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Abstract

Aim To review outcomes and local evolution of treated
lesions following percutaneous image-guided screw fixa-
tion (PIGSF) of pathological/insufficiency fractures (PF/
InF) and impeding fractures (ImF) in cancer patients at two
tertiary centres.

Materials and methods Thirty-two consecutive patients
(mean age 67.5 years; range 33-86 years) with a range of
tumours and prognoses underwent PIGSF for non/mini-
mally displaced PF/InF and ImF. Screws were placed under
CT/fluoroscopy or cone-beam CT guidance, with or with-
out cementoplasty. Clinical outcomes were assessed using
a simple 4-point scale (1 = worse; 2 = stable; 3 = im-
proved; 4 = significantly improved). Local evolution was
reviewed on most recent follow-up imaging. Technical
success, complications, and overall survival were
evaluated.

Results Thirty-six lesions were treated with 74 screws
mainly in the pelvis and femoral neck (58.2 %); including
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47.2 % PF, 13.9 % InF, and 38.9 % ImF. Cementoplasty
was performed in 63.9 % of the cases. Technical success
was 91.6 %. Hospital stay was <3 days; 87.1 % of lesions
were improved at 1-month follow-up; three major com-
plications (early screw-impingement radiculopathy; accel-
erated coxarthrosis; late coxofemoral septic arthritis) and
one minor complication were observed. Unfavourable local
evolution at imaging occurred in 3/24 lesions (12.5 %) at
mean 8.7-month follow-up, including poor consolidation
(one case) and screw loosening (two cases, at least 1
symptomatic). There were no cases of secondary fractures.
Conclusions PIGSF is feasible for a wide range of onco-
logic patients, offering good short-term efficacy, accept-
able complication rates, and rapid recovery. Unfavourable
local evolution at imaging may be relatively frequent, and
requires close clinico-radiological surveillance.
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Introduction

Bone metastatic disease affects up to 50 % of the cancer
patients, and incidence increases as overall survival (OS)
improves [1-4]. Symptomatic lesions may result from the
following: (a) fractures secondary to bone resorption fol-
lowing chemotherapy/steroid treatment (insufficiency
fracture; InF); (b) fracture secondary to bone replacement
by tumoural tissue (pathological fracture; PF); or (c) Ex-
tensive tumoural involvement of a weight-bearing bone at
high risk of fracture (impending fracture; ImF) [5-7].
Lesions are typically associated with pain, morbidity [2],
mortality [8], and health resource utilisation [9]; and may
significantly delay systemic therapy [6].

Therapeutic or prophylactic fixation is therefore essen-
tial to optimise outcome, and is typically performed via
surgery [10-15]. However, invasive procedures may be
unsuitable for high-risk patients with complex (especially
pelvic) lesions, and may result in significant complications
and prolonged post-operative recovery [15, 16].

Percutaneous image-guided screw fixation (PIGSF) is an
emerging technique which utilises cross-sectional imaging
guidance to precisely fix even complex fractures, avoiding
significant soft tissue trauma and damage to adjacent
structures [17, 18]. Several single-centre studies have
reported good short-term outcomes and acceptable compli-
cation rates for treatment of oncologic bone lesions
[16-20]. However, little is known regarding the local
evolution of treated lesions on imaging follow-up and
associated clinical consequences. This aspect is likely to
become increasingly significant as OS improves and
longer-term construct stability is necessitated.

The purpose of this study is to retrospectively review
our double-centre experience of PIGSF for ImF, InF, and
PF in cancer patients. We present short-term clinical out-
comes; describe local evolution of treated lesions on serial
imaging follow-up; and discuss the rationale and role of
this novel technique in management of this complex patient
cohort.

Materials and Methods
This double-centre single-arm retrospective observational

study was conducted with Institutional Review Board
approval and a waiver of informed consent at both Centres.

Study Population
Retrospective review of electronic records identified 32

consecutive oncologic patients (18 male, 14 female; mean
age 67.5 years, range 33-86 years) who had undergone

@ Springer

PIGSF for PF, InF, or ImF across two tertiary referral
centres.

Disease spectrum ranged from solitary bone lesions to
polymetastatic involvement. All patients had been treated
with systemic chemotherapy, and over 60 % had under-
gone prior local treatment (Table 1).

All cases were discussed by a multidisciplinary tumour
board including oncologists, orthopaedic surgeons, inter-
ventional radiologists, radiotherapists, and anaesthesiolo-
gists. Patients were referred for PIGSF if they had a
symptomatic non-displaced or mildly displaced PF/InF; an
ImF in long bone with Mirels’ score >8 [7] and less than
3 cm cortical involvement [5]; life expectancy >1 month;
and were unsuitable for surgical treatment due to subopti-
mal fitness, refusal of consent, or unacceptable delay to
systemic therapy. Exclusion criteria were severe and irre-
versible coagulation disorders and/or local/systemic sepsis.

Procedures

All procedures were performed in an interventional radi-
ology suite under strict sterile conditions, following
induction of general anaesthesia, by a senior Interventional
Radiologist (minimum 6 years experience) and a resident/
fellow (<2 years experience).

Imaging guidance consisted of combined CT (Somatom
Definition AS, Siemens, Erlangen, Germany) and Fluo-
roscopy (Arcadis Orbit; Siemens, Erlangen, Germany) in
Centre 1 (Strasbourg); and Cone-Beam CT (CBCT) equip-
ped with XPerCT and X-PerGuide tools (Philips Healthcare,
Amsterdam, Netherlands) in Centre 2 (Bordeaux) .

Anticoagulants were stopped 5 days prior and blood
clotting parameters were tested 24 h pre-procedure,
ensuring minimum prothrombin time of 50 % and platelet
count of 50,000/mm3, according to Society of Interven-
tional Radiology (SIR) guidelines [21]. Broad-spectrum
intravenous antibiotic cover (2 g cefazolin) was adminis-
tered pre-procedurally.

Patients were positioned prone or supine (according to
lesion location), and initial CT/CBCT was acquired to
facilitate planning of screw trajectories and cutaneous
entry-point marking. Multi-planar reconstructed images
were used to measure screw length from cortical surface to
intended intra-osseous anchor point.

Two different systems of cannulated self-tapping and
self-drilling screws were used (6.5 mm Asnis™ III Can-
nulated Screw System, Kalamazoo, Michigan, USA;
7.2 mm Koenigsee-implantate, Konigsee Implantate
GmbH, Allendorf, Germany). Screws from the second
system have multiple holes in the tip, thus allowing poly-
methyl-methacrylate (PMMA, Osteopal V, Heraecus Med-
ical GmbH, Wehrheim, Germany) injection inside the
screw in order to fix its tip.
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Table 1 Population data

N (%) Mean (£SD) Range

Patients

Mean age

BMI

Patients primary cancer
Breast

Lung

Thyroid

LNH

Prostate

Kidney

Others®

Treated foci

Ilio-pubic or ischio-pubic ramus
Iliac crest

Femoral neck

32
67.5 (£13.1)
26.0 (£4.0)

33-86
20.3-34.9

O N W W W~ o

36

8 (22.2 %)
7136 (19.4 %)
6/36 (16.6 %)

Acetabulum 5/36 (13.8 %)
Sacrum 5/36 (13.8 %)
Shoulder girdle 4/36 (11.1 %)
Vertebra 1/36 (3.1 %)
Treated foci receiving previous treatments 25 (69.4 %)
Radiation therapy 7

Radiation therapy + bisphosphonates 6

Percutaneous ablation 3 (2 CA, 1 RFA)
Cementoplasty 2

Surgery 2

CA cryoablation, RFA radiofrequency ablation

# 1 aneurysmal bone cysts; 1 bladder; 1 uterus; 1 chondrosarcoma; 1 head and neck; 1 melanoma; 1
neuroendocrine; 1 phaeochromocytoma; 1 plasmacytoma

For each screw, following a small skin incision, a
threaded guidewire was advanced along the planned tra-
jectory using an electric driver (Stryker Universal Driver,
Kalamazoo, Michigan, USA). Repeat CT/CBCT was per-
formed to confirm adequate position. If inadequate, the
wire was unscrewed using the driver and then repositioned.

The cannulated screw was advanced co-axially and
manually over the wire using a driver that comes along
with the screw kit, under fluoroscopic guidance, until the
distal screw-tip was anchored in a satisfactory position.
Successful placement was confirmed on final CT/CBCT.

For PF/InF, screws were placed perpendicularly across
the fracture line, with the distal tip anchored in a healthy
bone if possible. Iliac, sacral, and acetabular fractures were
treated with single or multiple screws across each planar
fracture component (Figs. 1, 2). Pubic ramus fractures
were stabilised using a single retrograde screw (Fig. 3). An
inverted triangle construct was used to treat femoral neck
fractures, with one screw along the inferior neck and two
screws anteriorly and posteriorly in the superior neck, to

maximise biomechanical stability [22, 23]. Shoulder-girdle
fractures were treated with 1-2 screws across the clavicle
or coracoid, depending on the complexity as reported
elsewhere [18]. ImF were similarly stabilised, with the
screw traversing the lesion and ideally anchoring in normal
bone.

Additional cementoplasty was performed at the dis-
cretion of the attending senior radiologist, on the basis of
substantial osteolysis or osteopaenia around the screw
(especially around its tip), which might compromise sta-
bility. In these cases, injection was performed through the
Konigsee Implantate screw system or through a dedicated
10G co-axial trocar (Gangi Special Vertebroplasty Nee-
dle, Optimed, Ettlingen, Germany) inserted adjacent to
the screws. PMMA cement was injected under continuous
fluoroscopy until adequate filling or leakage was
adjudged.

Following the procedure, compressive dressings were
applied to skin entry sites, and patients were transferred to
a recovery ward for discharge once medically fit.
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Fig. 1 74-Year old male affected by non-Hodgkin’s lymphoma,
presenting with a huge mass around the left iliac wing (dotted circle;
A). This was complicated by a complex fracture with axial (arrows;
B) and coronal (arrows; C) components. The patient underwent

percutaneous cryoablation using 5 cryo-probes to treat the soft tissue
mass (arrows; D). At the same time, 5 screws were applied to fix the
complex fracture: 2 for the axial component (E) and 3 for the coronal
component (F). Screws were stabilised with PMMA injection (F)

Fig. 2 70-Year old female with breast cancer presenting with non-
consolidated fracture of left iliac wing (arrow; A). The fracture was
fixed with 4 screws, with satisfactory placement on coronal and axial

Follow-Up
All patients were clinically reviewed 1 month post-proce-

dure by the treating interventional radiologist, with
assessment of the treated lesion using a simple 4-point
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images (B, C). However, at 8-month CT follow-up, one of the screws
had backed out of the cortex, consistent with loosening (arrows; D,
E). Unfortunately the patient was lost to clinical follow-up

scale (1 = worse; 2 = unchanged; 3 = improved; 4 =
significantly improved).

Systematic imaging follow-up was not performed;
however, all patients underwent routine imaging follow-
up every 3-6 months for disease monitoring, and
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Fig. 3 81-Year old male with osteolytic metastases from prostate
cancer in the acetabulum (arrow; A) and left ischio-pubic ramus
(arrow; B). The patient underwent percutaneous screw fixation with
cement augmentation of the left ilio-pubic ramus in order to treat the
acetabular lesion (C); in the same session, a single screw was applied

additional imaging if local complications were suspected
on the site of the treated lesion. Therefore, patients’
electronic records were reviewed to find out their last
imaging follow-up available, including the area of PIGSF
in the field of view, in order to investigate local evolu-
tion of the treated foci.

Data Collection and Statistical Analysis

Demographics, tumour type, lesion location, Mirels’ score
for long bones [7], and prior treatments were tabulated.
Number of screws, length of hospital stay, technical suc-
cess, complications (according to SIR guidelines [21]),
short-term clinical outcomes (change in status on 4-point
scale at 1 month), local evolution of the treated focus on

to treat the left ischio-pubic fracture (D). Plain X-ray obtained
1-month post-procedure demonstrated satisfactory appearances (E);
however, repeat radiograph at 11 months demonstrated peri-pros-
thetic lucency consistent with screw loosening (arrows, F). The
patient was mildly symptomatic on clinical review

latest follow-up imaging, and overall survival (last record
on institutional records in known deceased patients) were
evaluated.

Technical success was defined as satisfactory screw
placement perpendicular to the fracture line (PF and InF) or
Iytic lesion (ImF), with both ends securely anchored in
good-quality bone; if cementoplasty was coupled to PIGSF
and some leakage occurred, the procedure did not account
for technical success.

Local evolution was assessed on the most recent imag-
ing covering the treated lesion (identified using retrospec-
tive chart review). Screw loosening was defined as
unwinding or >2 mm peri-screw lucency. If available,
contemporaneous clinical data was referenced to evaluate
symptoms.

@ Springer
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Statistical analysis was performed using MATLAB®
(Math Works, Inc.). Fisher’s test was used to compare
outcomes between ImF and PF/InF groups. A Kaplan—
Meier curve was plotted to outline population OS.

Results

Between December 2012 and December 2015, 36 lesions
were treated in 33 sessions (mean 1.09 per session; range
1-2) under CT/Fluoroscopy (21/32; 65.6 % in Centre 1) or
CBCT guidance (11/32; 34.4 % in Centre 2). The most
commonly treated locations were the ilio-pubic/ischio-pu-
bic rami (22.2 %), iliac crest (19.4 %), and femoral neck
(16.6 %; mean Mirels’ score 10.2). Seventeen (47.2 %)
lesions were treated due to PF, 5 due to InF (13.9 %), and
14 (38.9 %) due to ImF.

Seventy-four screws were implanted (mean number of
screws per session 2.2; range 1-5; mean number screws per
lesion 2.0; range 1-5; mean screws length
82.5 £ 21.7 mm; and range 50-120). Adjunctive cemen-
toplasty was performed in 23/36 (63.9 %) lesions, includ-
ing 12 PF/InF and 11 ImF.

Technical success was 91.6 % (33/36 lesions), since
PMMA leakage occurred in 3 lesions (13.0 %, 1 ImF and 2
PF/InF; p = 0.59).

In-patient hospital stay was <3 days in all cases.

Three major complications (3/33 sessions, 9.1 %) were
observed, including a painful L5 radiculopathy secondary
to screw impingement 10 days following an uncemented
sacral fracture fixation (Grade D; necessitated image-gui-
ded screw removal to relieve symptoms following failed
local steroid injection); a septic arthritis of the coxofemoral
joint requiring surgical revision and arthrodesis 12 months
following PIGFS (grade D); and an accelerated
coxarthrosis 2 months following treatment of a plasmacy-
toma-related acetabular fracture (Grade E).

There was 1 (3 %) minor complication consistent with
an asymptomatic intra-articular cement leakage following
acetabular PIGSF (Grade A).

One month clinical follow-up was available for 29/32
patients (90.6 %) and 31/36 lesions (86.1 %) due to early
mortality of 3 patients. On a per-lesion basis, 87.1 % were
improved from baseline (Table 2). There was no significant
difference in distribution of “significantly improved” and
“improved” cases vs. “unchanged” and “worse” cases
between ImF and PF/InF groups (p = 0.6), and between
cemented and uncemented PIGSF (p = 0.5).

Imaging follow-up (predominantly with CT) was avail-
able in 22/32 patients (68.7 %) and 24/36 lesions (66.6 %),
with mean duration of 8.7 months (range 0.3-25 months;
Table 2).
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Ten patients were lost to follow-up. Unfavourable local
evolution was observed in 3/24 lesions (12.5 %): absent
bone consolidation was seen in 1 case of post-cryoablation
(thyroid metastasis) acromion InF treated with uncemented
PIGSF after 5 months. However, the patient remained
asymptomatic with good arm mobility despite the persis-
tent cavity—probably due to good-quality distal fixation in
the healthy bone; screw loosening occurred in 2 cases, with
unwinding of a screw-head 8 months post-PIGSF of an
iliac PF (Fig. 2; lost to clinical follow-up); and peri-screw
lucency on plain radiograph 11 months post-fixation of an
ischio-pubic ramus PF (Fig. 3; symptomatic with 3/10 pain
score on walking at contemporaneous clinical follow-up).
All unfavourable local evolutions revealed at imaging
follow-up were observed in uncemented cases; there was a
significant difference in occurrence between Uncemented
and Cemented groups (p = 0.001); on the other hand, there
was no significant difference in occurrence between ImF
and PF/InF groups (p = 0.22). No secondary fractures
were detected on imaging follow-up.

OS at 3, 12, and 24 months were 81.2, 75.0, and 68.8 %,
respectively (Fig. 4).

Discussion

PIGSF is a novel technique for fracture fixation, which has
recently been applied for the treatment of long bone, pel-
vic, and shoulder-girdle lesions in oncologic patients
[16-20]. It offers advantages over conventional surgery
including excellent visualisation of surrounding structures
to avoid iatrogenic injury, and a rapid post-procedural
recovery to minimise onco-therapeutic delay [16—19]. The
technique involves precise placement of co-axial cannu-
lated screws over a guidewire placed perpendicular to the
fracture/lesion under imaging guidance, securely anchoring
the distal screw in good-quality bone [16—18]. Prior studies
have demonstrated technical feasibility, safety, and good
short/mid-term outcomes [16, 17, 19], which appear com-
parable to surgery [11-13].

Our study similarly illustrates good technical success
(91.6 %), good short-term symptomatic improvement
(87.1 % of lesions improved at 1 month), and an accept-
able major complication rate (9.1 %). Although we utilised
a simple 4-point scale (due to the retrospective nature of
the study) rather than a formal Visual Analogue Scale
(VAS), our outcomes are comparable to those of
Deschamps et al. and Hartung et al. [16, 17, 19].

PIGSF may be combined with thermal ablation or
cementoplasty to optimise palliation and stabilisation. We
performed thermal ablation prior to PIGSF in three cases to
control local disease and/or treat pain related to extra-
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Table 2 Clinical and imaging follow-up

Clinical follow-up

Imaging follow-up

Mean duration 1 month

No. of patients 29 (90.6 %)
No. of lesions 31 (86.1 %)
Outcomes on a per-lesion basis “Worse”: 0

“Unchanged”: 4 (12.9 %)
“Improved”: 6 (19.4 %)

8.7 months (range 0.3-25)

22 (68.7 %)

24 (66.6 %)

Satisfactory: 21/24 lesions (87.5 %)

Screw loosening/poor consolidation: 3/24 (12.5 %)

“Significantly improved”: 21 (67.7 %)

100

60

40

Overall Survival

20

0 4 8 12 16 20 24
t [months]

Fig. 4 Overall survival in the entire population

osseous tumour extension, without any particular technical
difficulty.

In 64 % of cases (11 ImF and 12 PF/InF), we performed
cementoplasty following screw placement, intending to
improve screw-tip anchorage within regions of osteolysis
and osteopaenia; no significant benefit in terms of pain
management was noted between cemented and uncemented
cases. This approach is similar to Hartung et al. [19], but
differs from Deschamps et al. [17], who did not perform
PMMA injection for PF/InFs due to risk of leakage.
Although theoretically more likely for InF/PF than ImF, we
did not encounter any clinically relevant leakage in either
group similar to other series [30]. Additionally, several
biomechanical and clinical studies suggest that cemento-
plasty may enhance screw fixation and optimise biome-
chanics [25-29]; and all our unfavourable local cement
augmentation evolution rated at imaging follow-up occur-
red in non-cemented cases. Although definitive proof is
lacking [24], it is probably an effective and safe option to
optimise screw fixation with PMMA injection when it is
performed under continuous fluoroscopic guidance. More-
over, the development of perforated cannulated screws

offers a novel method of implementation with an unlikely
event of PMMA leakage [31].

Improved life expectancy of oncologic patients neces-
sitates longer-term construct stability. In our series (ap-
proximately 2/3 survival at 24 months), 12.5 % of treated
lesions with available follow-up imaging (mean
8.7 months) demonstrated poor osseous consolidation or
screw loosening; and at least 1 patient was symptomatic.
Despite limited sample size and data quality, local unfa-
vourable evolution at imaging follow-up may be relatively
frequent similar to surgical series [28, 32]. Our non-con-
solidated case can be explained by poor osseous substrate
in a post-ablation cavity. On the other hand, the two cases
of screw loosening occurred in uncemented cases with
mildly displaced or distracted fractures. Other contributory
factors may include altered biomechanics and fluted design
of self-tapping screws [33]. At the moment, our data are
insufficient to quantify the real incidence of poor bone
consolidation around the screw or screw loosening. How-
ever, longer-term local evolution of treated lesions may
have significant implications for patient selection and
optimal technique; therefore, prospective studies are
required to investigate this increasingly significant issue.

The role of PIGSF in management of PF, InF, and ImF
in cancer patients is rapidly evolving. Given the lack of
long-term follow-up data, we believe that PIGSF is best
suited for fracture consolidation in high-risk, non-surgical
candidates with short life expectancy. Conversely, surgery
is favoured for low-risk patients with isolated solitary bone
metastasis and good prognosis, since it offers potentially
curative resection and optimal biomechanical reconstruc-
tion [10, 13, 15, 34]. Patients between these extremes
should ideally be treated with cytoreduction followed by
stabilisation—either via limited surgical resection and
reconstruction; or using percutaneous thermal ablation with
PIGSF/cementoplasty [10, 35]. PIGSF with close clinical
and radiological monitoring is therefore a viable option for
a wide range of patients.

@ Springer
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Several alternative techniques have been described for
percutaneous treatment of oncologic bone lesions,
including internal fixation with modified trocars, bone
marrow nails, Kirschner wires, and cement-filled catheters
[29, 36-39]; and augmentation using micro-needles mesh
and cement [40]. Although supported by some biome-
chanical evidence [41], these techniques have not wide-
spread and clinical evidence is lacking. Conversely, screw
fixation is commonly used by orthopaedic surgeons in
patients unsuitable for invasive surgery in a variety of
locations and settings [14, 22, 23, 32, 42]. In particular,
several clinical and biomechanical studies support the use
of an “inverted triangle” screw-configuration with/with-
out cement augmentation to provide intramedullary rein-
forcement in proximal femoral neck fractures
[22, 23, 25, 43]. The PIGSF technique described herein
and elsewhere [16] is comparable to existing surgical
techniques, and probably represents the most appropriate
procedure for most lesions. Cementoplasty alone appears
structurally inadequate for larger or complex lesions, and
is best utilised in combination with PIGSF
[16, 18, 24, 30].

The principal limitation of this study relies on its ret-
rospective design, which precluded utilisation of validated
scales, systematic clinico-radiological follow-up, and
comparison of symptoms in patients with/without radio-
logical loosening. Our small, heterogeneous sample limits
generalisability, but reflects clinical practice in two dif-
ferent tertiary centres. The high attrition rate (1/3 of
patients lost to follow-up) is unfortunately common to all
studies in this population [13].

In conclusion, PIGSF is a technically feasible procedure
for palliation and stabilisation of ImF, PF, and InF in
cancer patients with a range of prognoses. It offers rapid
post-operative recovery, acceptable complication rates, and
good short-term efficacy. Unfavourable local evolution of
treated lesions as assessed with imaging may be relatively
frequent and potentially symptomatic. Therefore, close
clinico-radiological monitoring may be advisable follow-
ing PIGSF. Further prospective studies are required to
evaluate long-term sequelae of this novel technique in this
complex and vulnerable patient cohort.
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