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Abstract
Background & Aim: Osteoporotic vertebral compression fractures (OVCFs) are acknowledged as common
occurred fractures among humans, especially for the elderly population. The minimally invasive
percutaneous methods such as kyphoplasty as well as vertebroplasty have been valid and effective tools
in terms of reducing clinical problems, which are associated with more bene�cial effects as compared to
traditional methods such as open surgery or conservative treatment. Hence, we conducted the current
meta-analysis in order to gather updated evidence available for the systematical assessment of the
clinical and radiographic outcomes of VP in comparison of KP.

Methods: Publications on comparison kyphoplasty versus vertebroplasty in treatment of OVCFs were
collected. After rigorous and thorough review of quality, we extracted the data on the basis of eligible
trials, which analyzed the summary hazard ratios (HRs) of the endpoints of interested.

Results: Totally, our inclusion criteria involved �ve studies. 561subjects involving 334 patients received
VP and 227 patients received KP were included, of which patients receiving KP or VP failed to show any
signi�cant differences in the visual analog scale (VAS) scores (MD =-0.02, 95% CI -0.40 – 0.35; P =
0.91),and the risk of cement leakage (OR =1.60, 95% CI 0.82 – 3.12; P = 0.17). Nevertheless, the Oswestry
Disability Index (ODI) scores (MD =-1.56, 95% CI -2.39 – -0.73; P = 0.0002), the injected cement volume
(MD =-0.40, 95% CI -0.77 – -0.04; P = 0.03) and the operation time (MD =-9.67, 95% CI -11.55 – -7.80; P 
0.00001) in VP group were linked to markedly lower trend in comparison of KP group with signi�cant
statistical difference.

Conclusion: The present meta-analysis controls the acceptable level of the e�cacy across the involved
trials. The VP had ODI scores, the injected cement volume and the operation time exerted several
advantages in this meta-analysis. Yet, VP failed to show bene�ts in terms of the VAS scores and cement
leakage in comparison of KP therapy. Given the combined results of our study, the optimal treatment for
patient harboring OVCFs should be determined by further high-quality and multi-center RCTs along with
longer follow-ups as well as larger sample size.

Introduction
Osteoporotic vertebral compression fractures (OVCFs) have been regarded as one of the most widely
occurred complications of osteoporosis in elderly patients, which are often accompanied with severe
back pain and restrict activity, affecting patients’ life quality with increased mortality1–3. The OVCFs,
which are generally occurred due to osteoporosis, have been currently considered a major health issue
among wide range of population around the globe. It has been acknowledged that most of OVCFs can be
alleviated even cured within a few months though conservative therapy.

Only one-third patients show symptoms, thus proper conservative therapies are often given to general
patients, involving analgesics, bed rest, and external bracing4. While, the conservative treatments may
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cause complications such as pulmonary infection, pulmonary embolism and venous thrombosis,
seriously affect the life quality of patients, even result in death5,6.

In case of failure of the above mentioned non-surgical approaches, surgical therapy has initially been
applied as the main treatment for the disease. However, there are chances that traditional open surgery
with metal implants fails and leads to neurological symptoms, persistent back pain and limited functions
due to the poor quality of the osteoporotic bone7,8. Therapy should seek earlier surgical intervention, such
as KP and VP.

Kyphoplasty and vertebroplasty are two minimally invasive operative procedures available as effective
tools in terms of treating symptomatic OVCFs9–11. In spite of the bene�cial effect of both procedures in
relieving the back pain as well as improving the life quality11–13, debates exist concerning the superior
therapeutic effect between these two approaches. Some studies have demonstrated that KP can better
restore the compressed vertebral body height as well as correct kyphosis of the spine.While, no signi�cant
difference was observed in VAS scores and ODI scores between the two groups. Here, the present meta-
analysis was conducted for the comparison of the radiographic and clinical difference of KP and VP in
OVCFs patients.

Methods And Materials
Ethical approval

Ethical approval was waived because this study does not involve any human participants or animals.

Retrieval strategy

The following electronic databased were identi�ed and searched by two studiers separately: Embase,
PubMed, Cochrane library in latest 5 years updated to December 2020. The data searching process was
conducted in search of all publications with the keywords: “percutaneous kyphoplasty” AND
“osteoporotic vertebral compression fracture”, AND “percutaneous vertebroplasty”. We also screened and
checked relevant Medical Subject Heading (MeSH) terms. no limitation was used during the process of
literature search. In addition, we hand-searched the references of eligible publications that dealt with the
topic of interest with an attempt to search associated studies.

Eligibility criteria

Studies that met the following criteria should be involved in current the meta-analysis: (1) the studies
were designed to compare VP with KP therapy; (2) articles involving OVCFs patients; (3) the end-point of
interests were provided, including the visual analog scale (VAS) scores, Oswestry Disability Index (ODI)
scores, the injected cement volume, the operation time and cement leakage rate. The studies that failed to
meet the prede�ned inclusion criteria should be excluded from the present meta-analysis.

Quality assessment
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The retrieved studies were evaluated independently by two investigators. On the basis of The Cochrane
Handbook for Systematic Reviews of Interventions, we utilized the risk of bias items (ROBI).

Data extraction

Two reviewers conducted and evaluated the data extraction separately. Any arising differences were
settled through discussion to reach general consensus. The main categories from selected studies were
based on the following items: year of publication, family name of �rst author, study design, median age,
and main outcomes. The risk ratios (RRs) and corresponding hazard ratios (HRs) were extracted to
further describe the outcomes of interest data, respectively, with its 95% con�dence intervals (CIs).

Statistics analysis

We also conducted a sensitivity analysis for the assessment of the impact on the aggregated results
through the heterogeneity in the included studies. Heterogeneity of the trial results was assessed with the
I2 statistic to select ideal analysis model14, describing as followed respectively: low, 25–50%; moderate,
50–75%; or high, > 75 %15. We calculated summary outcome through the use of �xed-effect models when
low heterogeneity showed among studies. Otherwise, we utilized the random-effect models. We applied
Review Manager version 5.3 software (Revman; The Cochrane collaboration Oxford, United Kingdom) to
conduct the statistical analyses. Studies with a P value less than 0.05 was thought to have statistical
signi�cance. Forest plots showed the �ndings of our meta-analysis.

Results
Literature search process and study characteristics

Totally, 353 publications were identi�ed originally for study assessment. On basis of above mentioned
criteria, there were a total of 11 publications in search of further details. Finally, 5 studies(16–20)were
included in the present analysis due to some failed to offer su�cient outcome data of two approaches. In
all, 561 subjects involving 334patients received VP and 227 patients received KP were included, Fig. 1
described the detailed search process.

The above mentioned studies were on the bases of the evidence with moderate to high quality. Table 1
described the major characteristics of the quali�ed studies in more detail.

Table 1 Basic characteristic of included studies.
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Author
Year

Study design No. of
patients

Median age The interested results

VP KP VP KP

Zhang
G
2015

Retrospective
cohort study

38 35 75.58 73.74 VAS scores, the injected cement volume,
cement leakage rate, the operation time

Zhang
J
2018

Retrospective
cohort study

22 13 72.82 74.38 VAS scores, ODI scores, the injected
cement volume, cement leakage rate

Wang
F
2018

Retrospective
study

31 26 74.8 75.3 VAS scores, ODI scores the injected
cement volume, cement leakage rate, the
operation time

Cheng
J
2019

Retrospective
cohort study

215 125 66.7 68.4 VAS scores, ODI scores, the injected
cement volume

Chang
J
2020

Randomized
controlled trial

28 28 75 75.1 VAS scores, ODI scores, the injected
cement volume, cement leakage rate, the
operation time

Clinical and methodological heterogeneity

Pooled analysis of Oswestry Disability Index (ODI) scores comparing KP and VP groups

Pooling the data of the ODI scores retrieved from seven studies showed signi�cant differences in the
patients with regard to the tendency of receiving VP in comparison of the KP group (MD =-1.56, 95% CI
-2.39 – -0.73; P = 0.0002)(Fig. 2).

Pooled analysis of the visual analog scale (VAS) scores comparing KP and VP groups

In order to pool the VAS scores data, random- effects model was applied due to the moderate
heterogeneity across �ve studies. The pooled data did not show advantage in the KP or VP groups(MD
=-0.02, 95% CI -0.40–0.35; P = 0.91) (Fig. 3).

Pooled analysis of the injected cement volume comparing KP and VP groups

For the KP and VP groups, there is a signi�cant differences in terms of comparing VP and KP groups were
observed (MD =-0.40, 95% CI -0.77 – -0.04; P = 0.03) (Fig. 4).

Pooled analysis of the operation time comparing KP and VP groups

The operation time was available for 3 trials. Results showed that the operation time (MD =-9.67, 95% CI
-11.55 – -7.80; P < 0.00001) in VP group were linked to markedly lower trend in comparison of KP group
with signi�cant statistical difference (Fig. 5).
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Pooled analysis of cement leakage rate comparing VP and KP groups

The cement leakage rate was reported in 4 studies. While, the pool data does not reach a statistically
signi�cant level (OR = 1.60, 95% CI 0.82–3.12; P = 0.17) (Fig. 6).

Discussion
Vertebroplasty and kyphoplasty are acknowledged as percutaneous minimally invasive procedures,
which could quickly alleviate long-lasting postoperative pain and proven to be alternative approaches
apart from the hitherto existing therapies(21–22). According to the study supported and published by
Hulme et al 23 , as high as 95% pain and dysfunction caused by fracture could be successfully
alleviated through vertebroplasty and kyphoplasty. McLiernan et al. 24 performed a study that found
bene�cial effects on life quality among patients receiving vertebroplasty in the course of 12 months. In
addition, according to a prospective study published by Liebermann et al.6, remarkable improvement was
found in the SF-36 score for kyphoplasty. Nonetheless, studies available to evaluate KP and VP in OVCFs
are limited due to the small-scale studies and case reports. Currently, debates exist regarding the better
e�cacy of VP and KP in the therapy of OVCFs.

In the current analysis, the interested results contained two major categories, the clinical outcome and the
radiographic outcome The radiographic outcome involved the following parameters: the injected cement
volume, and cement leakage. Vertebroplasty requires cement to perform the image-guided percutaneous
injection into a fractured vertebra in order to stabilize the fracture as well as alleviate pain. There are
several superior effect of kyphoplasty as compared with vertebroplasty, such as the percutaneous
expansion of an in�ation bone tamp to correct kyphosis secondary to collapsed vertebral bodies(25).
While, in terms of the risk of cement leakage, there was no signi�cant statistical difference between the
two groups in our study. These above mentioned �ndings may be contradicting with what the previous
literature reported 23,25 .

As compared to our pooled results, KP was associated with signi�cantly longer operation time versus the
VP, which is consistent with the latest meta-analysis by Hongyu Wei(26). One possible explanation is the
need of more complex procedures with KP, such as the repeated establishment of expander channel on
the pedicle.

In addition, bone cement leakage is considered as the most common complication of bone cement
vertebroplasty. To our knowledge, the higher rate of cement leakage is related to the high injection
pressure with low viscosity of the cement during VP in comparison of KP. In contrast, the KP procedure
can offer a cavity for cement to be injected into the center with the help of in�ated balloon tamp. Lower
rate of cement leakage is highly associated with the methodological difference of KP. While, it is possible
that balloon distraction during the process of KP might not only result in the damage of vertebral wall
and upper and lower endplates, but also increase the risk of cement leakage due to the poor vertebral



Page 7/13

strength of OVCFs patients(18). Thus, we demonstrated that there was no difference between patients
receiving KP or VP in terms of the cement leakage.

The clinical outcomes included ODI scores as well as VAS scores. Most studies have demonstrated a
continuous and statistically signi�cant reduction of ODI and VAS scores on the basis of the two study
groups, suggesting the bene�cial effect of VP and KP in reducing the symptoms of back pain as well as
improving life quality.Our study reported that the ODI scores were remarkably altered in the kyphoplasty
group. As for the VAS scores, KP failed to show bene�ts.

In this systematic analysis, we assessed the radiographic and clinical difference of KP compared with VP
for OVCFs patients. Admittedly, our study had several limitations. On the one hand, the limitations can be
inherent to the included RCT and retrospective study, which may result in the imbalance between the two
study groups. Bias exist, and this may in�uence the outcomes. We recognized the need for additional
random clinical trials and studies. On the other hand, considering the lack of patient-level data and the
present study-level meta-analysis, the clinical heterogeneity among trials should not be ignored for the
further interpretation of our current �ndings.

Conclusion
The current evidence has contributed to understanding that vertebroplasty can statistically alter the ODI
scores, the injected cement volume and the operation time in comparison of kyphoplasty. While, the ,VAS
scores and the risk of cement leakage failed to show signi�cant in�uence among the two groups. Given
the above mentioned limitations of our meta-analysis, it is crucial to continue investigating the effect of
KP and VP with high-quality RCTs based on larger multicenter and longer follow-up studies to con�rm the
current �ndings.
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Figure 1

PRISMA �ow chart of selection process to identify eligible studies
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Figure 2

Pooled analysis of Oswestry Disability Index (ODI) scores

Figure 3

Pooled analysis of the visual analog scale (VAS) scores

Figure 4

Pooled analysis of injected cement volume
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Figure 5

Pooled analysis of the operation time

Figure 6

Pooled analysis of cement leakage rate


