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ABSTRACT

Introduction: Vertebral fracture is the main complication of osteoporosis and is common among the elderly. Conservative treatment is
the first choice for osteoporotic vertebral compression fractures (OVCF) but for persistent painful cases, percutaneous vertebral cement
augmentation techniques, such as vertebroplasty and kyphoplasty, are indicated. We performed a systematic review to compare clinical
and radiological outcomes of both methods. Methods: A systematic review was performed according to the PRISMA and Cochrane Hand-
book for Systematic Reviews of Interventions. The PICO search strategy consisted of the following terms: Population- Patients with OVCFs;
Intervention- Kyphoplasty; Control- Vertebroplasty; Outcomes- Pain, Cement Leakage, Vertebral Body Height, Adjacent level fractures,
Oswestry (ODI) and SF36. Results: Seven articles were included in the gualitative analysis, selecting only randomized controlled trials.
Four hundred and fifty patients were treated with vertebroplasty (VP) and 469 with kyphoplasty (KP). The leakage rate of the VP group was
63% versus 14% for the KP group. However, these results were without statistical significance. The Visual Analogue Scale (VAS), ODI and
SF-36 outcomes were evaluated based on the 6-month and 1-year follow-up results, and we were unable to find any significant differences
between treatments. For restoration of vertebral height, the values of the KP group were, on average, 0.71 cm higher than those of the VP
group, with 95% CI. Conclusion: Based on this systematic review, kyphoplasty is superior to vertebroplasty for achieving gains in vertebral
body height. As regards cement leakage and other clinical outcomes, neither method showed statistically significant superiority. Level of
Evidence I; Systematic review.
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RESUMO

Introdugédo: A fratura vertebral é a principal complicagdo da osteoporose e ocorre com frequéncia em idosos. O tratamento conser-
vador é a primeira escolha para fraturas compressivas vertebrais por osteoporose (FCVO), mas para casos dolorosos persistentes, as
técnicas de cimentagao vertebral, como vertebroplastia e cifoplastia, sdo indicadas. Realizamos uma revisao sistematica para comparar
0s resultados clinicos e radiolégicos de ambos os métodos. Métodos: Uma reviséo sistematica foi realizada de acordo com o PRISMA e o
Manual Cochrane de Revisées Sistematicas. A estratégia de busca PICO foi: Populagdo - Pacientes com FCVOs; Intervencéo - Cifoplastia;
Controle - Vertebroplastia, Resultados - Dor, Extravazamento de Cimento, Altura do Corpo Vertebral, Fraturas em Nivel Adjacente, Oswestry
(ODI) e SF36. Resultados: Sete artigos foram incluidos na andlise qualitativa, somente ensaios clinicos randomizados. Quatrocentos e
cinquenta pacientes foram tratados com vertebroplastia (VP) e 469 com cifoplastia (CP). A taxa de extravazamento de cimento do grupo
VP foi de 63% contra 14% do CR no entanto, néo atingiu significancia estatistica. Os desfechos da Escala Visual Analdgica (EVA), ODI e
SF-36 foram avaliados considerando os resultados de seis meses e um ano de seguimento e ndo pudemos apontar diferencas entre 0s
tratamentos. Por fim, a CP apresenta valores médios 0,71 cm maiores do que a VP para a restauragdo da altura do corpo vertebral, com
IC de 95%. Conclusao: Nesta reviséo sistematica a cifoplastia foi superior a vertebroplastia para ganho de altura do corpo vertebral. Nao
houve superioridade estatisticamente significativa entre os dois métodos para extravazamento de cimento e outros resultados clinicos.
Nivel de Evidéncia I; Revisao sistematica

Descritores: Cifoplastia; Vertebroplastia; Metanalise; Fraturas da Coluna Vertebral.

RESUMEN

Introduccioén: La fractura vertebral es la principal complicacién de la osteoporosis y ocurre con frecuencia en los ancianos. El tratamiento
conservador es la primera opcion para las fracturas vertebrales por compresion debidas a la osteoporosis (FCVO), pero para los casos
de dolor persistente estan indicadas las técnicas de cementacion vertebral, como la vertebroplastia y la cifoplastia. Se realizé una revision
sistematica para comparar los resultados clinicos y radiolégicos de ambos métodos. Métodos: Se llevd a cabo una revision sistematica de
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acuerdo con la declaracion PRISMA y el Manual Cochrane de Revisiones Sistematicas. La estrategia de busqueda PICO fue: Poblacion:
Pacientes con FCVO; Intervencion: Cifoplastia; Control- Vertebroplastia; Resultados: Dolor, Extravasacion del cemento, Altura del Cuerpo
Vertebral, Fracturas de Nivel Adyacente, Oswestry (ODI) y SF36. Resultados: Se incluyeron siete articulos en el analisis cualitativo, sélo
ensayos clinicos aleatorios. Cuatrocientos cincuenta pacientes fueron tratados con vertebroplastia (VP) y 469 con cifoplastia (CP). La
tasa de extravasacion de cemento en el grupo VP fue del 63% frente al 14% en el CR sin embargo, no alcanzé significancia estadistica.
Los resultados de la Escala Visual Analdgica (EVA), ODI'y SF-36 se evaluaron teniendo en cuenta los resultados de 6 meses y 1 afio de
seguimiento y no pudimos sefialar diferencias entre los tratamientos.. Finalmente, el CP presenta valores promedios 0,71 cm superiores
al VP para restaurar la altura del cuerpo vertebral, con un IC del 95%. Conclusién: En esta revision sistematica, la cifoplastia fue superior
a la vertebroplastia para el aumento de altura del cuerpo vertebral. No hubo una superioridad estadisticamente significativa entre los dos
métodos para la extravasacion del cemento y otros resultados clinicos. Nivel de Evidencia I; Revision sistematica.

Descriptores: Cifoplastia; Vertebroplastia, Metaanalisis, Fracturas de la Columna Vertebral.

INTRODUCTION

Vertebral fracture is the main complication of osteoporosis’. It
presents clinically as back pain, and radiographically as a compres-
sive fracture in the vertebral body, usually located at the thoraco-
lumbar transition.? Osteoporotic vertebral compression fractures
(OVCF) are common among the elderly, especially in postmeno-
pausal women,® and it is estimated that 30% to 50% of women and
20% to 30% of men aged over fifty will develop vertebral fractures
during their lives, with half of these people having multiple lesions.*¢

Conservative treatment is the first choice for OVCF, and is very effi-
cient in most cases.” However, where there is severe pain or functional
limitation, percutaneous vertebral cement augmentation techniques,
such as vertebroplasty (VP) and kyphoplasty (KP), are indicated,
primarily to reduce the back pain and improve the patient’s functional
status and secondarily, to stabilize the fractured vertebra.?

Unlike vertebroplasty, kyphoplasty has the advantage that it
uses a balloon, producing a space within the vertebral body, which
theoretically reduces cement leakage during the procedure and also
allows for the restoration of vertebral body height.®

Although some systematic reviews comparing kyphoplasty and
vertebroplasty to treat vertebral compression fractures have been
published previously, they do not provide reliable evidence due to
their flawed methodologies, and the fact that they include articles
other than randomized clinical trials.'®'® Some of the conclusions
reported by previous systematic reviews are biased by the inclusion
of low quality and conflicting papers, including prospective cohorts,
retrospective and non-randomized studies.'®'3 Although kyphoplasty
is widely used to treat vertebral compression fractures in most osteo-
porotic patients, and is preferred by surgeons as a newer and safer
option to traditional vertebroplasty, there is still no clear evidence
that it presents better clinical outcomes or fewer complication rates.

In this study, we perform a meta-analysis of only randomized clini-
cal trials, comparing kyphoplasty versus vertebroplasty to treat OVCF.

METHODS

A systematic literature review was performed according to the
Preferred Reporting Iltems for Systematic Reviews and Meta-Analy-
ses (PRISMA)'™ and Cochrane Handbook of Systematic Reviews.'s
Eligibility Criteria
Inclusion criteria: defined by the PICO search strategy that speci-
fies the population to be evaluated, the intervention, the control, and
the desired outcomes. Only Randomized Controlled Trials (RCT)
were considered for analysis. The research questions based on
PICO were:

* Do patients with OVCFs submitted to kyphoplasty have better pain

scores compared to those submitted to vertebroplasty?

Do patients with OVCFs submitted to kyphoplasty present better

vertebral body height restoration compared to those submitted

to vertebroplasty?

* Do patients with OVCFs submitted to kyphoplasty present
more adjacent level fractures compared to those submitted to
vertebroplasty?

* Do patients with OVCFs submitted to kyphoplasty present more
cement leakage compared to those submitted to vertebroplasty?

* Do patients with OVCFs submitted to kyphoplasty have better
disability scores compared to those submitted to vertebroplasty?

* Do patients with OVCFs submitted to kyphoplasty present bet-
ter quality-of-life outcomes compared to those submitted to
vertebroplasty?

Sources of Information

Two authors (WZS) (LMJ) independently reviewed articles avail-
able in the MEDLINE (PubMed), Embase, Lilacs, and Cochrane
Central Register databases of randomized assays. The search terms
kyphoplasty, vertebroplasty, osteoporosis and vertebral fractures
were used, both individually and in combination. Articles on vertebro-
plasty and kyphoplasty for painful OVCF, published between January
1987 and March 2019, were downloaded and studied. Only articles
written in English and approved for publication were included.

Search

The search strategy for PubMed is shown in Appendix 1. One
author (N.A.) assessed and guided the results of the electronic
literature survey, and any divergences were resolved by group
discussion.

Study Selection

The retrieved articles were first assessed based on their titles;
the titles identified were reevaluated based on the abstracts, and
for the selected abstracts, the papers were then assessed in full. All
the authors also searched for cross-references.

Data collection process

Data was extracted independently by two reviewers (WZ and
LK), both of whom are board certified in spine surgery. Any disa-
greements that arose were discussed and resolved by consensus.
The following items were included in our form and collected for every
RCT: study design, number of patients assigned and assessed at the
end of the study, participant’s age, and study intervention. The pri-
mary outcomes assessed were pain relief, improvement in disability
and quality-of-life scores, cement leakage and vertebral body height.

Risk of bias in individual studies

Two of the reviewers (W.Z.S) (L.D.K) independently assessed the
methodological quality of the included studies, in accordance with
the Cochrane Handbook for Systematic Reviews of Interventions
(Figure 1).

Summary measures

A meta-analysis were performed using the inverse variance
method, with the DerSimonian-Laird estimator for 2. The analyses
were performed using the software R 3.5.1 (R Core Team, 2019) with
the meta package (Schwazer, 2013). Binary events (such as Cement
Leakage and Adjacent Level Fractures) were meta-analyzed in rate
ratios, and continuous outcome comparisons (VAS, VBH, ODI, SF36)
were presented as mean differences.
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Summary of results

All the meta-analyses were presented according to random and
fixed effect models. The |2 index was reported, in order to assess
heterogeneity between studies.

| e [

Eligibility

Induded

3 35 _ RESULTS
‘% L 3 ‘E _ After the full literature search, six hundred and fifty-seven articles
25 ¢ =z 2 £ were identified. One hundred and twenty-one duplicate articles were
s g E g Z g excluded. Based on a review of the abstracts, five hundred and
§ 2 s g =5 § thirteen articles were excluded. After applying the exclusion criteria,
g E’ g > E £ a further sixteen articles were excluded. In total, seven articles were
g 33 £ S g included in the qualitative synthesis.'623
3.‘ § & 3 s 8 The mechanism for inclusion of articles is shown in the Flow-
c: § o384 chart-PRISMA Guidelines (Figure 2).
8 8353 E § 3 The results were comprised of seven randomized controlled tri-
g I 5 5 £ & 8 als. We identified a total of 919 patients. Of these, 450 patients were
DohmM 2014 | @ | @ | @ oo e treated with vertebroplasty (VP) and 469 with kyphoplasty (KP). The
characteristics and patient demographics of the included studies
Encress. 2012| @ | @ ee0eo (age, sex, and the outcomes assessed) are summarized in Table 1.
wr2001@ @ @ |0® Cement leakage was analyzed in five studies.'®® The leakage
LiuJT 2015 | @ XXX rate of the VP group was 63% versus 14% for the KP group. However,
omidi-Kashan £ 2013 | @ | @ | @ oo considering the fixed model result given the high variability of the
results (12=85%), it was not possible to indicate, with a significance
YoglJTie01s 0 e e e level of 5%, that the treatments differed as regards Cement Leakage
Wang CH 2015 ee e e e (CL) rate. The RR was estimated at 0.78 [95% CI 0.44 - 1.39]. The
graphical analysis of this outcome is represented in Figure 3.
Figure 1. Risk of bias Summary. The outcome of the Visual Analogue Scale (VAS) was evaluated
Flow Diagram- Kyphoplasty x vertebroplasty

Records identified through
database searching
(n =657)

Additional records identified
through other sources
(n=0)

Records after duplicates removed

(n=536)
Records screened Records excluded based on review of
(n=23) the title and abstract
\ (n=513)

Full-text articles assessed
for eligibility
(n=7)

Full-text articles excluded, with
reasons
(Retrospective study: n=6)

(Unvaiable data: n=5)
(Basic Study: n =5)

Studies included in
qualitative synthesis
(n=7)

A

Studies included in
quantitative synthesis
(meta-analysis)
(n=7)

Figure 2. Flowchart — PRISMA Guideline.
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considering the 6-month and 1-year follow-up results.'”'%2? Mean
and standard deviations were estimated for both groups. We were
not able to demonstrate differences between treatments at a signifi-
cance level of 5% (12=23.2%). This result is represented by Figure 4.

Regarding the results for the Oswestry Disability Index (ODI)
and Short Form 36 (SF-36) scores, for both the 6-month and 1-year
follow-up groups, in the fixed and mixed models, there was insuf-
ficient evidence to conclude that the KP group was superior to the
VP group. This is demonstrated graphically in Figures 5 and 6 (12:
61.7% and 91.6%, respectively).

Finally, in relation to Vertebral Body Height (VBH),2!?? the values
for the KP group were, on average, 0.71 cm higher than those of
the VP group, with 95% CI [0.61; 0.81] (I2: 0.0%). This superiority is
represented in Figure 7.

DISCUSSION

This study compares clinical and radiographic results, includ-
ing complications, of two different vertebral augmentation methods
to treat osteoporotic vertebral compression fractures. Therefore,
we performed a systematic review and meta-analysis with a strict
methodology, including only randomized clinical trials, which was
not done in previous published reviews on the same subject.'® '

Table 1. Characteristics of the Included Studies.

Due to conflicting results of research on kyphoplasty and ver-
tebroplasty, the theoretical advantage of one technique over the
other is controversial. While kyphoplasty promises effectiveness in
gaining vertebral height, and less complications such as cement
leakage, vertebroplasty is more cost-effective compared to the more
expensive, improved technique. Supported by the literature, there
is a tendency for surgeons to change their practices, with kypho-
plasty becoming more popular. However, we still do not have clear
evidence of the superiority of kyphoplasty over vertebroplasty, and
it appears that its advantage in restoring vertebral height is not ac-
companied by clinical improvement.

After performing a meta-analysis of seven randomized controlled
trials comparing both techniques, we found no significant difference
between them for most of the outcomes analyzed, including clini-
cal outcomes such as VAS, ODI and SF-36, and cement leakage.
The most feared complication of vertebral cement augmentation is
leakage of cement into the spinal canal or blood vessels, which can
have severe and major complications, such as spinal cord injury,
paraplegia, or thromboembolic events. Although kyphoplasty deliv-
ers a controlled, low-pressure injection of cement into a previously
prepared cavity in the vertebral body, there is no statistical evidence
that it reduces cement leakage when compared to vertebroplasty.
Wang et al.,'® Gu et al.,'" and Xiao et al.,'?> published previous

Author(s) Year | Location g;:::;yn N KP | N VP | Total SexK(FI:/M) Sexv(glM) rl:g:nl((gl;) r/:gaenv(l;I;) Outcome

1. Vogl JT. 2013 | Germany RCT 49 28 77 36/13 19/9 72,0 (10,2) | 74,0 (11,5) CL / ALF/ VBH

2. Endres S. 2012 | Germany RCT 20 21 41 14/6 12/8 63,3 71,3 CL/ ALF /VBH / VAS / ODI
3. Omidi 2013 Iran RCT 29 28 57 22/7 22/6 72,1 (6,2) 72,4 (8,2) CL / ALF / VAS / SF-36
4. Liu JT. 2009 Taiwan RCT 50 50 100 39/11 38/12 72,3 (7,6) 73.4 (6,4) ALF / VAS / VBH

5. Wang CH. 2015 China RCT 72 68 140 40/14 41/12 68,6 (8,3) 69.4 (8,9) CL/VAS / VBH / ODI

6. Dohm M. 2014 USA RCT 199 205 404 154/45 158/47 75,6 75,6 CL/ SF-36/ ODI / KC
7 Liu JT. 2015 Taiwan RCT 50 50 100 39/11 38/12 72,3 (7,6) 74,3 (6,4) VBH / KC / VAS

RCT: Randomized Clinical Trial; KP: Kyphoplasty; VP: Vertebroplasty; CL: Cement leakage; ALF: Adjacent Level Fracture; VBH: Vertebral body height; ODI: Oswestry; SF-36: Short form 36; KC: Kyphosis correction.

BKP VP

Cement Leakage Weight Weight

Study Events Total Events Total Rate Ratio RR 95%-Cl (fixed) (random)
1. Vogl JT (2013) 9 65 24 39 ——— . 0.22 [0.12;043] 2.1% 24.0%
2. Endres S (2012) 4 20 7 21 ‘ 0.60 [0.21;1.74] 0.8% 16.8%
3. Omidi-Kashani F (2013) 14 29 16 28 0.84 [0.52;1.39] 3.7% 27.0%
6. Dohm M (2014) 168 214 160 201 0.99 [0.89; 1.09] 93.3% 321%
Fixed effect model 328 289 ' 0.95 [0.86; 1.04] 100.0% -
Random effects model 0.61 [0.32; 1.15] --  100.0%
Heterogeneity: 12 = 85%, 12 = 0.3192, p < 0.01 ' r T !
02 05 1 2 5
Figure 3. Cement leakage compared for Kyphoplasty versus vertebroplasty.
BKP VP VAS Weight Weight
Study Total Mean SD Total Mean SD Mean difference MD 95%-Cl (fixed) (random)
2. Endres S (2012) 18 3.65 0.64 19 3.24 140 0.41 [-0.29;1.11] 5.3% 5.3%
3. Omidi-Kashani F (2013) 29 1.80 1.20 28 1.60 0.80 0.20 [-0.33;0.73] 9.2% 9.2%
4. Liu JT (2009) 50 2.60 0.60 50 2.60 0.60 — 0.00 [-0.24;0.24] 46.3% 46.3%
7. Liu JT (2015) 50 2.40 060 50 2.20 0.70 0.20 [-0.06; 0.46] 39.2% 39.2%
Fixed effect model 147 147 = 0.12 [-0.04; 0.28] 100.0% --
Random effects model = 0.12 [-0.04; 0.28] --  100.0%
Heterogeneity: 12=0.0%, = 0, p =0.55 ' ' !
-1 -0.5 0 0.5 1

Figure 4. Pain outcome comparison of Kyphoplasty versus Vertebroplasty.
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Heterogeneity: 2= 0.0%, 2= 0,p=084

BKP VP oDl Weight Weight
Study Total Mean SD Total Mean SD Mean difference MD 95%-Cl (fixed) (random)
2. Endres S (2012) 18 43.10 19.50 19 53.10 8.50 : -10.00 [-19.79;-0.21] 7.4% 41.0%
6. Dohm M (2014) 119 29.50 10.90 138 28.20 11.70 1.30 [-1.47; 4.07] 92.6% 59.0%
Fixed effect model 137 157 0.46 [-2.20; 3.13] 100.0% -
Random effects model -3.34 [-14.23; 7.56] - 100.0%
Heterogeneity: 1 = 78.9%, t° = 50.4, p = 0.03
Figure 5. Meta-analysis of the mean difference between the intervention group (KP) and the control group (VP) for ODI.
BKP VP SF36 - Physical Weight Weight
Study Total Mean SD Total Mean SD Mean difference MD 95%-Cl (fixed) (random)
3. Omidi-Kashani F (2013) 29 62.90 11.60 28 73.00 11.60 -10.10 [-16.12; -4.08] 16.6% 47 2%
6. Dohm M (2014) 119 37.60 11.70 138 36.10 10.00 1.50 [-1.18; 4.18] 83.4% 52.8%
Fixed effect model 148 166 -0.42 [-2.87; 2.03] 100.0% -
Random effects model -3.97 [-15.32; 7.38] - 100.0%
Heterogeneity: /2 = 91.6%, t° = 61.6, p < 0.01
-1 10 -5 0 5 10 15
Figure 6. Meta-analysis of the mean difference of the intervention group (KP) versus the control group (VP) for the SF36.
BKP VP VBH Weight Weight
Study Total Mean SD Total Mean SD Mean difference MD 95%-Cl (fixed) (random)
4. Liu JT (2009) 50 2.04 0.41 50 1.32 0.26 ——'— 0.72 [0.59; 0.85] 51.5% 51.5%
7. Liu JT (2015) 50 2.00 040 50 1.30 0.30 - 0.70 [0.56; 0.84] 48.5% 48.5%
Fixed effect model 100 100 <I> 0.71 [0.61; 0.81] 100.0% -
Random effects model <= 0.71 [0.61; 0.81] -~ 100.0%

0.5

Figure 7. Meta-analysis of the mean difference of the intervention group (KP) versus the control group (VP) for vertebral body height.

systematic reviews comparing both techniques. They concluded
that there is significantly less cement leakage in the kyphoplasty
technique, but they all included cohorts and retrospective studies
in their reviews, and not only RCTs, which may have contributed to
biased conclusions. Although we found a higher leakage rate of 63%
for the VP group versus 14% for the KP group, this result was not
statistically significant. As for the improvement in pain and quality
of life Gu et al.,'" and Zhao et al.,'® also found equivalence for both
treatments in their systematic reviews. Wang et al.,'® divided their
clinical results into short- and long-term follow-up and found similar-
ity between the treatments at both time points. They demonstrated
that kyphoplasty showed better results for pain improvement in the
short-term follow-up, but there was no statistical difference between
the techniques in the long term. The force of evidence of these
conclusions is weakened by the inclusion of retrospective, cohort
or non-randomized studies. However, the results of our systematic
review, which found practically no differences between kyphoplasty
versus vertebroplasty, also presents a bias, as the randomized clini-
cal trials included in our analysis presented high heterogeneity.
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The only statistically significant difference between the two sur-
gical technigues was the gain in vertebral height. The origin of the
term kyphoplasty is obviously based on the theoretical ability of this
technique to restore vertebral alignment and height by inflating a
balloon in the vertebral body. The balloon lifts the superior endplate,
correcting or mitigating the kyphosis created by the compression
fracture. The power of kyphosis correction by balloon kyphoplasty
depends on the time and degree of vertebral collapse of the fracture.
A chronic vertebral compression fracture will present great rigid-
ity and less potential for restoration of height than an acute and
more mobile fracture. A severe collapse of body height might be
an obstacle to the introduction of the percutaneous balloon into the
vertebra, or could limit its inflation. Vertebroplasty is based on the
pure injection of cement into the vertebral body without any previ-
ous preparation, which provides structural support to the fractured
vertebra but does not restore its height. This outcome is usually
presented with statistical significance in all trials and systematic
reviews comparing kyphoplasty with vertebroplasty or non-surgical
treatment. Otherwise, this radiographic improvement is not related




to clinical improvement, as there was no statistical significance in
VAS, SF 36 and ODI.

The widespread acceptance of kyphoplasty by spine surgeons
led to the development of new augmentation techniques by the
industry that promised the ability to restore vertebral height, and
these techniques are gaining in popularity.>#?> However, none has
proven superiority over the other. Surgical strategies to decrease ce-
ment leakage have been proposed: slower injection of cement under
low pressure; previous injection of contrast into the cavity created
in the vertebrae, performed under fluoroscopic control, to observe
leakage; and waiting a longer period between preparing the cement
and applying the injection, to achieve higher viscosity. New cement
with higher viscosity has also been developed for vertebroplasty, and
has demonstrated less leakage rate and higher safety.?

This is a meta-analysis of a systematic review that included only
RCTs, with very strict control over the quality of the articles included.
Previous meta-analyses on this topic have included articles with
weak quality of evidence, such as cohort studies, non-randomized
trials, and retrospective studies. Despite our highly selective in-
clusion criteria, we found some weaknesses and methodological
flaws in the studies included, especially in relation to sample size,
randomization, allocation/concealment mechanism, implementation,
and blinding. Furthermore, only three of the seven RCTs presented
discussion of their study limitations, evaluation of possible biases, or
exposure of inaccuracies, diminishing the credibility of these studies.
We understand that performing a RCT of a surgical intervention is
cumbersome and expensive, and some biases will be unavoidable,
especially when it comes to blinding of surgeons or patients.

Another limitation of this systematic review is that we focus
only on the comparison between vertebroplasty and kyphoplasty,

excluding conservative treatment such as medications, brace and
physiotherapy, which have demonstrated strong evidence of benefits
in vertebral compression fractures in osteoporosis.” While many au-
thors advocate conservative treatment as the treatment of choice for
osteoporotic fractures, several studies comparing kyphoplasty and
non-surgical management®”-2® favor surgery with vertebral augmen-
tation, especially in relation to pain improvement in the short-term
follow-up. This would lead to decreased lengths of hospital stay
and/or bed restriction of elderly patients with fractures, reducing
associated complications.®®

CONCLUSION

This systematic review and meta-analysis showed superiority of
kyphoplasty over vertebroplasty only in relation to the gain in verte-
bral body height gain. But for clinical outcomes and cement leak-
age, there was no statistically significant superiority of one method
over the other. Further homogeneous randomized clinical trials are
needed, using a better methodology, to elucidate the benefit of one
technique over the other.
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KYPHOPLASTY VERSUS VERTEBROPLASTY IN VERTEBRAL COMPRESSION FRACTURES: A META-ANALYSIS

Appendix 1. Search strategy for PubMed.

((Osteoporosisimh] OR osteoporos*[tw] OR osteoporotic*[tw]) AND (“Fractures, Compression”[mh] OR “Compression Fracture”[tw] OR “Compression
Fractures”[tw] OR “Spinal Fractures”[mh] OR “Spinal Fractures”[tw] OR “Spinal Fracture”[tw] OR “Vertebral Collapse”[tw] OR “vertebral augmentation”[tw]
OR “spinal augmentation”[tw] OR “vertebral fracture”[tw] OR “vertebral fractures”[tw] OR OVCFS[tw] OR ((spinal[tw] OR spine[tw] OR Spine[mh] OR “Spinal
Column”[tw] OR “Vertebral Column”[tw] OR espinal*[tw] OR vertebra*[tw] OR column*[tw] OR thoracolumbar[tw] OR lumbar[tw]) AND (injur*[tw] OR fractur*[tw]
OR compress*[tw] OR traumatism*[tw] OR trauma[tw] OR collaps*[tw]))) AND ((kyphoplasty[mh] OR kyphoplasty[tw] OR “Balloon Vertebroplasty”[tw]) AND
(Vertebroplasty[mh] OR Vertebroplast*[tw])) AND (Humans[mh] AND medline[sb] AND (aged, 80 and over[mh] OR aged[mh] OR middle age[mh]))) AND
(((Complication* OR “adverse effects” OR “Cement Extravasation” OR “cement leakage” OR “Extravasation of Diagnostic and Therapeutic Materials” OR
(extravasa*[tiab] AND (cement*[tiab] OR ciment*[tiab])) OR “Pulmonary Embolism” OR “Pulmonary Thromboembolism” OR sequel*[tiab])) OR (Pain[mh] OR
Pain[tiab] OR Pains[tiab] OR ache[tiab] OR aches[tiab] OR Painful[tiab] OR VAS[tiab] OR (Visual[tiab] Analogue[tiab] Scale[tiab]) OR NRS[tiab] OR (Numeric[tiab]
Rating[tiab] System([tiab]) OR “Physical Suffering”[tiab] OR “Physical Sufferings”[tiab] OR lumbago([tiab]) OR (function[tiab] OR physiology[Subheading] OR
“Disability Evaluation”[mh] OR (height[tiab] AND (column[tiab] OR spinal[tiab] OR vertebr*[tiab] OR thoracolumbar[tiab])) OR (Oswestry[tiab] Disability[tiab]
Index(tiab]) OR ODl[tiab]))
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