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Abstract

Purpose Percutaneous cementoplasty (PC) is rarely ap-

plied to long bone tumours, since cement is not considered

to be sufficiently resistant to torsional forces. We reviewed

the literature to understand the effects of percutaneous long

bone cementoplasty (PLBC) in terms of analgesia, limb

function and complications.

Materials and Methods This study followed the

Cochrane’s guidelines for systematic reviews of interven-

tions. Inclusion criteria were (1) prospective/retrospective

studies concerning PC; (2) cohort including at least ten

patients; (3) at least one patient in the cohort undergoing

PLBC; (5) published in English; (6) results not published

by the same author more than once.

Results One thousand five hundred and ninety-eight ar-

ticles were screened and 13 matched the inclusion criteria

covering 196 PLBC patients. Pain improvement was high

in 68.2 % patients (r = 0.2) and mild in 27.4 % (r = 0.2).

Functional improvement was high in 71.9 % patients

(r = 0.1) and mild in 6 % (r = 0.1). Use of PLBC cor-

related with pain reduction (P\ 0.001). Secondary frac-

tures occurred in 16 cases (8 %, r = 2.5); other

complications in 2 % cases. Percutaneous stabilisation (PS)

was coupled with PLBC in 17 % of cases without any

subsequent fracture. PS was not associated with absence of

secondary fracture (P = 0.08).

Conclusion PLBC is safe, offering good pain relief and

recovery of impaired limb function. Secondary fractures

are uncommon and PS may reduce their occurrence.

However, no evidence is currently available to support PS

plus PLBC as compared to PLBC alone.
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Introduction

The role of interventional radiologists (IR) in the curative

treatment of bone malignancies is limited to a few patients

presenting with oligometastatic bone disease and relatively

good life expectancy [1]. IR are more frequently involved

in palliative therapies aimed at preventing or treating

skeletal-related events (i.e. pain, fractures and syndromes

related to spinal cord or nervous compression). Among the

available techniques, percutaneous cementoplasty (PC) is

widely used due to its analgesic and consolidative prop-

erties. Injection of poly-methyl-methacrylate (PMMA) into

malignant bone lesions allows micro- and macro-fracture

stabilisation [2] along with temperature-mediated destruc-

tion of nociception nervous terminals [3].

PMMA is considered resistant to compressive forces,

but less to torsional forces [4–6]. As a result, PC has

mainly been applied to consolidate spinal and acetabular

bone lesions [7–9] where pure compressive forces are in-

volved. PC on long bones which are more subject to tor-

sional forces is limited to only a few series.

The aim of the present study was to systematically re-

view the current evidence for PC in long bones (PLBC) for

the palliative treatment of malignant lesions in terms of

pain relief and recovery of limb function.

Materials and Methods

Literature Searches

Informed consent was not required for this retrospective

literature review. This study was realised following the

guidelines of the Cochrane Collaboration for systematic

reviews of interventions [10]. We searched MEDLINE,

MEDLINE in-process, EMBASE and the Cochrane

databases between 1994 and 2014, basing our search on

condition and intervention using the keywords ‘‘percuta-

neous cementoplasty’’.

Selection Criteria

Studies matching the following criteria were selected:

(a) Prospective/retrospective cohort study applying PC

to treat primary or secondary bone tumours;

(b) Cohort C10 patients;

(c) C1 patient in the cohort undergoing PC in the

humerus, radius, ulna, femur, tibia or fibula;

(d) Published in English;

(e) Results not already published by the same author in a

previous paper.

Two reviewing authors (blinded for review) assessed the

studies for inclusion. All conflicts were resolved in

consensus.

Data Collection

The full text of all papers included was reviewed, col-

lecting specific study information in an electronic spread-

sheet (Excel 2011; Microsoft, Seattle, WA, USA). The

following data were extracted: study design; cohort size;

number of PLBC patients; mean age; average follow-up;

histology of the treated lesion; affected bone, epiphyseal,

metaphyseal or diaphyseal involvement; radiological

guidance used during PLBC; number of procedures per-

formed under general anaesthesia (GA); mean lesion size;

radiological aspect of the treated lesion (lytic or mixed);

number and type of treatments preceding or following

PLBC (radiotherapy, surgery, ablation); percutaneous sta-

bilisation (PS) performed along with PLBC; technical

success; questionnaires applied to assess pain and limb

function improvements following PLBC; and rates of oc-

currence of pain and limb function improvements as well

as secondary fractures and complications.

Complications were defined as adverse events requiring

further intervention during follow-up. The event ‘‘sec-

ondary PMMA stress fracture’’ was categorised separately.

PS was defined as any technique applied in addition to

PLBC to increase bone strength.

All papers except one [11] deemed the procedure as

technically successful when a sufficient amount of PMMA

was injected. Cazzato et al. [11] specified that if no PMMA

leaked from the pathological site, the procedure could be

defined as successful.

With regard to pain assessment following PLBC, an

improvement of at least three out of five points or five out

of ten was labelled as ‘‘high’’, depending on the scale used.

Any other improvement was classified as ‘‘mild’’. A patient

was considered to show high functional improvement when

they could resume a previously precluded activity (e.g.

leaving the wheelchair). Any other improvement was

ranked as ‘‘mild’’. All available anaesthesia data were used

to calculate rate of occurrence in the PLBC population, but

many papers reported only a percentage on the entire co-

hort and not on the PLBC group.

Methodological Quality Assessment

The quality of studies was assessed with a modified version

of the Newcastle–Ottawa scale (NOS, Table 1) [12]
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previously reported [13]. This system evaluates the quality

of non-randomised studies included in a systematic review

using a ‘‘star system’’ to judge three aspects of the study

group (1) selection; (2) comparability; (3) ascertainment of

either the exposure or outcome of interest for case–control

or cohort studies, respectively. The lower the risk of bias,

the higher the number of stars awarded to the manuscript.

The best possible article was awarded six stars.

Statistical Analysis

Reduction of subjective pain after PLBC was tested using a

two-sided t test with independent samples and assuming

equal variances. In this analysis, we included only those

articles in which a 10-point visual analogue scale (VAS)

was adopted. Furthermore, we tested the correlation be-

tween PS and incidence of secondary fractures using the

Fisher’s exact test.

All continuous variables are described with their mean

value and standard deviation (r). A P value \0.05 was

considered significant for all tests.

Results

The first search query produced 1598 papers. After ap-

plying the inclusion criteria, we selected 14 full manu-

scripts [11, 14–26]. One article was excluded because no

PLBCs were performed [21], so the final review included

13 articles (4 prospective, 9 retrospective) with an overall

population of 382 patients (Table 2). Among these, 196

were PLBC patients (103 females, 80 males, 13 not spe-

cified) with a mean age of 57.9 years (r = 7.8). Average

follow-up was 6 months (r = 4.5).

An overall high methodological quality was observed

with a high mean number of stars (5.85/6) after

Table 1 Newcastle–Ottawa scale questionnaire modified by Lanza E

Selection

(1) Representativeness of the exposed cohort

Truly representative of the average diseased in the community*

Somewhat representative of the average diseased in the community*

Selected group of users (e.g. nurses, volunteers)

No description of the derivation of the cohort

(2) Ascertainment of exposure

Secure record (e.g. surgical records)*

Structured interview*

Written self-report

No description

(3) Demonstration that outcome of interest was not present at start of study

Yes*

No

Outcome

(1) Assessment of outcome

Independent blind assessment*

Record linkage*

Self-report

No description

(2) Was follow-up long enough for outcomes to occur?

Yes[1 month*

No

(3) Adequacy of follow-up of cohorts

Complete follow-up-all subjects accounted for*

Subjects lost to follow-up unlikely to introduce bias*

Follow-up rate\50 % and no description of those lost

No statement

* This answer awards a star point to the paper. A study can be awarded a maximum of one star for each numbered item within the selection and

outcome categories. Papers awarded with fewer than four stars were excluded
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methodological quality assessment with a subsequent very

low risk of bias. Inclusion and exclusion criteria reported

by each single paper are summarised in Table 3.

Malignancies originated from: breast (52 patients), bone

marrow (44 patients), not specified (35 patients), lung (23

patients), kidney (16 patients), gut (9 patients), melanoma

(5 patients), liver (3 patients), prostate (3 patients), thyroid

(2 patients), bladder (1 patient), bone (1 patient), unknown

(1 patient) and ovary (1 patient).

Six papers combined computed tomography (CT) and

fluoroscopy to guide bone trocar insertion, four used

fluoroscopy, two cone-beam CT (CBCT) and one exclu-

sively CT.

Technical success was 100 % in 8 articles out of 13. A

low (59 %) success rate was observed in one paper [11].

However, the criteria used to judge success did not include

any kind of PMMA leakage at all, even including minimal

amounts. The rates of technical success [16, 17, 24] were

not reported in three papers. GA was used in 44 % of all

procedures.

Overall, 223 lesions were treated. They were localised in

the femur (64 %), humerus (17 %), tibia (10 %), fibula

(3 %) and radius (1 %). The remaining 5 % were in un-

specified locations. No ulnar lesions were found. Four

papers [11, 17, 18, 24] gave further details about the tu-

mour location inside the affected bone: 50 % (r = 0.39) of

the lesions were epiphyseal, 44 % (r = 0.42) metaphyseal

and 6 % (r = 0.12) diaphyseal.

Mean lesion size was 45 mm [r = 11, number of papers

(np) = 8]; 87 % lesions (r = 0.27, np = 6) were lytic, 2 %

(r = 0.04, np = 6) mixed, and the rest were not specified.

In 51 % (np = 4) of the lesions there was evidence of

cortical bone disruption.

Radiation therapy was performed before PLBC in 39 %

cases (np = 9, r = 0.4); 7 % cases received the same

treatment after PLBC (np = 2, r = 0.4). Percutaneous

thermal ablation was combined with PLBC in 6 % of cases

(np = 4).

PS was performed in three papers, in 17 % procedures

(np = 3, r = 0.5). Deschamps et al. [18] performed sta-

bilisation of impending pathological fractures of the

proximal femur by means of cannulated screws inserted

percutaneously; Kim et al. [20] combined cementoplasty

with flexible nails to stabilise bone lesions of the lower

limbs; Sun et al. [25] used a biliary cement-filled catheter

left inside the bone marrow cavity. The correlation test

between PS and absence of secondary fractures did not

provide statistical significance (P = 0.08).

Eleven papers (85 %) used the 10-point VAS to assess

pain before and after PLBC and ten of them provided data

suitable for statistical analysis: 68.2 % patients showed

high improvement in the considered time intervals

Table 2 Articles in analysis

Author Journal Year D PLBC FUP TS

(%)

PS Pain test MI

(%)

HI

(%)

Function

test

MI

(%)

HI

(%)

SF

[26] Toyota CVIR 2005 Prosp. 3 15 100 – FACES/

VAS

33 67 ADL 0 67 1

[14] Anselmetti CVIR 2008 Prosp. 21 9 100 – VAS 0 100 – – – 2

[15] Basile Radiol Med. 2008 Retro. 6 6 100 – VAS 50 50 Ambulation 0 80 0

[22] Lane MD Skeletal

Radiol

2011 Prosp. 1 – 100 – VAS 0 100 – – – 0

[23] Masala Support Care

Cancer.

2011 Retro. 22 6 98 – VAS 9 86 – – – 0

[16] Botton E Med Oncol 2012 Retro. 10 1 – – Qualitative 30 70 Ambulation 0 89 0

[18] Deschamps CVIR 2012 Prosp. 12 12 100 12 VAS 17 50 – – – 0

[17] Deschamps JVIR 2012 Retro. 21 24 – 0 VAS – – – – – 7

[19] Iannessi Diagn Interv

Imaging.

2012 Prosp. 7 8 100 – VAS 12 88 FIM score 0 64 0

[24] Plancarte-

Sanchez

Pain Pract. 2013 Retro. 15 2 – – VAS 47 53 WOMMUO 12 82 0

[11] Cazzato Eur Radiol. 2014 Retro. 51 1 59 – 4-point

Scale

42 47 4-Point

Scale

37 53 6

[20] Kim Surg Oncol. 2014 Retro. 15 15 – 20 VAS 60 40 Ambulation 0 80 0

[25] Sun Eur Radiol. 2014 Retro. 12 3 100 5 VAS – – – – – 0

D design of the study, F-UP average follow-up in months, TS technical success, PS percutaneous stabilizations, MI, mild improvement, HI, high

improvement, SF secondary fractures, FACES Wong–Baker FACES pain rating scale, VAS visual analogue scale, WOMMUO Western Ontario

and McMaster Universities Osteoarthritis Index
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Table 3 Inclusion and exclusion criteria reported by each included paper (authors in bold are those reporting exclusively PLBC population)

Author Journal Year Inclusion criteria Exclusion criteria

[26] Toyota CVIR 2005 Painful bone metastases Not specified

[14] Anselmetti CVIR 2008 Subjects with intense focal pain associated with the evidence on imaging

of osteo-lytic bone metastases with or without impending bone

fractures

Platelets B90,000, INR

C1.50

Life expectancy[3 months Systemic infection

Age[18 years and good mental condition Distance between the lesion

and vessels or vital organ

\10 mm

Provision of informed consent Not more than six painful

bone lesions to treat per

patient

Unsatisfactory response to conventional pain therapy

[15] Basile Radiol

Med

2008 Pain intensity score C5 on the VAS scale

Pain totally or partially refractory to analgesic treatment

Life expectancy[1 month

Lesions\4 cm and/or without signs of extra-compartmental spread

[radio-frequency ablation was coupled to cementoplasty in larger

lesions showing extension beyond the bone margins provided they

were[1 cm away from major anatomical structures (nerves, arteries,

etc.)]

[22] Lane MD Skeletal

Radiol

2011 Patients (at least 18 years of age) with a primary malignancy and

metastatic osseous disease

Pure osteo-sclerotic

metastases

Focal pain clinically localised to a region with imaging confirming the

presence of bony tumour involvement

Patients with INRs[1.3,

platelet counts\50,000

Pain considered partially or totally refractory to analgesic medications or

with unacceptable side effects

Local or systemic infection

Ability to give written consent

Life expectancy[1 month

[23] Masala Support

Care

Cancer

2011 Diagnosis of multiple myeloma INR[1.5, platelets

\90,000

Single extra-spinal bone lesions Ongoing systemic infection

At least 2- to 3-week history of intense and focal pain resistant to

NSAID therapy or treatment with opioids

[16] Botton E Med

Oncol

2012

[18] Deschamps CVIR 2012 Patients with metastasis of the proximal femur with a high risk of

pathological fracture, who were not candidates for standard surgical

stabilisation because of poor performance status or refused surgery

[17] Deschamps JVIR 2012 Patients with an impending pathologic fracture who were not candidates

for surgical stabilisation because of a poor performance status or their

refusal

Pain palliation in patients with inadequately managed pain after

radiotherapy

[19] Iannessi Diagn

Interv

Imaging

2012 Imaging which highlighted one or more extra-vertebral lytic bone

lesions associated or not with extra bone invasion or fracture

Systemic contraindication

Proper relationship between the pain symptoms and imaging

[24] Plancarte-

Sanchez

Pain Pract 2013 Patients with primary malignancy of lung, breast and prostate and

metastatic lesions in the head, neck and proximal one-third of the

femur

Impairment of coagulation

and platelet dysfunction

Karnofsky score[60 % Local infection at the

proposed procedure site

Cognitive dysfunction
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(np = 10, r = 0.2); 27.4 % reported mild improvement

(r = 0.2) and only 4.4 % experienced no change at all

(r = 0.1). The correlation test between PLBC and reduc-

tion of pain was extremely significant in this subgroup of

115 patients (P\ 0.001, np = 10, Fig. 1).

Seven papers (54 %) also evaluated functional im-

provement following PLBC. Three of them measured the

return to ambulation, which was impossible before PLBC

(np = 3), one used the functional independence measure

(FIM) scale, one used the activities of daily living (ADL)

index, one a custom 4-point scale and the final paper used

the Western Ontario and McMaster Universities Os-

teoarthritis Index. On average, 71.9 % patients (np = 7,

r = 0.1) reported high improvement after PLBC, 6 %

(r = 0.1) mild and 22.1 % (r = 0.1) presented negligible

modifications. Rates of pain and functional improvement

after PLBC are shown in Fig. 2.

Twelve papers studied the incidence of ‘‘secondary

fractures’’ as an event (16 cases, 8 %, r = 2.5, Table 4).

Five complications were reported across four papers

(2 %): three heamatomas at the puncture site needing blood

transfusions; one PMMA leakage into the elbow joint

leading to a permanent reduction of the range of motion;

and one abscess. Two PLBC cases obtained from the pre-

sent authors’ personal experience are shown in Figs. 3 and

4.

Discussion

Across 196 patients and 223 treated lesions, we found an

overall 95.6 % rate of pain control within a mean follow-up

of 6.3 months, confirming the efficacy of PMMA analgesia

for the treatment of lytic or mixed bone tumours. Such an

improvement was associated with the use of PLBC

(P\ 0.001). Although the exact mechanism by which

PMMA assures fast and effective analgesia is not com-

pletely understood, it seems likely that micro- and macro-

fracture stabilisation [2] as well as temperature-mediated

destruction of nociception nervous terminals [3] are the

phenomena most likely to be involved. Both mechanisms

could also be responsible for the improvement in functional

performance (overall 77.9 %). This result is relevant con-

sidering the high incidence of lesions we found in lower

limbs (77 %) carrying a non-negligible risk of disability

due to the risk of secondary fracture. Sixteen cases (8 %)

presented a secondary fracture and 14 needed surgical

treatment.

The Mirels’ score [27] is the most applied method for

estimating the risk of fracture in long bones. According to

this system, a score [9 categorises patients at high risk.

Deschamps et al. [17] suggested another practical way to

ascertain risky femoral lesions: cortical involvement

[30 mm or a previous fracture of the lesser trochanter,

Table 3 continued

Author Journal Year Inclusion criteria Exclusion criteria

[11] Cazzato Eur Radiol 2014 Long bone metastasis or myeloma Irreversible coagulative

disorders

High risk of fracture Clinical signs of local or

systemic infection

Unresponsiveness to previous analgesic treatment and/or to radiation

therapy and/or to surgical treatment

Life expectancy[1 month

[20] Kim Surg

Oncol

2014 Patients with severe bone pain and imminent risk of fracture due to

intramedullary endosteal scalloping caused by diaphyseal lesions

Sub-trochanteric lesion

Pathologic fractures

Joint destructive lesions

[25] Sun Eur Radiol 2014 Patients with long bone metastasis with a high risk of impending fracture

Severe pain related to the bone metastases

Fig. 1 Reduction of pain after PLBC in 115 patients a cross ten

articles. Average follow-up is 6.3 months, 95 % CI -5.9 to -5,

P\ 0.0001

1568 R. L. Cazzato et al.: Percutaneous Long Bone Cementoplasty

123



Fig. 2 Rates of pain and limb

function improvements in the

overall population after PLBC

Table 4 Subgroup of PLBC patients reporting a secondary PMMA stress fracture following PLBC

Author Patients SF Bone Lesion location Mirels’ score Delay Surgery

Anselmetti [14] 21/50 (42.0 %) 2 Femur (2) D (2) N/A 30 2/2

Toyota [26] 3/17 (17.6 %) 1 Femur (1) D (1) N/A 2 1/1

Cazzato [11] 51/51 (100 %) 6 Femur (3) E

E-M-D

M

9 97.5 4/6

Humerus (3) E-M

E-M

M-D

Deschamps [17] 21/21 (100 %) 7 Femur (7) E (7) 11.4 49 7/7

SF secondary fractures, Delay mean delay between PLBC and fracture (days), N/A not available, E epiphysis, M metaphysis, D diaphysis

Fig. 3 Case obtained from present authors’ personal experience:

42-year old female affected by breast cancer. A Axial CT scans of the

pelvis shows a lytic lesion of the right femoral head (black arrow)

thinning the anterior cortical bone and thus carrying a risk of

pathological fracture. B, C, D The patient underwent CBCT-guided

cementoplasty (white arrow) through one 11G 9 10 cm bone trocar

(Osteo-Site Bone Biopsy Needle, Cook Medical, Bloomington, IN,

USA)
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both favour fractures. Accordingly, patients presenting

with the aforementioned features should receive some form

of bone stabilization. Ideally, these patients should be re-

ferred for surgical treatment, provided they have a good

performance status and a relatively long life expectancy.

Although surgical techniques are safe and effective [28],

very few patients are suitable candidates due to the fre-

quently advanced stage of disease [29]. Moreover, surgery

carries substantial drawbacks in terms of hospitalisation

duration (up to 19.3 days) and complications (8 %) in-

cluding death (13.9 % at 3 months) [30]. Given these

conditions, minimally invasive consolidative strategies are

desirable to replace surgical approaches. On the whole, 32

patients received some kind of minimally invasive en-

domedullary stabilisation coupled with PLBC in the same

session. Kim et al. applied flexible nails in 15 patients

under spinal anaesthesia [20]. Sun et al. [25] used a 8-Fr

PMMA-filled biliary drainage catheter in five patients un-

der conscious sedation and Deschamps et al. [18]

systematically performed percutaneous osteosynthesis by

means of cannulated screws (8 mm) plus PC to prevent

impending pathological fractures of the proximal femur in

12 patients, under different types of anaesthesia (GA or

conscious sedation, local anaesthesia and continuous nerve

block). Additionally, Deschamps et al. reported the mean

procedural time (110 ± 43 min; range 60–180) and the

mean duration of in-hospital stay (4 days) [18].

Despite the heterogeneity of PS techniques applied and

the low proportion of patients receiving PS in addition to

PLBC, no secondary fractures occurred in this sub-

population (mean follow-up 9.9 months). These results

were not statistically significant, with a borderline P value

(P = 0.08), probably because the subgroup of patients

analysed was very small. Compared to PLBC alone, PS

plus PLBC is a more complex and longer procedure re-

quiring experienced operators, presence of an anaesthesi-

ologist and, if not performed under GA, good patient

compliance. Furthermore, at the moment it is currently not

Fig. 4 Case obtained from present authors’ personal experience:

84-year old female affected by cervical cancer. A Sagittal and

B coronal CT scans of the lower limb shows a lytic lesion of the

proximal tibia disrupting the posterior cortical bone (black arrow).

C The patient underwent CBCT-guided cementoplasty through two

11G 9 10 cm bone trocar (Osteo-Site Bone Biopsy Needle, Cook

Medical, Bloomington, IN, USA) in order to obtain a D, E
progressive, homogeneous and complete filling of the bone defect

(white arrow). F Sagittal and G coronal CBCT scans obtained at the

end of the procedure confirm the optimal filling of the bone defect
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possible to identify the best PS technique among those

reported.

PLBC showed a low rate of complications and the

possibility to be combined with other interventional and

non-interventional (e.g. percutaneous ablation, radio-

therapy) treatments. A large proportion of patients received

radiation therapy at a certain point before PLBC. This was

expected since radiation therapy is widely accepted as a

first-line palliative treatment for bone metastases [31], even

though up to one-third of patients do not experience a real

benefit in terms of pain relief [32].

PLBC requires a 3D intra-procedural control, due to the

anatomical configuration of extra-spinal lesions. Probably,

for this reason CBCT or CT plus fluoroscopy were the most

frequently applied techniques of guidance.

Few papers reported the exact tumour location within

the affected bone. As a result, we were not able to evaluate

any associations between lesion site and eventual compli-

cations. However, severe adverse effects (i.e. chondrolysis,

permanent articular impairment) have been reported after

intra-articular PMMA leakage [33].

Conclusion

PLBC is safe, offering good pain relief and recovery of

impaired limb function. Secondary fractures are uncom-

mon and they may be prevented by adding minimally in-

vasive PS to PLBC. The combined strategy of PS ? PLBC

may be best proposed to active patients presenting with

high risk lesions (e.g. Mirels’ score[9, cortical involve-

ment[30 mm and/or previous fractures of the lesser tro-

chanter). However, there is a substantial lack of evidence

supporting the superiority of PS plus PLCB in comparison

to PLBC alone. Therefore, further studies comparing both

strategies are desirable.
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