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Abstract This systematic review updates the under-
standing of the evidence base for balloon kyphoplasty
(BKP) in the management of vertebral compression
fractures. Detailed searches of a number of electronic
databases were performed from March to April 2006.
Citation searches of included studies were undertaken
and no language restrictions were applied. All con-
trolled and uncontrolled studies were included with the
exception of case reports. Prognostic factors responsi-
ble for pain relief and cement leakage were examined
using meta-regression. Combined with previous evi-
dence, a total of eight comparative studies (three
against conventional medical therapy and five against
vertebroplasty) and 35 case series were identified. The
majority of studies were undertaken in older women
with osteoporotic vertebral compression fractures with
long-term pain that was refractory to medical treat-
ment. In direct comparison to conventional medical
management, patients undergoing BKP experienced
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superior improvements in pain, functionality, vertebral
height and kyphotic angle at least up to 3-years post-
procedure. Reductions in pain with BKP appeared to
be greatest in patients with newer fractures. Uncon-
trolled studies suggest gains in health-related quality of
life at 6 and 12-months following BKP. Although
associated with a finite level of cement leakage, serious
adverse events appear to be rare. Osteoporotic verte-
bral compression fractures appear to be associated with
a higher level of cement leakage following BKP than
non-osteoporotic vertebral compression fractures. In
conclusion, there are now prospective studies of low
bias, with follow-up of 12 months or more, which
demonstrate balloon kyphoplasty to be more effective
than medical management of osteoporotic vertebral
compression fractures and as least as effective as ver-
tebroplasty. Results from ongoing RCTs will provide
further information in the near future.

Keywords Kyphoplasty - Vertebral compression
fractures - Osteoporosis - Systematic review -
Meta-analysis

Introduction

An estimated 1,700,000 vertebral compression frac-
tures (VCFs) occur every year in the US and in Eur-
ope, a figure that is likely to rise over the coming
decades [5, 14, 15]. The burden of VCFs can be sub-
stantial, in particular chronic pain, a marked reduction
in health-related quality of life and high healthcare
costs [1, 5]. The development of minimally invasive
surgical techniques such as balloon kyphoplasty (BKP)
has been favoured by a large number of VCF patients

@ Springer



1086

Eur Spine J (2007) 16:1085-1100

remaining refractory to conventional treatments,
including drugs, surgical braces and rehabilitation.

BKP was first performed in the 1998 and involves
fracture reduction using inflation bone tamps (balloon)
to restore vertebral height. The two bone tamps used
bilaterally create a void in the vertebral body that can
be filled under fine manual control and low pressure
with high viscosity bone cement. Unlike vertebroplas-
ty, BKP aims to not only secure fracture fixation and
stabilization but also to correct and prevent the spinal
deformity, thereby reducing the negative burden of
VCFs [7].

We, and others, have undertaken systematic reviews
of the efficacy and safety of BKP [2, 9, 17]. These re-
views have shown that, following BKP, patients expe-
rience significant relief of short-term pain and
improvement in function. In many patients, BKP ap-
pears to have the ability to partly restore vertebral
height and thereby reducing kyphotic deformity. BKP
is a comparably safe procedure and, compared to
simple vertebroplasty, reported to cause less cement
extravasation [6-8]. BKP seems to be an emerging
medical technology, but the conclusions of previous
reviews are limited by the lack of direct comparative
evidence, comparing BKP to best medical care, or
vertebroplasty.

This paper describes an update of a previous sys-
tematic review and meta-analysis of the efficacy and
safety of BKP. In addition, factors related to patients
and procedures, that are associated with the outcome
of BKP, are explored.

Materials and methods

Studies were identified from previously published
systematic reviews and meta-analyses [6-8]. This list
of studies was updated by searching a number of da-
tabases, including MEDLINE (Ovid), MEDLINE (R)
In-process citations, EMBASE (Ovid); Cochrane Li-
brary; and registers of ongoing research (Meta Reg-
ister of Controlled Trials and ClinicalTrials.gov) up to
April 2006. Search terms were selected in order to
maximise both the search sensitivity and specificity.
Index and text words representing the device/proce-
dure were combined with terms for vertebral com-
pression fractures. Hand searching of the reference
lists of included studies was undertaken. The device
manufacturer (Kyphon Inc.) was contacted to identify
any studies that may have been missed that were
ongoing or were unpublished. There were no language
restrictions and foreign language papers were trans-
lated.
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Selection of studies

Two reviewers independently scanned all the titles and
abstracts and identified potentially relevant articles to
be retrieved. Where there was uncertainty, full-text
copies of papers were obtained. Studies were consid-
ered eligible for inclusion if they met the following
criteria:

Study design: Experimental studies (i.e. randomised
and non-randomised trials), observational studies
(i.e. cohort studies, case control studies or cross
sectional studies), and uncontrolled studies (i.e. case
series).

Population: Patients with VCFs of osteoporotic or
neoplastic (i.e. myeloma, metastasis or osteolysis)
aetiology.

Intervention: BKP.

Comparator: Any invasive, semi-invasive or medical
therapy.

Outcomes: Reported at least one of the following;
efficacy, pain relief, functional capacity and health-
related quality of life, deformity correction (height
restoration, kyphotic angle correction), safety, ce-
ment leakage, incident (adjacent and non-adjacent)
fractures, complications.

We excluded studies reporting on burst fractures
and fractures due to trauma, including BKP combined
with other invasive or semi-invasive intervention
therapies, including patients undergoing repeat inter-
ventions, case reports, and studies published only in
abstract form.

Quality assessment

As there is not an accepted instrument or standard
approach to the assessment of the quality of case series
or non-randomised comparative studies, quality was
assessed quantitatively according to the four principal
categories of study bias [10]:

Selection bias: i.e. Bias associated with the way the
intervention or control groups were assembled.
Assessment bias: i.e. Bias as the result of assessment
of the outcome.

Performance bias: i.e. Bias as the result of care
provided to the participants in the intervention or
control groups other than the interventions under
investigation.

Attrition bias: i.e. Bias associated with withdrawal/
loss to follow up from intervention or control groups.

On the basis of all the quality criteria, studies were
judged to of ‘high’ (i.e. large number of individual



Eur Spine J (2007) 16:1085-1100

1087

biases present), medium (i.e. some biases present)
or low (i.e. little or no bias present) risk of overall
bias.

Data analysis

The principal characteristics of included studies were
summarised in tabular form. In order to obtain a
summary estimate of the efficacy and safety of BKP,
the results of individual studies were combined, where
possible [3]. Separate meta-analyses were undertaken
for comparative and non-comparative studies and for
each outcome. Dichotomous and continuous outcomes
were summarised as proportions, rates or rate ratios
(relative risks) and mean differences or standardised
mean differences, respectively. Data were pooled as
using a fixed-effects model, except where statistical
heterogeneity existed (P < 0.100) according to the y*
statistic, and a random-effects model was instead used
[3]- Imputation methods were used to estimate out-
come variances where not reported.

Meta-regression was used to examine the reasons
for heterogeneity. This ‘subgroup analysis’ allows
exploration of the influence of a variety of potential
prognostic factors that might be associated with the
efficacy or safety of BKP [16]. Meta-regression was
performed on the most commonly reported efficacy
and safety outcomes, i.e. the level of pain relief and
level of cement leaks, respectively. The subgroups
were defined a priori: type of study (comparative or
non comparative); average duration of fracture or pain;
sample size; study quality (low bias or not); study
publication date; indication (i.e. osteoporotic or neo-
plastic VCFs); continent of study (i.e. USA or not); and
duration of follow up (in months). For pain relief, an
additional subgroup was added (average level of pain
pre and post BKP).

Publication bias was assessed using funnel plots and
the Egger test for those sufficiently reported outcomes
(i.e. 210 studies) [14].

Data are expressed as means and 95% confidence
intervals or medians and ranges. All analyses were
performed using Stata Software (Stata 8, StataCorp
LP, TX, USA).

Results

A total of 210 citations were obtained from updated
searches of the various electronic bibliographies
(March 2004-April 2006). A further six papers were
identified through contact with the device manufac-
turer. Most abstracts and titles or full papers were

excluded on the basis of an inappropriate intervention
(e.g. vertebroplasty) or they were case reports. A total
of four new comparative studies and 21 case series
were judged to meet the inclusion criteria (see Fig. 1).
Combining those studies in our original review (15 case
series and five comparative studies) [17] and this up-
date (21 case series and four comparative studies, a
total of eight comparative studies (i-viii) and 35 case
series were identified (ix—xliii, see Appendix). The
publications of Grafe et al. (iii) and Ledlie and Renfro
(xxvi) report additional follow ups on patient series
included in our previous review. All included studies
have been published with the exception of a large US
multicentre registry, Kyphon Inc., making available
their full report to the FDA. A version of the report is
currently in press [8].

Study characteristics and quality

Five studies directly compared BKP to vertebroplasty
and three to conventional medical care across 481
fractures in 313 patients. Nussbaum et al. (vi), a com-
parison of BKP and vertebroplasty, reported adverse
events listed in the FDA (Maude) database; no overall
patient number was, therefore, available. The 35 case
series included total of 2,047 patients undergoing BKP
on 3,301 vertebral levels (Tables 1, 2).

The large majority of studies were undertaken in
single centre setting either in the US or mainland

Abstracts identified from
bibliographic databases
n=210

Excluded on basis of
abstract or title —
n=175

Full papers retrieved for
detailed assessment
n=35

Excluded
Inappropriate intervention n=7
Inappropriate populationn=4
Other reasons=5

Additional papers identified from
contacts with company T
n=6

Included studies
Case seriesn=21
Comparative studies n=4

Fig. 1 Summary of study selection and exclusion process (March
2004—April 2006)
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Table 3 BKP versus conventional medical care: efficacy results

Outcome follow up Studies Balloon kyphoplasty Conventional medical care Effect size* (95% CI) P value
(studies) with data N mean (SD) or n/N (%) N mean (SD) or n/N (%)

Prepost pain (VAS mm)

3 months (viii) 1 22 6.7 (2.7) 20 2.2 (2.5) MD 4.5 (-6.1 to -2.9) <0.0001
6 months (iii and iv) 2 59 -3.3 (1.6) 37 0.6 (0.86) MD -1.6 (2.0 to —1.2) <0.0001
12 months(iv) 1 40 -1.8 (0.37) 20 -0.07 (0.88) MD -1.7 (2.1 to -0.3) <0.0001
36 months (iii) 1 40 -2.0 (NR) 20 -0.43 (NR) MD -1.6 <0.0001

Opiate medication at follow up

6 months (iv) 1 22/40 (55%)
Pre-post functional capacity

6 months (iii and iv) 2 ok

12 months (iv) 1 40 -10.7 (34)+

Health-related quality of life 0

Prepost vertebral height (% original height)
6 months (iii) 1 737 7.6 (22.4)
12 months (iii) 1 737 7.5 (20.5)

Pre-post kyphotic angle (°)

6-months (iii) 1 737 —0.4 (10.2)

Satisfaction at follow up

6 months (iii) 13/19 (68%)

Days in hospital (viii) 1 22104 (74)
Physician pain-related office visits

6 months (iii) 1 40 3.3 (9.5)
12 months (iii) 1 4053 (5.1)

13120 (65%) RR 0.88 (0.57 to 1.37) 0.596

ok SMD -1.2 (-1.7 to -0.8) <0.0001
20 -4.5 (43)+ MD -6.2 (-27.8 to 15.4) <0.574
Not reported

417 2.7 (32.4)
417 -5.1 (32.4)

MD 103 (2.3 to 18.3) 0.012
MD 12.6 (4.8 to 20.4) 0.002

417 4.9 (10.4) MD -5.3 (-9.3 to —1.3) 0.009

217 (12%)
20 20.4 (13.4)

RR 5.8 (1.5 to 22.1) 0.01
MD -10 (-16.7 to -3.3) 0.003

20 8.6 (7.6)
20 11.6 (12)

MD -5.3 (-9.7 to - 0.18) 0.019
MD 6.3 (-11.8 to ~0.8) 0.025

* Random effect model, test for heterogeneity P < 0.05

MD mean difference, SMD standardised mean difference, RR relative risk, NR not reported

** Different scales, +negative score indicates improvement in functional capacity, "N of VCF’s

alone. This gain in pain relief was associated with a
reduction in pain related physician office visits
(P <0.05) , with BKP compared to control. Two
studies assessed functional capacity using the EVOS
(iii) and Oswestry disability index (iv). Functional
capacity improved at 6 and 12 months following BKP
(P < 0.0001). This improvement exceeded that of
standard medical care at 6 months in both studies
(P < 0.001), but did not reach statistical significance at
12 months (P = 0.574). The study by Kasperk and
colleagues (iii) reported an increase in the vertebral
height of patients treated with BKP that was main-
tained at 6 and 12 months (P < 0.0001), while the
vertebral height of comparison patients was further
reduced. At 6 months’ follow up, the mean kyphotic
angle with BKP (mean 10.4, SD 7.4°) was lower
(P < 0.0001) than controls (mean 20.4, SD 13.4°). Five
studies compared BKP to vertebroplasty (i, ii, v, vi and
vii). The report of Nussbaum et al. (vi) did not report
efficacy outcomes, while Masala et al. (v) failed to
report outcome results separately for BKP and ver-
tebroplasty groups (Table 4). Both BKP and verteb-
roplasty reduced VAS pain and improved Oswestry

disability index score up to 24 months postprocedure
with no significant differences between procedures.
Grohs and Pflugmacher et al. (ii, vii) reported
improvement in vertebral height and kyphotic angle
with BKP at follow up. These improvements exceeded
that of vertebroplasty treated patients (P < 0.05).

Case series

All case series consistently reported a reduction in pain
after BKP. In 14 studies reporting on VAS pain before
and after BKP, a mean reduction of 5.4 mm (95% CI -
6.3 to 4.4 mm, P < 0.0001, random effects) was ob-
served (Table 5). Four studies reported their func-
tional capacity findings to allow pooling. As these
studies used a variety of outcome measures; Oswestry
disability index (xi, xxiv and xxv), Roland Morris
(xxxvi) questionnaire and the Index of back Function
(xviii), they were pooled using standardised mean dif-
ferences. Functional capacity was seen to improve by
an average of 1.1 standard deviation units (95% CI 0.6
1.5, P < 0.0001, random effects) following BKP. Five
studies assessed health related quality of life using the
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Table 4 BKP versus vertebroplasty: efficacy results

Outcome follow up (studies) Studies with data  Balloon kyphoplasty ~ Vertebroplasty  Effect size (95% CI) P value
N mean (SD) N mean (SD)

Prepre pain (VAS mm)

6 months (vii) 1 22 6.3 (3.71) 20 -6.2 (3.98) MD 0.1 (-2.4 to 2.2) 0.933

12 months (ii and vi) 2 50 -5.3 (3.9) 49 3.9 (4.4) MD -1.4 (-3.0 to 0.22) 0.091

24 months (ii) 1 28 -5.4 (3.9) 29 -3.2 (6.5) MD -2.2 (-5.2 to 0.8) 0.154

Opiate medication at follow up 0 Not reported

Prepost functional capacity

6 months (vi) 1 22 -51 (38.4)+ 20-42.2 (35.4)+ MD -8.8 (-31.1 to 12.5) 0.440

12 months (ii and vi) 2 40 -33 (35)+ 43-19 (25)+ MD -6.7 (-19.3 to 5.8) 0.862

24 months (ii) 1 28 -6 (32.1)+ 23-9 32.7)+ MD 3.0.0 (-14.9 to 20.9) 0.742

Health-related quality of life 0 Not reported

Prepost vertebral height (% original height or mm)

Pos-operative (ii) 1 28" 5.8 (7.8) 2370 (0.1) MD 5.8 (2.9 to 8.70) <0.0001

6 months (vii) 1 3573 (11.8) 3271 (11.3) MD 2.0 (-3.5 to 7.5) 0.479

12 months (vii) 1 350 3 (11.8) 32701 (11.3) MD 2.0 (-3.5 to 7.5) 0.479

Pre-post kyphotic angle (°)

Postoperative (ii) 28" -6 (7) 2370 (0.3) MD -6 (-9 to -3) <0.0001

6 months (ii and vii) 3570 =7(9.9) 327 -1 (10.5) MD -6 (-11 to -1) 0.016

12 months (vii) 350 -6 (9.9) 327 -1 (10.7) MD -5 (-8 to -1) 0.048

Days in hospital

1
1
1
Satisfaction at follow up 0
0
Physician pain-related office visits 0

Not reported
Not reported
Not reported

* Random effect model, test for heterogeneity P < 0.05

MD mean difference, SMD standardised mean difference, RR relative risk

** Different scales, therefore not poolable, +negative score indicates improvement in functional capacity, » N° of VCF’s

Short-Form 36 (SF-36) (xiv, xi, xviii, xxiv and xxviii)
with significant improvements being seen in 6 of the 8
SF-36 domains. The studies that reported vertebral
height (ix, x, xii, xiii, XVii, XXXiV, XXXVi, XXXiX, Xxxvii and
xliii) and kyphotic angle correction (xxvi, Xviii, XXXiX,
xliii and xli) consistently reported an effect significantly
in favour of BKP. Across studies, there was an average

Table 5 Summary of BKP case series: efficacy results

improvement in vertebral height of 21% and a reduc-
tion of 6.3° in kyphotic angle.

Further pooling of outcomes could not be per-
formed, as many studies reported their results narra-
tively or failed to report measures of variance such as
standard deviations, intra-quartile ranges or maximum
and minimum values.

N Mean (95% CI)* P value Heterogeneity
P value
Change in pain (VAS 0-10 mm) 14 MD -5.4 mm (95% CI -6.3 to —4.4)* P < 0.0001 <0.0001
Change in functional capacity (different scales) 5 SMD 1.0 (0.6 to 1.5)* <0.0001 <0.0001
Change in quality of life (SF-36 0-100)
Physical functioning 5 MD -21 (-28 to —-14)* <0.0001 0.036
Role physical 4 MD -31 (-42 to -20)* <0.0001 0.009
Bodily pain 5 MD -29 (-38 to -19)* <0.0001 <0.0001
General health 5 MD +4 (-2 to 10)* 0.266 0.013
Vitality 5 MD -11 (-14 to -8) <0.0001 0.146
Social functioning 5 MD -29 (-39 to -18)* <0.0001 0.001
Role emotional 4 MD -18 (-39 to 4)* 0.109 <0.0001
Mental health 5 MD -11 (-17 to -5)* <0.0001 0.008
Satisfaction at follow up (%) 2 MD 98 (90 to 100) <0.001 0.973
Change in vertebral height (% original height) 9 MD 21 (15 to 26)* <0.0001 <0.0001
Change in kyphotic angle (°) 12 MD -6.3 (-5.8 to —6.7) <0.0001 0.826

* Random effects model

MD mean difference, SM D standardised mean difference
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Table 6 Summary of BKP
comparative and case series:
safety results

N Number of events
probability (95% CI)**

Rate events per 1,000 patient
or fracture years)

Cement leakages™
Overall

Symptomatic

New vertebral fractures+
Overall

Adjacent

Adverse events+
Pulmonary embolism

Spinal cord compression

NA not applicable Nerve root pain/radiculopathy

* No. of events per vertebrae,
+no. of events per patient,
++number of events/fracture/
year or number of events/
patient/year, **random

Mortality
Overall

Peri-operative”

31 193/2.239 81
9.0% (7.4 to 11.0%)**

7 1678 0.9
0.2% (0 to 0.3%)**

16 172/1,151 111
13.6% (9.0 to 20.7%)**
10 110/871 94
13.8% (11.0 to 17.4% )**
71377 17
0.10% (0 to 0.17%)

8  1/431 1.6
0.2% (0 to 0.8%)

9 2173 17
0.40% (0 to 1.2%)*

14 35/552 44
32% (0.7% to 5.6%)**

11 1/406 13

0.01% (0% to 0.64%)

effects meta-analysis
Safety

Safety (or adverse) outcomes of BKP were combined
for comparative studies and case series. Given the
differences in follow up durations, results are ex-
pressed as both proportions and rates (see Table 6).

A total of 28 studies provided details on the number
of cement leakages and eight of these reported whe-
ther these leaks were symptomatic or not. A total of
189 (9.0%) cement leakages were reported in 2,239
vertebrae that underwent BKP. This corresponds to 81
cement leaks per 1,000 fractures undergoing BKP per
year. One leak (0.001%) was reported to be symp-
tomatic. In the case series of Majd et al. (2005), cement
leakage resulted in a L1 radiculopathy, the patient
recovered following nerve block and rehabilitation
(xxx). A total of 171 new or incident fractures were
reported in 1,151 patients across 16 studies, 110 (64 %)
of which occurred in the vertebrae adjacent to the
procedure. This corresponds to 111 new fractures per
year, per 1,000 individuals undergoing BKP.

Both Kasperk (iii) and Komp (iv) document the
number of new vertebral fractures after BKP, com-
pared to conventional medical care. These studies
indicate that the level of new fractures with BKP to be
significantly lower than those experienced by patients
in the control group (relative risk 0.35, 95% CI 0.16-
0.78, P = 0.01) at 1-year follow up. The study of Grohs
et al. (ii) directly compared the incident fracture levels
in BKP and vertebroplasty. At 3—4 months follow up,
new fractures were seen in nine out of 58 (15.5%)

patients receiving BKP, compared with one out of 40
(2.5%) patients receiving vertebroplasty. This differ-
ence was not statistically significant (P = 0.081).

The rates of serious adverse events reported with
BKP are low. The overall rate of mortality of 3.2%
reflects both the age of patients undergoing BKP, as
well as the inclusion of patients with cancer. The peri-
operative mortality rate was 0.01%. Based on the re-
sults of this review, for every 1,000 patients treated
with BKP each year, 1.7 patients could experience a
pulmonary embolism, 1.6 patients would experience a
spinal cord compression, 1.7 patients could experience
a radiculopathy, and 1.3 could die within the peri-
operative period (30 days).

Heterogeneity/subgroup analysis

A substantial level of statistical heterogeneity was
observed in both the level of pain relief (;* 1195.56, df
17, P < 0.0001) and cement leaks (Q = 171.0, df 27,
P < 0.0001) across studies. This statistical heterogene-
ity may reflect the variation in patient populations,
differing periods of follow up, and methodological
quality of studies. The results of the exploration of this
heterogeneity are shown in Table 7.

The only factor to show a significant association with
the magnitude of BKP pain relief was the combined
variable summarising the duration of pain or fracture
age (P = 0.047). The longer the duration of pain/older
the fracture, the smaller the magnitude of pain relief
following BKP (correlation coefficient, r = —0.49). No
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Table 7 Exploration of heterogeneity (subgroup analysis): change in VAS pain and cement leakage

Pain relief

Univariate Multivariate Cement leakage

Univariate Multivariate

P value P value P value P value
Average pre/post mean VAS (n = 18) 0.059 0.104
Patient indication (osteoporosis vs. 0.915 0.723 Patient indication (osteoporosis vs. <0.0001 0.013
neoplastic) (n = 18) neoplastic) (n = 28)
Average duration of pain or fracture  0.047 Insufficient Average duration of pain or fracture 0.420 Insufficient
duration (months) (n = 8) data duration (months) (n = 12) data
Continent of data collection (USA vs. 0.735 0.719 Continent of data collection (USA vs. 0.553 0.744
non USA) (n = 18) non USA) (n = 28)
Study setting (single vs. multicentre)  0.610 0.699 Study setting (single vs. multicentre) 0.641 0.544
(n=18) (n=28)
Publication year (n = 18) 0.186 0.149 Publication year (n = 28) 0.409 0.731
Average duration of follow up 0.889 0.655 Average duration of follow up (months) 0.148 0.325
(months) (n = 18) (n=28)
Study sample size (n = 16) 0.760 0.996 Study sample size (n = 31) 0.118 0.442
Study design (low bias vs. not) (n = 18) 0.433 0.840 Study quality (low bias vs. not) (n = 28) 0.671 0.874
Study design (case series vs. 0.592 0.848 Study design (case series vs. 0.294 0.732

comparative) (n = 18)

comparative) (n = 28)

factors were significant in multivariate analysis. Oste-
oporotic VCFs appeared to be associated with a higher
rate of cement leakage with BKP compared to neo-
plastic VCFs (13.6 vs. 6.6%) both in univariate
(P < 0.0001) and multivariate analysis (P = 0.013).

A small number of studies were identified that had
undertaken a within study subgroup analysis (Table 8).
There was little consistent evidence of an association
between patient characteristics and BKP outcome.

Publication bias

There was evidence of significant funnel plot asym-
metry for the each of the outcomes with a sufficient
number of studies, i.e. VAS relief (P = 0.001), cement
leakage (P = 0.004), and incident vertebral fractures
(P = 0.005). Asymmetry can indicate publication bias

Table 8 Within study subgroup analyses

(i.e. the omission of studies that are more negative in
their conclusions). However, a number of other factors
can cause asymmetry including the poor methodolog-
ical quality of smaller studies, true heterogeneity; size
of effect differs according to study size (for example,
due to differences in the intensity of interventions,
differences in underlying risk between studies of dif-
ferent sizes) or chance [4].

Discussion
Findings
This update review provides important new findings.

First, a number of comparative studies of BKP have
recently been published. As commented in a recent

Subgroup

Outcome measure

Crandall (2004) ‘Acute’ (<10 weeks old)
versus chronic’ fractures

(> 4 months old).

Vertebral height change

Garfin (2003/6) Non recent (>60 days)
versus recent

(<60 days) fractures

VAS pain post BKP
ODI post BKP

Change in pain
Change in Index of back function
Change in SF-36

Change in satisfaction

Lane (2004) Indication (osteoporosis vs.

multiple myeloma)

Majd (2005) Age of fracture

Change in ODI

Change in vertebral height (absolute)
Change in vertebral height (%)
Cement leakage

Change in VAS pain

Analysis method  Conclusion
t test =
Kyphotic angle post BKP =
Acute > chronic
ANOVA =
t test =
Osteoporosis >
multiple myeloma
ANOVA =

Change in vertebral height =

ODI Oswestry disability index, ANOVA analysis of variance, =no statistically significant difference between subgroups, >subgroup A

has statistically significant superior outcome than subgroup B
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editorial, the availability of high quality direct (‘head-
to-head’) comparative evidence is central in confirming
BKP’s efficacy as seen in case studies [11]. There are
now prospective studies of low bias, with follow up of
12 months or more, each of which have demonstrated
BKP to be more effective than medical management of
osteoporotic VCFs and that BKP is as least as effective

Second, it has been suggested that a major adverse
outcome of BKP could be an increase in the rate of
incident fractures, particularly in those vertebrae
adjacent to the treated fractures [6]. However, this
observation is based on indirect comparison of the
findings of BKP case series with natural history co-
horts, where the case mix of the populations may be
quite different. Using prospective direct comparative
evidence, we, on the contrary, found a reduction (rel-
ative risk 0.35, 95% CI 0.16-0.78) in incident fractures
in the 12 months following BKP compared to con-
ventionally treated patients.

Third, an increased body of evidence provides the
opportunity to comment more definitely on population
factors that might be associated with the level of ben-
efit or harm of BKP. It appears that the magnitude of
pain relief following BKP is higher in studies recruiting
either individuals with young fractures, and shorter
periods of fracture-related pain compared to studies
with older fractures or long durations of pain.

Finally, the low risk of complications identified in
published studies in this review is in contrast to the
retrospective analysis of the FDA safety database by
Nussbaum et al. [13] that reported 21 serious adverse
events associated with balloon kyphoplasty during the
period 1999 to June 2003. This later analysis has re-
ceived considerable subsequent criticism on its poor
methodology, particularly the non-mandatory basis of
reporting required by the FDA safety database and the
inability to determine the true denominator (events or
patients) to which the number of events can apply [12].

The precise mechanism by which BKP facilitates
pain relief and improves the functionality of patients
remains to be elucidated. It is often argued that BKP
might be superior to other inventions, including ver-
tebroplasty and non-operative care, as it works through
the recovery of vertebral body height, which, in turn,
improves vertebral alignment and, therefore, whole
body function [7]. However, the evidence for the
association between morphological changes and pa-
tient outcomes is limited. Kasperk et al. (iii), found no
significant relationship between the change in vertebral
height and the change in VAS pain. Similarly, although
Crandall and Garfin both found recent fractures were
more likely to lead to a gain in vertebral height than

older fractures, there was no difference in pain relief
between the two groups (xii and xviii). However, these
studies were likely to be underpowered to detect such
differences. Given the fact that our review was not a
mechanistic one, we did have the opportunity to
examine the association between the average mor-
phological changes and average change in pain relief.
We found some evidence of moderate correlations
between the change in VAS pain with the change in
vertebral height (r = 0.62, P = 0.184) and change in
kyphotic angle (r = -0.68, P = 0.09). Given, that our
analysis is at a study level, we acknowledge it is likely
to have low power and also liable to confounding.
Therefore this explains why a definite association be-
tween vertebral height and pain relief cannot be
established from this analysis.

Strengths and limitations

The principal strength of this review is its compre-
hensiveness. We undertook exhaustive searches of the
literature and sought all published and unpublished
evidence. Inevitably, any review can be subject to
publication bias, i.e. studies with ‘positive’ results are
more likely to be reported and published, while side
effects and adverse events are more likely to be un-
derreported.

We recognise there are limitations to this study,
both in its methods and also the nature of the evidence
identified. Given the high level of statistical heteroge-
neity in both pain relief and cement leakage following
BKP, we sought to explore this based on study level
data (e.g. the mean age of patients, the proportion of
males, the average duration of fracture pain). How-
ever, in view of the relatively limited number of in-
cluded studies with numerical data, we recognise that it
has limited power risk to identifying subgroup rela-
tionships. Nevertheless, the finding of few, if any, sig-
nificant subgroups from our between-group analysis,
was consistent within the identified study analyses.

The principal limitation in the interpretation of the
findings of this review was the absence of randomised
controlled trial (or ‘level I') evidence. However, it is
important to point out that although case series studies
are relatively low in the hierarchy of evidence, well-
conducted and adequately reported studies can provide
useful data on ‘real world’ effectiveness and the safety
of the procedure. Furthermore, as discussed above, this
review has identified a growing number of direct, albeit
non-randomised, comparative studies. It is recognised
that because of non-random allocation of patients to
intervention and control, studies are prone to sub-
stantial selection bias and confounding. Nevertheless,
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we sought to identify those comparative studies, where
the risk of bias might be low, i.e. prospective studies
that sought consecutive patients with evidence of sim-
ilarity in baseline characteristics between comparisons
groups, independent outcome assessment and low los-
ses to follow up. We excluded some papers that de-
scribed a BKP technique that might be considered as
non-routine.

Implications for further research

This review has identified the need for long-term pro-
spective studies in patients with neoplastic VCFs di-
rectly comparing BKP with both conventional medical
care and also with vertebroplasty. Three randomised
controlled trials of BKP are registered and currently
underway (see Table 9). There is an increasing need to

Table 9 Registered ongoing randomised controlled trials of BKP

identify those patients who could gain most from BKP
and, therefore, represent the most cost effective use of
healthcare resources. Potential subgroups that deserve
particular consideration include the age of the fracture,
multiple compared to single fractures, and degree of
morphological dysfunction.

Conclusions

There are now prospective studies of low bias, with
follow-up of 12 months or more, which demonstrate
balloon kyphoplasty to be more effective than medical
management of osteoporotic vertebral compression
fractures and as least as effective as vertebroplasty.
Results from ongoing RCTs will provide further
information in the near future.

Trial name trial ‘FREE’ NCT00211211

‘CAFE’ NCT00211237

‘CEEP’ NCT00279877 KAVIAR NCT00323609

registration #

Intervention Balloon kyphoplasty Balloon kyphoplasty
Comparator Medical therapy Medical therapy
Indication Vertebral body compression Painful vertebral body
fractures (VCF) due to compression fractures
primary or secondary (VCF) in cancer patients
osteoporosis, multiple including multiple
myeloma or osteolytic myeloma, metastatic
metastatic tumours breast and lung cancer
Primary Quality of life (SF-36) Pain (VAS), disability
outcome(s) (Roland-Morris) and
safety
Secondary Pain, functional capacity, Disability, quality of life,
outcomes vertebral height, spinal back pain, ambulatory

deformity, healthcare
resources, safety, cost

status, vertebral height

effectiveness
Sample size* 300 200
Follow up Up to 2-years Up to 1-year
Setting Europe US/Europe
Multicentre Multicentre
Recruitment February 2003 May 2005
Start date December 2005 Not known
Expected end date
Principal Late Professor Oloff Prof. M. Hussein
investigator Johnell UMAS Cleveland Clinical Myeloma
University hospital Research Center
Dept. of Orthopedics 9500 Euclid-A, Cleveland
20502 Malmo, Sweden OH 44195, USA
Funder Kyphon Kyphon

Balloon kyphoplasty

Vertebroplasty

Painful osteoporotic
compression
fractures

Pain (Roland scale)

Quality of life,
functional capacity,
healthcare care
resources, safety,
cost effectiveness

112

Up to 2-years
uUs
Multicenter
31st May 2006
31st May 2007

Dr. Avery Evans
Mayo Clinic

200 1str Street SW,

Rochester
MN 55905, USA

Mayo Clinic, Cardinal,

ArthroCare
Corporation, Cook

Balloon kyphoplasty

Vertebroplasty

Painful osteoporotic
compression fractures

Proportion with subsequent
fracture

Change in back pain; back
function; quality of life;
rate of serious adverse
events; change in
vertebral body height and
angular deformity; VCF-
related health care
utilization

1,234

Up to 2-years

Worldwide

Multicenter

August 2006

August 2011

Dr Jacques Dion, Emory
University-Department of
Interventional Neuroradiol-
ogy,

1364 Clifton Road, NE
Atlanta, G

Kyphon

* Total number of intervention and control patients
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