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ABSTRACT   During the last decade, two new treatment 
modalities for osteoporotic vertebral fractures have 
gained more interest: percutaneous vertebroplasty and 
kyphoplasty. The techniques and the short-term clinical 
results and complications have been presented but there 
is no scientific evidence-based information regarding 
the efficacy of the procedures, such as randomized con-
trolled trials (RCT). Instead, we have to rely on prospec-
tive and retrospective uncontrolled short-term observa-
tional studies and case-control studies. These studies 
have shown consistently that the short-term results after 
the procedures are favorable as regards both pain relief 
and functional status. It is currently unknown, however, 
whether a vertebroplasty or a kyphoplasty gives a better 
outcome than nonoperative treatment, and whether the 
long-term results are as favorable as the short-term 
results.

■

Even if no data can be found to document an 
increase in osteoporosis during the past 50 years, 
the number of fragility fractures increased expo-
nentially during the second half of the last century 
(Obrant et al. 1989). The incidence of fractures 
related to osteoporosis is higher in women than in 
men, the incidence increases exponentially with 
age and the fractures occur at sites with a large 
proportion of trabecular bone (Bengner 1987, 
Obrant et al. 1989, Melton and Riggs 1995). One 
of the most devastating of these fractures is the 

vertebral fracture. The incidence varies in differ-
ent ethnic settings, being higher in Scandinavian, 
American and Hong Kong Chinese females that in 
eastern European females, while the rates in Hong 
Kong Chinese males and American Caucasian 
males are lower than in European males (Melton 
et al. 1993, Lau et al. 1996, O’Neill et al. 1996). 
The female-to-male ratio is to 2:1 in Caucasians 
and the prevalence is age-dependent in both men 
and women (O’Neill et al. 1996). The incidence 
has been reported to increase from less than 20 per 
100,000 person-years in men and women under 45 
years of age, to 1,200 per 100,000 person-years in 
men and women aged 85 years and over (O’Neill 
et al. 1996). There has also been a temporal trend 
described, with an increased incidence of vertebral 
fractures in Sweden from 1950 to 1983 (Bengner et 
al. 1988). Fracture is also known to be followed by 
an increased morbidity and mortality, both in men 
and women (Hasserius 2003), and many patients 
with a vertebral fracture experience a reduction 
in quality of life, predominantly including back 
pain, functional limitations, depression, disability 
and loss of height (Ettinger et al. 1988, 1992). In 
the light of all the negative effects on the health of 
individual patients, and also due to the cost to soci-
ety, vertebroplasty (VP; Figure 1) and kyphoplasty 
(KP; Figure 2) have attracted great interest. 

VP was originally developed by Deramond and 
Galibert, a French radiologist and a French neu-
rosurgeon, and in 1987 it was presented in the lit-
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erature as a technique to percutaneously stabilize 
vertebral bodies affected by a hemangioma (Gal-
ibert et al. 1987). At the end of the same decade, 
another French group reported that the technique 
could also be used to stabilize fractured vertebral 
bodies (Lapras et al. 1989). The method gained 
further popularity in the United States during the 
1990s, mainly for the treatment of osteoporotic 
fractures. At the end of the millennium, the method 
was also established in most western European 
countries (Barr et al. 2000, McGraw et al. 2002, 
Diamond et al. 2003, Evans et al. 2003, Mehbod 
et al. 2003). The VP method was further developed 
by the introduction of the percutaneous balloon KP 
technique (Lieberman et al. 2001). The aim of the 
method is not only to stabilize the vertebral body, 
but also to restore the normal anatomy of the frac-
tured vertebra and to reduce the kyphosis in the 
injured region. By inflating a balloon in the frac-
tured vertebral body, the KP method is intended to 
restore the original shape of the compressed verte-
bral body before the cement fixation (Lieberman et 
al. 2001, Coumans et al. 2003, Ledlie and Renfro 
2003, Phillips et al. 2003, Rao and Singrakhia 
2003, Weisskopf et al. 2003, Crandall et al. 2004, 
Donovan et al. 2004, Heini and Orler 2004, Hill-
meier et al. 2004, Masala et al. 2004). As the short-
term results with both techniques were promising, 
the methods rapidly attracted attention worldwide. 

The aim of this review is mainly to evaluate 
the clinical outcome after a VP or a KP, based 
on papers with the highest level of evidence. A 
Medline (PubMed) literature search in October 

2004 allowed us to identify 388 articles on “ver-
tebroplasty”, of which 340 had been published 
since 2000. A corresponding search for “kypho-
plasty” revealed 92 publications, half of them 
review articles, all of which had been published 
since 2001. We used no other search motors. We 
scrutinized all papers, irrespective of when they 
were published, provided there was an abstract in 
English. The inclusion criterion was an evidence-
based approach. From the relevant papers found, a 
continued search was undertaken by choosing the 
connection “related manuscripts” in the PubMed 
database, and in the reference lists of the accepted 
papers. This approach was repeated until no more 
relevant papers were found. By this method, we 
found no randomized controlled trials (RCT) and 
only a few articles presenting a controlled obser-
vational study; the rest consisted of retrospective 
or prospective cross-sectional case reports, case-
control studies or uncontrolled observational stud-
ies. When a variety of papers were found with the 
same degree of evidence, we elected to present the 
first paper published and the paper with the largest 
sample size and the longest follow-up. Thus, this 
review cannot be regarded as a systematic review—
such as a Cochrane review or a meta-analysis.

Operating technique

The VP or KP procedures are recommended to be 
performed in a hospital setting (either in an inter-
ventional radiology room or operating theater) 
and under sterile conditions. Both methods can be 
performed with the patient under local or general 
anesthesia, but there must be the possibility of con-
verting the operation to an open emergency opera-
tion in cases of severe bone-cement leak, affect-
ing the spinal canal (Lee et al. 2002, Phillips et al. 
2002, Shapiro et al. 2003, Yeom et al. 2003, Lin 

Figure 1. A vertebroplasty performed in the fourth lumbar 
vertebra of a 67-year-old woman with an osteoporotic frac-
ture.

Figure 2. A kyphoplasty performed in the third lumbar ver-
tebra of a 69-year-old man with an osteoporotic fracture. 
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et al. 2004). Furthermore, high-quality fluoros-
copy, or CT, must be available to guide the sur-
geon during the operation (McGraw et al. 2003). 
In most centers, prophylactic antibiotics are used. 
Trocar-cannula systems, of various designs, have 
in common that they use a large-bore (2.3–2.6 mm) 
removable central trocar—usually with a sharp tip 
and a fixed handle matching the cannula. Inser-
tion of the device is usually done transpedicularly 
in the lumbar and lower thoracic region, while an 
extrapedicular route lateral to the pedicula, aiming 
at the central part of the vertebral body, is usually 
recommended in the higher thoracic region. The 
entry point is 9 o’clock on the left-hand side and 
3 o’clock on the right-hand side, in relation to the 
pedicel. The introduction of the cannula should be 
done with slow rotatory hand pressure (some phy-
sicians use a mallet), and both the cannulae should 
be inserted before the cement is injected from both 
sides simultaneously (Lapras et al. 1989, Weiss-
kopf et al. 2003, Grohs and Krepler 2004, Heini 
and Orler 2004, Hillmeier et al. 2004, Masala et 
al. 2004). It is regarded as favorable to insert one 
cannula into each pedicle, to reduce the pressure 
in the vertebral body during the injection of bone 
cement, thus reducing the risk of cardiopulmonary 
complications (Aebli et al. 2003). 

At present, the cement generally used for VP or 
KP is based on polymethylmetacrylate (PMMA) 
(Lapras et al. 1989, Lee et al. 2002, Shapiro et 
al. 2003, Yoo et al. 2004). Mixing of the cement 
should be done in a vacuum chamber. We prefer 
cement with low viscosity, for example Simplex P 
(Stryker-Howmedica-Osteonics, Rutherford, NJ, 
USA), together with a contrast medium, at least 
10% barium sulfate. Other centres use other types 
of bone cement, however, and today there exists 
approved polymethylmethacrylate with up to 30% 
barium sulfate (Jasper et al. 2002). In VP, the 
cement injection is done by 1–2 mL syringes with a 
Luer-lock mechanism, and the cement should start 
to thicken when injected. The gradual injection 
should be followed by lateral fluoroscopic surveil-
lance, to ensure early detection of cement leaking 
into the epidural space, vena cava, vena azygos or 
disc space combined with anterior surveillance to 
observe any lateral leakage (McGraw et al. 2003). 
4 mL has been shown experimentally to restore 
strength to both thoracic and lumbar vertebrae, but 

to restore stiffness, 4 mL is required in the thoracic 
region and 6–8 mL in the lumbar region (Belkoff 
et al. 2001, Liebschner et al. 2001, Molloy et al. 
2003). The common recommendation is to use 2–3 
mL of cement in the thoracic spine and 3–5 mL of 
cement in the lumbar spine (Barr et al. 2000); when 
this amount has been injected, the cannulae should 
be removed immediately. Note that both cannulae 
should be inserted when injecting the cement, to 
avoid the first channel being passively filled with 
cement from the posterior route if the second can-
nula is injected on a later occasion. Often, the pro-
cedure must be supplemented with gentle pressure 
for some minutes to reduce the risk of hematoma 
formation due to venous bleeding from the bone 
cannulae. 

The KP technique is similar to that of VP (Lieber-
man et al. 2001, Ledlie and Renfro 2003, Rao and 
Singrakhia 2003, Weisskopf et al. 2003, Crandall et 
al. 2004, Heini and Orler 2004, Masala et al. 2004). 
The insertion routes are the same, with insertion of 
cannulae from lateral to medial direction under flu-
oroscopic surveillance. When the tips of the cannu-
lae have passed the plane of the posterior wall of the 
vertebral body, a drill is introduced to make a chan-
nel in the vertebral body, into which the deflated 
balloon can be inserted. The trocar is then removed 
and the empty balloon introduced. After checking 
the positioning by anterior and lateral fluoroscopy, 
the balloons are inflated with radio-opaque con-
trast medium by a specifically designed syringe 
with continuous control of pressure and volume. 
Once the voids in the vertebral body have been cre-
ated, in many cases with a partial or complete res-
toration of the vertebral body height, the balloons 
are retracted and bone cement is injected using a 
blunt cannula under low pressure, with visualiza-
tion by fluoroscopy in two planes. The possibility 
of injecting the cement under low pressure after 
having created a cave with the balloon, together 
with the restoration of vertebral body height, is an 
obvious theoretical advantage of the KP technique 
over the VP technique (Tomita et al. 2004). There 
have also been experimental trials that infer that 
a low injection pressure minimizes the extravasa-
tion of the cement (Baroud et al. 2003). As soon 
as the cement has hardened, mobilization can start. 
In Europe, most patients stay in hospital overnight, 
but at many centers in the USA, these procedures 
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are performed as day surgery under local anesthe-
sia. Virtually all patients also receive antiresorptive 
osteoporosis medication after the operation.

Results

We found no prospective randomized or non-ran-
domized controlled clinical trials to help us evalu-
ate the efficacy of the methods. We have had to 
rely mainly on observational uncontrolled studies 
and case series. An overwhelming impression from 
the results is that the patients are almost immedi-
ately relieved of back pain, whether after VP or KP 
(Barr et al. 2000, Lieberman et al. 2001, McGraw 
et al. 2002, Coumans et al. 2003, Diamond et al. 
2003, Evans et al. 2003, Ledlie and Renfro 2003, 
McGraw et al. 2003, Mehbod et al. 2003, Phillips 
et al. 2003, Rao and Singrakhia 2003, Weisskopf et 
al. 2003, Crandall et al. 2004, Donovan et al. 2004, 
Grohs and Krepler 2004, Heini and Orler 2004, 
Hillmeier et al. 2004, Masala et al. 2004). Most of 
these reports have shown a short-term success rate 
of relieving pain of 75–90%. This conclusion is 
mostly based on comparison with the preoperative 
situation, and without comparing with controls. 
Furthermore, numerous methods have been used to 
evaluate pain relief. 

Vertebroplasty

The largest VP study presented included 488 con-
secutive patients, where half of the treated patients 
were interviewed retrospectively by telephone at 
a mean of 7 months after the procedure (Evans 
et al. 2003). The mean pain relief, estimated by 
a visual analogue scale (VAS), was reduced from 
8.9 preoperatively to 3.4 postoperatively and the 
walking ability improved in 108 of the 245 patients 
evaluated. These good results were reported in all 
age groups and regardless of the number of verte-
bral fractures treated. The limitations of this study 
are the retrospective design and the absence of 
controls. A similar outcome was also reported in 
100 patients with osteoporotic compression frac-
tures who were treated with VP and followed pro-
spectively for an average of 21 months (McGraw et 
al. 2002). In this survey, 97 of the patients reported 
substantial pain reduction, assessed by VAS, with 
the pain level dropping from 8.9 to 2.0. In another 

study, it had been possible for the authors to use 
a control group for comparison (Diamond et al. 
2003). This is surely one of the very few studies 
published, if not the only one, in which such an 
attempt was made. Just 24 h after the procedure, 
there was a highly significant relief of symptoms 
in the VP group, whereas there were no longer any 
differences between the groups after 6–12 months. 
The result was generally the same when physical 
function was considered instead. One limitation of 
this study is the procedure for selection of the con-
trols—comprising individuals who declined per-
cutaneous VP. Although this selection procedure 
leaves many questions unanswered, the study was 
nevertheless the first attempt to compare patients 
who had been operated with patients who had not.

Kyphoplasty

Lieberman et al. (2001) were among the first 
authors to report outcome after a KP. They followed 
30 patients who had been treated for 70 vertebral 
osteoporotic compression fractures. The KP proce-
dure resulted in some degree of height restoration 
in about two-thirds of the patients, and a significant 
improvement in bodily pain and physical func-
tion as assessed by the SF-36 scales. Philips et al. 
(2003) showed that the KP technique improved the 
wedge-shaped compressed vertebrae by a mean of 
9 degrees and Barr et al. (2000) showed that manip-
ulation on the procedural table could affect height 
restoration. However, in cited studies, roughly one-
third of the treated vertebrae showed no anatomical 
restoration after a KP (Barr et al. 2000, Lieberman 
et al. 2001, Phillips et al. 2003). Somewhat surpris-
ingly, in neither of these articles does there seem to 
have been any clear correlation between the age of 
the fracture and the restoration of height. Another 
study presented similar results when reporting that 
the average increase in vertebral body height was 
2.5 mm anteriorly, 2.7 mm centrally, and 1.4 mm 
posteriorly (evaluated by MRI and CT scans), but 
that 13 of 85 treated vertebrae remained unchanged 
(Hiwatashi et al. 2003). Furthermore, in this study 
there was no obvious correlation between restora-
tion of height and clinical success. These reports 
are important, as the literature often infer that a res-
toration of height is one of the major advantages of 
the KP procedure. However, it is unclear whether 
the patients with a height restoration of 2–3 mm 
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have a better long-term outcome than those who 
do not.

Furthermore, to our knowledge there has only 
been one study of the KP procedure where the 
treated patients have been compared with controls 
treated nonoperatively (Weisskopf et al. 2003). 
This was a small study in which a retrospec-
tively evaluated control group of 20 patients was 
compared with 18 operated patients. In line with 
almost all published studies, the operated patients 
experienced immediate pain relief and functional 
improvement in this report also compared to the 
controls. Interestingly, the duration of hospital 
stay was considerably longer in the nonoperatively 
treated group.  

Adverse side effects

Adverse side effects have been described after 
both VP and KP (Lieberman et al. 2001, Lin et 
al. 2004). Cement leakage has been observed, and 
there have also been reports of pulmonary edema, 
myocardial infarction and rib fractures (Padovani 
et al. 1999, Lieberman et al. 2001, Jang et al. 2002, 
Aebli et al. 2003, Childers 2003, Koessler et al. 
2003, Phillips et al. 2003, Rauschmann et al. 2004, 
Yoo et al. 2004). There have also been procedure-
specific complications for VP and KP, described as 
cement leakage to the epidural space, disc, vena 
cava, vena azygos and even cement embolism to 
the lungs (Padovani et al. 1999, Jang et al. 2002, 
Lee et al. 2002). So far, to our knowledge, only 
one case of epidural leakage of cement (resulting 
in paraparesis) has been reported (Lee et al. 2002), 
and only one case complicated by spondylitis (Yu 
et al. 2004).

There have also been some observations indicat-
ing that KP is safer than VP regarding the risk of 
cement leakage (Phillips et al. 2002), while most 
studies could not support this notion in a convinc-
ing way. Also, after KP there seems to be a cement 
leakage in 10% of cases (Lieberman et al. 2001, 
Phillips et al. 2003), or even more (Weisskopf et 
al. 2003), and as we still lack comparative studies 
between the two techniques, the theoretical advan-
tage of KP over VP has been difficult to verify or 
reject. However, it is evident that the KP procedure 
can also result in serious adverse events, including 
cement extravasation into segmental veins (Weiss-
kopf et al. 2003), perioperative pulmonary oedema 

with myocardial infarction (Lieberman et al. 2001, 
Phillips et al. 2003) and rib fractures (Lieberman 
et al. 2001).

There is also lack of knowledge about the long-
term results of VP and KP, even if there have been 
small uncontrolled studies (n = 16) with up to an 
average of 3 years of follow-up of VP (Legroux-
Gerot et al. 2004) presenting a small pain reduction 
compared to the preoperative status. Other stud-
ies have reported an additional risk of the proce-
dures in themselves producing altered mechanical 
forces that induce new vertebral fractures, particu-
larly when adjacent to already operated vertebrae 
(Baroud et al. 2003, Uppin et al. 2003, Donovan et 
al. 2004, Kim et al. 2004, Wilcox 2004). However, 
today, there has been no study directly comparing 
the incidence of new vertebral fractures in patients 
treated with a VP or a KP with the correspond-
ing incidence after nonoperative treatment. The 
problem of an increased incidence of new verte-
bral fractures after a VP or KP treatement has been 
stressed in a paper by Uppin et al. (2003), where 
12% of the patients followed up after two years 
had new vertebral fractures—mostly in vertebrae 
adjacent to a previously operated vertebra. It is 
probable, however, that the complication rate is 
much higher than this, since in this study notice 
was only taken of symptomatic vertebral fractures 
and follow-up was restricted to only 16% of 177 
operated patients who returned for a follow-up. 
The increased risk of sustaining new vertebral 
fractures in patients treated with a kyphoplasty has 
been supported by two recent trials in which 10 of 
38 operated patients had new vertebral fractures 
within 8 months of the operation (Fribourg et al. 
2004), and 23% of 115 operated patients had new 
vertebral fractures within 11 months of the opera-
tion (Harrop et al. 2004). This can be compared 
with a 19% incidence of new vertebral fractures 
in untreated patients with a vertebral fracture at 
baseline and followed for 12 months (Lindsay et 
al. 2001). Furthermore, as we know that treatment 
with bisphosfonates reduces the incidence of new 
vertebral fractures by close to 50% (Black et al. 
1996), we can hypothetically estimate the annual 
incidence in individuals with a vertebral fracture 
followed by bisphosfonate treatment to be 10%. 
This incidence should be compared with the inci-
dence in patients treated with a VP or a KP, as they 
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always achieve antiresorptive treatment in addi-
tion to the surgery. This theoretical calculation 
suggests that VP and KP are possibly followed by 
an increased incidence of new spinal fractures. In 
addition, most new fractures have been found to be 
located adjacent to the previously cemented ver-
tebrae (Fribourg et al. 2004, Harrop et al. 2004), 
supporting the view that altered mechanical forces 
may lead to new spinal fractures. 

Future perspectives

There is currently an intense degree of research 
activity, with different workers trying to support 
or refute the hypothesis of a superior result with 
VP and KP compared to nonoperative treatment. 
Although these techniques have gained enormous 
popularity, little is known about their effectiveness. 
Since most patients with an osteoporotic vertebral 
fracture improve even if not treated, the inclusion 
of an adequate control group is essential for the 
assessment of any therapeutic intervention. Thus, 
there are currently several RCTs being carried 
out, to evaluate the effects of VP or KP compared 
to standard pharmacological treatment given to a 
control group. One important problem is that the 
procedures have already gained popularity, even 
though they have not been supported by an ade-
quate amount of research data. Because patients 
demanded VP or KP, a similar study in the USA 
had to be terminated in advance. Today, Europe 
and Japan appear to be the only regions in which 
scientific studies of this kind can be performed, 
due to the organization of health care and still lim-
ited use of the techniques. There is also research 
in progress in order to find substitutes for conven-
tional bone cement (Jasper et al. 2002, Hillmeier et 
al. 2004, Matsuyama et al. 2004, Provenzano et al. 
2004, Tomita et al. 2004). Cortoss, a new synthetic 
cement with a lower exothermic reaction during 
polymerization, is provided with a double lumen 
cartridge with specially designed tips for mixing 
(Szpalski et al. 2003). There are other lines of 
development: ceramic material and combinations 
of calcium phosphate and hydroxyapatite. The new 
material quickly attain the same strength as bone, 
but still they are most used in research studies. 
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