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Abstract
Background: Kyphoplasty represents an established minimal-invasive method for correction and
augmentation of osteoporotic vertebral fractures. Reliable data on perioperative and postoperative
complications are lacking in the literature. The present study was designed to evaluate the
incidence and patterns of perioperative complications in order to determine the safety of this
procedure for patients undergoing kyphoplasty.

Patients and Methods: We prospectively enrolled 102 consecutive patients (82 women and 20
men; mean age 69) with 135 operatively treated fractured vertebrae who underwent a kyphoplasty
between January 2004 to June 2006. Clinical and radiological follow-up was performed for up 6
months after surgery.

Results: Preoperative pain levels, as determined by the visual analogous scale (VAS) were 7.5 +/-
1.3. Postoperative pain levels were significantly reduced at day 1 after surgery (VAS 2.3 +/- 2.2) and
at 6-month follow-up (VAS 1.4 +/- 0.9). Fresh vertebral fractures at adjacent levels were detected
radiographically in 8 patients within 6 months. Two patients had a loss of reduction with
subsequent sintering of the operated vertebrae and secondary spinal stenosis. Accidental cement
extravasation was detected in 7 patients in the intraoperative radiographs. One patient developed
a postoperative infected spondylitis at the operated level, which was treated by anterior
corporectomy and 360 degrees fusion. Another patient developed a superficial wound infection
which required surgical revision. Postoperative bleeding resulting in a subcutaneous haematoma
evacuation was seen in one patient.

Conclusion: The data from the present study imply that percutaneous kyphoplasty can be
associated with severe intra- and postoperative complications. This minimal-invasive surgical
procedure should therefore be performed exclusively by spine surgeons who have the capability of
managing perioperative complications.

Published: 15 January 2008

Patient Safety in Surgery 2008, 2:2 doi:10.1186/1754-9493-2-2

Received: 31 October 2007
Accepted: 15 January 2008

This article is available from: http://www.pssjournal.com/content/2/1/2

© 2008 Robinson et al; licensee BioMed Central Ltd. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Page 1 of 10
(page number not for citation purposes)

http://www.pssjournal.com/content/2/1/2
http://creativecommons.org/licenses/by/2.0
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/about/charter/


Patient Safety in Surgery 2008, 2:2 http://www.pssjournal.com/content/2/1/2
Background
Osteoporotic vertebral compression fractures (VCF) are
an epidemic burden disabling temporarily or perma-
nently millions of elderly people worldwide. The annual
incidence of VCF is 1.21% in women and 0.68% in men,
increasing markedly with age [1]. With the continued
aging of our population, VCF represent an important
cause of disability and a significant source of healthcare
resource utilization [2]. Non-surgical management with
pain control and physical therapy-assisted mobilization is
an effective treatment option. However, many patients
remain immobilized due to chronic back pain [3]. The
obvious functional and physical consequences of VCF
lead to anxiety, depression, and have devastating impact
on interpersonal relationships and social roles [4]. Strik-
ingly, VCF have been shown to contribute significantly to
shorter life-expectancy both in women (p < 0.01) and
men (p < 0.0001) within one year after onset of symp-
toms [5].

Since restoration of quality of life has grown into a major
issue in VCF treatment, operative treatment for pain
reduction and correction of deformity has been much
sought-after. Galibert et al [6] presented the first cases of
successful vertebral augmentation by intravertebral injec-
tion of polymethyl methacrylate (PMMA) in patients with
vertebral haemagiomas. Later, vertebroplasty was success-
fully introduced for the management of osteoporotic
compression fractures [7]. The primary goal of vertebro-
plasty is pain relief by stabilization of the continuously
sintering VCF [8]. A significant drawback of vertebroplasty
is the fact that prevalent kyphosis cannot be corrected
through this procedure. The biomechanical principle of
increasing anterior column load with progressing kypho-
sis leading to subsequent VCF established the basic ration-
ale for kyphoplasty. With this technique, reduction of VCF
is achieved by a transpedicular intracorporal balloon
expansion and retention by PMMA cement augmentation
[9]. Up to the present, the concept of kyphoplasty has
been successfully applied in thousands of patients with
VCF, by decreasing fracture-related pain, improving bio-
mechanics of the spine, as well as pulmonary function
and quality of life [10,11].

Although kyphoplasty is performed in a minimally-inva-
sive, percutaneous technique, the cement augmentation
of vertebral fractures is associated with intra- and postop-
erative complications [12]. The most commonly
described complication is an extravertebral leakage of
PMMA cement through the venous system and through
vertebral fracture cracks [13]. This can lead to spinal sten-
osis or to pulmonary cement embolism [14]. Even though
kyphoplasty has significantly lower rates of cement
extravasation than vertebroplasty [15], cement leakage
may occur more frequently than appreciated and is asso-

ciated with a significant morbidity [12]. In addition, sys-
temic allergic or toxic reactions to PMMA monomers have
been described [16]. Furthermore, the stabilization of a
specific fracture level by kyphoplasty may lead to second-
ary fractures of adjacent vertebrae due to the changed bio-
mechanics of the spine [17]. The presented study was
designed to assess the overall incidence and patterns of
complications related to the kyphoplasty procedure in
patients with osteoporotic vertebral fractures.

Patients and methods
This prospective study was performed between 1/2004
and 6/2006. Written informed consent was obtained from
all participating individuals. A total number of 102
patients (82 women and 20 men; age: 69 ± 8 years) pre-
sented with 130 fractured vertebrae type A1 and 5 frac-
tured vertebrae type A3 according to the AO classification
by Magerl et al [18] (72 thoracic and 63 lumbar levels).
The activity of osteoporotic VCF was confirmed in all cases
by evaluation of the bony oedema in fat suppressed
sequences (i.e. TIRM or STIR) of the magnetic resonance
imaging (MRI). Furthermore anterior-posterior (a-p) and
lateral radiographs were performed to evaluate the scoli-
otic and kyphotic deformity. Indication for kyphoplasty
was kyphotic deformity >15 degrees, subsequent sintering
(progressive loss of vertebral height), and pain resistant to
analgesics and physical therapy for twelve weeks, as
assessed by a visual analogue scale (VAS) score of more
than 5 points.

As operative procedure we chose in 130 cases a percu-
taneus balloon kyphoplasty (Kyphon Inc, Sunnyvale, CA)
with PMMA cement (Kyphx-HVR; Kyphon Inc.) after
closed reduction through traction and lordosation under
general anaesthesia. In the 5 cases with A3.1 fractures an
additional stabilization with an internal fixator was per-
formed (Universal Spine System; Synthes, Bettlach, Swit-
zerland). During the procedure no biopsies were
performed for pathologic review to rule out tumour as a
cause of the pathologic bon quality. Peri- and postopera-
tively all patients received thrombosis prophylaxis with
low-molecular weight heparins. Perioperatively all
patients received an intravenous single-shot 1.5 g cefurox-
ime.

Follow-up was done 6 weeks, 12 weeks, and 6 months
postoperatively. At follow-up plain radiographs were per-
formed, and cement leakages, subsequent fractures, and
further sintering (vertebral height and kyphosis) were
determined.

Results
Preoperative pain levels, as determined by VAS were 7.5 +/
- 1.3. Postoperative pain levels were significantly reduced
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at day 1 after surgery (VAS 2.3 +/- 2.2) and at 6-month fol-
low-up (VAS 1.4 +/- 0.9).

This study focused on complications of kyphoplasty,
which could be distinguished between late complications
(subsequent VCF, secondary stenosis through sintering)
and early/perioperatively (cement leakage, infection, hae-
matoma). Complications occurred in 18 patients (17.6%)
Fresh vertebral fractures at adjacent levels were detected
radiographically in 8 patients (7.8%) within 6 months
(Fig. 1). Two patients (2.0%) had a loss of reduction with
subsequent sintering of the operated vertebrae and sec-
ondary spinal stenosis (Fig. 2). Accidental cement extrava-
sation was detected in 7 patients (6.9%) in the
intraoperative radiographs (Fig. 3). One of these leakages
(1.0%) was into the spinal canal without any relevant spi-
nal stenosis or neurological compromise. No sign of
cement embolisms or allergic reactions to PMMA mono-
mers was seen. One patient (1.0%) developed two weeks
after kyphoplasty a postoperative infected spondylitis at
the operated level with epidural abscess and incomplete
paraplegia, which was treated emergently by posterior
decompression, abscess evacuation, and instrumentation
as well as anterior debridement and corporectomy in a
360 degrees fusion (Fig. 4). Another patient (1.0%) devel-
oped a superficial wound infection after 10 days which
required surgical revision. Postoperative bleeding result-
ing in a subcutaneous haematoma evacuation was seen in
one patient (1.0%).

Discussion
Fourteen years after the first vertebroplasty was performed
in 1984, the procedure met its worst competitor promis-

ing less complications and reconstructive ability: kypho-
plasty. Until now, several non-randomized prospective
controlled trials have been published comparing kypho-
plasty to non-surgical treatment and vertebroplasty (Table
1) and four ongoing randomized controlled trials are reg-
istered (Table 2) [19]. Major issues are pain improvement
and quality of life, correction of deformity and postoper-
ative complications. The first results of the multicentrical
randomized controlled Fracture Reduction Evaluation
(FREE) study present a significant improvement of the
quality of life (SF-36, p < 0. 01) after 3 months in the
kyphoplasty group (n = 149) controlled against non-sur-
gical treatment (n = 151) [11]. Only one device-related
serious adverse effect (a soft tissue haematoma) has been
reported in the FREE study, but first the 1-year results,
which will be published soon, will give evidence concern-
ing the safety of kyphoplasty.

Correction of deformity
Osteoporotic VCF lead to significantly reduced life expect-
ancy in both men and women [5]. In postmenopausal
women the risk of subsequent VCF is much greater than
for other fractures (relative risk = 4.4) [20,21]. This risk
increases with the severity of the deformity [22]. Therefore
surgical correction of deformity has the ability to reduce
morbidity and mortality in these patients. Conventional
open interventions require anterior open-wedge or poste-
rior closing-wedge techniques with long distance poste-
rior fusions because of poor bone quality. Due to the
surgical access and co-morbidities these operations go
along with severe complications, but they were found to
have excellent 2-year results in ODI and VAS improve-
ment [23]. Much less invasive is the kyphoplasty proce-

A 56-year old lady presented with painful compression fractures at L2, L3, and L4 due to corticoid-induced secondary oste-oporosis (a, b)Figure 1
A 56-year old lady presented with painful compression fractures at L2, L3, and L4 due to corticoid-induced secondary oste-
oporosis (a, b). As pain did not improve during non-surgical therapy for 6 weeks, kyphoplasty at L2–L4 was performed (c). 
Two weeks postoperatively the patient reported again severe back pain. The radiographs revealed an adjacent compression 
fracture at L1 (d). Therefore a kyphoplasty at L1 was performed (e). One month later the patient presented again with severe 
thoracolumbar back pain, because of an adjacent fracture at T12 (f). After kyphoplasty of T12 and prophylactic kyphoplasty of 
T11 the patient remained without further fractures (g).
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dure, which also has the capability of reconstructing VCF
height. Voggenreiter et al [9] found a reduction of 3.1
degrees Cobb angle in standing radiographs after kypho-
plasty (n = 30). Pradhan et al [24] found a local correction
of the fractured vertebra of 7.2 degrees, but only 2.4
degrees of the Cobb angle, when measured 1 level above
and below (n = 65). Interestingly they found a greater
improvement of kyphosis with multilevel kyphoplasty of
7.7 degrees Cobb angle.

Complications after Kyphoplasty
The comprehensive meta-analysis of Taylor et al [19] sum-
marized all published kyphoplasty complications.
Cement leakages occurred in 8.1% of all cases, but only

0.09% were symptomatic. New vertebral fractures
occurred in 11.1%, and 9.4% were adjacent vertebrae.
Pulmonary embolism occurred in 0.17% of all cases. Spi-
nal stenosis with spinal cord compression occurred in
0.16% of all cases. Radiculopathy was found in 0.17% of
all cases. The overall mortality was 4.4%, perioperative
mortality was 0.13%.

Adjacent vertebral fractures
Adjacent fractures are the most common adverse event
found after kyphoplasty. The occurrence of adjacent frac-
tures is known from vertebroplasty, where 12.4% had
subsequent VCF after two years (n = 177) [25]. Kypho-
plasty was thought to have lesser adjacent fractures due to
correction of kyphotic deformity [22], but kyphosis is not
the only reason for adjacent fractures. Lin et al [26] corre-
lated the incidence of adjacent fractures to cement leakage
into the disc in vertebroplasty (n = 38, p < 0.005).
Komemushi et al [27] found cement leakage into the disc
to be a significant predictor of adjacent VCF (n = 83, p <
0.001). These findings will apply to cement leakage in
kyphoplasty, too.

In our study population after 6 months adjacent fractures
were found in 7.8% of all cases (n = 102). Fifty percent of
these patients had secondary osteoporosis due to corti-
coid medication. Fribourg et al [17] found subsequent

A 77-year old man complained about severe thoracolumbar back painFigure 3
A 77-year old man complained about severe thoracolumbar 
back pain. Plain radiographs revealed multiple osteoporotic 
vertebral compression fractures (a, b), of which fractures at 
Th9, Th11, and L1 were relatively fresh in the stir-sequence 
of the MRI (c). Because of severe pain resistant to non-surgi-
cal therapy for 2 months we decided to perform kyphoplasty 
at Th9, Th11, and L1. During the procedure the flattened 
vertebra L1 was impossible to reduce (f), while filling the 
vertebra with PMMA cement a leakage occurred into the 
lower disc (g-i). Nevertheless the patient had dramatically 
reduced back pain, presented no sign of neurological damage 
and was released two days after the procedure (d, e).

A 68-year old lady fell on glazed frost and presented with acute back pain without neurological symptomsFigure 2
A 68-year old lady fell on glazed frost and presented with 
acute back pain without neurological symptoms. The plain 
radiographs revealed osteoporotic fractures at L1 and L2 
type A1.2 according to Magerl et al [18] without spinal sten-
osis in both CT and MRI (a). After kyphoplasty L1 and L2 
and onset of a medical anti-osteoporotic therapy the patient 
was pain-free for one month (b). The kyphotic deformity of 
L1 could be improved from 12 degrees to 6 degrees. Then 
she presented with immobilizing radicular pain radiating into 
the lumbar region. Signs of caudal or conus compression 
were not present. Plain radiographs revealed a sintering of 
the already kyphoplastized vertebra L1 with 14 degrees 
kyphosis (c). CT-scans revealed a significant central and 
foraminal stenosis (d, e) without myelon compression in the 
MRI (f, g). After a microscopically-assisted decompression at 
T12/L1 the patient was pain-free and further sintering did not 
occur thereafter.
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fractures after kyphoplasty in 26% of all cases (n = 38),
21% occurred during the first two months. Harrop et al
[28] found subsequent fractures in 22.6% of all patients
after a mean follow-up of 11 months (n = 115). Sixty-five
percent of these had secondary steroid-induced oste-
oporosis. Another investigation by Lavelle & Cheney [29]
found 17% recurrent fractures within one year after
kyphoplasty, 11.7% occurred during the first 90 days (n =
94). They did not find any impact of secondary oste-
oporosis on subsequent fractures. A prospective investiga-
tion by Moon et al [30] found an incidence of subsequent
VCF in 15.5% patients after one year (n = 111). Interest-
ingly they could correlate the appearance of adjacent VCF
to the amount of PMMA cement applied during the pro-
cedure (p < 0.05).

The available data reveals that subsequent VCF of adjacent
vertebrae occur in 7.8% to 26% of all patients treated with
kyphoplasty. Kyphosis, secondary osteoporosis, and
cement leakage into the intervertebral disc facilitate the
occurrence of subsequent VCF. Identifying risk factors for
subsequent VCF, several authors discussed the indication
for prophylactic cement augmentation of adjacent verte-
brae [[31-33]]. Especially in cases of "sandwich-kypho-
plasty" with an osteoporotic non-fractured vertebra
between two kyphoplasties some recommend a prophy-
lactic kyphoplasty [32]. Until now there is no clinical evi-
dence for the effectiveness of prophylactic vertebro- or
kyphoplasty [32], but the biomechanical investigation of
Sun and Liebschner [31] using finite-elements found a sig-
nificant reinforcement of high-risk vertebral bodies with
prophylactic vertebroplasty. Despite some promising
experimental data, in the light of the present evidence it
rather seems that the prophylactic use of PMMA reduces
the safety of the procedure [31].

Fearing secondary spinal stenosis due to further sintering
of burst fractures after kyphoplasty several surgeons per-
form posterior instrumentation of the adjacent vertebrae
to protect the posterior wall [34]. This can be done using
percutaneous posterior instrumentation or with a conven-
tional open technique. Verlaan et al [35] investigated the
use of kyphoplasty after posterior instrumentation in
burst fractures in 20 patients (mean age 41.8 years). No
bone fragment displacement was found. Unsymptomatic
cement leakage occurred in 5 cases. Vertebral anterior
height could be restored to 91% of the estimated intact
height. Nöldge et al [34] performed kyphoplasty with pos-
terior instrumentation in 9 patients with burst fractures.
They found a reduction of mean VAS of 6.2 preoperatively
to 2.0 after one year. Unfortunately the evidence support-
ing the additional instrumentation after kyphoplasty is
very low. Therefore this procedure is promising, but it has
to be evaluated prospectively in the future.

Cement leakage
A feared complication of all vertebral augmentation tech-
niques is PMMA cement leakage. The systematic review of
the literature by Hulme et al [12] found rates of cement
leakage in vertebroplasty of 41% (n = 2,283 levels) and in
kyphoplasty of 9% (n = 1,486 levels) of treated vertebrae.

In the presented study we found radiographically con-
firmed cement leakage in 6.9% of all cases. These results
are lesser than average, but cement leakage was only iden-
tified on plain radiographs. CT-scans identify more leaks
than radiographs by a factor of 1.5 [36]. In kyphoplasty of
the 65 leakages reported in the literature most were par-
aspinal (48%), intradiscal (38%), epidural (11%), pul-
morary (1.5%) and foraminal (1.5%) [12]. Paraspinal
and intradiscal leakages generally are asymptomatic, even

This 68-year old man with corticoid-induced secondary oste-oporosis and multiple co-morbidity fell at home and pre-sented with osteoporotic fractures at T12 and L1 (a, b)Figure 4
This 68-year old man with corticoid-induced secondary oste-
oporosis and multiple co-morbidity fell at home and pre-
sented with osteoporotic fractures at T12 and L1 (a, b). The 
MRI confirmed fresh fractures and revealed a spinal stenosis 
at T12/L1 (c). Since non-surgical therapy was not successful, 
neurological deficits were not prevalent, kyphoplasty at T12 
and L1 was performed as a minimal intervention (d). Postop-
eratively the patient was mobilised and left the hospital 4 
days after kyphoplasty. Two weeks later the patient was 
admitted to our emergency care unit with incomplete para-
plegia sub T8. Laboratory diagostics revealed highly elevated 
leukocytes and C-reactive protein. Plain radiographs showed 
a thin radiolucency around the cement core on T12 (e). The 
MRI confirmed the suspected spondylitis and found addition-
ally an epidural abscess (f, g). Therefore posterior decom-
pression with instrumentation from T10 to L3 was 
performed and anterior corporectomy of T12 with complete 
cement removal and implantation of an expandable titanium-
cage and bone graft was performed (h). An incomplete para-
plegia sub L2 remained.
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Table 1: Overview on comparative clinical trials (CT) of kyphoplasty

Author Year Design Level of 
evidence*

Control 
Group

Control 
n (levels)

Kyphoplasty 
n (levels)

Follow-up Outcome Cement leakage

Weisskopf et al. [56] 2003 Retrospective CT IIb non-surgical 20 (35) 22 (37) 10 days Improvement in VAS (p < 0.001)
Reduced days in hospital (p < 
0.01)

5 cement leakages in kyphoplasty

Fourney et al. [57] 2003 Retrrospective CT IIb vertebropla
sty

34 (65) 15 (32) 4,5 months No significant differences in VAS 
and ODI
Improvement of kyphosis with 
kyphoplasty (p < 0.01)

0 cement leakages in kyphoplasty
6 cement leakages in 
vertebroplasty

Komp et al. [58] 2004 Prospective CT IIa non-surgical 19(19) 21(21) 6 months Improvement of VAS and ODI (p 
< 0.01)

0 cement leakages in kyphoplasty

Kasperk et al [59] 2005 Prospective CT IIa non-surgical 20 (33) 40 (72) 12 months Improvement of VAS (p < 0.01)
Improve of kyphosis (p < 0.001).

7 cement leakages in kyphoplasty

Grohs et al. [60] 2005 Prospective CT IIa vertebropla
sty

23 (29) 28 (35) 24 months No significant difference in ODI
Improvement of VAS with 
kyphoplasty (p < 0.05)
No significant improve of kyphosis

8 cement leakages in kyphoplasty
8 cement leakages in 
vertebroplasty

Masala et al. [61] 2005 Retrospective CT IIb vertebropla
sty

26 (33) 7 (7) 6 months No significant difference in VAS. 0 cement leakage in kyphoplasty
11 cement leakages in 
vertebroplasty

Pflugmacher et al [62] 2005 Prospective CT IIa vertebropla
sty

20 (32) 22 (35) 12 months No significant difference in VAS 
and ODI
Improvement of kyphosis with 
kyphoplasty (p < 0.05)

5 cement leakages in kyphoplasty
6 cement leakages in 
vertebroplasty

De Negri et al. [63] 2007 Prospective CT IIa vertebropla
sty

10 (18) 11 (15) 6 months No significant difference in VAS 
and ODI

0 cement leakages in kyphoplasty
1 cement leakage in 
vertebroplasty

Frankel et al. [64] 2007 Retrospective CT IIb vertebropla
sty

19 (26) 17 (20) 6 months No significant difference in VAS
Higher rate of adjacent fractures 
with kyphoplasty (p < 0.05)

3 cement leakages in kyphoplasty
2 cement leakages in 
vertebroplasty

Müller et al [11] 2007 Randomized CT Ib non-surgical 149 151 3 months Improvement in SF-36 (p < 0.01) 
and VAS (p < 0.01) with 
kyphoplasty

Not reported

* Levels of evidence according to the recommendations of the US Agency for Health Care Policy and Research
VAS: Visual Analogous Scale, ODI: Oswestry Disability Index, SF-36: MOS-36 Item Short Form Health Survery
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though intradiscal leakage is blamed to promote adjacent
fractures [27]. Intradural cement leakage has only been
described for vertebroplasty so far [37], but epidural leak-
age had devastating neurological effects both in vertebro-
plasty [38] and in kyphoplasty [39]. These complications
can require immediate surgical intervention with decom-
pression and, if possible, removal of the cement causing
stenosis [40].

Pulmonary embolism of PMMA cement was found in
4.6% of the 65 patients treated with either vertebroplasty
(n = 88) or kyphoplasty (n = 25) by Choe et al [14]. No
correlation between the occurrence of pulmonary cement
embolism and the type of procedure was found. This is
remarkable since kyphoplasty has a much lesser rate of
cement leakage than vertebroplasty [12]. Pulmonary
cement embolism rarely requires intervention and mostly
remains asymptomatic. Often they are accidental findings
in chest radiographs, but there are several case reports
with clinically relevant cement embolisms. Jang et al [41]
presented three cases of cement embolisms after vertebro-
plasty, of which two had mild dyspnoea. No pulmonary
perfusion defects were seen and intervention was not nec-
essary. More severe is the case of François et al [42] with a
large PMMA cement embolus floating in the right pulmo-
nary artery menacing pulmonary function. Therefore the
embolus was removed by open heart surgery. In a case
report by Yoo et al [43] a 5 cm long PMMA cement embo-
lus in the right pulmonary artery after vertebroplasty lead
to acute respiratory distress syndrome, requiring intensive
care treatment and open embolectomy under cardiopul-
monary bypass. The patient did not recover and died ten
days after vertebroplasty. A further fatal pulmonary embo-
lism after vertebroplasty has been described by Monticelli
et al [44]. There is only one report on cement embolism
after kyphoplasty by Garfin et al. [45]. Reports on lethal
pulmonary cement embolism after kyphoplasty do not
exist.

With proper surgical techniques the risk of cement leakage
can be minimized. Correct placement of the balloon, high
viscosity of the PMMA cement, controlled application of
the cement in to the vertebra, and limitation of the
applied volume reduce the risk of leakage. A popular tech-
nique to reduce the risk of cement leakage in kyphoplasty

is the eggshell-technique, where after primary reduction
with the balloon a small amount of doughy cement is
applied into the cavity followed by re-inflation of the bal-
loon [46]. Using this technique a cement "eggshell" pre-
vents further leakage when the rest of the cement is
applied with radiographic control.

The severity of pulmonary PMMA cement embolism and
the urgent need of immediate decompression in relevant
spinal stenosis after cement leakage, questions the com-
mon practice of vertebroplasty and kyphoplasty in an out-
patient practice, without any spinal surgeon on call,
without any available operating theatres, and without an
intensive care unit. Even though fatal embolisms are few
kyphoplasty should not be regarded as minor interven-
tion which can be performed without the availability of
the above mentioned conditions and requirements.

Infections
Only two cases of infections after kyphoplasty have been
described so far in the available literature. Nussbaum et al
[47] found two cases of infection (discitis/osteomyelitis)
in the large "Food and Drug Administration" (FDA) data-
base for adverse events related to kyphoplasty devices. The
two presented cases with infection after kyphoplasty in
this study reflect the risk of infection being adherent to
every surgical intervention [48]. To our knowledge with
vertebroplasty only seven cases have been described with
postoperative infections. The vertebroplasty pioneers Der-
amond et al [7] presented one case of postoperative
spondylitis in an immunosuppressed patient, which
could be treated successfully by bedrest and antibiotics.
Kallmes et al [49] described a case of a postoperative infec-
tion in an immunocompromised patient. Another case
was presented by Yu et al [50] with severe pyogenic
spondylitis one month after vertebroplasty which was per-
formed while the patient had urinary tract infection. The
treatment was surgical with anterior corporectomy and
bisegmental fusion after multisegmental posterior instru-
mentation. A further case of spondylitis after vertebro-
plasty was presented by Schmid et al [51], which treated
the patient conservatively with a 3-month antibiotic regi-
men. Walker et al [52] and Mummameni et al [53] present
two additional cases of spondylitis after vertebroplasty
treated by anterior corporectomy and multisegemental

Table 2: Registered ongoing multicenter randomized controlled trials involving kyphoplasty []

Trial name Procedure Control group n Follow-up Primary outcome

FREE Kyphoplasty in VCF non-surgical 300 2 years Quality of life (SF-36)
CAFE Kyphoplasty in VCF in cancer patients non-surgical 200 1 year Pain (VAS), Disability (Roland-Morris)
CEEP Kyphoplasty in VCF vertebroplasty 112 2 years Pain (Roland-Scale)
KAVIAR Kyphoplasty in VCF vertebroplasty 1,234 2 years Subsequent fractures

VCF: Vertebral compression fracture, VAS: Visual Analogous Scale, SF-36: MOS-36 Item Short Form Health Survey
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fusion. Alfonso Olmos et al [54] report a case of spondyli-
tis after vertebroplasty requiring corporectomy and 360
degrees fusion. An unusual case report of spondylitis after
vertebroplasty with epidural abscesses containing myco-
bacterium tuberculosis was published by Bouvresse et al
[55]. This patient was under immunosuppression because
of a liver transplantation and an inactive tuberculous
lesion was obviously activated. Successful treatment
implied posterior decompression, abscess evacuation,
and long-term antituberculotic therapy.

Even though the risk of infection after kyphoplasty is
extremely low, infection does occur, as we have demon-
strated in this investigation. The available clinical experi-
ence from infection after vertebroplasty stresses the safety
limits of vertebral cement augmentation in immunocom-
promised patients. In these cases a standardized antibiotic
prophylaxis is recommended. Nevertheless the rate of
postoperative infections is lower both in kyphoplasty and
in vertebroplasty than in any other spinal surgical proce-
dure in general [48].

Conclusion
During the past five years kyphoplasty entered standard
VCF treatment protocols, replacing vertebroplasty in
many areas. Nevertheless conservative medical therapy
will not be easily replaced, since lack of reimbursement in
most countries causes an economic burden, many
patients are not willing to take. Furthermore it is still
unclear whether the benefits of kyphoplasty outweigh its
complications. The results of the case series presented here
demonstrate that kyphoplasty can be considered a safe
procedure, if performed in a hospital-based setting.
Although the overall complication rate is 15%, major
complications are rare. However, since severe acute com-
plications requiring emergency treatment may occur, we
believe that the procedure should be performed by a qual-
ified spine surgeon in a trauma center, exclusively.

Competing interests
YR and CEH are Clinical Investigators of the "Fracture
Reduction Evaluation" (FREE) trial, which is carried out
and supported financially by Kyphon Inc., Sunnyvale, CA.

Authors' contributions
YR carried out the study design, performed the data anal-
ysis, participated in the sequence alignment and drafted
the manuscript. SKT, PFS, and RK participated in the
sequence alignment and revision of the manuscript. CEH
conceived of the study, and participated in its design and
coordination and helped to draft the manuscript. All
authors read and approved the final manuscript.

References
1. Felsenberg D, Silman AJ, Lunt M, Armbrecht G, Ismail AA, Finn JD,

Cockerill WC, Banzer D, Benevolenskaya LI, Bhalla A, Bruges Armas

J, Cannata JB, Cooper C, Dequeker J, Eastell R, Felsch B, Gowin W,
Havelka S, Hoszowski K, Jajic I, Janott J, Johnell O, Kanis JA, Kragl G,
Lopes Vaz A, Lorenc R, Lyritis G, Masaryk P, Matthis C, et al.: Inci-
dence of vertebral fracture in europe: results from the Euro-
pean Prospective Osteoporosis Study (EPOS).  J Bone Miner
Res 2002, 17:716-724.

2. Lad SP, Patil CG, Lad EM, Boakye M: Trends in pathological ver-
tebral fractures in the United States: 1993 to 2004.  J Neuro-
surg Spine 2007, 7:305-310.

3. Pluijm SM, Tromp AM, Smit JH, Deeg DJ, Lips P: Consequences of
vertebral deformities in older men and women.  J Bone Miner
Res 2000, 15:1564-1572.

4. Gold DT: The clinical impact of vertebral fractures: quality of
life in women with osteoporosis.  Bone 1996, 18(Suppl
3):185S-189S.

5. Center JR, Nguyen TV, Schneider D, Sambrook PN, Eisman JA: Mor-
tality after all major types of osteoporotic fracture in men
and women: an observational study.  Lancet 1999, 353:878-882.

6. Galibert P, Deramond H, Rosat P, Le Gars D: [Preliminary note on
the treatment of vertebral angioma by percutaneous acrylic
vertebroplasty].  Neurochirurgie 1987, 33:166-168.

7. Deramond H, Depriester C, Galibert P, Le Gars D: Percutaneous
vertebroplasty with polymethylmethacrylate. Technique,
indications, and results.  Radiol Clin North Am 1998, 36:533-546.

8. Gill JB, Kuper M, Chin PC, Zhang Y, Schutt R Jr: Comparing pain
reduction following kyphoplasty and vertebroplasty for oste-
oporotic vertebral compression fractures.  Pain Physician 2007,
10:583-590.

9. Voggenreiter G: Balloon kyphoplasty is effective in deformity
correction of osteoporotic vertebral compression fractures.
Spine 2005, 30:2806-2812.

10. Yang HL, Zhao L, Liu J, Sanford CG Jr, Chen L, Tang T, Ebraheim NA:
Changes of pulmonary function for patients with oste-
oporotic vertebral compression fractures after kyphoplasty.
J Spinal Disord Tech 2007, 20:221-225.

11. Müller CW, Lange U, van Meirhaeghe J, Wardlaw D, Bastian L, Boo-
nen S, Krettek C: An international multicenter randomized
comparison of balloon kyphoplasty and nonsurgical care in
patients with acute vertebral body compression fractures
[abstract].  Eur Spine J 2007, 16:1977.

12. Hulme PA, Krebs J, Ferguson SJ, Berlemann U: Vertebroplasty and
kyphoplasty: a systematic review of 69 clinical studies.  Spine
2006, 31:1983-2001.

13. Groen RJ, du Toit DF, Phillips FM, Hoogland PV, Kuizenga K, Coppes
MH, Muller CJ, Grobbelaar M, Mattyssen J: Anatomical and path-
ological considerations in percutaneous vertebroplasty and
kyphoplasty: a reappraisal of the vertebral venous system.
Spine 2004, 29:1465-1471.

14. Choe DH, Marom EM, Ahrar K, Truong MT, Madewell JE: Pulmo-
nary embolism of polymethyl methacrylate during percuta-
neous vertebroplasty and kyphoplasty.  Am J Roentgenol 2004,
183:1097-1102.

15. Phillips FM, Todd Wetzel F, Lieberman I, Campbell-Hupp M: An in
vivo comparison of the potential for extravertebral cement
leak after vertebroplasty and kyphoplasty.  Spine 2002,
27:2173-2178.

16. Kalteis T, Luring C, Gugler G, Zysk S, Caro W, Handel M, Grifka J:
[Acute tissue toxicity of PMMA bone cements].  Z Orthop Ihre
Grenzgeb 2004, 142:666-672.

17. Fribourg D, Tang C, Sra P, Delamarter R, Bae H: Incidence of sub-
sequent vertebral fracture after kyphoplasty.  Spine 2004,
29:2270-2276.

18. Magerl F, Aebi M, Gertzbein SD, Harms J, Nazarian S: A compre-
hensive classification of thoracic and lumbar injuries.  Eur
Spine J 1994, 3:184-201.

19. Taylor RS, Fritzell P, Taylor RJ: Balloon kyphoplasty in the man-
agement of vertebral compression fractures: an updated sys-
tematic review and meta-analysis.  Eur Spine J 2007,
16:1085-1100.

20. Klotzbuecher CM, Ross PD, Landsman PB, Abbott TA 3rd, Berger M:
Patients with prior fractures have an increased risk of future
fractures: a summary of the literature and statistical synthe-
sis.  J Bone Miner Res 2000, 15:721-739.

21. Lindsay R, Silverman SL, Cooper C, Hanley DA, Barton I, Broy SB,
Licata A, Benhamou L, Geusens P, Flowers K, Stracke H, Seeman E:
Page 8 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11918229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11918229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11918229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17877264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17877264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10934655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10934655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10093980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10093980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10093980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3600949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3600949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3600949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9597071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9597071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9597071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17660858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17660858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17660858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16371909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16371909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17473642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17473642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16924218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16924218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15223940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15223940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12394934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12394934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12394934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15614645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15614645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15480139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15480139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7866834
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7866834
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17277923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17277923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17277923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10780864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10780864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10780864


Patient Safety in Surgery 2008, 2:2 http://www.pssjournal.com/content/2/1/2
Risk of new vertebral fracture in the year following a frac-
ture.  JAMA 2001, 285:320-323.

22. Lunt M, O'Neill TW, Felsenberg D, Reeve J, Kanis JA, Cooper C, Sil-
man AJ, European Prospective Osteoporosis Study Group: Charac-
teristics of a prevalent vertebral deformity predict
subsequent vertebral fracture: results from the European
Prospective Osteoporosis Study (EPOS).  Bone 2003,
33:505-513.

23. Kim WJ, Lee ES, Jeon SH, Yalug I: Correction of osteoporotic
fracture deformities with global sagittal imbalance.  Clin
Orthop Relat Res 2006, 443:75-93.

24. Pradhan BB, Bae HW, Kropf MA, Patel VV, Delamarter RB: Kypho-
plasty reduction of osteoporotic vertebral compression frac-
tures: correction of local kyphosis versus overall sagittal
alignment.  Spine 2006, 31:435-441.

25. Uppin AA, Hirsch JA, Centenera LV, Pfiefer BA, Pazianos AG, Choi IS:
Occurrence of new vertebral body fracture after percutane-
ous vertebroplasty in patients with osteoporosis.  Radiology
2003, 226:119-124.

26. Lin EP, Ekholm S, Hiwatashi A, Westesson PL: Vertebroplasty:
cement leakage into the disc increases the risk of new frac-
ture of adjacent vertebral body.  Am J Neuroradiol 2004,
25:175-180.

27. Komemushi A, Tanigawa N, Kariya S, Kojima H, Shomura Y,
Komemushi S, Sawada S: Percutaneous vertebroplasty for oste-
oporotic compression fracture: multivariate study of predic-
tors of new vertebral body fracture.  Cardiovasc Intervent Radiol
2006, 29:580-585.

28. Harrop JS, Prpa B, Reinhardt MK, Lieberman I: Primary and sec-
ondary osteoporosis' incidence of subsequent vertebral
compression fractures after kyphoplasty.  Spine 2004,
29:2120-2125.

29. Lavelle WF, Cheney R: Recurrent fracture after vertebral
kyphoplasty.  Spine J 2006, 6:488-493.

30. Moon ES, Kim HS, Park JO, Moon SH, Lee HM, Shin DE, Ha JW, Ahn
EK, Shim DJ, Chung JY: The incidence of new vertebral com-
pression fractures in women after kyphoplasty and factors
involved.  Yonsei Med J 2007, 48:645-652.

31. Sun K, Liebschner MA: Biomechanics of prophylactic vertebral
reinforcement.  Spine 2004, 29:1428-1435.

32. Becker S, Garoscio M, Meissner J, Tuschel A, Ogon M: Is there an
indication for prophylactic balloon kyphoplasty? A pilot
study.  Clin Orthop Relat Res 2007, 458:83-89.

33. Rotter R, Pflugmacher R, Kandziora F, Ewert A, Duda G, Mittlmeier
T: Biomechanical in vitro testing of human osteoporotic lum-
bar vertebrae following prophylactic kyphoplasty with differ-
ent candidate materials.  Spine 2007, 32:1400-1405.

34. Nöldge G, DaFonseca K, Grafe I, Libicher M, Hillmeier J, Meeder PJ,
Kauffmann GW, Kasperk C: [Balloon kyphoplasty in the treat-
ment of back pain].  Radiologe 2006, 46:506-512.

35. Verlaan JJ, Dhert WJ, Verbout AJ, Oner FC: Balloon vertebro-
plasty in combination with pedicle screw instrumentation: a
novel technique to treat thoracic and lumbar burst frac-
tures.  Spine 2005, 30:E73-E79.

36. Yeom JS, Kim WJ, Choy WS, Lee CK, Chang BS, Kang JW: Leakage
of cement in percutaneous transpedicular vertebroplasty for
painful osteoporotic compression fractures.  J Bone Joint Surg Br
2003, 85:83-89.

37. Chen YJ, Tan TS, Chen WH, Chen CC, Lee TS: Intradural cement
leakage: a devastatingly rare complication of vertebroplasty.
Spine 2006, 31:E379-382.

38. Lee BJ, Lee SR, Yoo TY: Paraplegia as a complication of percu-
taneous vertebroplasty with polymethylmethacrylate: a case
report.  Spine 2002, 27:E419-422.

39. Patel AA, Vaccaro AR, Martyak GG, Harrop JS, Albert TJ, Ludwig SC,
Youssef JA, Gelb DE, Mathews HH, Chapman JR, Chung EH,
Grabowski G, Kuklo TR, Hilibrand AS, Anderson DG: Neurologic
deficit following percutaneous vertebral stabilization.  Spine
2007, 32:1728-1734.

40. Becker S, Meissner J, Tuschel A, Chavanne A, Ogon M: Cement
leakage into the posterior spinal canal during balloon kypho-
plasty: a case report.  J Orthop Surg (Hong Kong) 2007, 15:222-225.

41. Jang JS, Lee SH, Jung SK: Pulmonary embolism of polymethyl-
methacrylate after percutaneous vertebroplasty: a report of
three cases.  Spine 2002, 27:E416-418.

42. François K, Taeymans Y, Poffyn B, Van Nooten G: Successful man-
agement of a large pulmonary cement embolus after percu-
taneous vertebroplasty: a case report.  Spine 2003,
28:E424-425.

43. Yoo KY, Jeong SW, Yoon W, Lee J: Acute respiratory distress
syndrome associated with pulmonary cement embolism fol-
lowing percutaneous vertebroplasty with polymethylmeth-
acrylate.  Spine 2004, 29:E294-297.

44. Monticelli F, Meyer HJ, Tutsch-Bauer E: Fatal pulmonary cement
embolism following percutaneous vertebroplasty (PVP).
Forensic Sci Int 2005, 149:35-38.

45. Garfin SR, Yuan HA, Reiley MA: New technologies in spine:
kyphoplasty and vertebroplasty for treatment of painful
osteoporotic fractures.  Spine 2001, 26:1511-1515.

46. Greene DL, Isaac R, Neuwirth M, Bitan FD: The eggshell tech-
nique for prevention of cement leakage during kyphoplasty.
J Spinal Disord Tech 2007, 20:229-32.

47. Nussbaum DA, Gailloud P, Murphy K: A review of complications
associated with vertebroplasty and kyphoplasty as reported
to the Food and Drug Administration medical device related
web site.  J Vasc Interv Radiol 2004, 15:1185-1192.

48. Jimenez-Mejias ME, de Dios Colmenero J, Sanchez-Lora FJ, Palomino-
Nicas J, Reguera JM, Garcia de la Heras J, Garcia-Ordonez MA,
Pachon J: Postoperative spondylodiscitis: etiology, clinical
findings, prognosis, and comparison with nonoperative pyo-
genic spondylodiscitis.  Clin Infect Dis 1999, 29:339-345.

49. Kallmes DF, Schweickert PA, Marx WF, Jensen ME: Vertebroplasty
in the mid- and upper thoracic spine.  Am J Neuroradiol 2002,
23:1117-1120.

50. Yu SW, Chen WJ, Lin WC, Chen YJ, Tu YK: Serious pyogenic
spondylitis following vertebroplasty – a case report.  Spine
2004, 29:E209-211.

51. Schmid KE, Boszczyk BM, Bierschneider M, Zarfl A, Robert B, Jaksche
H: Spondylitis following vertebroplasty: a case report.  Eur
Spine J 2005, 14:895-899.

52. Walker DH, Mummaneni P, Rodts GE Jr: Infected vertebroplasty.
Report of two cases and review of the literature.  Neurosurg
Focus 2004, 17:E6.

53. Mummaneni PV, Walker DH, Mizuno J, Rodts GE: Infected verte-
broplasty requiring 360 degrees spinal reconstruction: long-
term follow-up review. Report of two cases.  J Neurosurg Spine
2006, 5:86-89.

54. Alfonso Olmos M, Silva Gonzalez A, Duart Clemente J, Villas Tome
C: Infected vertebroplasty due to uncommon bacteria solved
surgically: a rare and threatening life complication of a com-
mon procedure: report of a case and a review of the litera-
ture.  Spine 2006, 31:E770-773.

55. Bouvresse S, Chiras J, Bricaire F, Bossi P: Pott's disease occurring
after percutaneous vertebroplasty: an unusual illustration of
the principle of locus minoris resistentiae.  J Infect 2006,
53:e251-253.

56. Weisskopf M, Herlein S, Birnbaum K, Siebert C, Stanzel S, Wirtz DC:
[Kyphoplasty – a new minimally invasive treatment for repo-
sitioning and stabilising vertebral bodies].  Z Orthop Ihre Gren-
zgeb 2003, 141:406-411.

57. Fourney DR, Schomer DF, Nader R, Chlan-Fourney J, Suki D, Ahrar
K, Rhines LD, Gokaslan ZL: Percutaneous vertebroplasty and
kyphoplasty for painful vertebral body fractures in cancer
patients.  J Neurosurg 2003, 98(Suppl 1):21-30.

58. Komp M, Ruetten S, Godolias G: [Minimally-invasive therapy for
functionally unstable osteoporotic vertebral fractures by
means of kyphoplasty: prospective comparative study of 19
surgically and 17 conservatively treated patients.].  J Miner
Stoffwechs 2004, 11(Suppl 1):13-15.

59. Kasperk C, Hillmeier J, Noldge G, Grafe IA, Dafonseca K, Raupp D,
Bardenheuer H, Libicher M, Liegibel UM, Sommer U, Hilscher U,
Pyerin W, Vetter M, Meinzer HP, Meeder PJ, Taylor RS, Nawroth P:
Treatment of painful vertebral fractures by kyphoplasty in
patients with primary osteoporosis: a prospective nonrand-
omized controlled study.  J Bone Miner Res 2005, 20:604-612.

60. Grohs JG, Matzner M, Trieb K, Krepler P: Minimal invasive stabi-
lization of osteoporotic vertebral fractures: a prospective
nonrandomized comparison of vertebroplasty and balloon
kyphoplasty.  J Spinal Disord Tech 2005, 18:238-242.

61. Masala S, Lunardi P, Fiori R, Liccardo G, Massari F, Ursone A,
Simonetti G: Vertebroplasty and kyphoplasty in the treatment
Page 9 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11176842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11176842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14555253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14555253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14555253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16462430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16462430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16481954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16481954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16481954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12511679
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12511679
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12511679
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14970015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14970015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14970015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16565797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16565797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16565797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15454702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15454702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15454702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16934716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16934716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17722237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17722237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17722237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15223933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15223933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17310933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17310933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17310933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17545907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17545907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17545907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16786387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16786387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15682000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15682000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15682000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12585583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12585583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12585583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16721284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16721284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12394938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12394938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12394938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17632393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17632393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17709866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17709866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17709866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12394937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12394937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12394937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14560098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14560098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14560098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15247590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15247590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15247590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15734107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15734107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11462078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11462078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11462078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17473643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17473643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15525736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15525736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15525736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10476739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10476739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10476739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12169467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12169467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15131456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15131456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15912347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15636576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15636576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16850965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16850965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16850965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16985448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16985448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16985448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16584785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16584785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16584785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12928997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12928997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12928997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15765179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15765179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15765179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15905767
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15905767
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15905767
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15675473


Patient Safety in Surgery 2008, 2:2 http://www.pssjournal.com/content/2/1/2
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

of malignant vertebral fractures.  J Chemother 2004, 16(Suppl
5):30-33.

62. Pflugmacher R, Kandziora F, Schroder R, Schleicher P, Scholz M,
Schnake K, Haas N, Khodadadyan-Klostermann C: [Vertebroplasty
and kyphoplasty in osteoporotic fractures of vertebral bod-
ies – a prospective 1-year follow-up analysis].  Rofo 2005,
177:1670-1676.

63. De Negri P, Tirri T, Paternoster G, Modano P: Treatment of pain-
ful osteoporotic or traumatic vertebral compression frac-
tures by percutaneous vertebral augmentation procedures:
a nonrandomized comparison between vertebroplasty and
kyphoplasty.  Clin J Pain 2007, 23:425-430.

64. Frankel BM, Monroe T, Wang C: Percutaneous vertebral aug-
mentation: an elevation in adjacent-level fracture risk in
kyphoplasty as compared with vertebroplasty.  Spine J 2007,
7:575-582.
Page 10 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15675473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16333790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16333790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16333790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17515741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17515741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17515741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17905320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17905320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17905320
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Patients and Methods
	Results
	Conclusion

	Background
	Patients and methods
	Results
	Discussion
	Correction of deformity
	Complications after Kyphoplasty
	Adjacent vertebral fractures
	Cement leakage
	Infections

	Conclusion
	Competing interests
	Authors' contributions
	References

