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Abstract
Objective To report our experience in percutaneous sacroplasty
(PSP) for tumours and insufficiency fractures of the sacrum.
Methods Single-centre retrospective analysis of 58 consec-
utive patients who underwent 67 PSPs for intractable pain
from sacral tumours (84.5 %) or from osteoporotic fractures
(15.5 %). The following data were assessed: visual analogue
scale (VAS) before and after the procedure for global pain;
short-term (1-month) clinical follow-up using a four-grade
patient satisfaction scale (worse, unchanged, mild improve-
ment and significant improvement); modification in analge-
sics consumption; referred short-term walking mobility.
Minor and major complications were systematically assessed.
Results The mean VAS score was 5.3±2.0 in pre-procedure
and 1.7±1.8 in post-procedure. At 1-month follow-up, 34/58
(58.5 %) patients experienced a mild improvement; 15/58
(26 %) presented a significant improvement while 4/58
(7 %) and 5/58 (8.5 %) patients had unchanged or worse pain,
respectively. Decreased analgesic consumption was observed
in 34% (20/58) of the patients. Eighty percent of patients with

walking limitation experienced improvement, 16 % remained
unchanged and 4 % were worse. We noted minor complica-
tions in 2/58 patients (3.4 %) and major complications in 2/58
patients (3.4 %).
Conclusion Percutaneous sacroplasty for metastatic and os-
teoporotic fractures is a safe and effective technique in terms
of pain relief and functional outcome.
Key points
• Percutaneous sacroplasty provides pain relief and func-
tional improvement for insufficiency sacral fractures.

• Percutaneous sacroplasty provides pain relief and function
improvement for sacral tumours.

• The major complication rate is acceptable (3.4 %), and is
higher in sacral tumours.

• Posterior wall/cortical sacral bone disruption is not sta-
tistically associated with more complications.

• However, osteolytic tumours seem to be associated with
higher risk of complications.
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Abbreviations
PSP Percutaneous sacroplasty
PV Percutaneous vertebroplasty
PMMA Polymethyl methacrylate

Introduction

Sacral metastases and insufficiency fractures are disabling
causes of severe low back pain, leading patients to bed rest
with increased risk of comorbidities, such as pneumonia,
urinary tract infections, deep vein thrombosis, pulmonary
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embolism, muscle atrophy and sacral decubitus ulcers [1].
Moreover, these patients usually require high doses of opi-
ates, especially for sacral metastasis, that may be responsi-
ble for major side effects [2].

Percutaneous vertebroplasty (PV) has gained acceptance
in recent years for stabilising traumatic and osteoporotic
fractures and as a palliative treatment of metastatic painful
lesions [3–6]. The cementoplasty of the sacrum (percutane-
ous sacroplasty [PSP]), a variant of vertebroplasty, is used
for the same purpose. However, there are several technical
considerations that are unique to PSP, mainly the risk of
cement leakage into the sacral foramina [1]. The effective-
ness and safety of this technique has been poorly reported,
until recently in small series or case reports [7–12], most of
these being focused on insufficiency fractures.

The aim of our study was to retrospectively report our
experience of 67 consecutive PSPs in 58 patients treated for
osteoporotic lesions or tumours of the sacrum.

Materials and methods

Patients

Patients’ demographics are summarised in Table 1 and
Fig. 1.

We retrospectively review the data of 58 consecutive
patients that underwent 67 PSP procedures in our institution
for intractable pain from sacral tumours or from osteoporot-
ic fractures, from January 2002 to July 2011. Procedures

were performed in 42 women and 16 men (mean age
62 years, range 27–88), on an outpatient basis. Of these
patients, 72.5 % (42/58, 28 women and 14 men) had meta-
static lesions (from breast cancer, n=19; lung cancer, n=5;
thyroid cancer, n=4; endometrium cancer, n=2; oesophagus
cancer, n=1; rectum cancer, n=1; bladder cancer, n=2;
carcinoma of unknown origin, n=8), 15.5 % (9/58, 7 wom-
en and 2 men) osteoporotic fractures and 12 % (7/58, all
females) had sacral primitive tumours (plasmocytoma/
myeloma, n=4; haemangioma, n=1; chondrosarcoma, n=
1; chordoma, n=1). All patients presented with a history of
lower back pain that was minimally responsive to analgesic
treatment or had adverse effects (constipation, urinary re-
tention and/or confusion) from opioid treatment with con-
trolled pain. In case of osteoporosis, failure of conservative
treatment was considered after a period of at least 4 weeks.
None of the patients with sacral insufficiency fracture had
other concomitant symptomatic vertebral compression frac-
ture. Thirty-four patients with sacral metastasis had under-
gone previous chemotherapy and/or local radiotherapy.

All patients had pre-procedure imaging focusing on the
sacrum area, including computed tomography (CT) (bone
and soft tissue windowing), 1.5-T magnetic resonance (MR)
imaging (at least T1-weighted images [WI], T2-WI and T1
fat-saturated-WI after gadolinium injection in at least two
orthogonal planes). The CT findings enabled us to classify
spinal metastases as osteolytic, osteoblastic, or mixed le-
sions. Epidural or soft tissue extensions were assessed on
MR images; cortical bone disruption (of the posterior wall
and of sacral foramina) was evaluated on CT.

Lesion characteristics

Lesion characteristics are summarised in Table 2.
In patients presenting tumoral lesions, the lesion was

osteolytic in 21/49 cases (43 %); mixed in 24/49 cases
(49 %) and osteoblastic in 4/49 cases (8 %). Sacral foramen

Table 1 Demographic characteristics of patients undergoing percuta-
neous sacroplasty (PSP)

Characteristics

Agea 62±15

Gender (n)

Male 16

Female 42

Type of lesionsb

Osteoporotic fractures 15 (9)

Primitive tumours 10 (6)

Benign (haemangioma) 2 (1)

Malignant (chondrosarcoma,
chordoma, plasmo-cytoma/myeloma)

10 (5)

Metastatic tumours 74 (43)

Breast 29 (17)

Prostate, lung, thyroid, renal 26 (15)

Others/indeterminatec 19 (11)

a Data expressed as mean ± SD
bData expressed as percentage (n/58)
c Oesophagus, uterus, rectum, poorly differentiated carcinomas

Fig. 1 Flow chart of the patients involved in our study
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cortical disruption was observed in 23/49 cases (47 %) and
epidural extension was depicted on MRI in 5/49 cases
(10 %). All osteoporotic lesions had radiological evidence
of acute or sub acute fractures on CT and MR images.

Inclusion/exclusion criteria

Inclusion criteria were: patient older than 18 years with
intractable (visual analogue scale [VAS]>4) sacral pain
related to imaging-proven insufficiency fracture of the sa-
crum or a sacral tumour. Patients with VAS ≤ 4 under
opiates but with severe side effect of the analgesic treatment
were also included in the study.

Exclusion criteria were: major sacral canal extension,
nerve root or cauda equina compression related to the lesion,
local cutaneous or subcutaneous infection, uncorrectable
coagulopathy, active systemic infection or leucopaenia or
history of allergy to polymethylmethacrylate (PMMA) bone
cement used for vertebro/sacroplasty.

PSP technique

Percutaneous sacroplasty was bilateral in 38/58 patients
(66 %) and unilateral in 20/58 patients (34 %) with a total
of 67 procedures. Most of the procedures (82/96; 85.4 %)
were performed under conscious sedation that was achieved
with IV propofol (Diprivan; Astra-Zeneca, Rueil-Malmaison,
France) alone or in combination with IValfentanyl (Rapifen;
Janssen-Cilag, Issy-les-Moulineaux, France) and midazolam
hydrochloride (Hypnovel; Roche, Neuilly, France). Local
anaesthesia (1 % lidocaine, Xilocaine; Astra, Södertälje,
Sweden) was administered subcutaneously under fluoroscop-
ic guidance and 1 g intravenous cefazolin (or other broad-
spectrum antibiotic) was also administered at the beginning
of the procedure in order to minimise any risk of infection.
All procedures were performed by three operators with expe-
rience in cementoplasty of 20, 15 and 10 years, respectively.
PSP was performed in an angiographic suite with a C-arm
digitalised X-ray system (Angiostar; Siemens, Erlangen, Ger-
many) for patients treated before 2007 (18/58 patients) and
with a C-arm flat panel (Axiom Artis; Siemens, Erlangen,

Germany) for those treated after 2007 (40/58 patients). The
patient was placed in the prone position; the lumbo-sacral
region prepped and draped to ensure sterility. General anaes-
thesia with oro-tracheal intubation was performed only for
young patients, in patients with osteoblastic lesions, or when
the positioning of the bone needle was suspected by the
operator to be difficult. The sterile draped flat panel system
was positioned at the anteroposterior (AP) view, centred on
the sacral bone. Bevelled 11-gauge bone needles (Thiebaud,
Margencel, France) were inserted into the sacrum and ad-
vanced with the aid of a mallet towards the centre of the
lesion for the tumour lesions and into the fracture site for
insufficiency sacral fractures. On average, 2.3 ±1 bone
needles were used (range 1–5).

A posterior approach was performed in 85 % of the cases
(57/67 procedures), whereas a transiliac approach was used
in 25 % of the cases (17/67 procedures). In 10 % of the cases
(7/67) both approaches were performed at the same time.
When the imaging findings were not conclusive as to the
cause of the lesion, a bone biopsy was performed before
PMMA injection by using a coaxial system with a 13-gauge,
long bone biopsy needle (Thiebaut). Then, PMMA cement
(Biomet Bone Cement V; Biomet, Warsaw, IN, USA) mixed
with tungsten powder (Balt, Montmorency, France), which
enhances the cement’s radiopacity, was injected under fluo-
roscopic guidance until homogeneous filling of the target
lesion was achieved. The goal of the cement injection was to
fill the lesion as much as possible without extravasation of
cement (Fig. 2).

Immedia tely af ter PMMA inject ion, s tandard
anteroposterior (AP) and lateral control plain X-rays were
performed. Sacral bone multidetector CT (Somatom Sensa-
tion 16; Siemens, Erlangen, Germany) with multiplanar re-
constructions was also systematically performed in order to
evaluate the filing of the lesion by the bone cement and to
depict cement leakage.

Clinical outcome assessment

Patients’ records were assessed for pain and functional
status, before and 30 days after the procedure. A VAS was

Table 2 Lesions characteristics of subjects

Lesion extension Totala Laterality Density

Unilateral Bilateral Lytic Mixed Sclerotic

Limited to the sacral bone 21 (36) 10 11 14 6 1

Cortical invasion, posterior wall rupture and/or sacral foramina invasion 32 (55) 10 22 13 17 2

Epidural extension 5 (9) 3 2 3 1 1

Totala 58 (100) 23 (40) 35 (60) 30 (52) 24 (41) 4 (7)

a Data are shown as n (%)
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used for pain evaluation, based on its subjective perception
of pain, ranging between 0 and 10, where 0 corresponds to
pain absence and 10 represents the worst pain imaginable.
Overall improvement of clinical status was evaluated using
a four-grade patient satisfaction scale: 1=worse, 2=
unchanged, 3=mild improvement and 4=significant im-
provement. The comparison between analgesic drug con-
sumption before and after PSP was systematically evaluated
using the following semi-quantitative scale: 1=increased
oral narcotic analgesics, 2=same drug treatment and 3=
reduced oral narcotic analgesics. Finally, the ambulation
was evaluated with a three-grade scale: 1=worse, 2=
unchanged and 3=improvement of ambulation.

Complications were systematically assessed and divid-
ed into minor and major complications. Cement leakage
leading to transient neurological deficit that resolved
spontaneously or under medical treatment was considered
as minor complication. Major complications were: cement
leakage leading to permanent neurological deficit, neuro-
logical deficit requiring surgical decompression, or cauda
equina syndrome, general complications after PSP (e.g.
pulmonary embolism, pulmonary infection) or procedure-
related death.

Statistical analysis

Analyses were performed to search for statistically signifi-
cant associations among pain relief (decrease of 2 points or
more on VAS between pre and post-PSP), decreased anal-
gesic drug consumption (decrease of the dose of the anal-
gesic drugs previously used or in case of switching to an
analgesic drug of a lower level in the WHO scale), func-
tional outcome (patient’s referral of mild or significant im-
provement of overall clinical status) as well as
complications (major and minor complications) versus clin-
ically or imaging-relevant characteristics of lesions.
According to this rationale, the following paired dichoto-
mous variables were tested: differences in terms of pain
relief/functional outcome and patients with: (1) a sacral
tumour or an insufficiency fracture; (2) a malignant or a
benign tumour; (3) a bilateral or an unilateral lesion; (4) a
lytic or a mixed/blastic lesion; (5) the presence or absence of
posterior wall/cortical disruptions. The differences in terms
of complication rates depending on the type of the lesion or
depending on cortical/posterior wall disruption were also
evaluated. Statistical analysis was performed with Medcalc
software (Medcalc, Mariakerke, Belgium). We used a chi-

Fig. 2 A 66-year-old patient presenting a painful mixed metastatic lesion of the upper portion of the sacrum from a lung carcinoma. a Pre-operative
axial CT, bone windowing showing a mixed lesion of the sacral bone. b MRI, axial T1-fat-saturated-weighted image (WI) after gadolinium
injection. Foci of contrast media enhancement are seen within the upper segment of the sacrum, as well as in the ilion bones. c, d Plain X-rays in
anteroposterior (AP) (c) and lateral (d) projections after the positioning of the bone needles. e Plain X-ray after injection of 10 cc polymethyl
methacrylate (PMMA) bone cement, showing satisfactory filling of the bone lesion. f Post-percutaneous sacroplasty (PSP) axial CT confirming the
satisfactory filling of the lesion and the absence of foraminal or intracanal cement leakage
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squared test for categorical variables and Fisher exact tests
when the expected values in the 2×2 contingency table for
the chi-squared test were less than 5 in at least one cell. For
continuous variables, the Student t-test for independent
samples was used. A P value of less than 0.05 was consid-
ered to indicate a significant difference.

Ethical statement

Neither approval of the institutional review board nor pa-
tient informed consent was required by the ethics committee
of our institution for retrospective analyses of patients’ re-
cords and imaging data.

Results

The results of pain and functional status are summarised in
Table 3 and Figs. 3, 4 and 5).

Technical success with adequate distribution of cement
was achieved in 49/58 patients (84 %) after the first proce-
dure; technical success was achieved in the remaining 9
patients (16 %, 2 osteoporotic lesions and 7 tumours) after
a second intervention. The mean VAS score was 5.3±2.0
(range 1.0–9.0) pre-procedure and 1.7±1.8 (range 0–6)
post-procedure (Table 4). At the 1-month follow-up, 34/58
(59 %) patients experienced a mild improvement in overall
clinical status; 15/58 (26 %) presented a major improve-
ment, while 4/58 (6.3 %) and 5/58 (8.6 %) patients had
unchanged or worse clinical status, respectively (Fig. 3).
Decreased analgesic drug consumption was observed in
34 % (20/58, 18 patients presenting tumoral lesions and 2
with osteoporotic fractures) of the patients (Fig. 4). Almost
half of the patients had pre-procedure walking limitation
(25/58). At the 1-month clinical follow-up, 80 % (20/25)
experienced improvement, 16 % (4/25) remained unchanged
and 4 % (1/25) referred to worsening (Fig. 5).

Statistically significant differences were observed be-
tween pre- and post-PSP mean VAS scores (Student t-test,
P values<0.05).

Fig. 3 Graphic representation of 1 month’s clinical outcome

Fig. 4 Graphic representation of the analgesic consumption 1 month
after the percutaneous sacroplasty procedure

Table 3 Overall status, ambulation and use of analgesics in the fol-
low-up period

Evaluation parameters Post-PSP
1 month

Overall status n (%)

Worse 5 (8.6)

Unchanged 4 (6.3)

Mild improvement 34 (58.6)

Significant improvement 15 (25.8)

Use of analgesics

Increased oral narcotic analgesics 10 (17.2)

Same drug treatment 28 (48.2)

Reduced oral narcotic analgesics 20 (34.4)

Ambulation

No walking limitation 33 (56.8)

Walking limitation a 25 (43.1)

Worsea 1 (4.0)

Unchangeda 4 (16.0)

Improvementa 20 (80.0)

Total 58 (100)

a Percentages are shown as n/number of patients with walking
limitation

Fig. 5 Graphic representation of the functional outcome in terms of
the ability to walk at 1 month’s clinical follow-up
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Statistically significant lower pain relief was obtained in
patients with lesions that presented posterior wall/cortical
disruption than in patients with not (VAS≤2 vs VAS>2,
P value<0.01). No statistically significant difference in
terms of functional outcome was however observed between
these groups of patients (P=0.35).

No statistically significant difference in terms of pain
relief, functional status and decrease in analgesic drug con-
sumption was observed between patients with insufficiency
sacral fracture and those with a tumour (P=0.50, 0.48 and
0.89, respectively), between patients with unilateral and
bilateral sacral lesion (P=0.29 and 0.28, respectively) or
between patients presenting lytic, or mixed/osteoblastic le-
sions (P=0.08 and 0.17, respectively).

No procedure-related deaths were recorded. Minor com-
plications were observed in 2/58 patients (3.4 %) (Table 5).
These two patients experienced transient neurological defi-
cit due to local extravasation of PMMA, which resolved
under anti-inflammatory medication. Two other patients
(2/58; 3.4 %) experienced a major complication: cement
leakages were reported within the vertebral canal and S1
foramen respectively (Fig. 6) that subsequently required
surgical decompression for symptomatic relief of the radic-
ular pain. Both patients had a good outcome with no per-
manent deficit. Major complication rate was higher in the
tumour group than in the osteoporotic group (3.4 % vs 0 %).
However, this difference was not statistically significant
(Fisher’s exact test, P=1). Complication rates of patients
with posterior wall/cortical bone disruption and those with-
out such imaging findings were not statistically different
(P=0.16). A statistically significant complication rate was

found in the group harbouring lytic lesions (20 %, 5/30)
versus mixed/osteoblastic ones (0 %, 0/28) (Fisher’s exact
test, P=0.046). Biopsy results were assessed in 39 patients
(5 osteoporotic fractures and 34 tumours) with malignant cells
found in 31 % (12/39), absence of malignant cells in 59 %
(23/39) and samples from 10 % of the patients (4/39) were
considered insufficient or unsuitable by the pathologist for
evaluation (1 insufficiency fracture and 4 tumours). No ma-
lignant cells were found in presumed osteoporotic lesions.

Discussion

Spinal tumours and insufficiency fractures due to osteopo-
rosis are important causes of severe lower back pain, leading
to chronic disability and a devastating impact on quality of
life [13, 14].

It is estimated that osteoporosis affects approximately 10
million people, causing more than 700,000 fractures annu-
ally only in the United States [15] and spinal metastasis
develop in 5–10 % of all cancer patients during the course
of their disorder, predominantly in the thoracic region,
followed by the lumbar spine and lumbosacral junction [16].

Currently, the mainstay of management for sacral meta-
static tumours is palliation: bed rest, medical analgesia,
radiotherapy, chemotherapy and endovascular embolisation
in cases of highly vascular tumours [2, 16]. Surgical correc-
tion is associated with prolonged postoperative recovery
time with high mortality rates [17] and is mainly indicated
for locally advanced tumours that compromise spinal stabil-
ity and neurological status [16].

Since the introduction of PV by Galibert et al. in 1987
[18], its use has been gradually increased as a treatment for
osteolytic pathological fractures and osteoporotic vertebral
compression fractures, and from early 2000 this technique
has extended its application by many researchers, not only
for cylinder-shaped vertebral bodies but also for shield-
shaped sacral bones [19].

Some authors studied the mechanical and analgesic ef-
fects of PMMA injection in vertebral osteoporotic fractures
and metastatic lesions, demonstrating mechanical
stabilisation, which prevents painful micromotion and re-
stores pelvic strength [20] and an analgesic effect in patho-
logical lesions due to its thermal property [2, 21].

Table 4 Mean visual analogue scale (VAS) pre- and post-PSP and
according to unilateral or bilateral procedures

Pre-PSP Post-PSP

Unilaterala 4.8 (1.0–9.0) 1.7 (0.0–4.0)

Bilaterala 5.7 (2.0–9.0) 1.7 (0.0–6.0)

General mean VASb 5.3 (1.0–9.0) 1.7 (0.0–6.0)

a No statistically significant difference was observed between groups
(unilateral or bilateral procedures) correlated with VAS scores (chi-
squared analysis, P values not significant)
b Statistically significant differences have been observed between pre-
and post-PSP mean VAS scores (Student t-test, P values<0.001)

Table 5 Description of complications

Sex, age Lesion Unilateral/bilateral procedure Complication Follow-up

M, 70 years Rectum metastasis Unilateral Cement extravasation Transient neurological deficit

F, 73 years Plasmocytoma Unilateral Cement extravasation Transient neurological deficit

F, 77 years Breast metastasis Bilateral Cement leakage into vertebral canal Surgical decompression

F, 44 years Haemangioma Unilateral Cement leakage into S1 foramen Surgical decompression
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In the past years, several case reports and series have
been published discussing PSP as an alternative to tradition-
al medical therapy for sacral insufficiency fractures [8, 19,
22–25]. Our study showed the effectiveness of PSP in pain
relief and functional recovery. Indeed, 84 % of the patients
experienced pain reduction, whereas 80 % presented an
improvement of their ability to walk. Average VAS decrease
was 3.6 (from 5.3 to 1.7).

Most of the previously published series seem to agree
that PSP is associated with durable pain relief and good
rehabilitation, and with low complication rates [2, 7, 9, 12,
19, 24, 26, 27]. Bayley et al. [28]. reviewed 15 papers about
the subject, with same conclusions Frey et al. [27], in a
prospective multicentre study, one of the largest series about
osteoporotic fractures treated with PSP (52 patients), showed
a decrease in the mean VAS score from 8.1 pre-procedure to
0.8 at 52 weeks’ follow-up. They reported one case of
transient S1 radiculitis that resolved completely with foram-
inal epidural steroid injection (complication rate, 2 %).

Even though the effectiveness of this technique has been
demonstrated for osteoporotic fractures, the use of PSP for
painful sacral tumours has been poorly reported, probably
because tumours are more challenging to treat. Only eight
studies reported the effectiveness of PSP for tumour sacral
lesions [2, 29–35]. A recent multicentre study by Kortman

et al. [35] assessed the efficacy and safety of PSP in 243
patients, in which only 39 patients had symptomatic sacral
tumours. These authors demonstrated positive results (mean
VAS ranging from 8.9 to 2.6), reporting no complications in
this group of patients. In our study, 49 patients presented
with sacral tumours, which to the best of our knowledge
makes our series the largest in the literature on tumours
treated with PSP. Results in term of pain relief were not
statistically different from those obtained for osteoporotic
sacral fractures. However, in our series, the complication
rate was higher in the tumour group (8 %, 4/49) than in the
group of insufficiency fractures (0 %, 0/9). Nevertheless,
this difference was not statistically significant. We also
observed that patients with more aggressive tumour le-
sions, with posterior wall and cortical disruption, had
statistically significant less pain relief compared with
lesions limited to the sacral bone. Although this could
be expected, it should be reminded when dealing with
this type of lesions.

Sacroplasty is technically similar to vertebroplasty; how-
ever, there are a few differences between the two techniques
that need to be noted. Firstly, it can be challenging to know
when the tip of the needle has reached the inner cortical
margin of the sacrum and has not traversed into the pelvic
side. Secondly, it may be difficult to see the sacral foramina

a

d e

b c

Fig. 6 A 80-year-old man with a painful osteolytic lesion of the S1
segment of the sacrum from an adenocarcinoma of the rectum. a
Unenhanced axial CT, bone windowing showing an osteolytic lesion
of the upper segment of the sacrum with anterior extension (arrows). b,
c Plain X-rays after PMMA bone cement injection in AP (b) and lateral
(c) projections. Satisfactory filling of the lesion is seen. However, a
tubular shape image is seen at the level of the left S1 sacral foramen (b,
arrow), with a posterosuperior orientation on lateral projection (c,

arrow) suggestive of a cement leakage into the left S1–S2 sacral
foramen. d, e Post-PSP CT, bone windowing; (d) axial slice, (e)
coronal reconstruction. Cement leakage into the left S1–S2 sacral
foramen is seen (d, arrow and e, arrowheads). Contact between the
cement leakage and the S1 nerve root is seen (d, arrow). The patient
underwent surgical removal of the bone cement fragment and clinically
completely recovered
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when using only fluoroscopic guidance, but this can be
overcome by placement of needles in the sacral foramina
before cement injection.

Potential complications of PSP include venous cement
leakage, which may migrate into the pulmonary circulation
(and lead to pulmonary embolism), infection and leakage
into the neural foramina or the spinal canal [27]. We expe-
rienced two major complications (3.4 %), due to cement
extravasation that required surgical decompression in pa-
tients with metastatic lesions. It is noteworthy that after
surgical decompression, none of the patients had residual
neurological deficit. In the literature, complication rates
range from 0 to 20 %, depending on the total number of
patients, with most of the papers reporting one or a maxi-
mum of two patients with complications [1, 7, 27, 28, 35].
This slightly higher number of complications in our study
(four patients, two minor and two major complications) may
be because most of our patients had tumours; some of them
were complex lesions, with posterior wall and cortical bone
disruption. Interestingly, in our study, contrary to previously
published series on vertebroplasty in which the complica-
tion rate was higher in sclerotic lesions [36], PSP-related
complications occurred more frequently in osteolytic lesions
than in blastic or mixed lesions. We had a relatively high
rate of repeated procedures (16 %) compared with other
series [1, 37, 38], but again this can be due to our larger
series of tumoral complex lesions. We think that this should
be discussed with all patients prior to the procedure.

In our series, all the PSPs were performed under fluoro-
scopic guidance. Even if this technique presents some diffi-
culties for the positioning of the bone needles in the sacral
bone and requires experience, it allows for better visualisation
of the progression of the cement within the lesion and for
earlier depiction of cement leakage. Case reports have been
published on the interest in using CT guidance for PSP,
especially for a more accurate positioning of the bone needles
[37]. However, despite its helpfulness for the bone needles’
setting, CT guidance provides poor visualisation of the cement
injection, without the possibility of having continuous fluo-
roscopy. In order to overcome the limitations of both the sole
fluoroscopic guidance and the sole CT guidance, some au-
thors have proposed the combination of CT and fluoroscopic
guidance during PSP for better visualisation of bone land-
marks and to monitor live cement extravasation during injec-
tion [1, 2, 28]. However, this combined technique is difficult
to organise in daily practice. Improvements in CT fluorosco-
py may be a solution to overcome these technical limitations,
but it delivers a higher X-ray dose to the patient. Finally, the
recently developed hybrid angiographic suite, which com-
bines C-arm flat panel and CT in the same room, can be an
interesting tool in increasing the safety of PSP. Indeed, in
these hybrid angiographic suites, the needle(s) can be posi-
tioned under CT guidance, and then, by a simple translation

of the table towards the C-arm flat panel without any
mobilisation of the patient, the PMMA injection can be
performed under fluoroscopic guidance, allowing for live
visualisation of the progression of the cement.

In conclusion, PSP is a safe and effective technique in
terms of pain relief and functional outcome for both sacral
osteoporotic fractures and tumours, with an acceptable com-
plication rate. Even if more challenging to treat by PSP,
tumour bone lesions are not statistically associated with a
higher complication rate. However, the treatment of
osteolytic lesions is more frequently associated with neuro-
logical complications.
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