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PURPOSE

We aimed to assess the safety and technical outcome of computed tomography (CT) fluoros-
copy-guided osteoplasty with or without prior percutaneous radiofrequency ablation (RFA) in
patients with painful osteolyses.

METHODS

We performed a retrospective analysis of 29 patients with painful extraspinal and spinal osteo-
lyses (16 women, 13 men; 63.1+£14.4 years) who underwent CT fluoroscopy-guided osteoplasty
(10-20 mAs tube current) with or without RFA (26 and 14 lesions, respectively), in 33 consecutive
procedures from 2002 to 2016. Technical success was defined as at least one complete RFA cy-
cle and subsequent polymethyl metacrylate (PMMA) bone cement injection covering >75% of
longest diameter of extraspinal osteolysis on axial plane or of distance between vertebral end-
plates. Procedure-related complications within 30 days and dose-length-product (DLP) were also
evaluated.

RESULTS

Osteolyses were located in the pelvis (acetabulum, n=10; iliac bone, n=4), spine (thoracic, n=6;
lumbar, n=5; sacral, n=8), long bones (femur, n=3; tibia, n=1), sternum (n=2) and glenoid (n=1).
Mean size of the treated osteolysis was 4.0+1.2 cm (range, 1.9-6.9 cm). Of 40 osteolyses, 31 (77.5%)
abutted neighboring risk structures (spinal canal or neuroforamen, n=18; neighboring joint, n=11;
other, n=8). Mean number of RFA electrode positions and complete ablation cycles was 1.5+0.9
and 2.1£1.7, respectively. Mean PMMA filling volume was 7.7+5.7 mL (range, 2-30 mL). Small
asymptomatic PMMA leakages were observed in 15 lesions (37.5%). Mean total DLP was 850+653
mGy*cm. Six minor complications were observed, without any major complications.

CONCLUSION

CT fluoroscopy-guided percutaneous osteoplasty with or without concomitant RFA for the treat-
ment of painful extraspinal and spinal osteolyses can be performed with a low complication rate
and high technical success.

n advanced cancer, bone is a common site of metastases characterized by substantial

skeletal morbidity, which itself is associated with a reduced overall survival (1). Up to 70%

of patients with breast, lung, kidney, thyroid, and prostate cancer develop bone metasta-
ses, while only 20% of patients with gastrointestinal cancers are affected (2). About half of
the patients with skeletal metastases suffer from complications such as excruciating pain,
pathologic fractures or spinal cord compression requiring administration of opioids, surgi-
cal decompression or radiation therapy (2). Extensive surgery such as posterior vertebral
stabilization or resection with implantation of a cage or tumor prosthesis is often associated
with a comparatively long recovery period and is therefore reserved for patients with a lon-
ger life expectancy (3). Conversely, patients with a multifocal skeletal affection and limited
life expectancy should preferentially undergo non- or minimally invasive therapy regimens.

Image-guided cementoplasty is a palliative interventional technique that can achieve a
pain reduction in 80% to 97% of cases irrespective of the treated bone site (4-7). Moreover,
a limited consolidation effect can be reached, especially in vertebral and pelvic metasta-
ses (8). A limited number of clinical studies evaluated the combination of cementoplasty
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with thermal ablation procedures such as
radiofrequency (9-18), microwave (19, 20)
or cryoablation (17, 21-24), as well as with
embolization (24, 25).

Mono- or biplane fluoroscopy is widely
established for imaging guidance (15, 26,
27). Some interventional units employ a
combination of a computed tomography
(CT) scanner and a mobile C-arm, allowing
for exact needle positioning using CTimage
to view the cross-sectional area of the oste-
olysis and adjacent soft tissues, and C-arm
fluoroscopy to view needle inclination and
cement extravasation (10, 21). Other au-
thors stated successful needle placement,
or the combination of needle placement for
thermal ablation and consecutive cemen-
toplasty under conventional sequential CT
(12, 28), CT fluoroscopy (9, 29), or cone-
beam CT guidance (25).

The purpose of this retrospective sin-
gle-center study was to report the technical
outcome and safety of CT fluoroscopy-guid-
ed osteoplasty with or without prior percu-
taneous radiofrequency ablation (RFA) in
patients with painful extraspinal and spinal
osteolyses.

Methods

This retrospective study involved 29
consecutive patients (16 women, 13 men;
63.1+14.4 years) who underwent osteoplas-
ty with or without concomitant radiofre-
quency ablation (RFA) for the treatment of
40 painful extraspinal and spinal osteolyses
due to metastatic disease (n=33) or multiple
myeloma (n=7) (Table 1). All procedures per-
formed in our study involving human partic-

* In advanced cancer, bone is a common site of
metastases characterized by substantial skele-
tal morbidity.

* About half of the patients with skeletal metas-
tases suffer from complications such as excru-
ciating pain, pathologic fractures or spinal cord
compression requiring palliative therapy.

* The objective of this retrospective single-cen-
ter study was to report the technical outcome
and safety of CT fluoroscopy-guided osteo-
plasty with or without prior percutaneous ra-
diofrequency ablation (RFA) in 29 patients with
painful extraspinal and spinal osteolyses.

* CT fluoroscopy-guided percutaneous osteo-
plasty with or without concomitant RFA can be
used for treatment of painful extraspinal and
spinal osteolyses, with high technical success
and low complication rates.

Table 1. Population characteristics of 29 patients who underwent CT fluoroscopy-guided cemento-
plasty with or without prior radiofrequency ablation

Characteristics

Age (years), mean+SD

Sex, n (%)
Female
Male

Tumor entity, n (%)
Multiple myeloma
Breast cancer
Renal cell carcinoma
Follicular thyroid cancer
Neuroendocrine cancer
Papillary thyroid cancer
Pancreatic cancer
Colorectal cancer
Sarcomatoid carcinoma
Cervical cancer
Carcinoma of unknown primary
Total

Localization of concomitant metastases*, n (%)
Lung
Liver
Lymph node
Adrenal gland
Brain
Soft tissue

Total

63.1+14.4 (25-85)

16 (55.2)
13 (44.8)

7 (24.1)
5(17.4)
5(17.4)
4(13.8)
2(6.9)
1(3.4)
1(3.4)
1(3.4)
1(3.4)
1(3.4)
1(3.4)
29 (100)

11 (423)
5(19.2)
5(19.2)
2(7.7)
2(7.7)
1(3.8)
26 (100)

*More than one affected organ region is possible in a patient.

ipants were in accordance with the Helsinki
declaration of 1964 and with the ethical
standards of the institutional and/or nation-
al research committee and its later amend-
ments or comparable ethical standards.

The interventional procedures were per-
formed under low-milliampere (10-20 mA)
CT fluoroscopy guidance in our institution
from March 2002 to March 2016.

Our institutional ethics board did not re-
quire approval of this retrospective study
regarding the review of patient charts. Data
were collected and stored in compliance with
local and national data protection laws and
regulations. Informed consent by adult pa-
tients, or when applicable the patient’s legal
guardians, to undergo CT fluoroscopy-guid-
ed osteoplasty and RFA treatment had been
obtained a minimum of 24 hours prior to
the intervention after detailed explanation
of the planned therapeutic intervention, the

various available alternative therapeutic op-
tions (analgesic therapy, radiation therapy,
surgery) and potential complications.

Study population

The patients were referred by the local
oncology or tumor orthopedic departments.
Clinical indication for osteoplasty with or
without concomitant RFA was regularly
confirmed by an interdisciplinary team of
radiation oncologists, medical oncologists,
interventional radiologists and spine sur-
geons prior to the intervention. Due to the
long-standing history of metastatic disease
or multiple myeloma in the majority of cases,
biopsy of the treated osteolytic region was
only performed in 3 of 40 lesions (7.5%).

Prior to the treatment all patients had
been extensively evaluated within a mul-
tidisciplinary tumor board. Additionally,
every patient underwent physical exam-
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ination by the referring clinician in order
to verify the painful extraspinal osteolytic
lesion or vertebral level(s).

Clinical inclusion criteria for osteoplasty
and vertebroplasty in accordance with the
Quality Improvement Guidelines of the
Cardiovascular and Interventional Society
of Europe (CIRSE) (30, 31) and Society of In-
terventional Radiology (SIR) (32, 33) were: a
typical history of severe pain due to malig-
nant extraspinal and spinal osteolyses, with
or without fracture, refractory to analgesic
therapy alone, or the combination of anal-
gesics and chemotherapy and/or radiation
therapy. Technical inclusion criteria with re-
spect to the osteoplasty and RFA procedure
were: minimally invasive accessibility of the
osteolysis via the RFA electrode and cement
injection cannula, and the safety of thermal
ablation respecting neighboring neurovas-
cular and joint structures. Exclusion criteria
were consistent with the general exclusion
criteria for CT-guided interventions as well
as the Quality Improvement Guidelines of
the CIRSE and SIR (30-33).

The 29 patients included 22 subjects
with osteolytic metastases (renal cell cancer
[n=5], breast cancer, [n=5], follicular thyroid
cancer [n=4], neuroendocrine cancer, [n=2],
papillary thyroid cancer [n=1], pancreatic
cancer, [n=1], cervical cancer [n=1], sarco-
matoid carcinoma [n=1], colorectal cancer
[n=1] and carcinoma of unknown primary
[n=1]) and 7 subjects with multiple myelo-
ma (n=7) (Table 1). Besides osteolytic bone
involvement, metastatic disease to other
organs at the time of the intervention was
present in 13 of 29 patients (44.8%; pulmo-
nary, n=11; hepatic, n=>5; lymph nodes, n=5;
cerebral, n=2; adrenal, n=2, soft tissue, n=1),
with combination of synchronous metasta-
ses to several organs being possible.

Periprocedural imaging and
image-guidance

Before the intervention, previous
cross-sectional images such as CT, mag-
netic resonance imaging (MRI) or positron
emission tomography-computed tomogra-
phy (PET-CT) not older than 2 weeks, were
analyzed in all patients to confirm the in-
dication for the procedure. In addition, in-
house MRI (sagittal T1-, T2-weighted spin-
echo and STIR sequences) was performed
in all lesions in order to verify the level of
malignant vertebral involvement with or
without fracture, and to assess the tumoral
bone marrow involvement and extraosse-
ous tumor extension (34).

All procedures were performed using
either 1-slice (Somatom Plus 4, Siemens),
4-slice (Somatom Sensation 4, Siemens),
16-slice (Somatom Sensation 16, Siemens),
64-slice (Somatom Sensation 64, Siemens)
or 128-slice (Somatom Definition AS+; So-
matom Definition Edge, Siemens) CT scan-
ner with CT fluoroscopy (CARE Vision CT"
Siemens) capability.

Every patient underwent a pre- and post-
procedure CT scan of the affected extraspi-
nal bone region or the involved spine level
(including at least 2 vertebral bodies above
and below the treated vertebral level), re-
spectively. The CT scan included 3 mm slic-
es in axial reconstruction, as well as coronal
and sagittal multiplanar reconstructions, to
visualize the extent of bone destruction and
presence of pathologic fracture, to detect os-
teolytic cortical / posterior wall involvement,
and to plan the access path of the needle for
osteoplasty. A postprocedure CT scan was
performed to visualize polymethyl metacry-
late (PMMA) distribution within the osteoly-
sis and local extraosseous cement leaks.

The RFA and osteoplasty procedure in-
cluding RFA electrode and cement injection
cannula placement with subsequent PMMA
injection were performed under intermit-
tent quick-check CT fluoroscopic acquisi-
tions, using low-milliampere CT fluorosco-
py at a tube current-exposure time product
of 10 to 20 mAs.

Precautions with respect to radiation
protection of the operator during CT fluo-
roscopy included thyroid shields, aprons
and eye-glasses of 0.5 mm lead equivalent.
To reduce scattered radiation, an additional
shield was put onto the lower half of the pa-
tient before sterile draping. With respect to
radiation protection of the operator’s hand,
angular beam modulation (Hand Care’, Sie-
mens) was activated during CT fluoroscopy,
so that the radiation exposure is switched
off between the ten and two o'clock posi-
tions of the x-ray tube (35).

Preprocedure local treatments

Local therapy prior to the osteoplasty
and RFA procedure included radiotherapy
in 6 cases, particle embolization in 3 cases,
screw placement for stabilization in one
case, and radiosurgery with Cyberknife’
(Accuray) in 1 case.

Procedure

All procedures were performed by one of
the board-certified authors under local an-
esthesia (9/33; 27.3%), conscious sedation
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(18/33; 54.5%) with piritramide (Dipidolor,
Janssen Cilag) and midazolam (Dormicum,
Roche Pharma) under continuous pulse ox-
imetric monitoring, or general anesthesia
(6/33; 18.2%). Shortly before the interven-
tion, all patients received 2 g intravenous
mezlocillin.

Patients were positioned on the CT table
in prone (19/33), supine (11/33), left (2/33)
or right (1/33) lateral decubitus positions
depending on the localization of the oste-
olysis. Generally, the shortest access path
through the bone was chosen to treat the
osteolysis. In case this approach was re-
garded as not feasible or unsafe with re-
spect to neighboring joint or neurovascular
structures, an access path from the oppo-
site cortical bone was preferred.

Local anesthesia with 10 to 20 mL of 2%
Mepivacainhydrochloride (Scandicain®, As-
traZeneca GmbH) was applied after sterile
draping and disinfection of the skin overly-
ing the planned needle entry point.

After performing a small skin incision, a
vertebroplasty cannula (OptiMed Medical
Devices) was inserted to create an access
canal at the planned access site using a sur-
gical hammer. The vertebroplasty needles
(OptiMed Medical Devices) had diameters
of 10, 13 and 15 Gauge with a length of 15
or 10 cm. In the minority of cases bone bi-
opsy was primarily taken using a 14 or 13
Gauge bone biopsy cannula (Somatex Spi-
Cut’). After successful drilling, the RFA elec-
trode was inserted into the created access
canal under CT fluoroscopy.

In 26 of 40 osteolyses (65%), RFA was per-
formed prior to bone cement injection: 14
procedures (53.8%) were performed with a
monopolar electrode with nine (RITA Star-
burst XL) deployable tines and a maximum
diameter of 5 cm (Angiodynamics Inc.); 11
procedures (42.3%) were performed with
a monopolar, multitined expandable elec-
trode (LeVeen) with an umbrella diameter
of 2 or 3 cm (Boston Scientific Corporation);
and one procedure (3.9%) was performed
with an internally cooled needle-shaped
Cool Tip electrode (Tyco Healthcare). The
RFA procedure was then carried out in a
standardized manner according to the indi-
vidual manufacturer’s recommendations. In
order to cover as much tissue of the osteoly-
sis as possible, more than one RFA electrode
position was necessary in 7 of 26 proce-
dures (26.9%) (1 position, n=19; 2 positions,
n=3; 3 positions, n=3; 4 positions, n=4).

Depending on the RFA system used, com-
plete ablation was defined either by reach-
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ing a mean target temperature of 95°C
(average of five thermocouples within the
array) maintained for at least 15 minutes, or
by reaching a significant increase of imped-
ance (so-called “roll-off”) twice, correspond-
ing to a complete coagulation necrosis.
No thermocouple was used during RFA to
monitor the temperature around vulnera-
ble structures.

After completion of the RFA procedure,
the electrode was withdrawn and the verte-
broplasty cannula inserted with the surgical
hammer. Consecutively, PMMA bone cement
was prepared. Four types of PMMA were
used during the study period: a) Osteopal V,
b) Osteopal 40 and c) Biomet Bone CementV
(Biomet Deutschland GmbH) and d) Cemen-
toFixx-M (OptiMed Medical Devices). High
viscosity bone cement was applied in proce-
dures after 2011. In order to reduce the risk
of extravertebral PMMA leakage (for PMMA
types a, b, and c), cement injection with a 10
mL pressure syringe (Optimed Gangi Cemen-
to-Re or Cemento-MP Gun; OptiMed Medical
Devices) was started during the pasty phase
of the cement. The bone cement was slowly
injected under continuous CT fluoroscopy,
sequential withdrawing of the needle and
incremental table movement in order to as-
sess the cement distribution within the ex-
traspinal osteolysis or vertebra, respectively.
If initial cement extravasation occurred, the
injection was immediately stopped by de-
pressurizing the application screw. In case
of a persisting leakage, the needle tip was
repositioned by turning the handle bar in
90° steps or sequentially withdrawing the
needle.

Technical success in terms of comple-
tion of the intended cement injection was
reached if the cement deposit covered at
least 75% of the longest diameter of the ex-
traspinal osteolysis in the axial plane or the
distance between both endplates of the
vertebra, respectively.

After the intervention, a CT scan of the treat-
ed osteolysis (including multiplanar recon-
structions) and sterile wound draping were
performed, and all patients were sent to the
anesthetic recovery room or directly back to
the ward for clinical monitoring for 24 hours.

Technical outcome

Two interventional radiologists (C.G.T.
and JD, - each with more than 10 years of
experience in CT-guided intervention) in
consensus performed a retrospective anal-
ysis in PACS database of the pre- and post-
procedure CT scans and the CT fluoroscopic

datasets of all 33 consecutive osteoplasty
procedures with or without concomitant
RFA. The analysis comprised a) the underly-
ing degree of osteolytic destruction (maxi-
mum diameter of osteolysis), b) the ratio of
posterior wall involvement (0%, 1%-25%,
26%-50%, 51%-75%, 76%-100%), c) effect
on neighboring risk structures (e.g., discon-
tinuation of cortical bone affecting neuro-
vascular, joint and other soft tissue struc-
tures), d) the involvement of extraosseous
soft tissue, e) the degree of cement filling
of the osteolysis (largest diameter of PMMA
deposit compared with largest diameter
of the osteolysis) and f) the presence and
types of cement leakage. Complications
of the cementoplasty and RFA procedures
were classified according to SIR Standards
of Practice Committee classification of com-
plications by outcome.

Patient radiation dose

In analogy to Kloeckner et al. (36), CT do-
simetry was performed for all procedures us-
ing the dose-length product (DLP [mGy*cm]),

documented by the CT unit as primary dosi-
metric quantity data. We evaluated the DLP
of the preprocedure planning CT scan, the
DLP of the sum of all intraprocedure CT flu-
oroscopic acquisitions and the DLP of the
postprocedure control CT scan if performed.

Statistical analysis

For data collection and statistical anal-
ysis, the software SPSS Version 24.0 (IBM
Corp.) was used. Descriptive statistics are
provided as counts and percentages for
categorical variables, and mean, standard
deviation (SD), median and range for nu-
meric variables.

Results

Total number of treated osteolytic lesions
was 40, located in the pelvis (acetabulum,
n=10; iliac bone, n=4), spine (thoracic, n=6;
lumbar, n=5; sacral, n=8), long bones (femur,
n=3; tibia, n=1), sternum (n=2) (Fig. 1) and
glenoid (n=1) (Table 2). More than one oste-
olysis was present in 23 of 29 treated patients
(79.3%) at the time of the intervention.

Figure 1. a-d. A 75-year-old female patient with a history of colorectal cancer who developed

a painful, histologically proven isolated osteolytic metastasis of the sternum, refractory to the
preceding stereotactic radiation therapy (5x5 Gy). Due to patient’s obesity, resectability had

been ruled out by the thoracic surgery unit before the intervention. The patient underwent two
consecutive treatment sessions under general anesthesia with combined RFA (two needle positions
per session) and cementoplasty (total high viscosity PMMA cement volume: 12 mL). Panel (a) shows
FDG-PET/CT acquired before the intervention with a hypermetabolism (maximum standard uptake
value: 16) of the osteolytic body of the sternum (arrow). Intraprocedure CT fluoroscopic image (b) (20
mA, 120 kV) shows the radiofrequency probe (Le Veen; Boston Scientific; 2 cm umbrella diameter;
arrow) within the osteolysis. Intraprocedure CT fluoroscopic image (c) shows vertebroplasty cannula
(Optimed; 13 Gauge; arrow) before PMMA cement injection. CT scan volume rendering image (d)
after second combined RFA/cementoplasty treatment session shows a continuous PMMA deposit

covering the majority of the sternal body.
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Table 2. Characteristics of osteolyses, cementoplasty and RFA procedures

n (%) n of affected patients*

Localization of osteolysis
Acetabulum 10 (25) 8
lliac bone 4(10) 4
Thoracic spine 6 (15) 4
Lumbar spine 5(12.5) 5
Sacral spine 8(20) 7
Femur 3(7.5) 3
Tibia 1(2.5) 1
Sternum 2(5) 1
Glenoid 1(2.5) 1
Total 40 (100)

Diameter of osteolysis (cm), mean£SD (range) 4.0+1.2 (1.9-6.9)

Osteolyses abutting risk structures
Neuroforamen 7 (22.5) 6
Spinal canal 5(16.1) 5
Joint 11 (35.6) 10
Other soft tissues 8(25.8) 6
Total 31(100)

Ratio of posterior vertebral wall involvement
0%-25% 10 (52.6) 9
26%-50% 4(21.1) 4
51%-75% 4(21.1) 3
76%-100% 1(5.2) 1
Total 19 (100)

Osteolyses with extraosseous soft tissue component
Yes 11(27.5) 8
No 29 (72.5) 24
Total 40 (100)

RFA electrode / system
RITA Starburst XL / Angiodynamics 14 (53.8) 11
LeVeen / Boston Scientific 11(42.3) 10
Cool-tip / Tyco 1(3.9) 1
Total 26 (100)

RFA electrode positions, mean+SD 1.5+0.9
Minimum 1
Maximum 4

RFA ablation cycles, mean+SD 2.1+1.7
Minimum 1
Maximum 8

RFA, radiofrequency ablation.

*More than one treated localization possible in one patient.

Mean size of the treated osteolyses (n=40)
was 4.0+1.2 cm (range, 1.9-6.9 cm). This cor-
responds to a mean size of the osteolyses

(n=26) treated with both RFA and consec-
utive cementoplasty of 4.2+1.1 cm (range,
2.2-6.9 cm), and a mean size of the osteol-
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yses (n=14) treated with cementoplasty only
of 3.6+£1.2 cm (range, 1.9-6.4 cm).

Thirty-one osteolyses (77.5%) abutted
neighboring risk structures (spinal canal
or neuroforamen, n=18; neighboring joint,
n=11; other, n=8) (Table 2). Five osteolyses
(12.5%) were pretreated with radiotherapy,
3 (7.5%) with particle embolization, 1 (2.5%)
with cyberknife therapy, 2 (5%) with radio-
iodine therapy and 1 (2.5%) with screw os-
teosynthesis.

Mean number of RFA electrode positions
and complete ablation cycles was 1.5+0.9
and 2.1+1.7, respectively. Mean PMMA fill-
ing volume was 7.7+5.7 mL (range, 2-30
mL) (Table 3). This corresponds to a mean
PMMA filling volume of the osteolyses
treated with both RFA and consecutive ce-
mentoplasty of 7.9+4.4 mL (range, 2-16 mL)
and to a mean PMMA filling volume of the
osteolyses treated with cementoplasty only
of 7.4+7.9 mL (range, 2-30 mL).

Mean degree of PMMA filling of osteoly-
sis was 83.2%+18.4% (Table 3).

Small asymptomatic PMMA leakages
were observed in 15 of 40 lesions (37.5%),
comprising 13 cortical and 2 vascular leak-
ages (1 segmental and 1 epidural vein). Ra-
tio of intraspinal/foraminal and intraarticu-
lar PMMA leakages in osteolyses abutting
the spinal canal/neuroforamen and neigh-
boring joint can be found in Table 3.

Mean total DLP was 850+653 mGy*cm
(range, 173-2918 mGy*cm). This com-
prised a mean pre-, intra- and postproce-
dure DLP of 401£280 mGy*cm, 399+292
mGy*cm, and 401+285 mGy*cm, respec-
tively (Table 4).

No major and 6 minor (local hematoma,
n=2; transient pain exacerbation, n=2; drop
of oxygen saturation, n=1; temporary in-
crease of the preexisting paresis of left leg,
n=1) complications were observed.

One patient with hepatocellular cancer
and painful osteolytic metastasis of the first
lumbar vertebra developed a temporary
increase of a preexisting paresis of the left
leg after combined RFA and cementoplasty
(Fig. 2). MRI of the lumbar spine showed a
moderate contact of the L1 nerve root to
the extravertebral tumor component, suc-
cessfully managed conservatively.

Discussion

After lung and liver, osseous metastases,
particularly osteolytic bone metastases, are
among the most common types of metas-
tases to occur in advanced cancer, and the
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Figure 2. a-d. A 74-year-old woman with hepatocellular carcinoma and a painful osteolytic metastasis

of the first lumbar vertebra, undergoing combined RFA (one needle position) and cementoplasty (total
high viscosity PMMA cement volume: 4.5 mL) under general anesthesia. After the procedure the patient
described a temporary increase of the preexisting paresis of the left leg. MRI of the lumbar spine revealed
a moderate contact of the L1 nerve root to the extravertebral tumor component, successfully managed
conservatively. Preprocedure CT scan (a) shows a 3.5 cm osteolysis of L1 (arrow) involving the left
paravertebral psoas muscle and 2/3 of the posterior wall. Intraprocedure CT fluoroscopic image (b) (10
mA, 120 kV) shows the radiofrequency probe (Le Veen; Boston Scientific; 2 cm umbrella diameter; arrow)
within the osteolysis. Intraprocedure CT fluoroscopic image (c) shows vertebroplasty cannula (Optimed;
13 Gauge; arrow) during PMMA cement injection. Postprocedure CT image (d) shows large PMMA

deposit covering more than 80% of the osteolysis.

Table 3. Technical outcome parameters
PMMA filling volume (mL)

PMMA filling volume with prior RFA (mL)
PMMA filling volume without prior RFA (mL)
Diameter of PMMA deposit (cm)

Degree of PMMA filling of osteolysis

Osteolyses with cement deposit covering >75% of the
longest diameter

Osteolyses with PMMA leakage
Yes
No
Type of PMMA leakage
Cortical
Vascular

Presence of PMMA leakage in osteolyses abutting risk
structures

Neuroforamen
Spinal canal
Joint

Other soft tissues

7.7%5.7 (2-30)
7.91+4.4 (2-16)
7.4+7.9 (2-30)
3.3+1.3 (0-6.9)
83.2%:+18.4% (0-100)
35(87.5)

15 (37.5)
25(62.5)

13 (86.7)
2(13.3)

7 (22.6)
5(16.1)
11(35.5)
8(25.8)

Data are presented as n (%) or mean * standard deviation (range).

PMMA, polymethyl metacrylate; RFA, radiofrequency ablation.

majority of the affected patients suffer from
severe pain refractory to common treatment
methods (2, 37). The majority (66%) of bone
metastases are extraspinal, with the major
proportion in the pelvis and sacrum (38, 39).
After pain therapy, surgery, and chemother-
apy, radiation is the treatment of choice in
the palliation of bone malignancy; however,
it has a late onset of therapeutic effects of up
to 12-20 weeks (40). In addition, radiation
therapy is not able to stabilize pathologic
fractures or to ensure complete pain relief
in some cases (41, 42). Thus, percutaneous
osteoplasty may prove to be an effective
treatment modality for reducing pain and
stabilizing pathologic fractures, including
vertebroplasty, which is the most estab-
lished method in treatment of painful os-
teolyses in the spine. By internal trabecular
stabilization, osteoplasty reduces activity of
pain sensitive periosteal nerves and causes
direct chemical toxicity and thermal necrosis
of nerve endings (43, 44).

Especially for treatment of painful me-
tastases in bones, osteoplasty is combined
with radiofrequency ablation (RFA). Several
studies have been published document-
ing up to 90%-100% pain relief in patients
with painful osteolytic metastases in whom
standard treatments had failed (45, 46). The
analgesic effect of RFA is caused by local de-
struction of pain sensitive nerves, inducing
tumor cell necrosis and therefore reducing
the production of pain intensifying cyto-
kines and growth factors like tumor necro-
sis factor alpha (47).

There exist only very few studies regard-
ing the combination of osteoplasty and
RFA in a single session in spinal osteolytic
lesions, and there are even fewer reports
about the combination of both therapies in
extraspinal osteolytic bone metastases (10,
14-16, 18, 28, 40, 44, 47-51). To the best of
our knowledge, our follow-up study of Hoff-
mann et al. (9) is one of the largest studies
about treatment of spinal as well as extra-
spinal osteolytic metastases in the pelvic,
sternal, and femoral bones by a combina-
tion of osteoplasty and RFA.

An additional benefit of combination of
RFA and osteoplasty in treatment of painful
bone metastases conducted in our study
is the performance under local anesthesia,
which means lower physical strain for palli-
ative patients compared with surgical treat-
ment under general anesthetic. Moreover,
we used high viscosity PMMA, which is asso-
ciated with a lower leakage rate, in our per-
cutaneous osteoplasties.
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Table 4. Patient radiation dose

Preprocedure DLP  Intraprocedure Postprocedure Total DLP

(mGy cm) DLP (mGy cm) DLP (mGy cm) (mGy cm)
Mean 401 399 401 850
Minimum 97 125 6 173
Maximum 1228 1128 1221 2918
Median 350 297.5 325 655
Standard deviation 280 292 285 653

DLP, dose length product; Gy, Gray.

Furthermore, the application of RFA be-
fore osteoplasty may have several advan-
tages. Apart from reducing pain effective-
ly, RFA may limit embolization events by
thrombosis of intravertebral venous plexus
(40, 51) and may reduce embolization of
viable tumor cells by necrosing neoplastic
cells within the bone marrow (47). Addi-
tionally, the combination of RFA and os-
teoplasty may cause a more homogeneous
distribution of the cement because RFA is
able to change the tumor’s consistency by
applying heat, which decreases the tumor’s
volume and destroys the cohesions be-
tween tumor cells (9).

In our study, which focused on the tech-
nical outcome, we could show that RFA in
combination with osteoplasty is a mini-
mally invasive and feasible method that is
able to reduce pain in patients with spinal
as well as extraspinal metastatic destruc-
tion. Despite the diverse localizations of
the osseous metastases, only a few minor
periprocedural complications occurred in-
cluding minor PMMA leakages, local hema-
toma and transient pain exacerbation that
had no further clinical consequences for the
patient though some PMMA leakages oc-
curred in osteolyses abutting risk structures
like neuroforamina, spinal canal or joints.

This is consistent with various reports
that quote the effectiveness and safety of
RFA combined with osteoplasty for painful
bone metastases (9, 10, 14-16, 47, 51, 52).

The interventional procedures in our
study were performed using low-milliam-
pere CT fluoroscopy in contrast to previous
series (9, 10, 15, 47) which results in a low
radiation exposure for the patient and for
the performing interventional radiologist.

Clinical and technical results of the combi-
nation of RFA and osteoplasty for palliative
treatment of painful spinal and extraspinal
bone metastases have been previously re-
ported, frequently in smaller or comparable

numbers of patients. Tian et al. (15) reported
on high technical success in combination of
RFA and osteoplasty for treatment of painful
extraspinal metastases in 38 patients, pre-
dominantly in osteolytic lesions of the pelvis.
Clarencon et al. (14) evaluated 24 patients
with spinal and extraspinal osteolytic me-
tastases and Munk et al. (47) demonstrated
effectiveness and safety of similar treatment
in 19 patients in spine and pelvic bone. In our
study, the technical results in 40 procedures
in 29 patients were obtained with osteolytic
metastases mainly in the spine and pelvic
bone, as well as in rarer locations like the
sternum.

Limitations of our study include the disad-
vantages of retrospective analysis of patient
data. Second, no control group exists for
comparing results of combination of per-
cutaneous osteoplasty with radiofrequen-
cy ablation with each single therapy alone.
Third, no pain scores were obtained from
patients. Hence, we could not quantitatively
monitor the therapeutic effect and were not
able to guarantee for sure that patients had
complete pain relief. Finally, the heteroge-
neous cohort of patient’s diseases and there-
fore various tumor histopathologies, differ-
ent locations of osteolyses and small sample
size are additional limitations of our study.

In conclusion, our study underlined that CT
fluoroscopy-guided percutaneous osteoplas-
ty with or without radiofrequency ablation
can be performed under local anesthesia
with high technical success in treatment of
painful extraspinal and spinal osteolytic bone
metastases. Most frequently observed com-
plications were small asymptomatic PMMA
leakages, local hematoma or transient pain
exacerbation, with the majority of them be-
ing self-limited. Despite the close localization
of some osteolyses to risk structures like neu-
roforamina, spinal canal or joints, no clinical
morbidities due to pulmonary cement em-
bolism or cement leakages in surrounding
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tissue and no neurologic damages requiring
surgical therapy were observed.
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