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Abstract: BACKGROUND Osteoporotic vertebral fractures (OVFs) have become increasingly common,
and previous nonrandomized and randomized controlled trials (RCTs) have compared the effects of ce-
ment augmentation versus nonoperative management on the clinical outcome. This meta-analysis focuses
on RCTs and the calculated differences between cement augmentation techniques and nonsurgical man-
agement in outcome (e.g., pain reduction, adjacent-level fractures, and quality of life [QOL]). METHODS
A systematic review was performed according to the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines, and the following scientific search engines were used: MEDLINE,
Embase, Cochrane, Web of Science, and Scopus. The inclusion criteria included RCTs that addressed
different treatment strategies for OVF. The primary outcome was pain, which was determined by a visual
analog scale (VAS) score; the secondary outcomes were the risk of adjacent-level fractures and QOL (as
determined by the EuroQol-5 Dimension [EQ-5D] questionnaire, the Oswestry Disability Index [ODI],
the Quality of Life Questionnaire of the European Foundation for Osteoporosis [QUALEFFO], and the
Roland-Morris Disability Questionnaire [RDQ]). Patients were assigned to 3 groups according to their
treatment: vertebroplasty (VP), kyphoplasty (KP), and nonoperative management (NOM). The short-
term (weeks), midterm (months), and long-term (>1 year) effects were compared. A random effects
model was used to summarize the treatment effect, including I2 for assessing heterogeneity and the re-
vised Cochrane risk-of-bias 2 (RoB 2) tool for assessment of ROB. Funnel plots were used to assess risk
of publication bias. The log of the odds ratio (OR) between treatments is reported. RESULTS After
screening of 1,861 references, 53 underwent full-text analysis and 16 trials (30.2%) were included. Eleven
trials (68.8%) compared VP and NOM, 1 (6.3%) compared KP and NOM, and 4 (25.0%) compared KP
and VP. Improvement of pain was better by 1.31 points (95% confidence interval [CI], 0.41 to 2.21; p <
0.001) after VP when compared with NOM in short-term follow-up. Pain effects were similar after VP
and KP (midterm difference of 0.0 points; 95% CI, -0.25 to 0.25). The risk of adjacent-level fractures was
not increased after any treatment (log OR, -0.16; 95% CI, -0.83 to 0.5; NOM vs. VP or KP). QOL did
not differ significantly between the VP or KP and NOM groups except in the short term when measured
by the RDQ. CONCLUSIONS This meta-analysis provides evidence in favor of the surgical treatment of
OVFs. Surgery was associated with greater improvement of pain and was unrelated to the development
of adjacent-level fractures or QOL. Although improvements in sagittal balance after surgery were poorly
documented, surgical treatment may be warranted if pain is a relevant problem. LEVEL OF EVIDENCE
Therapeutic Level I. See Instructions for Authors for a complete description of levels of evidence.

DOI: https://doi.org/10.2106/JBJS.RVW.21.00045



Posted at the Zurich Open Repository and Archive, University of Zurich
ZORA URL: https://doi.org/10.5167/uzh-208522
Journal Article
Published Version

 

 

The following work is licensed under a Creative Commons: Attribution-NonCommercial-NoDerivatives
4.0 International (CC BY-NC-ND 4.0) License.

Originally published at:
Halvachizadeh, Sascha; Stalder, Anna-Lea; Bellut, David; Hoppe, Sven; Rossbach, Philipp; Cianfoni,
Alessandro; Schnake, Klaus John; Mica, Ladislav; Pfeifer, Roman; Sprengel, Kai; Pape, Hans-Christoph
(2021). Systematic Review and Meta-Analysis of 3 Treatment Arms for Vertebral Compression Frac-
tures: A Comparison of Improvement in Pain, Adjacent-Level Fractures, and Quality of Life Between
Vertebroplasty, Kyphoplasty, and Nonoperative Management. Journal of Bone, 9(10):e21.00045.
DOI: https://doi.org/10.2106/JBJS.RVW.21.00045

2



D
ow

nloaded
from

http://journals.lw
w
.com

/jbjsreview
s
by

BhD
M
f5ePH

Kav1zEoum
1tQ

fN
4a+kJLhEZgbsIH

o4XM
i0hC

yw
C
X1AW

nYQ
p/IlQ

rH
D
3i3D

0O
dR

yi7TvSFl4C
f3VC

4/O
AVpD

D
a8K2+Ya6H

515kE=
on

11/02/2021

Downloadedfromhttp://journals.lww.com/jbjsreviewsbyBhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMi0hCywCX1AWnYQp/IlQrHD3i3D0OdRyi7TvSFl4Cf3VC4/OAVpDDa8K2+Ya6H515kE=on11/02/2021

Systematic Review and Meta-Analysis of

3 Treatment Arms for Vertebral

Compression Fractures

A Comparison of Improvement in Pain, Adjacent-Level Fractures, and

Quality of Life Between Vertebroplasty, Kyphoplasty, and Nonoperative

Management

Sascha Halvachizadeh, MD

Anna-Lea Stalder

David Bellut, MD

Sven Hoppe, MD

Philipp Rossbach, MD

Alessandro Cianfoni, MD

Klaus John Schnake, MD

Ladislav Mica, MD, FEBS

Roman Pfeifer, MD, FEBS

Kai Sprengel, MD, FEBS*

Hans-Christoph Pape, MD,

FACS*

Investigation performed at the
Department of Trauma, University
Hospital Zurich, Zurich, Switzerland

COPYRIGHT © 2021 THE
AUTHORS. PUBLISHED BY THE
JOURNALOF BONE AND JOINT
SURGERY, INCORPORATED. ALL
RIGHTS RESERVED.

Abstract

Background: Osteoporotic vertebral fractures (OVFs) have become

increasingly common, and previous nonrandomized and randomized

controlled trials (RCTs) have compared the effects of cement augmenta-

tion versus nonoperativemanagement on the clinical outcome. Thismeta-

analysis focuses on RCTs and the calculated differences between cement

augmentation techniques and nonsurgicalmanagement in outcome (e.g.,

pain reduction, adjacent-level fractures, and quality of life [QOL]).

Methods: A systematic review was performed according to the Preferred

ReportingItemsforSystematicreviewsandMeta-Analyses (PRISMA)guidelines,

and the following scientific search engines were used: MEDLINE, Embase,

Cochrane,WebofScience,andScopus.The inclusioncriteria includedRCTs that

addressed different treatment strategies for OVF. The primary outcome was

pain,whichwasdeterminedbyavisual analog scale (VAS) score; the secondary

outcomeswere the risk of adjacent-level fractures andQOL (as determined by

the EuroQol-5 Dimension [EQ-5D] questionnaire, the Oswestry Disability Index

[ODI], the Quality of Life Questionnaire of the European Foundation for

Osteoporosis [QUALEFFO], and the Roland-Morris Disability Questionnaire

[RDQ]). Patients were assigned to 3 groups according to their treatment:

vertebroplasty (VP), kyphoplasty (KP), and nonoperative management (NOM).

The short-term (weeks), midterm (months), and long-term (.1 year) effects

werecompared.Arandomeffectsmodelwasusedtosummarizethetreatment

effect, including I2 forassessingheterogeneityandtherevisedCochranerisk-of-

bias2(RoB2) tool forassessmentofROB.Funnelplotswereusedtoassess riskof

publicationbias. The logof theodds ratio (OR)between treatments is reported.

Results: After screening of 1,861 references, 53 underwent full-text analysis

and 16 trials (30.2%) were included. Eleven trials (68.8%) compared VP and

NOM, 1 (6.3%) compared KP and NOM, and 4 (25.0%) compared KP and VP.

Improvementofpainwasbetterby1.31points (95%confidence interval [CI],

0.41 to 2.21; p, 0.001) after VP when compared with NOM in short-term

follow-up. Pain effects were similar after VP and KP (midterm difference of
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0.0 points; 95% CI,20.25 to 0.25). The risk of adjacent-level fractures

was not increased after any treatment (logOR,20.16; 95%CI,20.83 to

0.5;NOMvs.VPorKP).QOLdidnotdiffersignificantlybetweentheVPor

KP and NOM groups except in the short term when measured by the

RDQ.

Conclusions: This meta-analysis provides evidence in favor of the

surgical treatment of OVFs. Surgery was associated with greater

improvement of pain and was unrelated to the development of

adjacent-level fractures or QOL. Although improvements in sagittal

balance after surgery were poorly documented, surgical treatment

may be warranted if pain is a relevant problem.

Level of Evidence: Therapeutic Level I. See Instructions for Authors

for a complete description of levels of evidence.

S
urgical treatment methods

have been developed for oste-

oporotic vertebral fractures

(OVFs), and constant

improvements have been made in

cementation techniques, which recently

have contributed to the active correction

of sagittal deformity1. Before these

techniques were available, it was

thought that pain medications and

nonoperative treatment with bracing

were sufficient to control discomfort

without correction of the deformity2.

However, subsequent worsening of

quality of life (QOL) was frequently

observed3. Consequently, there was a

period of enthusiasm for surgical man-

agement to improve pain and QOL.

One of the first randomized controlled

trials (RCTs) that compared surgical

management with nonoperative man-

agement (NOM) for the treatment of

OVF demonstrated favorable outcomes

in the group that was treated surgically4.

However, both surgical techniques—

vertebroplasty (VP) and kyphoplasty

(KP)—were later questioned because

theywere thought to lead to overstuffing

and increased risk of adjacent-level

fractures5 or secondary loss of sagittal

balance6.

Multiple RCTs have been under-

taken to determine if surgical manage-

ment is truly superior to NOM and, if

so, which timing and method might be

most beneficial. It became evident that

surgical management is usually offered

topatients after a short (days) tomedium

(weeks) period of NOM.

Despite a decade of prospective

RCTs, the optimal treatment for an

OVF remains a subject of discussion and

controversy7. Numerous reviews have

been published that focus on only

1 treatment arm (VP versus NOM8) or

have addressed only 1 outcome

variable3.

Therefore, the aim of this study

was to include all of the treatment

options and to address the following

hypotheses: (1) Surgical management of

OVF is favorable in terms of long-term

pain reduction when compared with

NOM. (2) The type of treatment strat-

egy affects the risk of adjacent-level

fractures. (3) QOL after an OVF

depends on the treatment strategy.

Materials and Methods

This study was conducted following the

Preferred Reporting Items for System-

atic reviews and Meta-Analyses

(PRISMA) guidelines9.

Search Strategy and Definitions

A systematic literature search was per-

formed, which included the MED-

LINE, Embase, Cochrane, Web of

Science, and Scopus databases. The

inclusion criteria included prospective

RCTs assessing treatmentmodalities for

OVF that had been published in the

English or German language. The

exclusion criteria included other study

methodologies and articles without full-

text availability. The full search formula

is provided in the Appendix.

Data Management

The exports of deduplicated publica-

tions were saved in an EndNote (Clar-

ivate) library. Two authors (S.H. and

K.S.) received the same library. Blinded

independent screening was performed

using Rayyan software10.

Study Selection

After screening of the titles and abstracts,

the full text was analyzed. Data were

extracted and stored, and qualitative and

quantitative synthesis was performed.

The articles were selected independently

by 2 authors (S.H. and K.S.), and

quantitative and qualitative analysis was

performed in collaboration. Discrep-

ancies were resolved by consensus or, if

necessary, by third-party arbitration

(L.M.).

Data Extraction and Group

Stratification

Patients were categorized in 3 different

treatment groups: (1) VP (surgical

treatment), (2) KP (surgical treatment),

and (3) NOM.

Trials that resulted in.1 publi-

cation were combined into 1 entity. The

following data were extracted by 2

authors (S.H. and A.-L.S.): (1) general

study information: first author, year,

and country; (2) patient characteristics:

sample size, age, duration of clinical

symptoms prior to treatment, and

follow-up; and (3) outcome measures:

pain, QOL, and rate of adjacent-level

fractures.

Main Outcome Variables

The primary outcome was change in

pain with each treatmentmodality. Pain

was measured by a visual analog scale

(VAS) score (0 to 10 points [no pain to

worst pain ever])11.

The secondary outcomes included

the rate of adjacent-level fracture and

QOL, which was assessed by the pre-

ferred tool of the trials. The studies used

the Oswestry Disability Index (ODI)12,
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the Quality of Life Questionnaire of the

European Foundation for Osteoporosis

(QUALEFFO)13, the EuroQol-5

Dimension (EQ-5D) questionnaire14,

or the Roland-Morris Disability Ques-

tionnaire (RDQ)15.

The outcome variables were strat-

ified according to the duration of follow-

up: short-term (weeks), midterm

(months), and long-term (.1 year).

Data were recorded independently and

in duplicate by 2 authors (S.H. and A-

L.S.) on separate copies of a spreadsheet.

The data were compared, and any dis-

crepancies were resolved by consensus.

Risk-of-Bias (RoB) Assessment

The revised Cochrane risk-of-bias tool

(RoB2) for randomized trials was used to

assess RoB16. Two authors (S.H. and A.-

L.S.) conducted the RoB assessment

independently. Discrepancies were

resolved by consensus or by third-party

arbitration (R.P.). The RoB assessment

strictly followed the recommendations

provided by the RoB 2 tool and included

5 key domains: (D1) bias arising due to

the randomization process, (D2) bias due

to deviation from the intended interven-

tion, (D3) bias due to missing outcome

data, (D4) bias in themeasurement of the

outcome, and(D5)bias in the selectionof

the reported result. These results were

visualized with the robvis visualization

tool17. Additional results from the meta-

analysis, including publication bias as

demonstrated with a funnel plot, are

provided in the Appendix.

Statistical Analysis

Reportedmeans and standarddeviations

(SDs) were used for calculations of

pooled results. For trials that reported

means with standard errors (SEs), the

SD was computed using the Cochrane

Collaboration formula18: SD5 SE3

√N.For trials that reported values as the

median with a range or an interquartile

range, we estimated the mean and SD

according to the formulas described by

Wan et al.19. To confirm the reliability

of these estimations, we performed them

in duplicate with the formulas described

by Luo et al.20.We compared the results

of both methods; each demonstrated

good reliability for these estimations,

even in the presence of deviation from

the normal distribution21. The results

are shown in forest plots of pooledmean

differences (MDs) or the log of the odds

ratio (OR) with 95% confidence inter-

vals (CIs).To estimateheterogeneity,we

used the Cochran Q test (total between-

study variation) and calculated the I2

statistic (the proportionof total variation

due to between-study variation) and H2

statistic (the ratio of the total amount of

variability and the amount of between-

study variability) among the trials. A

random effects (RE) model was utilized

in the analysis of the pooled treatment

outcomes. All statistical analyses were

performed using R version 3.6.1 (R

Foundation for Statistical Comput-

ing)22 and themetafor package, which is

a free and open-source add-on for con-

ducting meta-analyses using the R sta-

tistical software environment23. The

metafor package consists of a collection

of functions that allow the calculation of

pooled effect size and fit RE models and

meta-regression analyses. Significance

was defined as p, 0.05.

Results

Study Selection and Characteristics

Of 1,861 articles, the structured

screening process revealed 16 eligible

trials that addressed the 3 treatment

arms: 11 articles (68.8%) investigated

Fig. 1

PRISMA flowchart of the screening process.
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VP versus NOM, 1 article (6.3%)

investigated KP versus NOM, and 4

articles (25.0%) investigated KP versus

VP (Fig. 1).

In total, 2,371 patients were

included: 1,038 (43.8%) in the VP

group, 535 (22.6%) in the KP group,

and 798 (33.7%) in the NOM group.

The mean age of the patients was 73.7

years (SD, 4.3 years). The duration of

symptoms prior to intervention was

10.9 weeks (SD, 7.1 weeks) (Table I).

Improvement of Pain

VP or KP Versus NOM

In the short-term follow-up, the VAS

score improved by 1.31 (95% CI, 0.41

to 2.21) more following VP or KP when

compared with NOM. Operative treat-

ment was not associated with any sig-

nificant improvement of the VAS score

in 3 of 10 trials24-26, while the remaining

7 trials reported more favorable out-

comes following VP or KP27-33. The I2

statistic (99.8%), the significant Co-

chran Q test (p, 0.0001), and the H2

statistic indicated considerable hetero-

geneity (Fig. 2-A).

In themidterm follow-up, theVAS

score improved by 0.90 (95% CI, 0.25

to 1.54) more in the VP and KP groups

compared with the NOM group. Five

trials (45.5%) reported comparable

outcome measures24,26,32,34,35, while 6

trials (54.5%) reported favorable out-

comes for theVPandKPgroups25,28-31,33.

These results were subject to a large

degree of heterogeneity, as shown by

the I2 value of 98.9% and a significant

CochranQ test (p, 0.0001) (Fig. 2-B).

In the long-term follow-up, the

VAS improvement was 0.89 (95% CI,

0.16 to 1.62) greater in the VP and KP

groups compared with the NOM group.

Four trials (50%) reported comparable

outcomes24,26,32,34, and 4 trials (50%)

reportedmore favorable outcomes for the

VP and KP groups28-30,33. Considerable

heterogeneity in these results was noted,

as shown by the I2 statistic (99.2%), the

H2 statistic, and a significant Cochran Q

test (p, 0.0001) (Fig. 2-C).

KP Versus VP

Although the VAS pain score improved

following both KP and VP treatment,

the magnitude of improvement did

not differ between these surgical inter-

ventions; the improvement also did

not differ between follow-up periods

(Figs. 3-A, 3-B, and 3-C).

Adjacent-Level Fractures

Of 1,073 patients, 243 (22.6%) sus-

tained an adjacent-level fracture between

3 and 24 months after surgery or NOM.

In the VP and KP groups, 125 of 551

patients (22.7%) sustained adjacent-level

fractures, as did 118 of 522 patients

TABLE I Study Characteristics and Main Conclusion

Author Year Country
Surgical

Intervention Control

Duration of
Symptoms

(wk)

Surgical
Intervention
Group (no.)

Control
Group
(no.)

Mean
Age
(yr) Main Conclusion

Voormolen et al.4 2006 Netherlands Vertebroplasty Nonsurgical 11.5 18 16 73.0 Favors intervention

Buchbinder

et al.24
2009 Australia Vertebroplasty Nonsurgical 9.1 38 40 76.6 No benefit from

intervention

Kallmes et al.25 2009 U.S. Vertebroplasty Nonsurgical 18 68 63 73.9 No benefit from

intervention

Rousing et al.34 2009 Denmark Vertebroplasty Nonsurgical 1.8 25 24 80.0 No benefit from

intervention

Klazen et al.28 2010 Netherlands Vertebroplasty Nonsurgical 4 101 101 75.3 Favors intervention

Farrokhi et al.29 2011 Iran Vertebroplasty Nonsurgical 28.5 40 42 73.0 Favors intervention

Blasco et al.35 2012 Spain Vertebroplasty Nonsurgical 18.2 64 61 73.3 Favors intervention

Chen et al.30 2014 People’s Republic

of China

Vertebroplasty Nonsurgical 19.4 46 43 65.6 Favors intervention

Wang et al.26 2016 People’s Republic

of China

Vertebroplasty Nonsurgical 8 108 109 63.1 Favors intervention

Clark et al.31 2016 Australia Vertebroplasty Nonsurgical 2.1 61 59 80.5 Favors intervention

Firanescu et al.32 2018 Netherlands Vertebroplasty Nonsurgical 5.6 91 89 75.8 Favors intervention

Wardlaw et al.33 2009 U.K. Kyphoplasty Nonsurgical 12 149 151 73.2 Favors intervention

Liu et al.44 2010 Taiwan Kyphoplasty Vertebroplasty 2.3 50 50 73.3 No benefit from

intervention

Korovessis

et al.45
2013 Greece Kyphoplasty Vertebroplasty 12 86 82 71.0 No benefit from

intervention

Dohm et al.46 2014 U.S. Kyphoplasty Vertebroplasty 12 191 190 75.6 Favors intervention

Evans et al.47 2016 U.S. Kyphoplasty Vertebroplasty 9.4 59 56 75.6 No benefit from

intervention
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Fig. 2-A

Fig. 2-B

Figs. 2-A, 2-B, and 2-C The effect of the type of management on the change of the VAS pain score when compared with baseline. VP5 vertebroplasty,

KP5 kyphoplasty, andNOM5nonoperativemanagement. Fig. 2-A In the short term (withinweeks), the VASpain score improvedby 1.31 pointsmore in

the VP and KP groups. Fig. 2-B In the midterm (within months), the VAS pain score improved by 0.90 points more in the VP and KP groups.
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(22.6%) in the NOM group; the differ-

ence was not significant. Nine trials

(75%) reported data regarding adjacent-

level fractures after VP or KP versus

NOM.TheNOMgroupdemonstrateda

comparable risk of adjacent-level frac-

tures to theVP andKPgroups (logOR5

20.16; 95% CI,20.83 to 0.50; heter-

ogeneity, I2 5 72.5%) (Fig. 4).

QOL

The RDQ revealed significantly better

QOL results in the VP or KP group

compared with the NOM group (MD,

1.7; 95%CI, 0.01 to3.47; p50.049) in

short-term follow-up. A trend toward an

improved RDQ can further be seen in

midterm follow-up (MD, 1.6; 95% CI,

20.09 to 3.24; p5 0.061) (Table II).

RoB Assessment

All of the trials reported an intention-to-

treat analysis; however, they did not also

report a per-protocol analysis. Fourteen

trials (87.5%) provided some concern

for bias, and the remaining 2 (12.5%)

provided a high concern for bias. None

of the studies reported a low concern for

bias (Fig. 5).

Discussion

In the U.S., the proportion of individuals

over the age of 65 years has been projected

increase by 8.2% from 2016 to 2060

(from 15.2% to 23.4%36), and the Euro-

pean Union projects an increase of

approximately 1.5-fold by 205037. This

demographic change is expected to be

associatedwithan increase in the incidence

of osteoporosis38 and associated OVFs39.

Among the treatment strategies

for OVF, NOM continues to play a

relevant role, although surgical inter-

vention with VP or KP has demon-

strated constant improvement in

cement augmentation options and

surgical techniques40-42.

Nevertheless, there is heterogene-

ity among results regarding manage-

ment of OVFs, as well as rather short-

term follow-up, inconclusive evidence

of the best timing of intervention, and a

lack of guidelines for pain control. This

was confirmed in this meta-analysis,

which focused on studies between 2006

and 2019; most technical improve-

ments, such as cement augmentation

techniques and overstuffing, did not

appear to play a relevant role5.

Interestingly, most of the available

studies focused on the comparison of

surgical management versus NOM,

rather than comparing the indications

and/or surgical techniques.We aimed to

account for this issue by comparing 3

treatment groups. As discussed below,

we found high variability.

The currentmeta-analysis ofRCTs

compared 3 routinely performed treat-

ment strategies for OVF, and the main

results were as follows:

1. There was greater improvement

of pain in both of the patient

groups that were treated surgically

(with KP and VP) compared with

those treated with NOM.

2. Neither surgical management nor

NOM demonstrated a greater risk

of adjacent-level fractures.

3. QOL, although assessed with

various tools, was not associated

Fig. 2-C

In the long term (after years), the VAS pain score improved by 0.89 points more in the VP and KP groups.
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Fig. 3-A

Fig. 3-B

Figs. 3-A, 3-B, and3-C The effect of the typeof surgical interventionon the changeof the VASpain scorewhen comparedwithbaseline. VP5 vertebroplasty

andKP5 kyphoplasty. In the short term (withinweeks,Fig. 3-A),midterm (withinmonths,Fig. 3-B), and long term (after years,Fig. 3-C), the improvement of

the VAS pain score was comparable in both groups.
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with improvement in pain and

overall function.

The consistent superiority of sur-

gical techniques across most of the

studies during multiple follow-up time

periods was striking. Overall, improve-

ment of the VAS pain score was greater

after VP and KP compared with NOM.

Moreover, themajority of trials (9 of 12)

demonstrated more favorable pain relief

when the fracture was treated surgically

compared with NOM, independent of

the surgical technique. Beall et al. have

provided additional evidence favoring

surgical intervention over NOM43.

Their meta-analysis included RCTs

and non-RCTs in their calculation,

which increased the heterogeneity of

the studies and decreased the level of

evidence18.

The present meta-analysis

included 4 RCTs that investigated the

effects of KP versus VP44-47; they found

no significant difference in outcome

measures. This is in line with similar

studies that included both RCTs and

non-RCTS. Papanastassiou et al. con-

cluded that VP and KP provide greater

pain relief and fewer subsequent frac-

tures than NOM of OVFs48. The

superiority ofVP andKPcomparedwith

NOM was assessed in numerous trials,

providing evidence for similar effective-

ness and safety49 and improved outcome

measures48,50,51.

Overall, the improvement in pain

was not surprising. The duration of pain

from the onset of clinical symptoms

until the beginning of surgical treatment

was reported to be around 10 weeks.

Thus, our results are in keeping with

previous RCTs.

We have tried to account for the

fact that pain medication strategies have

helped in surgical treatment as well as

NOM.However, wewere surprised that

none of the studies described a uniform

pain management strategy for their

patients. In contrast, all of the studies

described an individualized approach in

detail but did not specify the types of

painmedications thatwereusedwithVP

or KP, which was widely accepted as a

successful procedure for treating OVF.

At first glance, the lack of evidence

for a greater risk of adjacent-level fracture

in surgically treated patients is surprising

because a certain loss of sagittal balance

has been described over time32,52. It

is unclear whether the adjacent-level

vertebral disc was the primary reason

for this loss of balance or whether there

was additional loss of reduction due to

further osseous destruction around the

cement.

Our meta-analysis tried to account

for the issue of sagittal balance. How-

ever, we did not arrive at a meaningful

conclusion because of the non-

standardized reporting of the studies.

Onemay argue that sagittal balancemay

becomemore important if adjacent-level

fractures develop. However, the long-

term changes in sagittal balancewere not

a focus of the prospective RCTs, which

may explain why no changes in sagittal

balance were typically mentioned.

In other studies, the rate of

adjacent-level fracture has also appeared

to not be affected by the treatment

modality53-55. However, an additional

Fig. 3-C
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study showed that adjacent-level frac-

tures may occur earlier after surgical

treatment even though the rate of

adjacent-level fractures within 1 year

remained independent of the treatment

modality56.

We were surprised to find no

association between improvement of

pain, or other outcome parameters, and

Fig. 4

VP and KP did not result in higher rates of adjacent-level fractures, and NOM did not reduce the risk of having adjacent-level fractures. (For instance, a

value of 0.3wouldbe approximately a 2-fold increase, while a value of –0.3wouldbe a 2-fold decrease.) VP5 vertebroplasty, KP5 kyphoplasty, NOM5

nonoperative management, OR5 odds ratio, and CI5 confidence interval.

TABLE II Mean Difference of QOL Assessment in Short-, Mid-, and Long-Term Follow-up Following Operative Treatment

Compared with NOM*

Time and Assessment Tool Articles (no.) Mean Difference, VP or KP vs. NOM 95% CI P Value Interpretation

Short-term: weeks

EQ-5D 4 0.01 20.04 to 0.06 0.497 Comparable

ODI 3 11.05 219.75 to 41.84 0.286 Comparable

QUALEFFO 5 2.3 27.49 to 12.17 0.596 Comparable

RDQ 9 1.7 0.01 to 3.47 0.049 Favoring VP

Midterm: months

EQ-5D 3 20.02 20.38 to 0.34 0.89 Comparable

ODI 1 10.08 214.13 to 34.29 0.224 Comparable

QUALEFFO 4 3.4 213.36 to 20.17 0.636 Comparable

RDQ 8 1.6 20.09 to 3.24 0.061 Trend favoring VP

Long-term: years

EQ-5D 2 20.08 21.21 to 1.04 0.664 Comparable

ODI 1 10.9 212.15 to 33.95 0.192 Comparable

QUALEFFO 4 1.9 28.33 to 12.19 0.660 Comparable

RDQ 8 1.9 20.68 to 4.60 0.130 Comparable

*In order to improve comparability, a positive mean difference implies a better score in the operative treatment (VP and KP) groups when compared
with NOM. A negative mean difference implies a better score in the NOM group.
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QOL. Because surgical intervention

yields improved stability, one might

have expected improvement of pain to

affectQOL as well, as shown in previous

studies examining early mobility and

structural damage57. Some previous

studies have indicated improvement in

QOL in the short term or midterm fol-

lowing successful treatment of a frac-

ture58 (although it remained impaired in

the long term in patients in whom the

fracture treatment resulted in problems

such as nonunion, instability, or

increasing kyphosis59). VP has been

shown to be associated with a higher

Fig. 5

Risk-of-bias assessment with use of the RoB 2 tool, visualized with use of robvis. All of the studies showed at least some concern for bias.
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level of mobility and lower pain levels60.

Our meta-analysis generally did not

confirm a higher level of mobility. One

may argue that this is a result of our

statistical analyses: because the included

studies provided different measures of

QOL, condensing the data would lead

to a loss of information. However, the

summary of our data does clearly dem-

onstrate that QOL either remains simi-

lar or improves after surgical

intervention; none of the included trials

found that surgical intervention was

associated with a decrease in QOL or

that NOM results in a higher QOL

compared with surgical intervention.

Because of the lack of association

between QOL and improvements in

other outcomes, one may hypothesize

that factors other than pain alone have

been more important in determining

QOL, especially in a geriatric popula-

tion. This has been shown convincingly

with other types of osteoporotic frac-

tures and in orthogeriatric comanage-

ment61. The issue of aminimal clinically

important difference (MCID) may also

play a role. Our results indicated that in

the short term, VP andKP are associated

with a greater reduction in the VAS pain

score (by 1.3 points) compared with

NOM. In the medium and long-term

analysis, the reduction of the VAS pain

score was 0.9 points greater in the VP

and KP groups compared with the

NOM group. While these results were

significant, some might challenge their

clinical relevance62,63. Some of the

published reports do define an

improvement in the VAS pain score of

0.9 points as clinically relevant64, but

some set the threshold at 1.6 points65

and others recommend a change of 2.5

points66. Similarly, the recommended

threshold for the MCID for the ODI

ranges between 12.865 and 20.066 to

24.0 points67. These discrepancies and

the lack of standardized quantification

methods for the MCID may have pre-

vented the clear demonstration of clini-

cally relevant differences.

Our study shares the general limi-

tations of other systematic reviews and

meta-analyses (e.g., the heterogeneity of

the included articles). As discussed

above, certain important outcome

measures (e.g., sagittal balance) are

inconclusively documented, thus pre-

venting an adequate analysis of those

aspects. NOM was not standardized

and, in most studies, was determined by

the preference of the treating physician

(see Appendix). This may have con-

tributed to the heterogeneity of the

studies and, therefore, the results should

be interpreted with caution68. Further-

more, although our primary outcome

measure (the VAS pain score) represents

a widely accepted tool, there remains a

certain degree of bias in measurement of

this outcome because the VAS score is a

nonlinear parameter. These limitations

have previously been reported by other

authors11. Finally, the included studies

indicated that the treated fractures were

OVFs; however, only 6 trials (37.5%)

provided a dual x-ray absorptiometry

score, while the others failed to provide

evidence of osteoporosis. The medical

treatment for osteoporosis was not

standardized and was thus subject to the

individual treatment strategy of the

treating physician (see Appendix).

These limitations may have impacted

the interpretation of the presented

results.

Overview

We believe that the present meta-

analysis provides some evidence in favor

of surgical treatment for OVFs.

Although we found no evidence for an

increased risk of adjacent-level fractures

and the reporting of the effect of treat-

ment strategies on sagittal balance was

poorly documented, most of the studies

documented an improvement in pain

compared with nonoperative treatment.

Surgical treatment appears to be war-

ranted if pain is a relevant problem.

Source of Funding

No external funding sources were uti-

lized for this study.

Appendix

Supporting material provided by the

authors is postedwith theonline versionof

this article as a data supplement at jbjs.org

(http://links.lww.com/JBJSREV/A762).
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Evaluation of quality of life in patients with axial
spondyloarthritis and its associationwithdisease
activity, functionality, mobility, and structural
damage. Clin Rheumatol. 2018 Jun;37(6):1581-8.

58. DeVine J, Norvell DC, Ecker E, Fourney DR,
Vaccaro A,Wang J, Andersson G. Evaluating the
correlation and responsiveness of patient-
reported pain with function and quality-of-life
outcomesafter spine surgery. Spine. 2011Oct1;
36(21)(Suppl):S69-74.

59. Lau D, Funao H, Clark AJ, Nicholls F, Smith J,
Bess S, Shaffrey C, Schwab FJ, Lafage V, Deviren
V, Hart R, Kebaish KM, Ames CP; International
Spine Study Group. The clinical correlation of

the Hart-ISSG Proximal Junctional Kyphosis
Severity Scalewith health-relatedquality-of-life
outcomes and need for revision surgery. Spine.
2016 Feb;41(3):213-23.

60. StanghelleB,BentzenH,GiangregorioL,Pripp
AH, Bergland A. Associations between health-
relatedquality of life, physical functionandpain in
older women with osteoporosis and vertebral
fracture. BMC Geriatr. 2019 Nov 4;19(1):298.

61. Halvachizadeh S, Gröbli L, Berk T, Jensen
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