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Background: We performed a meta-analysis to evaluate the efficacy and safety of zoledronic acid combined with percutaneous kyphoplasty (PKP) in treating osteoporotic vertebral compression fractures (OVCFs).

Methods: Eligible scientific articles published prior to July 2020 were retrieved from the PubMed, Springer, ScienceDirect, and Cochrane Library databases. The statistical analysis was performed with RevMan 5.1.

Results: Three randomized controlled trials (RCTs) and 2 non-RCTs met the inclusion criteria. The present meta-analysis revealed that zoledronic acid combined with PKP is associated with a higher BMD, a better quality of life, less severe low back pain, and fewer additional vertebral body fractures than is percutaneous vertebral augmentation alone.

Conclusions: Compared with PKP only, zoledronic acid combined with percutaneous vertebral augmentation is beneficial for OVCFs.
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INTRODUCTION

Osteoporotic vertebral compression fractures (OVCFs) are a major complication of osteoporosis and can result in severe back pain, spinal deformity, the loss of mobility, a decreased quality of life and even death (1, 2). Percutaneous kyphoplasty (PKP), introduced by Garfin et al., has been clinically justified by numerous studies as an effective treatment to quickly relieve pain, correct spinal kyphotic deformities and maintain spinal stabilization in patients with acute OVCFs with persistent and severe pain (3).

Bisphosphonates (BPs) have been confirmed to prevent bone loss and increase bone quality and density by inhibiting osteoclast-mediated bone resorption and decreasing bone turnover (4). To date, the administration of bisphosphonates to treat osteoporosis has been well-studied (5, 6). In theory, the application of anti-osteoporosis agents may improve outcomes in patients treated with PKP. In a retrospective study, Seo et al. (7) found that the administration of BPs reduced the occurrence of new fractures in patients with OVCFs treated with percutaneous vertebroplasty. Recently, several clinical studies have reported the treatment outcomes of zoledronic acid combined with PKP for OVCFs. However, whether zoledronic acid is safe and efficient when combined with PKP in treating OVCFs remains controversial. Therefore, this meta-analysis was conducted to evaluate the efficacy and safety of zoledronic acid combined with PKP in treating OVCFs by analyzing the current randomized controlled trials (RCTs) and non-RCTs.



METHODS


Search Strategy

This meta-analysis was conducted in accordance with the relevant reported items for systematic reviews and meta-analyses (PRISMA) guidelines. Potentially relevant published academic articles published from the inception of the electronic databases searched to July 2020 were retrieved from the PubMed, Springer, ScienceDirect, and Cochrane Library databases. The references of the identified articles were also searched for relevant articles. None of the studies were excluded due to language restrictions. The key words used for the search were “osteoporosis,” “vertebral compression fractures,” “kyphoplasty,” and “zoledronic acid”.



Inclusion Criteria

Studies were considered eligible for inclusion if they met the following criteria: (1) the patients underwent PKP with OVCFs; (2) the intervention was the use of zoledronic acid, control group did not use zoledronic acid; (3) the outcomes included pain assessment, function assessment, BMD, bone metabolism parameters and complications; and (4) the study was a published RCT or non-RCT trial.



Exclusion Criteria

We excluded studies as follows: (1) those without a control group; (2) studies with no available full-text version; (3) studies with no available outcome data; and (4) studies of revision PKP.



Selection Criteria

Two reviewers independently screened the titles and abstracts according to the eligibility criteria. The full text of the studies that potentially met the inclusion criteria were subsequently read, and the literature was reviewed to determine suitability of final inclusion. Disagreement was resolved by consulting with a third reviewer.



Quality Assessment

The methodological quality of the RCTs was evaluated using a modification of the generic evaluation tool described in the Cochrane handbook for systematic reviews of interventions (8). The methodological quality of non-RCTs was assessed by the methodological index for non-randomized studies (MINORS) (9).



Data Extraction

The data were extracted from the included articles by two independent reviewers. When there was incomplete data, the corresponding author of study was contacted for details. The following information was extracted: the first author's name, publication year, intervening measures, follow-up term, pain assessment, function assessment, BMD, bone metabolism parameters, and complications. Other relevant parameters were also extracted from the individual studies. If trials reported incomplete data, authors were contacted for further information.



Data Analysis and Statistical Methods

RevMan 5.1 (The Cochrane Collaboration, Oxford, United Kingdom) was used to analyze the pooled data. The P-values and I2-values from the standard chi-square test were used to estimate the level of heterogeneity. When I2 > 50%, P < 0.1 was considered to indicate significant heterogeneity, and a random-effects model was used for the data analysis. When I2 < 50%, P > 0.1 was considered to indicate non-significant heterogeneity. A fixed-effects model was used for the data analysis when non-significant heterogeneity was found. Subgroup analysis was performed when significant heterogeneity was found to investigate the sources of heterogeneity. The mean differences (MDs) and 95% confidence intervals (CIs) were determined for continuous variables. The dichotomous data are expressed as the risk differences (RDs) and 95% CIs.




RESULTS


Search Results

A total of 75 studies were identified as potentially relevant. After a thorough screening of the titles and abstracts, 70 reports were excluded according to the eligibility criteria. No additional studies were identified after the references were reviewed. Finally, three RCTs (10–12) and 2 non-RCTs (13, 14) met the inclusion criteria for data extraction and meta-analysis. The search process is shown in Figure 1.


[image: Figure 1]
FIGURE 1. Flowchart of the study selection process.




Risk of Bias Assessment

The methodological quality of RCTs was assessed according to the Cochrane handbook for systematic reviews of interventions (Figure 2). The inclusion and exclusion criteria were clearly stated in all RCTs. One RCT that was included reported adequate methodology for randomization, concealment of allocation and intent-to-treatment analysis. In addition, blinding was not described in all of the included RCTs. Unclear bias was not reported due to incomplete outcome data or selective outcomes. The MINORS score of the non-RCTs was 20. The methodological quality assessment of the non-RCTs is presented in Table 1.


[image: Figure 2]
FIGURE 2. Risk of bias summary of the randomized controlled trials.



Table 1. Quality assessment for non-randomized trials.
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Study Characteristics

Demographic characteristics and other details of the included studies are presented in Table 2. In each study, the baseline characteristics of the two groups were similar. Zoledronic acid was used in all included studies.


Table 2. Characteristics of included studies.
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Outcomes of the Meta-Analysis


Additional Vertebral Body Fractures

Additional vertebral body fractures were assessed in five studies. The pooled results demonstrated that zoledronic acid combined with PKP was related to a significant decrease in the occurrence of additional vertebral body fractures compared with PKP alone (RD = −0.10; 95% CI, −0.14, −0.06; P < 0.00001), with no heterogeneity (n.s., I2 = 0%) (Figure 3).


[image: Figure 3]
FIGURE 3. Forest plot showing additional vertebral body fractures.




Pre-operative and Post-operative Bone Mineral Density

Pre-operative and post-operative BMD were reported in four studies. For pre-operative BMD, there was no significant difference between the two groups (MD = 0.01; 95% CI, −0.02, 0.05; P = 0.44), with no heterogeneity (n.s., I2 = 27%) (Table 3). The pooled results demonstrated that compared with PKP alone, zoledronic acid combined with PKP significantly improved BMD at the 6- and 12-month follow-ups (Table 3).


Table 3. Meta-analysis results.
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Pre-operative and Post-operative Visual Analog Scale

The pre-operative and post-operative VAS scores were documented in four studies. For the pre-operative and post-operative 1-week VAS scores, there were no significant differences between the two groups (Table 3). The pooled results demonstrated that compared with PKP alone, zoledronic acid combined with PKP significantly decreased the VAS score at the 6- and 12-month follow-ups (Table 3).



Pre-operative and Post-operative Oswestry Disability Index

The pre-operative and post-operative ODI scores were provided in two trials. For the pre-operative and post-operative 1-week ODI scores, there were no significant differences between the two groups (Table 3). The pooled results demonstrated that compared with PKP alone, zoledronic acid combined with PKP significantly improved the ODI score at the 12-month follow-up (Table 3).



Pre-operative and Post-operative N-Terminal Molecular Fragment

The pre-operative and post-operative N-MID values were available in two studies. For the pre-operative N-MID values, there was no significant difference between the two groups (Table 3). The pooled results demonstrated that compared with PKP alone, zoledronic acid combined with PKP significantly improved N-MID at the 6- and 12-month follow-ups (Table 3).



Pre-operative and Post-operative Beta Collagen Degradation Product (β-CTX)

Two articles reported the pre-operative and post-operative β-CTX values. For the pre-operative β-CTX values, there was no significant difference between the two groups (Table 3). The pooled results demonstrated that compared with PKP alone, zoledronic acid combined with PKP significantly improved β-CTX at the 6- and 12-month follow-ups (Table 3).





DISCUSSION

Our meta-analysis included five studies. The purpose of our meta-analysis was to evaluate the efficacy and safety of zoledronic acid combined with PKP in the treatment of OVCFs. In this analysis of studies, we found that compared with PKP alone, zoledronic acid combined with PKP decreased the incidence of additional vertebral body fractures, relieved low back pain, increased BMD and improved quality of life. To our knowledge, the present study is the first quantitative meta-analysis to evaluate the efficacy and safety of zoledronic acid combined with PKP in the treatment of OVCFs.

BPs have been confirmed to prevent bone loss and increase bone quality and density by inhibiting osteoclast-mediated bone resorption (4, 15). Zoledronic acid is administered by annual intravenous infusions (16). Therefore, zoledronic acid is the most commonly used and powerful BP in clinical practice (6). N-MID and β-CTX, which are bone metabolism markers, have been widely used in the diagnosis of osteoporosis, the monitoring of the effects of anti-bone resorption therapy and the prediction of osteoporotic fracture risk (17, 18). The pooled results suggest that zoledronic acid significantly decreases the post-operative levels of N-MID and β-CTX BMD at 6 and 12 months. Zoledronic acid can effectively decrease bone absorption.

During PKP, a balloon is percutaneously inflated in the fractured vertebral body to restore the height and kyphosis angle of the fractured vertebra. Then, bone cement is injected into the fractured vertebral body to maintain vertebral strength and stiffness (19). However, several studies have shown that vertebral augmentation (the injection of bone cement) leads to increased mechanical pressure on vertebrae adjacent to the region of PKP and may cause an additional vertebral body fracture (20–22). On the other hand, Rho et al. found that the major risk factors for new adjacent OVCFs include the progression of osteoporosis after the PKP procedure (23). The administration of BPs as anti-osteoporotic drugs has been confirmed to effectively prevent bone loss and increase bone quality and density. Several studies have verified that BPs decrease the risk of vertebral and non-vertebral fractures (5, 24). The present meta-analysis revealed that zoledronic acid not only significantly improved post-operative BMD at 6 and 12 months but also decreased the incidence of additional vertebral body fractures. The administration of zoledronic acid is beneficial for OVCFs treated with PKP.

Post-operative function and pain determine the overall efficacy of spinal surgery. The present meta-analysis suggests that zoledronic acid combined with PKP significantly improved the ODI score at the 12-month follow-up (MD = −7.56, P = 0.00001). The VAS score is a patient-reported score and has been used extensively in previous studies to assess patient pain following spinal surgery. The pooled data showed that BPs combined with PKP decreased the VAS score for back pain at the 6- and 12-month follow-ups. This small MD was thus quite unlikely to be the actual difference between the two groups. We should consider these factors when analyzing the present findings.

Several potential limitations should be noted. (1) Only three RCTs and 2 non-RCTs were included, and the sample size of all the studies was relatively small; (2) the suboptimal methodological quality of the included studies and insufficient outcomes may weaken our analysis; (3) we failed to perform subgroup analysis and determine the source of heterogeneity for the limited number of studies that were included.



CONCLUSION

Among patients with OVCFs, zoledronic acid combined with PKP was associated with a higher BMD, a better quality of life, less severe low back pain, and fewer additional vertebral body fractures than was PKP alone.
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