indicators

Study subjects
Patients diagnosed with osteoporotic vertebral compression
fractures (OVCF).

Intervention method

This study included two groups of patients. The
experimental group used the modified version of PVP; i.e.,
the VA assisted technique, using any minimally invasive
implantation mechanical device (most commonly the
SpineJack® system, the Kiva® support system, etc.), while
the control group underwent PKP.

Outcome indicators

The primary indicators were the Oswestry Disability
Index (ODI), Visual Analogue Scale (VAS), Euro Quality
of Life 5-domian Questionnaire (EQ-5D), and Cement
extravasation rate (CE), while the secondary indicators
included the postoperative subsequent vertebral fractures
rate (SVF) and device bolus migration rate (DBM).
Considering the need for meta-analysis, the score on all
10 points was extended to the percent scale. If the final
VAS score of the 10-point evaluation (scale range 0-10) is
multiplied by 10, the ODI parameter of 10-point scale (scale
range 0-10) is multiplied by 10, while the score of EQ-
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5D quality of life scale of 0-1 point is multiplied by 100,
it will be transformed into a scale 0-100 for meta-analysis.
Since the observation time for outcome indicators in the
literatures varied, for studies with multiple observation
points (such as 5 d, 1 month, 3 months, and 6 months
postoperatively), the outcome indicator data at 12 months
postoperatively was taken for analysis.

Excluded literature

(I) Studies with a total sample size less than 10; (II) non-
randomized controlled studies; (IIT) studies whose data
could not be transformed or be used after transformation;
and (IV) repeated published literature, or studies with
obvious errors in interventions and inaccurate data.

Selection of literature and extraction of data

Two researchers independently screened the literature and
extracted the data. If the data was missing in the literature,
we attempted to contact the author for it. The extracted
data included the following: author, publication time, study
region, intervention method, grouping method, number
of cases, follow-up time, and outcome indicators. Two
researchers performed cross-examination; disagreement
with the data or differences of opinion were settled by
inviting a third person for arbitration.

Literature visk of bias assessment and quality assessment

The risk of literature bias was assessed using the Cochrane
randomized controlled trial evaluation tool integrated in the
meta-analysis software, Revman 5.4 released by Cochrane
Collaboration, to evaluate the following six aspects:
randomization method, allocation concealment, blinding
method, loss to follow-up and withdrawal, data integrity,
and selective reporting of included RCTs. The Jadad
scoring criteria were used to evaluate the quality of the
included studies, a score of less than 3 was considered low-
quality literature, and a score greater than 3 was considered
high-quality literature.

Statistical analysis

(D) Tools: Revman 5.4 was used as the analysis tool for this
study. (II) Effect size: for the continuous indicators of VAS
score, ODI score, and EQ-5D, the mean difference (MD)
and 95% Confidential Interval (CI) were considered to
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indicate the effect size; for the binary variables of cement
extravasation rate and subsequent fracture; the odds ratio
(OR) and 95% CI were considered to indicate the effect
size. P<0.05 was considered to indicate a statistically
significant difference in effect size, and a forest plot was
used to present the effect size; studies reporting these
indicators would be included for synthesis. (III) Effect
model: a random-effects model was used if there was
heterogeneity between the articles; otherwise, a fixed effect
was used. (IV) Heterogeneity: I* analysis and Q test were
used for analysis; ’>50% or P<0.1 indicated statistically
significant heterogeneity. (V) Heterogeneity and sensitivity
survey: the piecemeal exclusion method was used for
analysis. (VI) Publication bias report: funnel plots were used
to report publication bias.

Results
Literature screening process and results

The literature screening flowchart is shown in Figure 1. In
total, 418 articles were initially retrieved, including 355 studies
retrieved from mainstream databases and 63 literatures from
other sources. Finally, eight studies were included and selected,
with a total of 1,027 patients, as shown in Figure 1.

Basic characteristics of litevatures and intervention methods

The basic characteristics and intervention methods of the
included articles are shown in Tiable 1.

Risk analysis of literature bias

Among the eight RCTs included in this study, all mentioned
the randomization method, no allocation concealment was
mentioned in the literatures (7,9,12), no blinding methods
were mentioned in the literatures (9), which meant that the
final results possibly had selection and implementation bias.
The dropout cases in 8 literatures were described in detail,
so there was no detection deviation and incompleteness.
There were no selective reports and other biases in the
literature, as shown in Figures 2,3.

Meta-analysis results

Effect of PVP VA on relieving postoperative pain
All included studies reported postoperative pain. The
heterogeneity (I'=14%, P=0.32) was not statistically
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Figure 1 Literature selection flow diagram.
significant; thus, the fixed effect model was used to obtain (Figure 5).

a combined effect size of MD =-3.77, 95% CI: -5.63,
-1.92. The combined effect size showed that the relief
of postoperative pain after PVP VA in the experimental
group was superior to that of the control group (Z=3.98,
P<0.0001). The number of cases in the meta-analysis
excluded all cases of dropout and loss. Therefore, there was
no data incompleteness (Figure 4).

Effect of PVP VA on improving the postoperative ODI
functional index in patients

Only one study (13) did not report the postoperative ODI
index improvement, while the other seven articles reported
that the heterogeneity of literature (I’=44%, P=0.10) was
not statistically significant. Using the fixed effect model, a
pooled effect size (MD =-1.59, 95% CI: -3.01, -0.16) was
obtained. The pooled effect size showed that PVP VA in
the experimental group was superior to the control group
in improving the postoperative ODI index (Z2=2.18, P=0.03)
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Effect of PVP VA on the improvement of postoperative
quality of life

A total of five articles (6,7,9-11) reported the postoperative
quality of life, but one study (10) used SF-36 scale statistics
and was thus excluded. The remaining four RCTs had no
statistical heterogeneity (I'=0.0%, P=0.54); using the fixed
effect model, the combined statistics were obtained (MD
=-0.27, 95% CI: -3.55, 3.01), and the difference was not
statistically significant (Z=0.16, P=0.87). Therefore, the
improvement in postoperative quality of life with PVP VA
was not significantly different from the control group, as
shown in Figure 6.

Evaluation of cement extravasation in PVP VA

A total of four articles (6,8-10) reported the cement
extravasation rate, and there was no heterogeneity in the
studies (I’=0.0%, P=0.41). Using the fixed effect model, the
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Table 1 Basic characteristics and intervention methods of included literatures
Number of subjects Surgical method
. Observation - Jadad
Author Year  Region  Eyperimental Control Experimental Control time Outcome indicators Score
group group group group

Noriega et al. (6) 2019 Paris/France 68 73 PVP (TIVAD) PKP 12 months = VAS/ODI score/EQ-5D 6
index Score/CE/SVF/
DBM

Noriega et al. (7) 2019 France 15 15 PVP (SJ) PKP 37 months  VAS/ODI score/EQ-5D 5
index Score/Cobb angle
correction

Wang et al. (8) 2015  Sydney, 53 54 HVCV PKP 12 months  VAS/ODI score/CE 5

Australia

Noriega et al. (9) 2016 - 15 15 PVP (SJ) PKP 12 months  VAS/ODI score/EQ-5D 6
index Score/CE

Korovessis et al. (10) 2013  Greece 82 86 PVP (KIVA) PKP - VAS/ODI score/SF-36/CE 6

Dohm et al. (11) 2014 - 205 199 PVP (SJ) PKP 24 months  VAS/ODI score/SF-36/ 6
EQ-5D index score

Korovessis et al. (12) 2014 - 23 24 PVP (KIVA) PKP 12 months  VAS/ODI score 6

Liuetal (13) 2015 Hawaii, USA 50 50 PVP (SJ) PKP 12 months  VAS 6

VA, vertebral augmentation; TIVAD, titanium implantable vertebral augmentation device; PKP, balloon kyphoplasty; VAS, visual analogue
score; ODI, Oswestry Disability Index; EQ-5D, Euro Quality of Life 5-domian Questionnaire; CE, cement extravasation; SVF, subsequent
vertebral fractures; DBM, device bolus migration; SJ, SpineJack®; HVCYV, high viscosity cement vertebroplasty; KIVA, a novel vertebral

augmentation technique.

pooled statistic was OR =0.38 (95% CI: 0.19, 0.74), and the
difference was statistically significant (Z=2.87, P=0.004).
Thus, the cement extravasation rate in PVP VA was
significantly lower than that in the control group (Figure 7).

Heterogeneity investigation and sensitivity analysis
The four analyses in this study all showed that there was
no heterogeneity among the included studies, so no in-
depth heterogeneity investigation performed. We used the
random effect model for extra analysis and results were
almost the same with the fixed effect model, which should
the results were stable.

Publication bias analysis

The funnel plot of the pain VAS index synthesis showed an
even distribution of the studies, which meant that there was
little publication bias among the studies, as Figure §.

Discussion

OVCF is a common complication in patients with
osteoporosis, compared with the conservative treatment of
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only using drugs and braces, surgical treatment can reduce
pain and improve the ability of movement, if the patients
do not undergo surgical treatment in time, the vertebral
body may continue to collapse, the activity ability of the
patient will be weakened, the pain can not be relieved,
which result in a low quality of life (14). VA is the main
surgical method for OVCFs, and is characterized by
reduced trauma, less bleeding, rapid postoperative recovery,
and high safety (15). PVP and PKP are the two most
common types of VA. The PVP technique injects bone
cement into the vertebral body under high pressure and is
easy to operate. Owing to the fact that there is no need to
place a dilator, it is not necessary to repeatedly puncture
to establish a dilator placement channel, and the puncture-
related complications are minimal (16). However, PVP has
no fixed space to contain bone cement, and some studies
have reported that its cement extravasation rate can reach
11-76%. However, the strict surgical procedure, coupled
with the extensive experience of doctors, can minimize
the cement extravasation rate, and therefore, PVP is still
a cost-effective surgical method (17). PKP creates a cavity
by placing a dilator (usually a balloon) in the patient’s
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vertebral body and injecting bone cement into the cavity,
and the rate of cement extravasation is greatly reduced
compared with PVP, with high safety (18). However,
with the development of implant-assisted technology,
the technical function of PVP has been improved and is
showing excellent efficacy (5).

Dohm M et al. (11)

Korovessis P et al. (10)

Korovessis P et al. (12)

LiuJT et al. (13)

< (@ |~ |® | ® | Alocation concealment (selection bias)

. . = . . . . . Blinding of participants and personnel (performance bias)

Noriega DC et al. (7)

-

Noriega DC et al. (9)

Figure 2 Brief introduction of the literature bias risk.

Noriega D et al. (6)

. . . . . . . . Random sequence generation (selection bias)
. . . . . . . . Blinding of outcome assessment (detection bias)
. . . . . . . . Incomplete outcome data (attrition bias)

. ’ . . . . . . Selective reporting (reporting bias)

. . . . . . . . Other bias

Wang CH et al. (8)

Random sequence generation (selection bias) _

Allocation concealment (selection bias) _:l

Blinding of participants and personnel (performance bias) _:I
Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

otner vies |

. Low risk of bias

Figure 3 Literature bias risk assessment table.
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In this meta-analysis, a total of eight articles were selected
from literature databases. Among the included studies, the
intervention measures in the experimental group were PVP
surgery using implant-assisted technique, while those in the
control group were PKP. The study results showed that the
experimental group was superior to the control group in
the relief of pain and improvement of the functional index.
There was no significant difference in the improvement of
quality of life between the two procedures. However, the
bone cement extravasation rate in the experimental group
was significantly lower than that in the control group. A
study by Filippiadis et /. (19) had pointed out that although
PKP surgery can rapidly correct kyphotic deformity and
relieve pain, it also exhibits disadvantages in application,
such as the problem of cement extravasation, damage to
bone structure during balloon placement and withdrawal,
and the problem of vertebral body re-collapse after balloon
withdrawal, which can aggravate the kyphotic deformity
of patients and affect the quality of life of patients. Spinal
implantation aids are the product of the development of new
technologies in recent years. The principle is to place the
device through the pedicle or posterolateral vertebral body,
distract the vertebral body, correct kyphotic deformity, form
an intravertebral cavity, and then inject bone cement for
reinforcement, so as to achieve the effect of classical PVP
surgery, while preventing bone cement extravasation and
reducing recurrent fractures, thereby achieving a superior
effect (5).

In this study, since all eight included studies reported
the index data after a 12-month observation period, while
some studies missed the early and long-term postoperative
index, this study only reflected the effect of surgery in
the two groups at the mid-term postoperative period
(12 months). Moreover, there are various types of implant-

0% 25% 50% 75% 100%

B High risk of bias

Ann Palliat Med 2021;10(11):11767-11775 | https://dx.doi.org/10.21037/apm-21-2834



Annals of Palliative Medicine, Vol 10, No 11 November 2021

Experimental

Study or Subgrou Mean

Dohm M et al. (11) 30 14 205
Korovessis P etal. {10) 25 30 80
Korovessis P et al. {12) 30 143 23
LiuJT etal. (13) 23 0 50
Noriega D et al. () 157 122 61
Noriega DC et al. (7) 14.4 11 15
Noriega DCet al. (9) 127 10 15
Wang CH et al. (8) 102 8 53
Total (95% CI) 502

Control

SD Total Mean SD Total Weight

Mean Difference
IV, Fixed, 95% CI

11773

Mean Difference

33 18 199 348%
27 30 83  41%
32 20 24 356%
29 0 50
206 144 65 16.0%
25 137 15 4.4% -10.60[-19.49,-1.71]
233 1 15  6.1% -10.60[18.12,-3.08]
124 95

54 31.2%

505 100.0%

Heterogeneity: Chi*=7.01, df=6 (P = 0.32); F=14%
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-2.00 (11.21,7.21]
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L
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Figure 4 Combined effect plot of PVP VA on pain relief. PVP, percutaneous vertebroplasty; VA, vertebral augmentation.
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38 8 24 85%

Noriega D et al. () 13.4 122 61 159 144 65 0.4%
Noriega DC et al. (7) 6 3B 15 1056 &7 15 17.4%
Noriega DCet al. (9) 1233 7685 15 1634 733 15 714%
Wang CH et al. (8) 162 67 53 17.04 643 54 328%
Total (95% CI) 452 455 100.0%

Heterogeneity: Chi*= 10.67, df=6 (P = 0.10); F= 44%

Test for overall effect: Z=2.18 (P = 0.03)

1.72[-6.11,1.67]
5.40 [0.04, 10.78]
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Figure 5 Combined effect plot of PVP VA for improving ODI. PVP, percutaneous vertebroplasty; VA, vertebral augmentation; ODI,

Oswestry Disability Index.
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Study or Subgrouy Mean SD Total Mean
Dohm Metal. (11)
Noriega D et al. (6) 83 25 &1

Noriega DC et al. (7) 921 33 18
Noriega DCet al. (9) 92.33 27.65

Total (95% CI) 296

Heterogeneity: Chi*= 2.16, df= 3 (P = 0.54); F= 0%

Test for overall effect: Z= 0.16 (P = 0.87)

Control
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IV. Fixed. 95% CI
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IV. Fixed, 95% Cl

762 1676 205 7643 19.33 199 86.2%
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-1.23[-4.76, 2.30]
5,00 [5.77,16.77)

42 15  1.5% 10.00[-17.03,37.03]
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:
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Figure 6 Combined effect diagram of PVP VA in improving the quality of life of patients. PVP, percutaneous vertebroplasty; VA, vertebral

augmentation.

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% Cl M-H. Fixed, 95% CI
Korovessis P et al. (10) 4 82 12 86 37.0%  0.32[0.10,1.02] ——
Noriega D et al. (6) 5 75 12 80 Not estimable
Noriega DCet al. () 1 15 0 15  1.5% 3.21[0.12,85.20
Wang CH et al. (8) 9 58 22 72 615%  0.35[0.15, 082 ——
Total (95% Cl) 165 173 100.0%  0.38[0.19, 0.74] .
Total events 14 34
Heterogeneity: Chi*=1.76, df= 2 (P = 0.41); F= 0% 0.01 10 100

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

|
Favours [experimental] Favours [control]

Figure 7 Combined effect plot of PVP VA for reducing cement extravasation rate. PVP, percutaneous vertebroplasty; VA, vertebral

augmentation.

assisted technologies. In addition to the TIVAD device,
SpineJack device, and KIVA device included in this study,
other more advanced technologies have been utilized,
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such as the Osseofix system (US) (20) and vertebral body
stenting (VBS) system (Switzerland) (21). However, there
were no studies that could be included in this meta-
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Figure 8 Plot of publication bias.

analysis.

Conclusions

In summary, this meta-analysis included eight studies
on VA in the treatment of OVCE, with a low risk of bias
and conclusive evidence, showing that the new technique
assisted by VA implant can significantly relieve patients’
pain, reduce clinical symptoms, improve the postoperative
quality of life, and significantly reduce the problem of bone
cement extravasation. However, this new technology is still
evolving, and more high-quality randomized controlled
studies on this topic are needed to provide stronger
evidence.
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