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Objective.We conducted this meta-analysis to provide better evidence of the efficacy and safety of zoledronic acid (ZA) combined
with percutaneous vertebroplasty/kyphoplasty (PVP/PKP) on osteoporotic vertebral compression fracture (OVCF) and proposed a
protocol for its application in clinical practice.Methods. All randomized controlled trials (RCTs) of ZA combined with PVP or PKP
compared to individual PVP/PKP for the management of patients with OVCFs were included in this study. Electronic database
searches were conducted from database inception to November 2020, including the Cochrane Library, PubMed, Web of Science,
and Embase. The pooled data were analyzed using RevMan 5.3 software. Results. Seven RCTs with 929 subjects were finally
included. All included studies reported visual analog scores (VAS), and no statistically significant differences were identified at
follow-ups of 3 d and 1w (P > 0:05). In contrast, significant differences were observed at the 1mo, 3mo, 6mo, and 12mo
follow-ups (P < 0:05). Two trials reported the Cobb angle and vertebral body height (VBH), including 182 subjects without
significant differences at the 12mo follow-up (P > 0:05). In addition, significant differences in the bone mineral density (BMD),
β-isomerized C-terminal telopeptide of type I collagen (β-CTX), N-terminal propeptide of type I collagen (PINP), and N-
terminal molecular fragment (N-MID) levels were observed between the two groups (P < 0:05). All trials reported side effects.
Significant differences in recurrent fractures, fever, flu-like symptoms, and arthralgia or myalgia were identified (P < 0:05);
however, no significant difference in postoperative leakage was detected (P > 0:05). Conclusion. Compared to PVP/PKP alone,
an additional ZA injection had advantages of long-term analgesic effects with improved bone metabolism indexes. Moreover,
combination therapy significantly prevented complications and drug reactions were well tolerated. Overall, this systematic
review revealed that ZA combined with PVP/PKP was an effective, safe, and comprehensive therapy for patients with OVCFs.

1. Introduction

Osteoporosis is a metabolic bone disease with a low bone
density that is characterized by systemic skeletal pain and a
susceptibility to fracture [1]. Osteoporotic vertebral com-
pression fracture (OVCF), one of the most common compli-
cations of osteoporosis, has become an urgent public health
issue in aging societies [2]. According to a report, OVCFs
affect millions of people worldwide, and the morbidity in
elderly individuals could be as high as 11-50% [3, 4]. Patients
may experience obvious low back pain with limited mobility,

severe kyphosis with a long course, and frequent relapse.
Thus, OVCFs affect the physical and mental health and
reduces quality of life and even life expectancy.

Initially, conservative treatments were developed for
OVCFs, including analgesics, bed rest, physical therapy,
and antiresorptive medications. However, the aforemen-
tioned management does not address kyphotic deformities,
which are the key factor contributing to the spinal biome-
chanical balance; thus, adjacent vertebral fractures subse-
quently occur [5]. Moreover, long-term bed rest often has a
negative impact on quality of life and societal burdens. In
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particular, for elderly individuals with a poor physical condi-
tion, side effects of oral drugs and analgesics must be care-
fully considered, along with complications from
immobilization and a completely bedridden status [6].
Therefore, the indications for conservative treatment are
rather narrow and do not meet the current treatment
requirements for OVCFs.

Under these circumstances, PVP and PKP were intro-
duced [7, 8]. To date, PVP has been widely accepted as the
gold standard for the treatment of OVCFs due to its advan-
tages in relieving pain and rapidly restoring the height of
the corresponding vertebral body. In addition, PKP was
reported to be superior for patients with large kyphotic defor-
mities, vertebral fissures, or a substantial height loss in the
fractured vertebrae [1]. Surgical procedures have been
broadly utilized, although with potentially underestimated
problems. Among the main problems is secondary adjacent
vertebral fractures. Zhang et al. stated that 12.9% of patients
experienced new fractures within 1 year after PVP [9], and
Shi et al. reported a 14.7% secondary fracture rate in patients
who received PKP [10]. Indeed, the natural progression of
osteoporosis and the additional mechanical pressure of
injected bone cement contributing to refracture cannot be
ignored. Meanwhile, postoperative residual pain obviously
affects the quality of life, as PKP/PVP fails to relieve the pain
caused by osteoporosis; conversely, the load of the injected
bone cement in vertebral bodies may aggravate the discom-
fort. Apparently, the progression of osteoporosis is the main
cause of OVCFs, and surgery alone is an incomplete treat-
ment for OVCFs; accordingly, a systemic and standardized
solution to the disease is warranted.

Several studies advocated the use of antiosteoporotic
therapy, including calcium tablets, vitamin D, and calcitonin
[11–14]. However, oral medication has the characteristics of
low bioavailability and potential complications with longer
times of usage. ZA is one of the most widely approved
bisphosphonates due to its desired clinical effect on improv-
ing bone mass, relieving pain symptoms, and preventing
additional fractures [15]. As the third generation of bisphos-
phonate drugs, ZA increases bone mass by binding to
hydroxyapatite on the bone surface and blocking the mevalo-
nate pathway to inhibit osteoclast-mediated bone resorption
[16]. Moreover, a ZA infusion had particular advantages of
improving bone metabolism indexes, the long-lasting effect
of a once-yearly injection, and good compliance [17, 18],
which provided insights into a comprehensive procedure
for OVCFs. Recently, ZA combined with PKP/PVP treat-
ment has been applied in patients with OVCFs in several pre-
liminary studies, and the authors stated that it might be a
valuable procedure in OVCF management. However, the
long-term clinical outcome and standard usage plan remain
unknown and rely more on personal experience [19]. More-
over, mild to severe complications are also reported occa-
sionally, such as flu-like symptoms, postoperative leakage,
osteonecrosis of the jaw, and atrial fibrillation. Indeed, an
acute-phase response after ZA was observed in a number of
papers [20]. Thus, systematic analyses of combination ther-
apy are lacking. To date, several RCTs have compared
PKP/PVP combined with ZA to the conservative PKP/PVP

treatment using different assessments. We conducted this
meta-analysis to provide better evidence of the efficacy and
safety of PKP/PVP combined with ZA in treating OVCFs
and proposed a protocol for its application in clinical
practice.

2. Materials and Methods

The present meta-analysis was conducted based on the
PRISMA 12 reporting guidelines for the meta-analysis of
intervention trials [21].

2.1. Criteria for Including Studies. All RCTs of ZA combined
with PVP/PKP compared to single PVP/PKP for the man-
agement of patients with OVCFs were included in this study.
The clinical outcomes were pain symptoms assessed using
visual analog scores (VAS) and the Oswestry Disability Index
(ODI). Radiological outcomes consisted of the Cobb angle
and vertebral body height (VBH). Bone metabolism indexes
were evaluated using the bone mineral density (BMD), β-
isomerized C-terminal telopeptide of type I collagen (β-
CTX), N-terminal propeptide of type I collagen (PINP),
and N-terminal molecular fragment (N-MID) levels.

2.2. Criteria for Excluding Studies. Studies of other treatments
were excluded. Non-RCTs, clinical trials with fewer than 10
patients, cross-sectional studies, animal studies, case reports,
comments, and reviews were excluded.

2.3. Database Searches. Electronic database searches were
conducted from database inception to November 2020,
including the Cochrane Library, PubMed, Web of Science,
and Embase. The search terms on PubMed were as follows:
“osteoporosis” (MeSH Terms), “fractures, bone” (MeSH
Terms), and “zoledronic acid” (MeSH Terms). The search
strategy was determined for each database. In addition, the
language was restricted to English, with no limitation on sub-
headings. We searched reference lists of the identified papers
to explore other studies, and trials not covered in the data-
bases mentioned above were additionally searched once
identified.

2.4. Data Collection and Analysis. The results were managed
using Endnote X7 software, and duplicate studies were
deleted by two well-trained authors with a sufficient under-
standing of this study. Next, two authors reviewed the
abstracts and full texts of the included studies and selected
the relevant information independently. Any disagreements
were resolved by the third author. Data were independently
extracted from selected studies by two authors who ulti-
mately reached an agreement. Information for each eligible
study included author information, publication year, coun-
try, methods of randomization and blinding, data sources,
sample sizes, detailed interventions, treatment course, out-
comes, follow-up duration, and adverse events. We contacted
the relevant authors of the trials to obtain additional original
data when necessary. The meta-analysis was performed using
RevMan 5.3 software. Statistical heterogeneity was assessed
using the I2 test and P value to quantify the inconsistencies
within the included studies. A study had no heterogeneity
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with an I2 value less than 50%; otherwise, a value greater than
50% was regarded as significant heterogeneity. A fixed effects
model was adopted if I2 ≤ 50%; otherwise, a random effects
model was used. For continuous data, the mean difference
(MD) was calculated. When the same outcomes were mea-
sured using different methods, we applied the standardized
mean differences (SMDs) of 95% CIs in the meta-analysis.
If significant heterogeneity was detected within studies, a
subgroup analysis was performed by sequentially removing
one study.

3. Results

3.1. Literature Search. First, 103 studies were identified.
Afterwards, we reviewed the abstracts and titles of the
included studies, selected the relevant information, and
removed duplicates independently, resulting in 96 studies.
Finally, 7 RCTs were included after reading the full text
(Figure 1). The characteristics of the included trials are
shown in Table 1.

3.2. Risk of Bias. Of the 7 included studies, all studies were
considered to have a low risk of bias. Random sequence gen-
eration was reported in 3 studies, allocation concealment in
6, blinding of participants and personnel in 5, and blinding
of outcome assessment in 2. As shown in Figure 2, incom-
plete outcome data and selective reporting were not found
in the 7 studies.

3.3. Clinical Parameters

3.3.1. VAS Score. Seven trials including 929 subjects reported
VAS scores. As shown in Figure 3, VAS scores were divided
into 6 subgroups according to different follow-up time
points. A random effects model was utilized when significant
heterogeneity in subgroup differences was observed
(I2 > 50%); otherwise, a fixed effects model was used. No sta-
tistically significant differences were found at the 3 d
(P = 0:10, Figure 3(a)) and 1w follow-ups (P = 0:78,
Figure 3(b)). In contrast, significant differences were
observed after interventions at follow-up times of 1mo,
3mo, 6mo, and 12mo (P < 0:00001, Figure 3(c); P <
0:00001, Figure 3(d); P < 0:00001, Figure 3(e); and P <
0:0001, Figure 3(f), respectively).

3.3.2. ODI Score. As shown in Figure 4, only 2 trials reported
the ODI, including 346 subjects. A random effects model was
utilized (I2 > 50%). A significant difference was observed at
the 12mo follow-up (P = 0:0001), with substantial heteroge-
neity (I2 = 73%, P = 0:05), which may be related to the lim-
ited number of studies analyzed.

3.4. Radiological Outcomes. Two trials including 182 subjects
reported the Cobb angle and VBH. As shown in Figure 5, no
significant differences were observed in Cobb angle (P = 0:25,
Figure 5(a)) and VBH (P = 0:31, Figure 5(b)) after interven-
tions at the 12mo follow-up. The random effects model
was used due to the high heterogeneity. High heterogeneity
may be attributed to the limited number of included trials.
Nevertheless, ZA combined with PKP showed comparable

efficacy with PKP alone in changing the Cobb angle and
VBH.

3.5. Bone Metabolism Indexes

3.5.1. BMD. All 7 trials including 929 subjects reported BMD.
As shown in Figure 6, 2 subgroups were established due to
the use of different follow-up time points. Significant differ-
ences were observed after the interventions at follow-up
periods of 6mo (P = 0:0008, Figure 6(a)) and 12mo
(P < 0:0001, Figure 6(b)), along with high heterogeneity.
Thus, the random effects model was used. High heterogene-
ity may be due to the limited number of included trials, and
more studies are needed in the future to analyze sources of
heterogeneity. Nevertheless, ZA combined with PKP showed
desirable long-term potential efficacy in improving BMD.

3.5.2. β-CTX. Five trials including 789 subjects reported β-
CTX levels, and 4 subgroups were generated due to the use
of different follow-up time points (Figure 7). Significant dif-
ferences were observed at follow-up periods of 1mo, 3mo,
6mo, and 12mo (P < 0:00001, Figure 7(a); P = 0:02,
Figure 7(b); P < 0:00001, Figure 7(c); and P < 0:00001,
Figure 7(d), respectively). The random effects model was
used due to high heterogeneity. Then, a sensitivity analysis
was conducted, and no trial had a decisive effect on the het-
erogeneity. According to the results, ZA combined with
PKP showed reliable long-term efficacy in altering β-CTX
levels.

3.5.3. N-MID. Two trials including 205 subjects reported N-
MID levels, and 2 subgroups were established due to the
use of different follow-up time points (Figure 8). Significant
differences were observed at 6mo (P = 0:0002, Figure 8(a))
and 12mo (P < 0:00001, Figure 8(b)). The random effects
model was used due to moderate heterogeneity. According
to the results, ZA combined with PKP showed reliable
long-term efficacy in altering the N-MID levels.

3.5.4. PINP. Four trials including 583 subjects reported PINP
levels, and 3 subgroups were generated due to the use of dif-
ferent follow-up time points (Figure 9). Significant differ-
ences were detected at the 1mo, 6mo, and 12mo follow-
ups (P < 0:00001, Figure 9(a); P < 0:00001, Figure 9(b); and
P < 0:00001, Figure 9(c), respectively). According to the
results, ZA combined with PINP showed reliable long-term
efficacy in changing the N-MID levels.

3.6. Side Effects. All trials reported side effects, and 5 sub-
groups were generated according to different types
(Figure 10). Significant differences in recurrent fractures,
fever, flu-like symptoms, and arthralgia or myalgia were
observed (P < 0:00001, Figure 10(a); P < 0:0001,
Figure 10(b); P = 0:001, Figure 10(c); and P = 0:001,
Figure 10(d), respectively). However, no significant differ-
ence in postoperative leakage (P = 0:34, Figure 10(e)) was
observed between the two groups. The fixed effects model
was used due to no or low heterogeneity. As shown above,
ZA combined with PKP produced more side effects, except
for postoperative leakage.
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Figure 1: Flow diagram of the study selection process for the meta-analysis.

Table 1: Characteristics of all the trials included in the meta-analysis.

Study Country
Sample
size

Age (years) Interventions
ZA dose and timing General treatments

E C E C E C

Liu
et al.
(2017)

China 52 52 67:7 ± 7:6 70:9 ± 10:5 PKP
+ZA

PKP
5mg/100ml, <15min

2 days after the
operation

Rifampicin tablets,120mg, oral;
dexamethasone, 5mg, injection;

before ZA

Zheng
et al.
(2019)

China 54 48 74:1 ± 6:4 73:2 ± 7:3 PKP
+ZA

PKP
+physiological

saline

5mg/100ml 1 day
after the operation

Calcium carbonate, 750mg/d, oral;
calcitriol, 0.4 μg/d, oral; pre- and

postoperation

Hu
et al.
(2020)

China 121 121 62:6 ± 7:2 67:5 ± 4:1 PVP
+ZA

PVP
5mg/100ml 2 days
prior to the operation

Calcium carbonate/vitamin D3
tablets, 600mg/d, oral; pre- and

postoperation

Zhang
et al.
(2019)

China 50 51 64:6 ± 6:7 64:0 ± 7:5 PKP
+ZA

PKP
5mg/100ml, >15min
2 days prior to the

operation

Calcium carbonate, 3600mg/d, oral;
calcitriol, 0.25μg/d, oral; 1 year after

the operation

Huang
et al.
(2019)

China 30 30 76:1 ± 8:3 74:4 ± 9:1 PKP
+ZA

PKP
5mg/100ml 3 days
after the operation

Calcium, 600mg/2 d, oral;
postoperation

Xuan
et al.
(2017)

China 40 40 70:5 ± 4:9 72:3 ± 4:6 PKP
+ZA

PKP
5mg/100ml, 1 day
after the operation

Calcium, 600mg/d, oral; calcitriol,
0.25μg/d, oral; 1 year after the

operation

Yan
et al.
(2014)

China 120 120 ND
PVP
+ZA

PVP
5mg/100ml, 3 days
after the operation

Calcium carbonate/vitamin D3
tablets, 600mg/d, oral; 6 months

after the operation

E: experimental group; C: control group; ND: the study did not report this information.
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3.7. Sensitivity Analysis. A sensitivity analysis was conducted
to evaluate the effect of individual studies on the overall out-
come by sequentially removing studies. A sensitivity analysis
of VAS scores was conducted, and one trial by Zheng includ-
ing 102 subjects had a decisive effect on the heterogeneity,
without influencing the statistical results. After removing
the study, the heterogeneity of the VAS score at 1mo
decreased to I2 = 0%, and the heterogeneity of the VAS score
at 6 mo decreased to I2 = 45%, which indicated a stable result
that was consistent with the subgroup analysis.

4. Discussion

The problem of osteoporosis tends to be more serious; thus, it
has aroused wide concern throughout society. As the main
complication of osteoporosis, conservative treatments for
OVCFs have limited effects with many complications, espe-
cially for elderly individuals. In recent years, with the devel-
opment of minimally invasive spinal surgery, the rapid and
improved effect of PKP/PVP on the treatment of OVCFs
has been accepted by a large number of scholars. Ideal man-
agement for OVCFs should satisfy the following conditions:
long-term symptom improvement and lasting kyphotic
deformity correction [1]. As minimally invasive procedures,
PKP/PVP quickly supports the structure and restores the

height of the vertebral body, corrects kyphosis, and relieves
pain. During the process, spinal needles are placed into frac-
tured vertebral bodies, and bone cement is injected inside.
Intraoperative fluoroscopy and skillful techniques ensure
smooth operations to avoid complications, such as bone
cement leakage. Specifically, PKP is performed with a bal-
loon, which is inflated to create an intravertebral body cavity
and better correct kyphosis. Although similar outcomes have
been reported [22, 23], few studies have claimed the possible
advantages of PKP in terms of broader indications and
restoring vertebral height [1]. Nevertheless, several complica-
tions must not be ignored, including postoperative pain and
additional vertebral body fracture. The lack of long-term effi-
cacy may be explained by the additional loading of injected
bone cement and the natural progression of osteoporosis.
Thus, integral treatment must be developed to optimize effi-
cacy and avoid side effects. To the best of our knowledge, this
study is the first meta-analysis to evaluate the efficacy and
safety of ZA combined with PKP or PVP treatments for
OVCFs.

We conducted a search in electronic databases, including
Cochrane Library, PubMed, Web of Science, and Embase, to
collect all RCTs of ZA combined with PKP or PVP for the
management of patients with OVCFs. Overall, the included
RCTs were performed in China. The limited number of
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Experimental
Study or subgroup
Hu 2020 2.53 1.54 121 3.02 1.16 121 44.6% –0.49 [–0.83, –0.15]
Xuan 2017 2.44 0.59 40 2.57 0.57 40 55.4% –0.13 [–0.38, –0.12]

Total (95% Cl) 161 161 100.0% –0.29 [–0.64, 0.06]
Heterogeneity: Tau2 = 0.04; Chi2 = 2.73, df = 1 (P = 0.10); I2 = 63%
Test for overall effect: Z = 1.62 (P = 0.10)

Mean SD Total Mean SD Total Weight IV. random, 95% Cl IV. random, 95% Cl

–0.5 –0.25
Favours [experimental] Favours [control]

0 0.25 0.5

Control Mean difference Mean difference

(a)

Experimental
Study or subgroup
Liu 2017 2.15 1.13 52 1.92 0.92 52 45.8% 0.23 [–0.17, 0.63]
Zhang 2019 2.62 0.49 50 2.96 0.66 51 54.2% –0.34 [–0.57, –0.11]

Total (95% Cl) 102 103 100.0% –0.08 [–0.64, 0.48]
Heterogeneity: Tau2 = 0.14; Chi2 = 6.00, df = 1 (P = 0.01); I2 = 83%
Test for overall effect: Z = 0.28 (P = 0.78)

Mean SD Total Mean SD Total Weight IV. random, 95% Cl IV. random, 95% Cl

–0.5–1
Favours [experimental] Favours [control]

0 0.5

Control Mean difference Mean difference

1

(b)

Experimental
Study or subgroup
Hu 2020 1.95 1.3 121 2.43 0.47 121 22.8% –0.48 [–0.73, 0.23]
Huang 2019 3.14 0.52 30 3.36 0.73 30 16.6% –0.22 [–0.54, 0.10]
Yan 2014 2.57 0.55 120 3.02 0.55 120 35.6% –0.45 [–0.59, –0.31]
Zheng 2019 3.1 0.4 54 3.8 0.7 48 25.0% –0.70 [–0.92, –0.48]

Total (95% Cl) 325 319 100.0% –0.48 [–0.64, 0.32]
Heterogeneity: Tau2 = 0.01; Chi2 = 6.37, df = 3 (P = 0.09); I2 = 53%
Test for overall effect: Z = 5.83 (P < 0.00001)

Mean SD Total Mean SD Total Weight IV. random, 95% Cl IV. random, 95% Cl

–0.5–1
Favours [experimental] Favours [control]

0 0.5

Control Mean difference Mean difference

1

(c)

Experimental
Study or subgroup
Yan 2014 1.95 0.55 120 2.45 0.6 120 64.1% –0.50 [–0.65, –0.35]
Zheng 2019 2.7 0.5 54 3.1 0.5 48 35.9% –0.40 [–0.59, –0.21]

Total (95% Cl) 174 168 100.0% –0.46 [–0.58, –0.35]
Heterogeneity: Chi2 = 0.65, df = 1 (P = 0.42); I2 = 0%
Test for overall effect: Z = 7.80 (P < 0.00001)

Mean SD Total Mean SD Total Weight IV. fixed, 95% Cl IV. fixed, 95% Cl

–0.5 –0.25
Favours [experimental] Favours [control]

0 0.25 0.5

Control Mean difference Mean difference

(d)

Experimental
Study or subgroup
Hu 2020 1.53 0.7 121 2.2 0.44 121 21.6% –0.67 [–0.82, 0.52]
Huang 2019 2.39 0.5 30 2.68 0.72 30 8.2% –0.29 [–0.60, 0.02]
Yan 2014 1.52 0.23 120 2.18 0.37 120 32.5% –0.66 [–0.74, –0.58]
Zhang 2019 1.52 0.5 50 2.22 0.42 51 17.5% –0.70 [–0.88, –0.52]
Zheng 2019 2 0.5 54 2.5 0.3 48 20.2% –0.50 [–0.66, –0.34]

Total (95% Cl) 375 370 100.0% –0.61 [–0.71, –0.51]
Heterogeneity: Tau2 = 0.01; Chi2 = 8.54, df = 4 (P = 0.07); I2 = 53%
Test for overall effect: Z = 11.85 (P < 0.00001)

Mean SD Total Mean SD Total Weight IV. random, 95% Cl IV. random, 95% Cl

–0.5–1
Favours [experimental] Favours [control]

0 0.5

Control Mean difference Mean difference

1

(e)

Figure 3: Continued.
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countries analyzed may cause bias; however, the techniques
have been extensively utilized in China for twenty years since
they were first proposed [8], and thus, surgeons have mas-
tered the procedures. In addition, the sample size of each
study was sufficient. The present meta-analysis was based
on the PRISMA 12 reporting guidelines in accordance with
the previous study [24] which maintained the reliability of
the method. Therefore, with definite results from funnel plots

comparing VAS scores between the two groups at baseline
(Figure 11), the accuracy and reliability of the pooled results
were rather convincing.

As a well-tolerated bisphosphonate, ZA has a high affin-
ity for hydroxyapatite on the surface of bone, which specifi-
cally inhibits osteoclasts and bone absorption, retards bone
loss, and improves bone mass [25]. Specifically, the biological
process is related to inhibiting farnesyl pyrophosphate

Experimental
Study or subgroup
Hu 2020 1.51 0.98 121 2.91 0.62 121 14.5% –1.40 [–1.61, –1.19]
Huang 2019 2.11 0.5 30 2.57 0.69 30 14.0% –0.46 [–0.76, –0.16]
Liu 2017 2.1 0.84 52 3.67 1.31 52 13.1% –1.57 [–1.99, –1.15]
Xuan 2017 2.3 0.57 40 2.32 0.58 40 14.3% –0.02 [–0.27, 0.23]
Yan 2014 1.48 0.29 120 2.89 0.54 120 14.8% –1.41 [–1.52, –1.30]
Zhang 2019 1.46 0.5 50 2.33 0.48 51 14.6% –0.87 [–1.06, –0.68]
Zheng 2019 1.8 0.3 54 2.2 0.4 48 14.8% –0.40 [–0.54, –0.26]

Total (95% Cl) 467 462 100.0% –0.87 [–0.31, –0.43]
Heterogeneity: Tau2 = 0.33; Chi2 = 217.43, df = 6 (P = 0.00001); I2 = 97%
Test for overall effect: Z = 3.91 (P < 0.0001)

Mean SD Total Mean SD Total Weight IV. random, 95% Cl IV. random, 95% Cl

–1–2
Favours [experimental] Favours [control]

0 1

Control Mean difference Mean difference

2

(f)

Figure 3: Forest plots of VAS scores recorded at 3 d (a), 1 w (b), 1mo (c), 3mo (d), 6mo (e), and 12mo (f) after the interventions. MD: mean
difference; CI: confidence interval.

Experimental
Study or subgroup
Hu 2020 11.69 13.41 121 17.23 7.73 121 50.0% –5.54 [–8.30, –2.78]
Liu 2017 11.92 5.35 52 21.32 8.61 52 50.0% –9.40 [–12.16, –6.64]

Total (95% Cl) 173 173 100.0% –7.47 [–11.25, –3.69]
Heterogeneity: Tau2 = 5.47; Chi2 = 3.77, df = 1 (P = 0.05); I2 = 73%
Test for overall effect: Z = 3.87 (P = 0.0001)
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Figure 4: Forest plots of ODIs at the 12-month follow-up after the interventions. MD: mean difference; CI: confidence interval.

Experimental
Study or subgroup
Xuan 2017 18.71 6.2 40 19.23 5.53 40 49.0% –0.52 [–3.09, 2.05]
Zheng 2019 6.13 1.29 54 15.42 2.76 48 51.0% –9.29 [–10.14, –8.44]

Total (95% Cl) 94 88 100.0% –4.99 [–13.59, 3.60]
Heterogeneity: Tau2 = 37.50; Chi2 = 40.16, df = 1 (P = 0.00001); I2 = 98%
Test for overall effect: Z = 1.14 (P = 0.25)
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Experimental
Study or subgroup
Xuan 2017 23.46 2.9 40 23.45 3.62 40 49.6% 0.00 [–0.44, 0.44]
Zheng 2019 93.42 9.78 54 84.17 10.21 48 50.4% 0.92 [0.51, 1.33]

Total (95% Cl) 94 88 100.0% 0.46 [–0.43, 1.36]
Heterogeneity: Tau2 = 0.37; Chi2 = 8.97, df = 1 (P = 0.003); I2 = 89%
Test for overall effect: Z = 1.01 (P = 0.31)
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Figure 5: Forest plots of Cobb angles (a) and VBH (b) at the 12-month follow-up after the interventions. MD: mean difference; CI: confidence
interval.
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synthase, an enzyme in the mevalonate pathway, and subse-
quently preventing protein prenylation in osteoclasts to
inhibit osteoclast-mediated bone resorption [16]. In addi-
tion, ZA is durable, has a rapid effect, and obviously improves
bone density. Indeed, ZA has been approved and widely uti-
lized for osteoporosis to relieve pain and prevent fractures of
the vertebrae and other nonvertebral osseous structures [26,
27]. To date, combination treatment with ZA and PKP/PVP
has been applied in patients with OVCFs and primary
sequelae, and the authors stated that it might be a valuable
procedure in OVCF management. However, the long-term
effect of combination therapy remains unknown, and the
acute-phase response after ZA should not be neglected.
Moreover, a consensus on the dose and timing of ZA treat-
ment has not been established. Thus, we aimed to provide
better evidence of the efficacy and safety of PKP/PVP com-
bined with ZA in treating OVCFs, as well as to propose a pro-
tocol for its application in clinical practice.

All RCTs included reported VAS scores, indicating the
important role of analgesia in treatments. In the present
study, no significant differences in VAS scores were observed
between the two groups at the 3-day and 1-week follow-ups.
However, significant differences in VAS scores were identi-
fied at the 1-month, 3-month, 6-month, and 12-month
follow-ups after the operation. PKP/PVP exerted the desired
effect on relieving pain within 1 week; moreover, the addition
of ZA produced better long-term outcomes for pain inten-
sity. The underlying mechanism by which PKP/PVP reduces
pain remains unclear [28]. Nevertheless, a few compelling
mechanisms have been proposed: heat caused by bone
cement could cauterize nerve endings [29] and stabilize ver-

tebral bodies [30, 31], resulting in peripheral nerve ischemia
and necrosis by embolizing blood vessels [32]. Despite the
doubts of a correlation between pain relief and radiological
outcomes, several studies confirmed the efficacy in the early
stage [33–35]. However, a certain number of patients still
complained of mild residual pain, and surgical treatment is
presumed to only relieve acute pain caused by the fracture
but not the discomfort caused by osteoporosis. Additionally,
fascia injury and injected bone cement were identified as risk
factors for postoperative residual pain [36, 37]. Moreover, the
progression of osteoporosis itself is a major cause of chronic
pain. ZA was proven to alleviate pain symptoms in several
trials [38, 39]. Thus, ZA combined with PKP/PVP exerted
reliable analgesic effects, not only in the early stage but also
in long-term observations.

ZA was originally used to treat osteoporosis, and
researchers have focused on related bone metabolism indexes
that could objectively and truly show efficacy. As a result, sig-
nificant differences in BMD, β-CTX, PINP, and N-MID
levels were observed between the two groups. Although these
indicators remained steady or even improved after treatment
of PKP/PVP alone, the incidence of recurrent fractures was
significantly higher in the control group (P < 0:05). Improve-
ments in the corresponding indicators were observed in the
ZA group, along with a rather low fracture rate, indicating
that this antiosteoporosis agent was essential for treatment
efficacy. As a favorable indicator of bone resorption activity,
a stable, low level of β-CTX was observed, inhibiting the
activity of osteoclasts [40]. Moreover, P1NP and N-MID
levels are sensitive markers of fractures and reliable in out-
come assessments. ZA was proven to increase bone density

Experimental
Study or subgroup
Hu 2020 0.45 0.05 121 0.43 0.04 121 18.1% 0.44 [0.19, 0.70]
Huang 2019 –2.91 0.31 30 –3.06 0.36 30 15.2% 0.44 [–0.07, 0.95]
Liu 2017 0.65 0.19 52 0.56 0.22 52 16.7% 0.43 [0.05, 0.82]
Yan 2014 0.454 0.048 120 0.435 0.04 120 18.1% 0.43 [0.17, 0.68]
Zhang 2019 0.714 0.067 50 0.676 0.051 51 16.6% 0.63 [0.23, 1.03]
Zheng 2019 0.57 0.05 54 0.46 0.05 48 15.4% 2.18 [1.69, 2.68]

Total (95% Cl) 427 422 100.0% 0.74 [0.31, 1.17]
Heterogeneity: Tau2 = 0.25; Chi2 = 43.70, df = 5 (P < 0.00001); I2 = 89%
Test for overall effect: Z = 3.35 (P < 0.0008)

Mean SD Total Mean SD Total Weight IV. random, 95% Cl IV. random, 95% Cl
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Favours [experimental] Favours [control]
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Control Std. mean difference Std. mean difference
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(a)

Experimental
Study or subgroup
Hu 2020 0.58 0.05 121 0.44 0.05 121 14.6% 2.79 [2.44, 3.15]
Huang 2019 –2.61 0.26 30 –3.05 0.33 30 14.2% 1.46 [0.89, 2.04]
Liu 2017 0.7 0.21 52 0.53 0.12 52 14.5% 0.99 [0.58, 1.39]
Xuan 2017 0.78 0.25 40 0.66 0.22 40 14.5% 0.50 [0.06, 0.95]
Yan 2014 0.583 0.046 120 0.485 0.051 120 14.7% 2.01 [1.70, 2.32]
Zhang 2019 0.744 0.069 50 0.703 0.063 51 14.6% 0.62 [0.22, 1.02]
Zheng 2019 0.64 0.02 54 0.48 0.03 48 12.9% 6.30 [5.34, 7.27]

Total (95% Cl) 467 462 100.0% 2.03 [1.10, 2.96]
Heterogeneity: Tau2 = 1.52; Chi2 = 195.83, df = 6 (P < 0.00001); I2 = 97%
Test for overall effect: Z = 4.26 (P < 0.0001)

Mean SD Total Mean SD Total Weight IV. random, 95% Cl IV. random, 95% Cl
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(b)

Figure 6: Forest plots of BMD at 6mo (a) and 12mo (b) after the interventions. MD: mean difference; CI: confidence interval.
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and prevent fractures in numerous studies [41–43]. Hence,
better bone metabolism indexes were undoubtedly obtained
in the ZA with PKP/PVP group, which also explained the
effect of long-term analgesia and inhibition of refracture. In
addition, the trends for the indexes persisted at 12 months,
indicating the stable and durable effect of the ZA injection.
Hu et al. revealed that ZA treatment exerted a good inhibi-
tory effect after 12 months [32].

Notably, 2 studies performed follow-up of the radiologi-
cal results, and no significant differences were detected in
the Cobb angle and VBH at 12mo after the operation. PKP
may have the advantage of restoring vertebral height due to

the use of a balloon. However, scholars have questioned the
difference between PKP and PVP; moreover, the use of the
prone position during surgery may be an important reason
for vertebral reduction [1, 44]. Overall, few studies have
focused on the radiological results, and further research is
needed. Nevertheless, controversy exists regarding whether
improved vertebral body height correlates with clinical out-
comes [22, 23], and the present study failed to address this
issue.

Among the included studies, the dosage of ZA was uni-
form, and the duration was within 3 days in the perioperative
period. The ZA group had significantly higher rates of fever,

Experimental
Study or subgroup
Hu 2020 0.37 0.01 121 0.45 0.02 121 35.4% –0.08 [–0.08, –0.08]
Yan 2014 0.34 0.02 120 0.43 0.01 120 35.4% –0.09 [–0.09, –0.09]
Zheng 2019 0.41 0.05 54 0.43 0.03 48 29.1% –0.02 [–0.04, –0.00]

Total (95% Cl) 295 289 100.0% –0.07 [–0.09, –0.05]
Heterogeneity: Tau2 = 0.00; Chi2 = 74.96, df = 2 (P < 0.00001); I2 = 97%
Test for overall effect: Z = 6.62 (P < 0.00001)

Mean SD Total Mean SD Total Weight IV. random, 95% Cl IV. random, 95% Cl
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Experimental
Study or subgroup
Yan 2014 0.17 0.02 120 0.4 0.02 120 50.2% –0.23 [–0.24, –0.22]
Zheng 2019 0.32 0.03 54 0.41 0.06 48 49.8% –0.09 [–0.11, –0.07]

Total (95% Cl) 174 168 100.0% –0.16 [–0.30, –0.02]
Heterogeneity: Tau2 = 0.01; Chi2 = 199.32, df = 1 (P < 0.00001); I2 = 99%
Test for overall effect: Z = 2.29 (P = 0.02)

Mean SD Total Mean SD Total Weight IV. random, 95% Cl IV. random, 95% Cl
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Experimental
Study or subgroup
Hu 2020 0.19 0.01 121 0.44 0.04 121 25.6% –0.25 [–0.26, –0.24]
Liu 2017 0.24 0.16 52 1.11 0.73 52 4.2% –0.87 [–1.07, –0.67]
Yan 2014 0.2 0.02 120 0.39 0.01 120 25.8% –0.19 [–0.19, –0.19]
Zhang 2019 0.35 0.04 50 0.42 0.18 51 19.5% –0.07 [–0.12, –0.02]
Zheng 2019 0.21 0.06 54 0.38 0.02 48 24.9% –0.17 [–0.19, –0.15]

Total (95% Cl) 397 392 100.0% –0.21 [–0.25, –0.16]
Heterogeneity: Tau2 = 0.00; Chi2 = 279.86, df = 4 (P < 0.00001); I2 = 99%
Test for overall effect: Z = 8.89 (P < 0.00001)

Mean SD Total Mean SD Total Weight IV. random, 95% Cl IV. random, 95% Cl
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Experimental
Study or subgroup
Hu 2020 0.27 0.06 121 0.45 0.04 121 24.2% –0.18 [–0.19, –0.17]
Liu 2017 0.23 0.19 52 1.07 0.63 52 3.4% –0.84 [–1.02, –0.66]
Yan 2014 0.23 0.01 120 0.4 0.02 120 24.9% –0.17 [–0.17, –0.17]
Zhang 2019 0.34 0.05 50 0.4 0.06 51 22.9% –0.06 [–0.08, –0.04]
Zheng 2019 0.19 0.02 54 0.35 0.03 48 24.5% –0.16 [–0.17, –0.15]

Total (95% Cl) 397 392 100.0% –0.17 [–0.20, –0.13]
Heterogeneity: Tau2 = 0.00; Chi2 = 157.29, df = 4 (P < 0.00001); I2 = 97%
Test for overall effect: Z = 9.27 (P < 0.00001)
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Figure 7: Forest plots of β-CTX levels at 1mo (a), 3mo (b), 6mo (c), and 12mo (d) after the interventions. MD: mean difference; CI:
confidence interval.
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flu-like symptoms, arthralgia, and myalgia (P < 0:05), but not
postoperative leakage (P > 0:05). However, the side effects
were quite well tolerated, as symptoms disappeared after
symptomatic treatment or naturally within 3 days. Severe
complications, such as osteonecrosis of the jaw [45] and atrial
fibrillation [46], were not observed. Additionally, ZA had no

effect on postoperative leakage. Overall, the additional ZA
injection was safe and reliable.

4.1. Limitations. To the best of our knowledge, this meta-
analysis is the first to evaluate the effectiveness of ZA com-
bined with PKP/PVP on OVCFs. However, the study had

Experimental
Study or subgroup
Liu 2017 9.54 4.72 52 16 7.15 52 48.0% –6.46 [–8.79, –4.13]
Zhang 2019 15.08 5.56 50 18.81 5.05 51 52.0% –3.73[–5.80, –1.66]

Total (95% Cl) 102 103 100.0% –5.04 [–7.71, –2.37]
Heterogeneity: Tau2 = 2.45; Chi2 = 2.95, df = 1 (P = 0.09); I2 = 66%
Test for overall effect: Z = 3.70 (P = 0.0002)
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Experimental
Study or subgroup
Liu 2017 10.28 6.04 52 16.05 4.35 52 41.7% –5.77 [–7.79, –3.75]
Zhang 2019 13.94 2.79 50 17.88 4.25 51 58.3% –3.94 [–5.34, –2.54]

Total (95% Cl) 102 103 100.0% –4.70 [–6.47, –2.93]
Heterogeneity: Tau2 = 0.89; Chi2 = 2.13, df = 1 (P = 0.14); I2 = 53%
Test for overall effect: Z = 5.21 (P < 0.00001)
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Figure 8: Forest plots of N-MID levels at 6mo (a) and 12mo (b) after the interventions. MD: mean difference; CI: confidence interval.

Experimental
Study or subgroup
Hu 2020 28.77 1.89 121 34.12 5.41 121 47.1% –5.35 [–6.37, –4.33]
Yan 2014 29.08 2.42 120 36.24 2.02 120 52.9% –7.16 [–7.72, –6.60]

Total (95% Cl) 241 241 100.0% –6.31 [–8.08, –4.54]
Heterogeneity: Tau2 = 1.46; Chi2 = 9.25, df = 1 (P = 0.002); I2 = 89%
Test for overall effect: Z = 6.98 (P < 0.00001)
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Experimental
Study or subgroup
Hu 2020 14.79 1.01 121 32.11 4.71 121 14.2% –17.32 [–18.18, –16.46]
Yan 2014 15.22 1.89 120 33.18 1.58 120 53.8% –17.96 [–18.40, –17.52]
Zhang 2019 15.37 1.61 50 33.13 1.3 51 32.0% –17.76 [–18.33, –17.19]

Total (95% Cl) 291 292 100.0% –17.81 [–18.13, –17.48]
Heterogeneity: Chi2 = 1.73, df = 2 (P = 0.42); I2 = 0%
Test for overall effect: Z = 107.92 (P < 0.00001)
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Experimental
Study or subgroup
Hu 2020 16.53 5.23 121 32.76 2.31 121 29.3% –16.23 [–17.25, –15.21]
Yan 2014 16.83 1.87 120 33.11 2.13 120 36.3% –16.18 [–16.79, –15.77]
Zhang 2019 15.4 1.4 50 33.23 1.94 51 34.4% –17.83 [–18.49, –17.17]

Total (95% Cl) 291 292 100.0% –16.80 [–17.89, –15.71]
Heterogeneity: Tau2 = 0.79; Chi2 = 14.61, df = 2 (P = 0.0007); I2 = 86%
Test for overall effect: Z = 30.18 (P < 0.00001)
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Figure 9: Forest plots of PINP levels at 1mo (a), 6mo (b), and 12mo (c) after the interventions. MD: mean difference; CI: confidence interval.
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Experimental
Study or subgroup
Hu 2020 2 121 13 121 23.4% 0.14 [0.03, 0.63]
Liu 2017 0 52 4 52 8.2% 0.10 [0.01, 1.96]
Xuan 2017 1 40 5 40 8.9% 0.18 [0.02, 1.61]
Yan 2014 2 120 13 120 23.4% 0.14 [0.03, 0.63]
Zhang 2019 0 50 6 51 11.7% 0.07 [0.00, 1.26]
Zheng 2019 2 54 13 48 24.3% 0.10 [0.02, 0.49]

Total (95% Cl) 437 432 100.0% 0.12 [0.06, 0.26]
Total events 7 54
Heterogeneity: Chi2 = 0.38, df = 5 (P = 1.00); I2 = 0%
Test for overall effect: Z = 5.41 (P < 0.00001)
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Experimental
Study or subgroup
Hu 2020 21 121 0 121 31.0% 51.99 [3.11, 868.91]
Liu 2017 3 52 0 52 35.2% 7.42 [0.37, 147.42]
Yan 2014 12 120 0 120 33.8% 27.76 [1.62, 474.54]

Total (95% Cl) 293 293 100.0% 28.12 [5.51, 143.54]
Total events 36 0
Heterogeneity: Chi2 = 0.95, df = 2 (P = 0.62); I2 = 0%
Test for overall effect: Z = 4.01 (P < 0.0001)
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Experimental
Study or subgroup
Hu 2020 9 121 0 121 33.5% 20.52 [1.18, 356.65]
Yan 2014 6 120 0 120 34.4% 13.68 [0.76, 245.63]
Zhang 2019 5 50 0 51 32.1% 12.45 [0.67, 231.40]

Total (95% Cl) 291 292 100.0% 15.58 [2.95, 82.38]
Total events 20 0
Heterogeneity: Chi2 = 0.07, df = 2 (P = 0.97); I2 = 0%
Test for overall effect: Z = 2.23 (P = 0.001)
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Experimental
Study or subgroup
Hu 2020 12 121 0 121 32.4% 27.74 [1.62, 474.06]
Yan 2014 5 120 0 120 34.4% 11.48 [0.63, 209.89]
Zhang 2019 3 50 0 51 33.2% 7.59 [0.38, 150.82]

Total (95% Cl) 291 292 100.0% 15.45 [2.94, 81.28]
Total events 20 0
Heterogeneity: Chi2 = 0.42, df = 2 (P = 0.81); I2 = 0%
Test for overall effect: Z = 3.23 (P = 0.001)
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Figure 10: Continued.
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some limitations. First, the number of included studies was
quite limited. Second, all studies were limited to English
and were conducted in one country, which may lead to lan-
guage bias. Third, studies comparing the combination of
ZA with PKP/PVP with other antiosteoporotic therapies
are lacking, and further studies are needed.

5. Conclusions

ZA combined with PVP/PKP not only exerted identical anal-
gesic effects to PVP/PKP alone but also produced even better
pain relief during long-term follow-up. In addition, the com-
bination therapy significantly prevents complications with
well-tolerated drug reactions and had advantages of long-
term analgesic effects with improved bone metabolism
indexes. Thus, ZA combined with PVP/PKP is a valuable,
safe, and standard therapy for patients with OVCFs.
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