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Introduction

Percutaneous image-guided screw fixation (PIGSF) is an effective tool offered to manage insufficiency fractures (InF), impending fractures (ImF) and pathological fractures (PF) in various locations [START_REF] Nelson | CT-guided fixation of sacral fractures and sacroiliac joint disruptions[END_REF][START_REF] Gay | Percutaneous screw fixation of acetabular fractures with CT guidance: preliminary results of a new technique[END_REF][START_REF] Roux | Fluoroscopy and cone-beam CT-guided fixation by internal cemented screw for pathologic pelvic fractures[END_REF][START_REF] Cazzato | Percutaneous image-guided screw fixation of bone lesions in cancer patients: double-centre analysis of outcomes including local evolution of the treated focus[END_REF][START_REF] Lea | Minimally invasive stabilization using screws and cement for pelvic metastases: technical considerations for the pelvic "screw and glue" technique[END_REF][START_REF] Deschamps | Percutaneous fixation by internal cemented screw for the treatment of unstable osseous disease in cancer patients[END_REF][START_REF] Mavrovi | Percutaneous osteosynthesis and cementoplasty for stabilization of malignant pathologic fractures of the proximal femur[END_REF]. The sacrum, pelvic bone and proximal femur are the most frequently treated sites but other non-weight-bearing bones, such as the sternum or the shoulder, can also be treated with such an intervention [START_REF] Roux | Fluoroscopy and cone-beam CT-guided fixation by internal cemented screw for pathologic pelvic fractures[END_REF][START_REF] Deschamps | Percutaneous stabilization of impending pathological fracture of the proximal femur[END_REF][START_REF] Cazzato | Percutaneous image-guided screws meditated osteosynthesis of impeding and pathological/insufficiency fractures of the femoral neck in non-surgical cancer patients[END_REF][START_REF] Poussot | Percutaneous fixation by internal cemented screws of the sternum[END_REF][START_REF] Garnon | Percutaneous CT and fluoroscopy-guided screw fixation of pathological fractures in the shoulder girdle: technical report of 3 cases[END_REF][START_REF] Pusceddu | CT-guided percutaneous screw fixation plus cementoplasty in the treatment of painful bone metastases with fractures or a high risk of pathological fracture[END_REF]. PIGSF can be combined with cement injection to increase the anchorage of the hardware should the quality of the underlying bone be impaired, a frequent condition in patients with osteoporosis or cancer [START_REF] Roux | Fluoroscopy and cone-beam CT-guided fixation by internal cemented screw for pathologic pelvic fractures[END_REF][START_REF] Lea | Minimally invasive stabilization using screws and cement for pelvic metastases: technical considerations for the pelvic "screw and glue" technique[END_REF][START_REF] Deschamps | Percutaneous fixation by internal cemented screw for the treatment of unstable osseous disease in cancer patients[END_REF][START_REF] Iannessi | Percutaneous cementoplasty for the treatment of extraspinal painful bone lesion, a prospective study[END_REF][START_REF] Garnon | Percutaneous extra-spinal cementoplasty in patients with cancer: a systematic review of procedural details and clinical outcomes[END_REF]. PIGSF is a safe and effective procedure provided that the patient is well selected and that optimal image-guidance is used [START_REF] Lea | Minimally invasive stabilization using screws and cement for pelvic metastases: technical considerations for the pelvic "screw and glue" technique[END_REF][START_REF] Deschamps | Percutaneous fixation by internal cemented screw for the treatment of unstable osseous disease in cancer patients[END_REF]. Various types of immediate or delayed complications may nevertheless still occur after PIGSF [START_REF] Roux | Fluoroscopy and cone-beam CT-guided fixation by internal cemented screw for pathologic pelvic fractures[END_REF][START_REF] Cazzato | Percutaneous image-guided screw fixation of bone lesions in cancer patients: double-centre analysis of outcomes including local evolution of the treated focus[END_REF]. Based on the current literature, this includes bleeding, screw loosening, tumor seeding and infection [START_REF] Roux | Fluoroscopy and cone-beam CT-guided fixation by internal cemented screw for pathologic pelvic fractures[END_REF][START_REF] Cazzato | Percutaneous image-guided screw fixation of bone lesions in cancer patients: double-centre analysis of outcomes including local evolution of the treated focus[END_REF][START_REF] Delov | Tumoral dissemination along the screw trajectory in percutaneous osteosynthesis and cementoplasty: a non-described complication[END_REF][START_REF] Moulin | CT guidance assisted by electromagnetic navigation system for percutaneous fixation by internal cemented screws (FICS)[END_REF].

The purpose of this study was to retrospectively assess the safety profile of PIGSF for insufficiency, impending and pathological fractures.

Materials and methods

Study population

This single-center retrospective observational study was approved by the institutional review board with permission to perform chart review. All patients gave informed consent for the procedure. There is an overlap of 16 patients in our cohort with a previous publicated work [START_REF] Cazzato | Percutaneous image-guided screw fixation of bone lesions in cancer patients: double-centre analysis of outcomes including local evolution of the treated focus[END_REF]. All consecutive patients who underwent PIGSF from July 2012 to April 2020 at our institution were included in this study. Four patients were treated during the COVID-19 pandemic after a negative nasopharyngeal PCR test [START_REF] Barral | COVID-19 pandemic: a stress test for interventional radiology[END_REF]. All patients suffered from a painful InF, ImF or PF which was systematically assessed clinically and radiologically using computed tomography (CT) by an interventional radiologist. For patients with fractures due to cancer, complementary contrast-enhanced magnetic resonance imaging (MRI) examination was performed to document the precise boundaries of the tumor. PIGSF was offered to patients for which surgery was not considered an option and if standalone cementoplasty was deemed insufficient to provide effective consolidation (i.e., in locations loaded with tension and shear) [START_REF] Garnon | Biomechanics of the osseous pelvis and its implication for consolidative treatments in interventional oncology[END_REF]. The most frequent indications for PIGSF therefore included fixation of InF, ImF or PF of the pubic rami, PF of the iliac wing, ImF or PF of the sacral ala and ImF of the proximal femur [START_REF] Lea | Minimally invasive stabilization using screws and cement for pelvic metastases: technical considerations for the pelvic "screw and glue" technique[END_REF][START_REF] Deschamps | Percutaneous fixation by internal cemented screw for the treatment of unstable osseous disease in cancer patients[END_REF][START_REF] Deschamps | Percutaneous stabilization of impending pathological fracture of the proximal femur[END_REF][START_REF] Garnon | Biomechanics of the osseous pelvis and its implication for consolidative treatments in interventional oncology[END_REF].

Additional thermoablation (with cryoablation or radiofrequency ablation) was proposed during the same procedure prior to screw insertion in patients with oligometastatic disease; oligoprogression (less than three metastases not responding to systemic therapy); or as a palliative treatment (tumor debulking) for painful metastasis refractory to standard palliative treatment (radiation therapy and/or analgesia).

PIGSF

All procedures were performed under general anesthesia [START_REF] Cornelis | Sedation and analgesia in interventional radiology: where do we stand, where are we heading and why does it matter?[END_REF] Three different types of cannulated self-tapping and self-drilling screws were used: partially threaded screws (5-6.5 mm Asnis-III ® ; Stryker); partially threaded perforated screws (7.2 mm Cannulated Screws; Königsee); fully threaded perforated screws (7.2 mm Cannulated Screws; Königsee). The choice was left to the operator's discretion, with perforated screws preferentially used if cement had to be used to increase anchorage of the tip of screw(s).

Polymethylmetacrylate (PMMA) bone cement (Osteopal ® V, Heraus Medical) was used for all procedures for which additional cementoplasty was performed.

Pre-operative unenhanced CT or CBCT examination was initially performed to plan the trajectory. A K-wire was inserted with an electric drill perpendicular to the fracture line (InF or PF) or the focus of osteolysis (ImF) through an intact proximal bony cortex, with the distal part landing in healthy cancellous bone as much as technically feasible. Intermittent-CT or CBCT acquisitions were performed to check the proper trajectory of the k-wire. An ancillary equipment was used to measure the proper length of the screw. Through a small skin incision, the screw was advanced coaxially on the K-wire with a cannulated screwdriver under intermittent fluoroscopic monitoring until the head of the screw lied against the bony cortex. Additional cementoplasty was performed at the radiologist's discretion either to improve the distal anchorage of the screw and/or to fill the osteolytic tumor in cancer patients [START_REF] Garnon | Biomechanics of the osseous pelvis and its implication for consolidative treatments in interventional oncology[END_REF]. Cement was injected through the hardware (for perforated screws) and/or around the hardware using an additional needle (Gangi Special Needle Set ® ; Optimed). Patients were kept overnight for observation as per our institutional protocol.

Follow-up

Patients were scheduled routinely one-month post procedures to clinical and radiological (by means of an unenhanced CT-scan) follow-up visit with the interventional radiologist who performed the procedure. For patients with ImF/PF, the remaining components of the followup (clinical visit, restaging CT or positron emission tomography-CT [PET-CT] examination) were incorporated as part of the standard oncological follow-up pathway. Patients with InF were restaged clinically and radiologically with plain films or CT (depending on the location of treatment) every 6 months in our interventional radiology outpatient clinic [START_REF] Cazzato | Interventional radiology outpatient clinics (IROC): clinical impact and patient satisfaction[END_REF]. Whenever required, earlier restaging with physical examination by the intervening interventional radiologist and CT was performed.

Data collection

The following general data were retrospectively collected: (i), patient demographics: age, sex, results of histopathological analysis for patients with fractures due to cancer; (ii), indication for offering the treatment; whether InF, ImF or PF; (iii), previous history of radiation therapy or thermal ablation at the treated site; (iv), guidance modality (combined CT-fluoroscopy or CBCT); (v), location of treatment; (vi), concomitant thermal ablation at the treated site; (vii), number and type/diameter/length of screw(s); and (viii), additional cementoplasty.

Per-procedural, early (< 24 hours) and delayed (> 24 hours) complications were recorded for all treated InF/ImF/PF based on the review of the pre-and intra-procedural imaging as well as the interventional and anesthesiological reports (per-procedural complications), hospital admission records (denoting immediate complications) and medical records and follow-up imaging (delayed complications). Complications were graded into minor (grade 1-2) or major (grade 3-5) according to the Common Terminology Criteria for Adverse Event 5.0 (CTCAE v5) [START_REF] Basch | Development of the national cancer institute's patient-reported outcomes version of the common terminology criteria for adverse events (PRO-CTCAE)[END_REF].

Screw loosening (defined by a ≥ 2 mm peri-screw lucency or unwinding) was considered as a complication. Pseudarthrosis (i.e., lack of bone healing for InF) was not considered as a complication in our study because some pre-existed the procedure. Post-operative persistent increase in the pain level score for more than 48 hours, equal or greater than 2/10 on the 11-point numerical pain scale (0-10) compared to baseline, was also considered a complication [START_REF] Roux | Fluoroscopy and cone-beam CT-guided fixation by internal cemented screw for pathologic pelvic fractures[END_REF].

Statistical analysis

Descriptive variables were expressed as means ± standard deviations (SD) and ranges; categorical variables were provided as absolute numbers with corresponding percentages. The following data were analyzed by using univariable mixed effect logistic regression analysis to identify benign fractures (InF) or malignant tumors (ImF/PF) as potential factors associated with development of complications. P values < 0.05 were considered to indicate significant difference. Statistical analysis was performed by using R v3.6.3 (R Foundation for Statistical Computing, Vienna, Austria -copyright mark).

Results

A total of 94 patients (46 men/48 women) with a mean age of 62.7 ± 12.7 (SD) years (range: 32-88 years) were identified, for a total of 110 InF/ImF/PF treated in 95 sessions. Thirteen patients (13/94; 13.8%) were treated respectively at two (12/94; 12.8%) or three ( Mean follow-up was 359 ± 482 (SD) days (range: 1-2229 days). All patients had a minimum follow-up of 24 hours and were included for the evaluation of per-procedural and early complications. A total of 25/94 (26.6%) patients treated with 31/110 (28.2%) PIGSF were lost to follow-up. Hence, delayed complications were evaluated for 79/110 (71.8%) fractures in 69/94 (73.4%) patients (Fig. 1). 2. Perprocedural complications occurred during 3/110 PIGSF (2.7%): (i), one foraminal cement leak during a spinal PIGSF managed with active cooling (asymptomatic/grade 1); (ii), one induced fracture while screwing into a blastic breast metastasis successfully treated with another screw (grade 2); (iii), one cervical hematoma during PIGSF of a C2 metastasis related to unintended injury to the inferior thyroid artery successfully treated with percutaneous injection of microfibrillar collagen through the bone access needle (Avitène; BARD Medical, Covington, USA) (grade 2) (Fig. 2). All per-procedural complications were graded as minor (3/110; 2.7%).

Details regarding complications observed in 20 patients are reported in Table

Early complications occurred in 4/110 PIGSF (3.6%): (i), one subcutaneous gluteal hematoma managed conservatively (grade 1); (ii), one post-operative L5 radiculopathy secondary to a compression of the nerve root by the screw treated by nerve root infiltration at day 5 and screw removal at day 11 due to persisting pain (grade 3) (Fig. 3); (iii), one obturator nerve palsy secondary to unintended thermal injury during cryoablation performed prior to PIGSF, which recovered spontaneously after 6 months (grade 2); (iv), one deep venous thrombosis at day 1 treated with anticoagulant therapies (grade 2). Acute complications were graded as minor in 3/110 (2.7%) and major in 1/110 PIGSF procedures (0.9%).

Delayed complications occurred in 14/79 PIGSF (17.7%) and included (i), two transient increases of the focal pain lasting more than 48 hours with resolution of the symptoms at one-month follow-up (grade 2); (ii), three biopsy-proven local infections of the operative site diagnosed at 1-, 2-and 12-months follow-up, managed with a one-month course of systemic antibiotic therapy without removal of hardware for the first patient (grade 3) (Fig. 4), screw removal and prolonged systemic courses of antibiotic-and antifungalsystemic therapies for the second patient (grade 3), and hip arthrodesis for the third patient (grade3); (iii), one tumor seeding along the track of the K-wire detected at 5 months followup which was treated with radiation therapy (grade 3) (Fig. 5); (iv), five patients with screw loosening diagnosed on CT at 4-, 5-, 9-, 13-and 18-months follow-up, all asymptomatic and stable in appearances, that did not require further treatment (grade 1); (v), two patients with screw fracture (2 fully threaded perforated screws that were left uncemented) at 1-and 3months follow-up, asymptomatic and managed conservatively (grade 1) (Fig. 6); and (vi), one accelerated degenerative arthritis of the hip 2 months after PIGSF that was left untreated because of the general status of the patient (grade 2). Delayed complications were classified as minor (9/79; 11.4%) and major (5/79; 6.3%).

At univariable analysis, no significant associations between fracture type (PF/ImF or InF) and per-procedural complication (P = 0.14) or delayed complication (P > 0.99) were identified. Additionally, no association was found between the fracture type (PF/ImF or InF) and major delayed complications (grade 3-5) (P = 0.17) (Table 3

.)

Discussion

There is growing evidence in the literature of the efficacy of PIGSF to manage InF/ImF/PF with a minimally-invasive approach [START_REF] Roux | Fluoroscopy and cone-beam CT-guided fixation by internal cemented screw for pathologic pelvic fractures[END_REF][START_REF] Cazzato | Percutaneous image-guided screw fixation of bone lesions in cancer patients: double-centre analysis of outcomes including local evolution of the treated focus[END_REF][START_REF] Lea | Minimally invasive stabilization using screws and cement for pelvic metastases: technical considerations for the pelvic "screw and glue" technique[END_REF][START_REF] Deschamps | Percutaneous fixation by internal cemented screw for the treatment of unstable osseous disease in cancer patients[END_REF][START_REF] Dassa | Image-guided percutaneous fixation with internal cemented screws of impending femoral neck pathologic fractures in patients with metastatic cancer: safety, efficacy, and durability[END_REF]. The present study confirms the excellent safety profile of this technique. The rate of overall complications during the intervention and in the early post-operative phase (first 24 hours) is beyond the 5% threshold. Moreover, most of the complications in the early phase are minor and can either be immediately fixed or do not require any specific treatment. During this period, complications may not be related directly to screw insertion but to additional treatments such as cement injection and thermal ablation that are increasingly being proposed in combination with PIGSF to optimize the local outcomes [START_REF] Lee | Minimally invasive image-guided ablation, osteoplasty, reinforcement, and internal fixation (AORIF) for osteolytic lesions in the pelvis and periarticular regions of weight-bearing bones[END_REF]. The rate of delayed complications is higher, with major complications more likely to arise. The results are in line with those of the largest previously published study [START_REF] Roux | Fluoroscopy and cone-beam CT-guided fixation by internal cemented screw for pathologic pelvic fractures[END_REF]. Roux et al. reported 14 complications in a series of 141 pelvic PIGSF, with the majority of major complications occurring within the first 6 weeks [START_REF] Roux | Fluoroscopy and cone-beam CT-guided fixation by internal cemented screw for pathologic pelvic fractures[END_REF]. In two patients, reintervention to remove the screw (one for pain, the other for infection) was performed, which is similar to our findings. In their experience treating osteolysis in the proximal femur with PIGSF, the same working group experienced only two delayed grade 3 complications (hematoma requiring transfusion) [START_REF] Dassa | Image-guided percutaneous fixation with internal cemented screws of impending femoral neck pathologic fractures in patients with metastatic cancer: safety, efficacy, and durability[END_REF]. In a bicentric study that includes some initial data from the present report, 3 major complications occurred over 36 PIGSF [START_REF] Cazzato | Percutaneous image-guided screw fixation of bone lesions in cancer patients: double-centre analysis of outcomes including local evolution of the treated focus[END_REF].

In light of the major complications we observed in our study, we reached some conclusions and learning points. For patient presenting with immediate L5 radiculopathy, there was incorrect insertion of the screw which transgressed the L5-S1 foramina. This highlights that careful analysis of the anatomy and precise image guidance is key to successfully performing PIGSF in complex anatomical locations such as the osseous pelvis. In this perspective, the use of CBCT or combined CT-fluoroscopy has to be recommended [START_REF] Roux | Fluoroscopy and cone-beam CT-guided fixation by internal cemented screw for pathologic pelvic fractures[END_REF][START_REF] Cazzato | Percutaneous image-guided screw fixation of bone lesions in cancer patients: double-centre analysis of outcomes including local evolution of the treated focus[END_REF][START_REF] Lea | Minimally invasive stabilization using screws and cement for pelvic metastases: technical considerations for the pelvic "screw and glue" technique[END_REF][START_REF] Collinge | Risks to the superior gluteal neurovascular bundle during percutaneous iliosacral screw insertion: an anatomical cadaver study[END_REF]. Based on statistical analysis, there was no difference between the two types of imaging modalities. In daily practice, we favor the use of angio-CT guidance as three-dimensional CT imaging is of excellent quality without limitations in terms of field of view or motion artifacts [START_REF] Piron | Radiation exposure during transarterial chemoembolization: angio-CT versus cone-beam CT[END_REF][START_REF] Autrusseau | Percutaneous C2-C3 screw fixation combined with cementoplasty to consolidate an impending fracture of C2[END_REF][START_REF] Lin | Comparative analysis of intra-arterial cone-beam versus conventional computed tomography during hepatic arteriography for transarterial chemoembolization planning[END_REF].

Seeding has also to be considered as a potential complication of PIGSF due the back-andforth movements of the wire that may implant viable tumor cells along the track [START_REF] Delov | Tumoral dissemination along the screw trajectory in percutaneous osteosynthesis and cementoplasty: a non-described complication[END_REF]. This may be of particular concern in oligometastatic patients or in patients with slow growing disease and long-life expectancy. Thermal ablation should always therefore be considered prior to PIGSF in malignant tumors [START_REF] Lee | Minimally invasive image-guided ablation, osteoplasty, reinforcement, and internal fixation (AORIF) for osteolytic lesions in the pelvis and periarticular regions of weight-bearing bones[END_REF]. It does however not completely avoid the risk of seeding as shown in the present study where cryoablation was performed prior to screw insertion but with incomplete coverage of the target lesion. Hence, complementary radiation therapy has to be discussed in a similar fashion as for post-surgical patients [START_REF] Ofluoglu | Minimally invasive treatment of pathological fractures of the humeral shaft[END_REF].

Infection around the hardware is also possible despite the use of antibiotic prophylaxis at the time of intervention. Removal of the implant(s) is usually necessary and may not be as straightforward as it may seem [START_REF] Galvain | The economic burden of infections following intramedullary nailing for a tibial shaft fracture in England[END_REF]. In patients with limited life-expectancy, prolonged antibiotic therapy may be discussed on a patient-by-patient basis in an attempt to control the infection and avoid reintervention as shown in one procedure of the present study [START_REF] Pavoni | Conservative medical therapy of prosthetic joint infections: retrospective analysis of an 8-year experience[END_REF].

Finally, the rapidly progressive osteoarthritis of the hip may be more related to the fracture itself than the PIGSF [START_REF] Flemming | Rapidly progressive osteoarthritis: a review of the clinical and radiologic presentation[END_REF]. 

FIGURES LEGENDS

  and strict sterile conditions by one of a panel of six board-certified interventional radiologists with 2-to 25 years of experience in musculoskeletal procedures. PIGSF was performed under combined CTfluoroscopic guidance (Somatom® Definition AS; Siemens Healthineers, before 2017 / Alphenix ® 4DCT; Canon Medical Systems, from 2017 to 2020) or cone-beam CT (CBCT) (AlluraClarity ® FD 20; Philips Healthcare) with needle planning software depending on operator's preference and room availability.

Fig. 1 -

 1 Fig. 1 -Study flowchart.

Fig. 2 -

 2 Fig.2-A 35-year-old woman with history of metastatic breast cancer and large painful osteolytic lesion of C2 involving the base of the dens, considered as an impending fracture. (A) Per-procedural axial CT image shows the hydrodissected latero-cervical space (star) with a successful posterior displacement of the cervical vessels (arrow) in order to advance the bone trocar (arrowhead). (B) An unintended transgression of an inferior thyroid artery with the bone trocar (arrowhead) resulted in hematoma (circle), treated with the injection of microfibrillar collagen directly through it (CTCAE grade 1). (C) Day 1 control CT image shows complete regression of the hematoma and visualization of persistent microfibrillar collagen (arrow). The patient was asymptomatic.

Fig. 3 -

 3 Fig. 3 -A 66-year-old woman with bone insufficiency sacral fracture after surgical posterior osteosynthesis was referred for CT-guided screw fixation. (A, B) Per procedural CT image shows a 90-mm/6.5-mm partially threaded screw (arrow) that was inserted through the sacrum into the L5 vertebral body. The screw is in contact with the right L5 foramen (arrowhead) resulting in post-operative radiculopathy. (C) Patient underwent removal of the screw (CTCAE grade 3), resulting in complete resolution of the radiculopathy. Follow-up CT image in the axial plane shows the screw tunnel (arrow) and the decompression of the right L5 nerve root (arrowhead).

Fig . 4 -

 4 Fig .4-A 76-year-old man with history of lung cancer and impending fracture of the right iliopubic branch. (A) Per-procedural CT image in the axial plane shows two cryoprobes (arrowheads) inserted inside the metastasis with a large iceball (circle) covering the entire tumor. (B) Ct image shows consolidation with cemented screw (arrowhead) anchored in healthy bone with polymethylmetacrylate cement (arrow). (C) 2-months later, the patient demonstrated fever with raised inflammatory markers corresponding to infection (CTCAE grade 3) and iliopubic pain. Contrast-enhanced CT image in the axial plane reveals gas bubbles in the ablation area (arrow) and apparent lucency around the screw (arrowhead). After conservative treatment with antibiotics, the infection resolved, inflammatory markers returned to normal values and lucency persisted around the screw in the absence of symptoms.

Fig 5 .

 5 Fig 5. -A 48-year-old woman with history of colonic cancer and large painful osteolytic tumor involving the sacrum consisting in an impending fracture was referred for cryoablation and consolidation. (A) Fat saturated T1-weighted contrast-enhanced MR image (TR/TE: 468/10 ms) in the axial plane shows a large sacral tumor (circle) involving S1 and S2 foramens. (B) Postoperative maximum intensity projection CT image in the coronal plane demonstrates a satisfying consolidation with screws (arrowheads) and cementoplasty (arrow). (C) At 6-month follow-up 18 F-FDG PET-CT fusion image demonstrates a large necrotic area with peripheral residual tumor (arrowheads), as well as tumor seeding in the right gluteal muscles along the route of the screws (arrow) (CTCAE grade 3).

Fig. 6 -

 6 Fig. 6 -A 51-year-old woman with painful comminuted bone insufficiency fracture of the left ilio-pubic bone who underwent percutaneous image-guided screw fixation. (A) Pre-operative unenhanced CT image in the axial plane shows bifocal fracture of the left ilio-pubic bone (arrows). (B) Post-operative unenhanced CT image in the axial plane shows a satisfying positioning of the screw after percutaneous image-guided screw fixation (arrowhead) without cementoplasty. (C) At 5-months follow-up CT image demonstrates asymptomatic fracture at the distal tip of the screw (arrow) (CTCAE grade 1).

  5%) in acetabulum. The remaining locations of fractures included the scapula (5/110; 4.5%), the spine (4/110; 3.6%), the sternum, the clavicle and the mandible (1/110 each; 0.9%). Thermal ablation was performed immediately prior to PIGSF in 18/70 (25.7%) of the malignant fractures, with cryoablation (16/70; 22.9%) or radiofrequency ablation (2/70; 2.9%). Demographics data are reported in Table 1. A total of 198 screws were inserted resulting in a mean of 1.8 ± 0.8 (SD) screws (range: 1-5 screws) per PIGSF site. One hundred and twenty-one (121/198; 61.1%) were partially threaded screws, 38 (38/198; 19.2%) were partially threaded perforated screws and 39 (39/198; 19.7%) were fully threaded perforated screws. The diameter of the screw was 5 mm, 5.5 mm and 7.2 mm in 19/198 (9.6%), 123/198 (62.1%) and 56/198 (28.3%) screwing respectively. The mean length of the screw was 98 ± 27.2 (SD) mm (range: 36-165 mm). Adjuvant cementoplasty was performed in 82/110 (74.5%) PIGSF. More specifically, 53/82 (64.6%) of cement injections were performed at the landing zone of the screw, either through the perforation of the screw (35/82; 42.7%) or via an additional bone trocar positioned adjacent to the tip of the screw (18/82; 22%), or directly into the osteolytic tumor (29/82; 35.4%).

	1/94; 1.1%)
	different locations in one session. Two patients (2/94; 2.1%) had 2 sessions of treatment, each
	time to fix a single fracture. The remaining 79 patients (79/94; 84.1%) underwent a single
	treatment in one session. Indication for PIGSF included InF in 40/110 fractures (36.4%), ImF
	in 17/110 fractures (15.5%) and PF in 53/110 fractures (48.2%). Seventy patients (70/94;
	74.5%) had a fracture due to bone metastases. The most frequent primary cancer for ImF/PF
	was in decreasing order lung (21/70; 30%), breast (15/70; 21.4%), prostate (7/70; 10%),
	melanoma (6/70; 8.6%) and myeloma (5/70; 7.1%). Prior radiation therapy or thermal
	ablation was noted for 14/110 (12.7%) and 8/110 (7.2%) fractures respectively. Out of the 40
	InF, 9 (9/40; 22.5%) were post-radiation fractures and 5 (5/40; 12.5%) were post-ablation
	fractures. Combined CT-fluoroscopy was used for image guidance in 86/95 procedures
	(90.5%); CBCT was used in the remaining 9/95 procedures (9.5%). Ninety-nine out of 110
	PIGSF (90%) were performed in the pelvic girdle: 38 (38/110; 34.5%) in the sacrum, 36
	(36/110; 32.7%) in the pubic rami, 11 (11/110; 10%) in the iliac wing, 7 (7/110; 6.4%) in the
	proximal femur and 6 (6/110; 5.

Table 1 .

 1 Demographic characteristics of 94 patients who underwent 110 percutaneous imageguided screw fixation procedures.

Table 2 .

 2 Complications of percutaneous image-guided screw fixation in 20 patients.

Table 3 .

 3 Risk factor analysis for complications according to the fracture type (ImF/PF and InF). RFA= Radiofrequency ablation; CA= Cryoablation. Quantitative variables are expressed as means ± standard deviations; numbers in brackets are ranges. Qualitative variables are expressed as raw numbers; numbers in parentheses are proportions followed by percentages
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In our study, there was no evidence of an association between the type of fracture (cancer/bone insufficiency) and the delay of complication (per-procedural, early and delayed), likely due to the low number of events. Although major complications in the delayed phase occurred only in patients with metastatic fractures (PF and ImF), no significant associations were found.

From a technical point of view, PIGSF can be considered as a simple procedure. This may explain the low rate of per-procedural complications in the present study, even for operators with limited experience in interventional radiology. Most of the learning curve comes with planification (number of screws, trajectory) and decision for additional cementoplasty, as these factors may impact the quality of consolidation.

The present study is limited by its retrospective nature; which may have mostly impacted the rate of delayed complications, as almost 30% of the patients were lost to followup following PIGSF. Moreover, it is possible that some complications may have been overlooked during collection of the data. We believe however that it would have more likely affected the number of minor complications which usually do not require admission to the hospital.

In conclusion, the rate of per-procedural and early (within 24 hours) complications following PIGSF is extremely low with most of the complications being minor.

Complications are most likely to occur and to be major in the delayed phase (> 24 hours). The most frequent major complication is due to infection.
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Delay of complication

Odd ratio P-value

Per-procedural 1.