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Percutaneous vertebroplasty in the therapy
of osteoporotic vertebral compression
fractures: a critical review

Abstract Percutaneous vertebro-
plasty has become an efficient tech-
nique for the treatment of painful
vertebral fractures. Osteoporotic ver-
tebral compression fractures are char-
acterized by severe back pain and
immobilization causing other compli-
cations like thrombosis or pneumonia.
Vertebral cement augmentation pro-
vides increased strength of the verte-
bral body and an obvious pain relief.
Between 1989 and 2004, 30 studies
and a total of 2,086 treated patients
have been published in literature. A
review of these studies has been
performed. The number and age of the
patients, number of treated vertebrae,
pre- and postoperative outcome of
pain and complications of the different
studies were assessed and analyzed.
Percutaneous vertebroplasty is an ef-
ficient technique with low complica-
tion rates and a significant reduction in

pain. It rapidly improves the mobility
and quality of life of patients with
vertebral compression fractures. With
an increasing number of treated pa-
tients, experience with this interven-
tional technique has become excellent.
But still there are no randomized
controlled trials available, showing
that percutaneous vertebroplasty has a
significantly better outcome than other
treatment options, especially after a
long-term follow-up.
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Introduction

Osteoporosis is a disease characterized by low bone mass
and the structural deterioration of bone tissue, leading to
bone fragility and an increased susceptibility to fractures.
The consequences of this chronic disease and public health
threat will increase rapidly in the next decades and will be
caused by the increasing number of elderly people [1]. The
spine is the most frequently affected localization for osteo-
porosis-induced fractures [2, 3]. In the U.S., osteoporosis is
responsible for more than 1.5 million fractures annually,
including approximately 700,000 vertebral fractures [4–6].
Consequences of these fractures are pain, collapse of the
vertebral body and loss of the physiological posture. Con-
comitant complications are various and comprise orthope-
dic, pulmonary, cardiovascular and neurological diseases.
In the U.S., the socio-economic consequences are the es-

timated national direct expenditures (hospitals and nursing
homes) for osteoporosis and related fractures of more than
$14 billion each year [4]. Percutaneous vertebroplasty is a
minimally invasive technique in the therapy of vertebral
compression fractures and was described first by Galibert
and Deramond in 1987 [7]. It is used to augment and
immobilize the vertebral body and therefore to relieve pain
and restore the mobility and quality of life of the patients.

Patients and methods

Vertebroplasty technique

The standard technique for percutaneous vertebroplasty
has been described explicitly before [5, 8, 9]. High-quality
fluoroscopy equipment is essential. A combination of
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fluoroscopy and computed tomography is possible and has
been described by some authors before [10–13]. In most of
the studies, percutaneous vertebroplasty was carried out
under local anesthesia. To provide conscious sedation, dif-
ferent medications are used. In our center, we prefer to use
fentanyl (Sublimaze; Labors Abbott, Nordchicago, IL) and
midazolam (Versed; Roche Pharma, Manati, Puerto Rico).

Under fluoroscopic control, the pedicle must be adjusted
carefully so that it projects over the targeted vertebral body.
The transpedicular approach is used most often in the
lumbar spine, while the extrapedicular approach in the
thoracic spine. After positioning of the patient and prep-
aration in a strictly sterile manner, the cannula is placed
through a small skin incision into the bone. The exact
positioning of the vertebroplasty cannula is important to
assure satisfying bone cement filling of the vertebral body.
Under continued anteroposterior and lateral fluoroscopic
control, the cannula is advanced into the vertebral body.
After correct positioning of the cannula, either uni- or bi-
pedicular, the bone cement is prepared. Different systems
are used for application of the bone cement. Most often, the
use of Luer-lok syringes is reported. During injection of the
cement, continuous observation is necessary to prevent

excessive bone cement leakage. Although bone cement
achieves approximately 90% of its ultimate strength
within 1 h of injection [14], the patients should be hos-
pitalized at least for the day of the intervention. Figs. 1 and
2 show examples of uni- and bipedicular percutaneous
vertebroplasty.

Data analysis

The study design is retrospective with retrospective data
evaluation of studies found in the literature. Mean values
were calculated, and for analysis, paired comparison pro-
cedures were used (paired t-test). P≤0.05 was considered to
be statistically significant.

Patient selection for vertebroplasty

The results of percutaneous vertebroplasty are very prom-
ising. As can be seen in Figs. 3 and 4, vertebroplasty is
gaining acceptance. The number of publications and the
number of treated patients have obviously been increas-

Fig. 1 a A 69–year–old female
patient. Unipedicular percutane-
ous vertebroplasty of the first
sacral vertebral body (S1). Axial
CT scan shows entering of the
vertebroplasty cannula. b A 69–
year–old female patient.
Unipedicular percutaneous ver-
tebroplasty of the first sacral ver-
tebral body (S1). Axial CT scan
shows application of bone cement

Fig. 2 a A 74–year–old female
patient. Bipedicular percutane-
ous vertebroplasty of thoracic
vertebra 12. Axial CT scan
shows entering of the vertebro-
plasty cannula. b A 74–year–old
female patient. Bipedicular per-
cutaneous vertebroplasty of
thoracic vertebra 12. Axial CT
scan shows the vertebral body
after satisfactory application of
bone cement
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ing, especially in the period from 1999 to 2004. Due to the
ongoing increasing number of treated patients, quality
improvement guidelines have been set up to secure high
standards. Tables 1, 2 and 3 show the indications and
contraindications for vertebroplasty established by the
American Society of Interventional Radiology and by the
German Society of Radiology [5, 8].

Results of Percutaneous Vertebroplasty
between 1989 and 2004

1. Patient data

Thirty studies were found in the literature from 1989 to
2004. Two thousand eighty–six patients (5,849 vertebral
bodies) were treated (Table 4 and Fig. 4). The minimum
number of treated vertebrae per study was 14; the max-
imum number was 1,398. The mean number of treated
vertebrae per patient was 1.9 (range: 1.2–4.4; Table 4). The
median age of the treated patients between 1989 and 2004
was 68.9 years (median range: 57.5–79; Table 4). The
youngest treated patient was 20 years old [9, 15], and the
oldest treated patient was 98 years old [16]. The female
ratio was 67.4%, and the mean follow-up was 12.5 months
(range: 28 days–5 years; Table 4).

2. Pain documentation

Pain is the main indication for treatment by percutaneous
vertebroplasty. There are different scales for the measure-

Fig. 3 Number of publications
found in the literature from 1989
to 2004

Fig. 4 Number of patients found in the literature from 1989 to 2004

Table 1 Indications for percutaneous vertebroplasty [5, 8]

–Painful primary and secondary osteoporotic vertebral compression
fracture

–Painful vertebrae with extensive osteolysis or invasion secondary
to benign or malign tumor

–Painful vertebral fracture associated with osteonecrosis (Kummel
Disease)

–Adjuvant pre-, peri- or intraoperative percutaneous stabilization-
vertebroplasty before spinal decompressive procedure.
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ment of pain. Most authors use the visual analogue scale
(VAS), which is divided into 10 grades: 0 for no pain and
10 for a maximum of pain [17]. VAS has been documented
in 19 of the 30 studies. Before treatment, the mean VAS
was 8.1 (mean range: 6.4–9.7; see Table 5). After per-
cutaneous vertebroplasty, pain was reduced significantly
down to VAS 2.6 (mean range: 1.7–3.9; P<0.001; see
Table 5). Fig. 5 shows a graphical summary of the VAS
documentation of the different studies. In those studies,
pain was reduced significantly by 5.5 points or 67.9%
(P<0.001). Most of the missing data studies (11/30) re-
ported the pain improvement in percentages. The exact
definitions of pain improvement were often not document
ed and are therefore not comparable.

3. Vertebroplasty technique

In the first years of percutaneous vertebroplasty, many
patients were treated using general anesthesia. However,
more patients have been treated using local anesthesia in
the last years. Many authors describe the advantage of local
anesthesia as being that communication with the patient,
especially concerning neurological symptoms, is possible.
Neural affections can therefore be detected earlier. General
anesthesia was carried out in 15% of the patients, strictly
local anesthesia in 30% and a combination of local and
neuroleptanalgesia in 55% of the patients (see Table 6)
[9, 11, 15, 16, 18–32].

Most of the authors use fluoroscopy for percutaneous
vertebroplasty (75%; see Table 6). Some authors describe a
combination of fluoroscopy and CT as a useful upgrade
for exact positioning of the vertebroplasty cannula and for
an earlier detection of bone cement leakages (25%; see
Table 6) [10, 11, 13, 14]. The mean size of the cannula used
was 11.1 G (range: 7–14; see Table 6). In the thoracic and
lumbar spine, different approaches to the vertebral body are
described. A transpedicular or extrapedicular/posterolateral
entrance into the vertebral body is used. In this review,
most authors used a transpedicular approach (61%, see
Table 6). Of the authors, 5.5% described the extrapedicular
approach, and 33.5% used both extrapedicular and trans-
pedicular approaches to the vertebral body (see Table 6).

4. Complications

In most of the studies, complications were divided into
serious and non-serious complications. Serious and symp-
tomatic complications are rare and were only documented
in 0.9% of all treated patients in this review (see Table 7).
Especially severe bone cement leakage and neurological
compression making surgical therapy necessary have been
described. Transient symptomatic complications like a
radiculopathy or neuritis have been described more often.
None of the patients died as a result of percutaneous verte-
broplasty. Cement embolism was documented in less than
0.1% and was asymptomatic in all cases. Severe embolism,
especially symptomatic lung embolism, was not described,
but can be found in several case reports [33, 34]. The rates

Table 2 Absolute contraindications for percutaneous vertebroplasty
[5, 8]

–Asymptomatic vertebral body compression fractures
–Patient improving on medical therapy
–Prophylaxis in osteoporotic patients
–Ongoing local or sustematic infection
–Retropulsed bone fragment resulting in myelopathy
–Spinal canal compromise secondary to tumor resulting in
myelopathy

–Uncorrectable coagulopathy
–Allergy to bone cement or opacification agent

Table 3 Relative contraindications for percutaneous vertebroplasty
[5, 8]

–Radiculopathy in excess of vertebral pain, caused by a
compressive syndrome unrelated to vertebral collapse. Occasion
ally preoperative percutaneous vertebroplasty can be performed
before a spinal decompressive procedure

–Asymptomatic retropulsion of a fracture fragment causing signif
icant spinal canal compromise

–Asymptomatic tumor extension into the epidural space
–Therapy of more than 3 vertebrae in one session
–Osteoplastic metastases

Table 4 Patient data

Number of
reviewed patients

Mean age
(range min.–max.)

Female
patients

Mean number of treated
vertebrae (min./max.)

Mean follow-up
(min./max.)

2,086 68.9 years
(mean range 57.5–79)

67.4% 1.9 (mean range 1.2–4.4) 12.5 months
(mean range 28d–5y)
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of bone-cement-induced complications are higher. Bone
cement leakage was described in 41.2% (range: 7–81; see
Table 7) [9, 11, 15, 16, 18–32]. However, more than 98%
of the leakages were minor and asymptomatic. Only soli-
tary cases made surgical therapy necessary [15, 33–35].

Discussion

Osteoporosis is responsible for more than 1.5 million frac-
tures annually, including approximately 700,000 vertebral
fractures in the U.S. [4]. The associated morbidity and
mortality will have a high socio-economic impact. Percu-
taneous vertebroplasty is a cost-effective interventional
procedure and can be performed under local anesthesia and
conscious sedation as an outpatient procedure. With the
rising number of patients and experience, the results after
17 years of percutaneous vertebroplasty are promising.
Thirty studies with a total of 2,086 of treated patients and
5,849 treated vertebrae have been found in the literature
between 1989 and 2004. Especially in the last 4 years, the
number of studies and patients has been rising rapidly

(Figs. 3 and 4). Most of the patients have been treated by
radiologists: 66.7%. In the first decade of vertebroplasty,
most authors preferred a longer hospitalization or general
anesthesia [9, 18, 29, 32]. However, in the last years,
treatment strategies have changed, and many patients
have been treated on an outpatient basis under local an-
esthesia. Most of the studies presented two primary end-
points: a reduction of pain and the type and number of
complications.

1. Evaluation of pain

Pain and reduced mobility are the most harassing con-
sequences of vertebral body fractures. The majority of the
studies reported a significant reduction of pain with an
average VAS score of 8.1 before and 2.6 after treatments
(see Table 5). The effects of percutaneous vertebroplasty on
the reduction of pain are still not clearly understood. The
analgesic effect can be explained by the immobilization of
the vertebral body fracture and the heat effects on nerve
endings [10, 22, 31, 36]. Vertebral compression fractures
are caused by bone turnover, micro-damage and consecu-
tively macro-damage. Changes in bone matrix structural
factors, such as collagen, glycans and minerals, lead to
micro-damage of the bone and therefore especially of the
fractured trabeculae [36, 37]. Considering that bone also
stores energy generated from the stresses of movement, it
might be that already micro-fractures generate pain. The
analgesic effect could therefore be explained by the stabi-
lization and immobilization of the macro- and micro-
fractures. Polymerization heat is another important factor
in the reduction of pain. Pain-sensitive nerve endings seem
to be damaged by the extensive impact of heat, and there-
fore local pain seems to be reduced additionally [36].
Polymerization of bone cement results in a partly severe
cytotoxicity [38–40]. However, toxic effects due to PMMA
in bone are not clearly understood yet. Actually, only a few
in-vivo examinations can be found in the literature [38].
Larger series need to show more details to understand the
long-time effects of bone cements.

2. Evaluation of complications

Serious and symptomatic complications in percutaneous
vertebroplasty are rare and have only been reported in less
than 1% (Table 7) [9, 11, 15, 16, 18–32]. Adjusting the

Fig. 5 Pre- and postoperative pain documented by visual analogue
scale (VAS) [6, 9, 11, 12, 15, 16, 18–32, 43]

Table 5 Pain documentation

Number of
studies

Mean VAS before
treatment

Mean VAS
after treatment

Mean pain
improvement (%)

Significance

19 8.1 (range 6.4–9.7) 2.6 (range 1.7–3.9) 67.9% P<0.001
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pedicles under fluoroscopy before injecting the vertebro-
plasty cannula and the careful application of the bone
cement under constant radiological control seem to be the
most important factors to prevent complications.

Adjacent vertebral body fractures after percutaneous
vertebroplasty have been described in several articles [9,
29, 41]. At this time, no evidence-based data are available
showing that there is a significantly increased risk of sub-
sequent fractures due to the vertebroplasty and not due to
the natural history of the osteoporosis. Still, there are many
patients treated by percutaneous vertebroplasty without a
detailed examination for osteoporosis and especially with-
out adequate medication.

The rate of bone-cement-induced complications is high-
er, especially regarding bone cement leakages. Reviewing
the literature, the mean leakage rate is 41% [9, 11, 15, 16,
18–32] (Table 7). However, more than 98% of the
leakages are asymptomatic. Only solitary cases of serious
complications have been reported in the literature [15,
33–35]. Hodler et al. divided bone cement leakage into
two grades [15]: grade 1 (minor) leakage: the longest
diameter of the extravertebral bone-cement collection is
less than the longest diameter of the closest pedicle; grade
2 (moderate) leakage: the longest diameter of the extra-
vertebral bone-cement collection is greater than the longest
diameter of the closest pedicle, but less than the nearest
normal vertebral body. Many authors describe a minor
leakage (grade 1) when the maximum amount of injectable
bone cement is reached [9, 11, 15, 16, 18–32, 42]. The
question is whether it is necessary to document minor
leakage as a complication or to use it as a possibility for
optimal filling of the vertebral body.

Evidence-based evaluation of percutaneous
vertebroplasty

Most of studies found in the literature presented retro-
spective findings. Only seven studies (23.3%) were pro-
spective trials. Still, there is no prospective randomized
controlled trial (RCT) existent. Difficulties in comparing
the different studies and evaluating primary and secondary
endpoints arise from the following findings:

1. No RCT exists, and no comparison of a vertebroplasty
and a control group has been initiated yet.

2. The setup and documentation of the studies differ from
each other.

3. Data collections are often subjective.
4. A direct comparison of the presented studies is only

possible regarding the evaluation of pain and
complications.

5. Follow-up is often too short; only a few studies ex-
amine the long-term results in prospective trials.

6. No standardized study concept exists.

Prospective randomized trials are necessary to control,
compare and statistically evaluate the above-mentioned
findings. One question still remains: Is there a significant
benefit for the patients treated with percutaneous verte-
broplasty after a long period of time? Actual results show
that it seems to be so. But definite proof will only be given
by a randomized controlled trial.

Conclusion

The results of all the evaluated studies show a significant
reduction of pain, a minor complication rate and a fast, easy
to learn and favorable technique. But considering the
above-mentioned arguments, there is no explicit proof in
terms of evidence-based medicine that percutaneous verte-
broplasty is really better than conservative treatment or
other techniques. Especially long-term results regarding
the stability of the bone cement and the adjacent vertebrae
are still missing.

Table 6 Complications

Number of
reviewed patients

Vertebroplasty cannula Approach Vertebroplasty
guiding

Anesthesia

2,086 Mean 11.1 G Transpedicular 61% Fluoroscopy 75% General anesthesia 15%
Extrapedicular 5.5% Fluoroscopy+CT 25% Local anesthesia 30%
Trans+Extrapedicular 33.5% Local anesthesia+neuroleptanalgesia 55%

Table 7 Treatment data

Number of
studies

Bone cement
leakage (%)

Serious
complications

20 41.2% (Mean range 7–81)
23 0.9%
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