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Abstract
Objective To evaluate the feasibility and effectiveness of
computed tomography (CT)-guided percutaneous screw fixa-
tion plus cementoplasty (PSFPC), for either treatment of pain-
ful metastatic fractures or prevention of pathological fractures,
in patients who are not candidates for surgical stabilization.
Materials and methods Twenty-seven patients with 34 meta-
static bone lesions underwent CT-guided PSFPC. Bone me-
tastases were located in the vertebral column, femur, and pel-
vis. The primary end point was the evaluation of feasibility
and complications of the procedure, in addition to the length
of hospital stay. Pain severity was estimated before treatment
and 1 and 6 months after the procedure using the visual analog
scale (VAS). Functional outcome was assessed by improved
patient walking ability.
Results All sessions were completed and well tolerated. There
were no complications related to either incorrect positioning
of the screws during bone fixation or leakage of cement. All
patients were able to walk within 6 h after the procedure and
the average length of hospital stay was 2 days. The mean VAS
score decreased from 7.1 (range, 4–9) before treatment to 1.6
(range, 0–6), 1 month after treatment, and to 1.4 (range 0–6)
6 months after treatment. Neither loosening of the screws nor
additional bone fractures occurred during a median follow-up
of 6 months.

Conclusions Our results suggest that PSFPC might be a safe
and effective procedure that allows the stabilization of the
fracture and the prevention of pathological fractures with sig-
nificant pain relief and good recovery of walking ability, al-
though further studies are required to confirm this preliminary
experience.
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Introduction

Bone metastases are a common occurrence in advanced ma-
lignancies of various organ sites, and represent a cause of
severe morbidity. Osteolytic metastases can be responsible
for pain and pathological fractures. Avoidance of pathological
fractures of bones subjected to load should be achieved by a
multidisciplinary approach. The main goals of treatment are
the palliation of pain and improvement in the quality of life by
the prevention of complications. Management options for
skeletal metastases vary in keeping with bone type, anatomi-
cal location, and loading condition. Local treatments, princi-
pally surgery and radiation, in addition to systemic treatments
such as chemotherapy, hormonal therapy, bisphosphonates,
and analgesics, are commonly used in different clinical sce-
narios [1]. Surgery is the standard of care to improve mechan-
ical stability by means of prosthesis insertion or
osteosynthesis. Prophylactic stabilization surgery has im-
proved the quality of life of patients by decreasing inability
and pain levels related to pathological fractures, and has also
reduced morbidity rates compared with surgery performed for
pathological fractures. However, prophylactic stabilization
surgery is associated with a non-negligible surgical morbidity
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and mortality [2–4]. Many patients with advanced metastatic
disease are considered bad surgical candidates owing to gen-
eral conditions, short life expectancy, and poor quality of life.
In recent years, there has been a surge in the development of
minimally invasive approaches, which represent an attractive
curative alternative to surgical stabilization surgery [5–7].

Percutaneous osteosynthesis by screws and cementoplasty
(PSFPC) is a well-established method for the treatment of
skeletal metastases with or without fractures, especially in
elderly patients with comorbidities [8–11]. In this technique,
devices are inserted under imaging guidance into the metasta-
tic tissue [12]. The aims of this treatment are to stabilize path-
ological fractures in patients unfit for open surgery, strengthen
metastatic bones at a high risk of fracture, achieve pain relief
and improve functional outcomes such as walking ability. The
aim of this study is to evaluate the feasibility and effectiveness
of CT-guided PSFPC in patients who have painful bone me-
tastases located in the vertebrae, pelvis and femur, with or
without pathological fractures.

Materials and methods

Informed consent was obtained from all individual partici-
pants included in the study. All cases were discussed in mul-
tidisciplinary meetings, including interventional radiologists,
medical oncologists, radiotherapists and orthopedic surgeons.
Twenty-seven patients with 34 bone metastases underwent
PSFPC under CT-fluoroscopic guidance. Ten patients were
men and 17 women; mean age was 57 years. All patients
had previously undergone standard treatments for skeletal me-
tastases: 10 had received radiotherapy, 4 radiotherapy in com-
bination with chemotherapy, and 13 chemotherapy alone. All
patients complained of pain refractory to conventional medi-
cal management, such as opioid drugs or a combination of
opioids and nonsteroidal anti-inflammatory drugs. In each pa-
tient, the severity of pain was assessed through a validated
pain assessment tool, the visual analog scale (VAS), in which
pain levels are measured on a continuous scale ranging from 0
to 10 [13]. Preoperative contrast-enhanced CT and/or spine
magnetic resonance imaging (MRI) scans were obtained in
all patients to assess the number, location, size, and radiolog-
ical aspects of the lesions. In 20 out of 27 patients (74%), there
was a solitary lesion, whereas the remaining 7 patients (26%)
had two or more lesions. Thirty bone lesions were of
osteolytic nature, presenting bone destruction with or without
a soft-tissue mass and were at a high risk of fracture; 4 lesions
had mixed lytic-osteoblastic appearance. Twenty out of 34
lesions (59%) had an associated pathological fracture. The
skeletal distribution of metastases and histopathology diagno-
sis of the primary tumor are summarized in Table 1.

Inclusion criteria for PSFPC treatment were as follows:
multiple fractures of the vertebral body; osteolytic lesions

involving pedicles; fractures of the pelvis and femur unsuit-
able for surgical treatment; and life expectancy estimated lon-
ger than 2 months. In patients with two or more bone meta-
static lesions, treatment was restricted to those that were
symptomatic. As for prophylactic PSFPC treatment, metasta-
ses located in load-bearing bones (vertebrae, femoral head and
neck, and pelvis), lesions causing disruption of the cortical
tissue more than 3 cmwith tumor tissue arising from the bone,
and very large lesions of osteolytic aspect, were considered as
lesions at a high risk of fracture. Nonsteroidal anti-
inflammatory drugs and opioids were usually discontinued
1 week after treatment, and resumed only in cases of worsen-
ing of painful symptoms. Pain levels, as assessed by VAS
score, were monitored at 1 week, 1 month and 6 months after
treatment. As for functional outcomes, a qualitative scale for
the assessment of patients’ walking ability was used that rates
this ability as worse, unchanged, or improved. CT scans were
acquired 3 and 6 months after the procedure to identify signs
of loosening of the screws or new fractures in the treated site.

Treatment technique

A board-certified interventional radiologist (CP) with 12 years
of experience with osteoplasty techniques performed all the
treatments. PSFPCwas carried out under CT guidance with 5-
mm collimation at 80–140 mA (SOMATOM Sensation;
Siemens, Forchheim, Germany) with patients in a prone, lat-
eral or supine position depending on the site of the metastasis.
To obtain precise needle placement inside the bone, increase
operator comfort, and reduce the rate of complications, dual
imaging guidance with CT and fluoroscopy was used.
Antibiotic preoperative (a single dose of cefazolin 2 g) was
administered intravenously 20–30 min before treatment.
PSFPC was performed under local anesthesia (using a subcu-
taneous injection of 2% lidocaine hydrochloride), conscious
sedation (achieved with intravenous fentanyl 0.1 mg/2 mL
diluted 1:10 with saline solution), plus a precise local anesthe-
sia in the cortical bone using levobupivacaine 5.0 mg/mL in
preparation for the successive screw insertion by means of a
fine needle. Cannulated screws (2B1®, Milan, Italy) with lat-
eral holes were used. Those devices allowed selective injec-
tion of the cement through the screw, avoiding undesired leak-
age. We used two different kinds of screw depending on the
different locations of the metastasis to be treated: screws of
4.5 mm in diameter and 4–6 cm in length for the vertebral
approach, and screws of 9.5 mm in diameter and 8–11 cm in
length for the extraspinal metastases. In the vertebral approach
the pedicle was cannulated percutaneously by using a biopsy
bone needle. After correct positioning of the vertebroplasty
cannula a k-wire was inserted into the cannula and subse-
quently the vertebroplasty cannula was removed. After a small
incision in the skin we inserted the screw using the k-wire as a
guide to push the screw into the final position. To obtain a
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better augmentation of the vertebral body and to avoid loos-
ening of the screws we completed the treatment with injection
of the cement through the screw. In patients who presented a
very extensive destruction of vertebral body or in cases of
bilateral involvement of both pedicles, we performed the treat-
ment with insertion of two screws in the same session. When
extravertebral metastases were treated, the procedure was dif-
ferent because before inserting the screw, a bone canal was
created using a cannulated drill of an adequate size. The k-
wire previously inserted allowed us to correctly create the
bone canal using the drill. After the bone canal was created
the screw was inserted, and, similar to the vertebral proce-
dures, the treatment was completed with polymethyl

methacrylate (PMMA) injection through the lateral holes of
the screw. The use of combined CTand fluoroscopic guidance
allows us to avoid complications during screw insertion, es-
pecially when treating bone vertebral metastases with severe
collapse.

Statistical analysis

For the purposes of this study, continuous variables were
shown as mean ± standard deviation (SD). Differences be-
tween the average VAS scores at baseline and 1 and 6 months
after the procedure were evaluated bymeans of Student’s t test
or Fisher’s exact test as appropriate. A p value less than 0.05

Table 1 Histology of primary
malignancies, topographic
distribution of tumor lesions, and
clinical evaluation

Patient Age (years) Primary tumor Sites of
treatment

Baseline
VAS score

1 month VAS
score

6 months
VAS score

1 66 NSCLC Femur 7 6 5

2 40 Breast D10 8 6 6

3 53 Thymoma L1 5 5 4

4 55 Breast Ilium 7 4 3

5 55 Cholangiocarcinoma Ilium

Ilium

8 0 0

6 68 Breast Ilium 7 1 1

7 67 Multiple myeloma Ilium 8 1 1

8 65 NSCLC L2 5 1 1

9 63 NSCLC D8a

D9a
7 1 1

10 56 SCLC D7a

D8a
6 1 1

11 51 Breast L1 6 0 0

12 46 NSCLC Femur 7 5 4

13 60 Breast D10a

L1

8 0 0

14 60 Multiple myeloma Ilium

Ilium

7 1 1

15 59 Breast D12 9 5 4

16 66 Breast Ilium 8 0 0

17 58 Multiple myeloma Ilium

D5

7 0 0

18 64 Breast D6 9 0 0

19 56 Breast L1 6 0 0

20 59 Multiple myeloma D11a

Ilium

7 0 0

21 69 Breast L2 8 2 2

22 64 Breast D10 4 0 0

23 65 NSCLC Femur 7 0 0

24 60 Multiple myeloma Femur 7 1 1

25 65 NSCLC L2 8 0 0

26 63 Breast D11 7 1 1

27 60 Breast L2 8 2 2

NSCLC nonsmall cell lung cancer, SCLC small cell lung cancer, VAS visual analog score
a 2 screws in the same lesion
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was taken as significant. Statistical analysis was per-
formed using OpenStat software.

Results

In all cases, we observed the technical success of the
PSFPC technique, defined as the ability to achieve correct
screw insertion and fixation without significant leakage of
cement. Minimal leakage of cement occurred in 5 patients
out of 27 patients (19%). The average duration of the
procedure was 40 min for each single lesion treatment;
the quantity of PMMA was within the range of 2.5 to

15 cm3. Usually, a minimal volume of cement is deter-
mined before the treatment, depending on the area to be
filled, but the amount of cement may vary during injec-
tion of the PMMA based on the fluoroscopic imaging.
Post-procedural CT scans (without contrast enhancement)
did not demonstrate any major complications, such as
hemorrhage, incorrect screw position or cement leakage
(Figs. 1 and 2). Only 2 patients out of 27 (7%)
complained of moderate pain during postoperative day
1. All patients were able to walk within 6 h of the proce-
dure and the average length of the hospital stay was
2 days. In all patients, a pre- and post-procedural evalua-
tion of walking ability was determined. Based on this
qualitative scale, functional outcome conditions were

Fig. 1 aAxial CT imaging showsmultiple fractures in the vertebral body
of T11 in patients with multiple bone metastases from breast cancer. b
Sagittal CT imaging shows a severe collapse of the vertebral body of T11
(arrow).cAxial CT imaging of T11 shows the screws inserted through the

pedicles within the vertebral body. d Axial CT imaging of T11 shows
vertebral augmentation after screw positioning and PMMA injection. e
Sagittal CT imaging of T11 shows the correct final position of the screws
within the vertebral body
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considered worse, unchanged or improved. One and
6 months after the treatment, walking ability was im-
proved in all cases (100%). Mean VAS score of pain eval-
uation on the day before treatment was 7.1 ± 1.1 (range,
4–9). One month after treatment the median VAS score of
pain was 1.6 ± 2.0 (range, 0–6) with a mean reduction of
78% (7.1 ± 1.1 vs 1.6 ± 2.0; p < 0.000; Fig. 1). At the 1-
month evaluation 16 out of 27 patients (59%) were symp-
tomatic and among these, only 7 (26%) had already un-
dergone analgesic therapy. At the 6-month evaluation, the
median VAS score for pain was 1.4 ± 1.8 (range 0–6) with
a mean reduction of 80% (7.1 ± 1.1 vs 1.4 ± 1.8;
p < 0.000) compared with baseline evaluation. The 11 pa-
tients who were asymptomatic 1 month after treatment
were still asymptomatic at 6 months. During follow-up,
all patients had an improvement in both VAS score and
walking ability, but only 5 patients at 6-month evaluation
had a VAS score ≥4 (Fig. 3). These patients resumed pain
treatment with nonsteroidal anti-inflammatory drugs, hav-
ing already been treated with radiotherapy and/or radio-
chemotherapy. During follow-up, no infectious complica-
tions were observed. None of the patients died of disease
progression during the considered follow-up.

Contrast-enhanced CT scans performed 3 and 6 months
after the procedure showed no loosening of the screws or
new fractures in the treated site.

Discussion

Metastatic bone disease is a common clinical occurrence
in patients with advanced cancer and can cause different
symptoms and discomfort. In particular, pain symptoms
originating from bone metastases are often difficult to
treat because of the common unresponsiveness to stan-
dard treatments [14]. Pathological fractures of osteolytic
lesions cause significant pain and loss of function. The
decision to perform an orthopedic treatment for fracture
fixation or for the prevention of pathological fractures is
a difficult one, because of the general condition of the
patient, and the short life expectancy. The results of this
study suggest that PSFPC might represent a good alter-
native for patients who are not candidates for standard
surgical stabilization, although it is possible for the me-
chanical consolidation obtained with PSFPC to be
strengthened with regard to orthopedic prosthesis or
osteosynthetic devices inserted during open surgery.
This technique, initially developed by orthopedic sur-
geons to stabilize nondisplaced bone fractures during
open surgery, is now performed percutaneously by means

Fig. 2 a Axial CT scan of the pelvis shows large osteolytic metastasis
of the left ilium from breast cancer with multiple pathological fractures
(arrows). b Axial CT scan of the pelvis acquired after screw fixation
and cementoplasty. c The multiplanar reconstruction CT scan shows
the correct positioning of the screw in the left iliac metastasis. The
digitations of the cement from the screw to the bone hamper the
movement of the screw
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of interventional radiology techniques using cannulated
screws. A limited number of reports using percutaneous
osteosynthesis plus cementoplasty have demonstrated
promising results in the treatment of femur fractures
[15]. Our study included patients with different sites of
intervention (vertebrae, pelvis, and femur). The level of
consolidation obtained in our series seems sufficient, in
patients with advanced cancer disease or those with a
poor general condition, because we did not experience
any postoperative fractures, despite a high-risk popula-
tion. The mean reduction of the VAS score observed after
treatment may be due to an exothermic reaction of the
cement, which has a direct cytotoxic effect on the tumor
cells. Moreover, cement may act on the interosseous sen-
sory nerve fibers and together with the screws, contribute
to the immediate stability of fractures and microfractures
[15]. Our approach is similar to that described by
Cazzato et al. [16], who reported on percutaneous
image-guided screw fixation of bone lesions in cancer
patients. However, our approach was different because
cementoplasty was performed after insertion of the screw
in all patients. This could explain the absence of screw
dislocation. Indeed, the injection of PMMA, performed
through the lateral holes from inside to outside of the
screw, allows the direct attachment of the screw to the
bone, even if an osteolysis is present, preventing the
rotation and sliding of the screw after cement solidifica-
tion. Furthermore, the robustness of the titanium screw
prevents, once inserted, further bone fracture without the
need for surgical stabilization. We recognize that our
study has some limitations, such as the small sample
size, retrospective design, and short duration of follow-
up. However, we believe that this is a promising new
approach for the minimally invasive treatment of bone
metastases.

Conclusions

Percutaneous screw fixation plus cementoplasty is a safe and
feasible technique for pain palliation and for the consolidation
of osteolytic metastases in patients with bone metastases.
These results may introduce a new method of palliative treat-
ment in patients with painful bone metastatic lesions with
fractures or those at a high risk of fracture in the femur and
other skeletal locations.
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