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Reconstruction of the proximal humerus after tumour resection is a surgical challenge. The goal consists not only in reconstructing the resected bone segment, but also in restoring a stable and mobile shoulder. The choice of the technique depends on the status of the soft tissues at the end of the resection. The pre-operative work-up must determine the oncological goals of the resection and identify the structures that can be spared. When deltoid muscle function is preserved, a reverse prosthesis offers the best stability and mobility outcomes. The objective of this work is to describe the indications and techniques used in the various available reconstruction methods. Shoulder mobilities are restored using some of these methods and lost with others. Emphasis is put on the reverse shoulder prosthesis, with a description of its variants (standard prosthesis, cement sleeve, allograft-prosthesis composite, and massive prosthesis) and a discussion of the management of its early complications. When performing reverse shoulder arthroplasty, glenoid implant preparation and positioning are crucial to achieve stability, and humeral length restoration will govern soft-tissue tension.

Latissimus dorsi tendon transfer is required to restore active external rotation if the posterior rotator cuff tendons have been removed. Allograft-anatomic prosthesis composites, osteocartilaginous allografts, arthrodesis, and spacer prostheses are proposed for patients in whom the local conditions preclude implantation of a reverse shoulder prosthesis.

INTRODUCTION

Oncological surgery requires a coordinated multidisciplinary treatment strategy implemented in a specialised unit ensuring that all oncological treatment needs are met as they evolve over time. At the proximal humerus, the anatomic complexity and the proximity of blood vessels and nerves mandate a highly accurate delineation of the resection zone. The reconstruction modalities depend mainly on which structures are preserved. A biopsy is crucial and must be done by the surgeon who will perform the resection and the reconstruction. Teams that treat malignant tumours of the proximal humerus should be highly experienced in both cancer surgery and shoulder arthroplasty. Anatomic prostheses implanted after resection surgery have produced poor outcomes, leading over the last 15 years to a shift towards reverse shoulder arthroplasty (RSA), which is now the preferred option after proximal humerus tumour resection in adults [START_REF] Wilde | Results of an inverted shoulder prosthesis after resection for tumor of the proximal humerus[END_REF][START_REF] Kassab | Twenty nine shoulder reconstructions after resection of the proximal humerus for neoplasm with mean 7-year follow-up[END_REF].

The objective of this work is to provide answers to the following four questions: What are the specific characteristics of the pre-operative work-up in patients with proximal humerus tumours? When is RSA indicated for reconstruction after proximal humerus tumour resection? Do anatomic prostheses still have a role in reconstruction after cancer surgery? and What are the alternatives to joint replacement surgery?

WHAT ARE THE SPECIFIC CHARACTERISTICS OF THE PRE-OPERATIVE WORK-UP IN PATIENTS WITH PROXIMAL HUMERUS TUMOURS?

1.1. Pre-operative work-up

The patient

As part of the multidisciplinary management, at least one of the team members must conduct a detailed clinical evaluation of the patient. Shoulder function, neurological and vascular status, and general health must be assessed. Nutritional disorders should be corrected, smoking ceased, and laboratory parameters normalised, particularly in patients given pre-operative chemotherapy. Concerning the shoulder, there is a specific risk of Cutibacterium acnes infection, which can be diminished by pre-operative topical benzoyl peroxide application and skin cleansing with chlorhexidine-alcohol. At each step of the diagnosis and therapeutic process, the patient must be informed during dedicated physician visits as recommended by the French National Authority for Health (HAS).

The tumour

Standard antero-posterior and lateral radiographs with a graduated scale must be obtained. In case of a pathological fracture or extensive osteolysis, a radiograph of the contralateral humerus helps to determine the optimal reconstruction length. The imaging work-up typically includes computed tomography (CT) and magnetic resonance imaging (MRI) with gadolinium injection. The images must show the whole humerus to ensure skip lesion detection, as well as a sufficient portion of the scapula. 3D CT reformation is also useful. Ultrasonography can supply additional information on the more superficial structures.

When the tumour extends medially towards the plexus and large blood vessels, evaluation by MR-angiography or CT-angiography is required. Investigations for distant metastases are performed at this stage in patients with aggressive tumours or symptoms suggesting metastatic disease.

Tumour extension to the neighbouring structures must be assessed as follows.

-Bone: Proximal and distal limits of the tumour? Cortical rupture? Involvement of the humeral tuberosities? -Joint: Joint effusion? Capsular involvement? Spread to the bony glenoid? -Rotator cuff and long head of the biceps -Deltoid muscle and subdeltoid bursa -Axillary nerve, brachial plexus, and large blood vessels Tumour staging is conventionally assessed using the classification developed by Enneking et al. [START_REF] Enneking | A system for the surgical staging of musculoskeletal sarcoma[END_REF], which differentiates intra-and extra-compartmental tumours. At the proximal humerus, only lesions confined to the bone are considered to be intracompartmental. Spread to the joint capsule is more common with proximal humerus malignancies than at other sites. Factors associated with the ability to preserve the deltoid muscle are small tumour diameter, continuous fat layer between the tumour and deltoid muscle, and identifiable axillary nerve on the pre-operative MRI [START_REF] Cladiere-Nassif | Is it safe to preserve the deltoid when resecting the proximal humerus for a primary malignant bone tumour? A comparative study[END_REF].

Biopsy (Figure 1)

The biopsy track must be determined by the surgeon who will choose the surgical approach for the future resection procedure. The delto-pectoral approach must be avoided.

The recommended approach is lateral to the delto-pectoral groove, through the inferior portion of the anterior head to avoid contaminating the subdeltoid bursa and to remain at a distance from the axillary nerve. The biopsy can be harvested either by open surgery or percutaneously, under imaging guidance and using a large-bore trocar. When the biopsy is collected by open surgery, the preferred technique involves filling the bone with cement to ensure haemostasis and limit soft-tissue contamination. The biopsy track must be resected enbloc with the tumour in patients with primary malignancies. Ladermann et al. [START_REF] Ladermann | Reverse shoulder arthroplasty in patients with pre-operative impairment of the deltoid muscle[END_REF] reported that anterior deltoid muscle resection before RSA does not alter the functional outcomes.

Surgical planning

Once the biopsy is obtained, the surgical strategy is determined during a multidisciplinary discussion. Choosing whether the surgical goal is curative or palliative is crucial. Additional imaging studies are performed if neo-adjuvant treatment was given. The imaging studies serve to assess the extent of the resection and the margins according to the classification system developed by Malawer et al. [START_REF] Malawer | A new surgical classification system for shouldergirdle resections. Analysis of 38 patients[END_REF] (Figure 2). RSA is indicated after Malawer type IA or Enneking S2S3S4 [START_REF] Enneking | A system for the classification of skeletal resections[END_REF] resection and can also be considered after Malawer type VA resection if the residual bone stock is sufficient to receive the glenoid implant and the axillary nerve can be spared. Weisstein and Conrad [START_REF] Weisstein | 3rd. tumors and related conditions[END_REF] reported a classification system that is better suited to proximal humerus resection. Types I and II correspond to intra-articular resections and types III and IV to extra-articular resections (Figure 3).

The length of the bone resection is determined based on the MRI findings. Factors that guide selection of the reconstruction technique include the spared anatomic structures, other treatments combined with surgery, and prognosis. Metastases must be looked for routinely before surgery, as their presence impacts the prognosis and may modify the surgical strategy.

In patients with sarcoma, the time to chemotherapy resumption affects survival and the surgical technique must therefore be chosen to limit the risk of post-operative complications that might delay the return to chemotherapy. Two-stage surgery (with resection and implantation of a spacer as the first stage) followed by reconstruction at chemotherapy completion may deserve consideration. In some situations such as renal cancer metastasis or myeloma, pre-operative embolisation may be considered. Another factor guiding the choice of the reconstruction technique is compatibility with MRI for local post-operative monitoring. At this stage, the patient receives information about the modalities and risks of the surgical procedure during a dedicated patient-information visit.

RECONSTRUCTION AFTER PROXIMAL HUMERUS TUMOUR RESECTION?

Indications

Proximal humerus reconstruction using RSA is chiefly indicated when the resection includes the rotator cuff, which is the case with most metaphyseal and epiphyseal tumours.

These may be primary aggressive benign tumours, primary malignant tumours, or metastases.

RSA can be considered if the deltoid muscle (or at least its middle and posterior portions) and axillary nerve can be spared and if the residual glenoid is sufficient to accommodate a metaglenoid component (Figure 4). Extended resections whose distal end is below the insertion of the deltoid muscle on the lateral aspect of the humerus do not contraindicate RSA but require concomitant bone allografting [START_REF] Bonnevialle | Reverse shoulder arthroplasty for malignant tumors of proximal humerus[END_REF].

Approach and resection (for aggressive tumours)

The patient is in the beach-chair position, with the entire upper limb prepared.

Prophylactic antibiotic therapy effective against Cutibacterium acnes is to good advantage (βlactam or clindamycin). Another useful precaution is preparation of an iliac crest in case a bone graft is needed to reconstruct the glenoid. The skin incision circumscribes the biopsy site, and the approach involves monobloc resection of the anterior deltoid muscle fibres (Figure 1). The pectoralis major tendon is divided and tagged by sutures. The tendon of the long head of the biceps is cut distally to allow resection with the operative specimen. The upper limb is externally rotated to visualise the tendons of the latissimus dorsi and teres major muscles (Figure 5). If consistent with cancer surgery imperatives, these tendons are detached from the humerus and threaded onto sutures for transfer at the end of the procedure according to the Sever-L'Episcopo procedure [START_REF] Boileau | Reverse shoulder arthroplasty combined with a modified latissimus dorsi and teres major tendon transfer for shoulder pseudoparalysis associated with dropping arm[END_REF]. The sub-scapularis tendon is divided vertically at the myo-tendinous junction, providing an extra-capsular approach to the joint. In every case, the axillary nerve is identified and placed on suture loops. The anterior circumflex vessels are identified and ligated. If the tumour extends medially or the resection must be performed extra-articularly, an osteotomy of the coracoid process is preferable to expose the large blood vessels and brachial plexus. The anterior insertion of the deltoid muscle is divided and, if needed, the deltoid V is detached without disrupting its continuity with its aponeurosis and adjacent fascia. The resection specimen can then be exteriorised anteriorly. The radial nerve must be released if the resected segment is long. The humeral osteotomy is then performed after carefully measuring the distance from the greater tuberosity to the bone cut. The resection specimen is measured, oriented, and sent to the pathology laboratory for examination of the fresh tissue. A biopsy is routinely harvested from the medullary cavity at the distal cut. The instruments should be changed before starting the reconstruction phase.

Preparation of the glenoid

The resection is usually intra-articular and followed by the standard glenoid preparation procedure. Freshening of the glenoid should be performed with great caution, as bone quality is poor in patients who have had a long period of physical inactivity while receiving chemotherapy. If the glenoid is fragile, adding a graft at the site of the peg and using a long peg can improve metaglenoid stability. At least 1 cm of residual native bone is required to allow metaglenoid implantation (Figure 4). The baseplate should be flush with the inferior glenoid rim and tilted inferiorly. In this indication, a large-diameter lateralised glenosphere should be used to decrease the risk of dislocation [START_REF] King | Allograftprosthetic composite reverse total shoulder arthroplasty for reconstruction of proximal humerus tumor resections[END_REF]. If the resection was extra-articular, the glenoid defect must be reconstructed to lateralise the centre of rotation (Figure 6). One option consists in ordering a custom-made glenosphere consisting in two-thirds of a sphere instead of the standard half sphere (Figure 7). The other option is iliac crest graft implantation according to the bony increased-offset RSA (Bio-RSA) technique, using a baseplate equipped with a long peg, a lyophilised allograft, or a metallic baseplate (Figure 8) [START_REF] Boileau | Bony increased-offset reversed shoulder arthroplasty: minimizing scapular impingement while maximizing glenoid fixation[END_REF]. If stability of the glenoid implant is insufficient, a two-stage procedure can be considered (as used in revision procedures) with grafting and implantation of the metaglenoid and glenosphere then, in a second stage, reconstruction of the humerus [START_REF] Neyton | Results of revision surgery for glenoid loosening: a multicentric series of 37 shoulder prosthesis[END_REF].

Humeral reconstruction

Humeral reconstruction is with a long monobloc stem to avoid construct disassembly [START_REF] Zumstein | Problems, complications, reoperations, and revisions in reverse total shoulder arthroplasty: a systematic review[END_REF]. Two technical points deserve special attention:

humeral retroversion: we agree with Sanchez-Sotelo et al. [START_REF] Sanchez-Sotelo | Allograft-Prosthetic Composite Reconstruction for Massive Proximal Humeral Bone Loss in Reverse Shoulder Arthroplasty[END_REF] in recommending 30° of retroversion given the risk of instability;

prosthesis implantation height: humeral length must be restored to the length measured before the resection, and reducibility and the deltoid muscle tension must be assessed before cementing the final stem.

Several options are available for reconstruction.

-For palliative treatment or after limited resection, a standard long cemented stem (type A) is suitable (Figure 9).

-If the tuberosities have been resected, suspension of a standard prosthesis is best avoided, given the risk of loosening (Figure 10). The metaphysis can be reconstructed using cement (type B). This procedure is compatible with a latissimus dorsi transfer below the resection area (Figure 11).

-If the resected segment is longer than 5 cm (corresponding to the upper edge of the pectoralis major tendon), a massive prosthesis (type C) or allograft (type D) are the preferred options for diaphyseal reconstruction.

o Reconstruction with a massive prothesis requires pre-operative planning to order a custommade implant or a massive modular prosthesis [START_REF] Guven | Functional outcome of reverse shoulder tumor prosthesis in the treatment of proximal humerus tumors[END_REF][START_REF] Maclean | Reverse shoulder endoprosthesis for pathologic lesions of the proximal humerus: a minimum 3-year follow-up[END_REF][START_REF] Raiss | Replacement of the proximal humerus with MUTARS tumor endoprostheses[END_REF] (Figure 12). Availability of a proximal polyethylene augment is a good option in case instability is noted intra-operatively. Custommade prostheses feature orifices for threading sutures to reattach the soft tissues.

o Allograft reconstruction (type D) has the advantage of allowing direct suturing of the joint capsule, deltoid muscle, residual rotator cuff, pectoralis major, and latissimus dorsi to the allograft.

o Use of the irradiated resection specimen is also an option but carries a risk of early bone resorption and precludes histological examination of the operative specimen.

We concur with others in preferring massive frozen allografts [START_REF] Bonnevialle | Reverse shoulder arthroplasty for malignant tumors of proximal humerus[END_REF][START_REF] Sanchez-Sotelo | Allograft-Prosthetic Composite Reconstruction for Massive Proximal Humeral Bone Loss in Reverse Shoulder Arthroplasty[END_REF][START_REF] Sirveaux | Reverse shoulder arthroplasty for proximal humerus tumor[END_REF][START_REF] Lozano-Calderon | Proximal humerus allograft prosthetic composites: technique, outcomes, and pearls and pitfalls[END_REF][START_REF] Lazerges | Composite reverse shoulder arthroplasty can provide good function and quality of life in cases of malignant tumour of the proximal humerus[END_REF]. A humeral allograft whose dimensions are a good match for the recipient bone must be ordered in advance. A large-diameter allograft facilitates the repair procedure and is therefore always preferable. To allow for the eventuality of performing a 'chevron cut', the allograft should be 3 or 4 cm longer than the planned or actual resection length. The allograft must have tendon and capsule attachments. Preparation of the allograft on the operating table involves the following steps (Figure 13):

the capsule and tendons are tagged using sutures;

the humeral head osteotomy is performed with 20° to 30° of retroversion; -the allograft is reamed until the diameter is 2 mm more than the diameter of the stem; -a burr is used to prepare the proximal end to receive the epiphyseal portion of the prosthesis and the allograft is cut to the desired length, allowing for the eventuality of a chevron; -the prosthesis is temporarily inserted into the allograft.

The allograft with the prosthesis is positioned on the recipient humerus, and reduction is tested. The prosthesis is first cemented into the allograft, taking care to plug the canal distally to maintain the cement in contact with the stem. Sanchez-Sotelo et al. [START_REF] Sanchez-Sotelo | Allograft-Prosthetic Composite Reconstruction for Massive Proximal Humeral Bone Loss in Reverse Shoulder Arthroplasty[END_REF] have reported using a short stem that did not bridge the junction between the allograft and the recipient bone. However, a long stem is usually recommended [START_REF] Wilde | Results of an inverted shoulder prosthesis after resection for tumor of the proximal humerus[END_REF][START_REF] Kassab | Twenty nine shoulder reconstructions after resection of the proximal humerus for neoplasm with mean 7-year follow-up[END_REF][START_REF] Bonnevialle | Reverse shoulder arthroplasty for malignant tumors of proximal humerus[END_REF][START_REF] King | Allograftprosthetic composite reverse total shoulder arthroplasty for reconstruction of proximal humerus tumor resections[END_REF][START_REF] Lozano-Calderon | Proximal humerus allograft prosthetic composites: technique, outcomes, and pearls and pitfalls[END_REF]. For young patients, Lozano-Calderone et al. [START_REF] Lozano-Calderon | Proximal humerus allograft prosthetic composites: technique, outcomes, and pearls and pitfalls[END_REF] suggested a prosthesis with a smooth proximal portion (cemented into the allograft) and an uncemented distal portion press-fit into the distal humerus.

Rotational stability of the allograft is a crucial goal that can be achieved using a distal chevron (stabilised by cerclage wires), a compression plate, or a locking stem (Figure 14).

With plate fixation, the allograft with the prosthesis should be positioned first, after which the plate is temporarily put in place and the track for a screw is prepared. We use a non-locking screw plate to allow freedom in orienting the screws around the prosthetic stem. The cement is injected distally. The allograft-prosthesis composite is positioned and the plate placed under compression before the cement hardens, taking care to trim off the excess cement at the boneallograft interface.

A final test is performed to choose the height of the polyethylene insert. If the latissimus dorsi is transferred, it is wrapped around the prosthesis before reduction. Sutures can be used to join the residual native capsule to the allograft capsule. If spared, the cuff tendons are sutured to the tendon stumps of the allograft. If the deltoid V was detached, it is sutured to the lateral tendon stump of the allograft.

Muscle transfer and wound closure

Resection of the posterior cuff (teres minor and infra-spinatus muscles) causes loss of active external rotation (Figure 15). The L'Episcopo tendon transfer technique as modified by Boileau et al. [START_REF] Boileau | Reverse shoulder arthroplasty combined with a modified latissimus dorsi and teres major tendon transfer for shoulder pseudoparalysis associated with dropping arm[END_REF] restores external rotation. The latissimus dorsi and teres major tendons (often presenting as a combined tendon) are transferred posteriorly to the humerus then attached to the lateral aspect of the allograft using trans-osseous sutures (Figure 13). If a massive prosthesis is used, the sutures are threaded through the holes in the prosthesis then stitched to the biceps and pectoralis major muscles to ensure soft-tissue healing around the prosthesis (Figure 12). When a cement sleeve is used for metaphyseal reconstruction, the transfer is fixed distal to the junction (Figure 11).

Post-operative care

The shoulder is immobilised for 4 to 6 weeks (in the event of muscle transfer) on an abduction sling. Rehabilitation therapy is started after 6 weeks, with a gradual transition from passive to active exercises. Resistance exercises are not started until the 3 rd month. Follow-up radiographs must be obtained at regular intervals. Mean allograft healing time is about 6 months [START_REF] Sanchez-Sotelo | Allograft-Prosthetic Composite Reconstruction for Massive Proximal Humeral Bone Loss in Reverse Shoulder Arthroplasty[END_REF]. To monitor for local cancer recurrence, CT with metal artefact suppression techniques is used (Figure 16).

Management of complications

The post-operative complication rate is 20% to 45% [START_REF] Wilde | Results of an inverted shoulder prosthesis after resection for tumor of the proximal humerus[END_REF][START_REF] Bonnevialle | Reverse shoulder arthroplasty for malignant tumors of proximal humerus[END_REF][START_REF] Sanchez-Sotelo | Allograft-Prosthetic Composite Reconstruction for Massive Proximal Humeral Bone Loss in Reverse Shoulder Arthroplasty[END_REF][START_REF] Sirveaux | Reverse shoulder arthroplasty for proximal humerus tumor[END_REF]. Dislocation is the leading complication and may occur within a few days after the procedure. The dislocation rate is lower with highly constrained reverse prostheses such as the Bayley Walker prosthesis, which are, however, associated with a limited range of forward elevation [START_REF] Maclean | Reverse shoulder endoprosthesis for pathologic lesions of the proximal humerus: a minimum 3-year follow-up[END_REF]. If dislocation occurs, radiographs should be obtained and an abnormality in prosthesis positioning ruled out.

Radiographs of both humeri with a graduated scale in millimetres serve to assess restoration of the initial humeral length. When there is no error in prosthesis position, reduction under anaesthesia followed by immobilisation is generally sufficient. Recurrent or delayed dislocation requires revision surgery, during which a larger polyethylene insert may be used or an augment inserted to correct insufficient tension; in addition, a replacement glenosphere that is of larger diameter and lateralised may be used. Glenoid revision to lateralise the centre of rotation may be necessary. Bonnevialle et al. reported a case of reversible subluxation due to stunning of the deltoid muscle [START_REF] Bonnevialle | Reverse shoulder arthroplasty for malignant tumors of proximal humerus[END_REF].

Infection is the second most common complication but is not more common after reconstruction than after revision surgery. The recommended treatment of early infection is revision surgery for irrigation and replacement of removable components, combined with appropriate antibiotic therapy. In delayed infection, single-stage or two-stage exchange arthroplasty should be considered.

DO ANATOMIC PROSTHESES STILL HAVE A ROLE IN RECONSTRUCTION

AFTER CANCER SURGERY?

Allograft-anatomic prosthesis composite

An allograft-anatomic prosthesis composite is an option after intra-articular resection sparing the rotator cuff (Figure 17). The technique is similar to that used for RSA, but there is no glenoid implant [START_REF] Abdeen | Allograft-prosthesis composite reconstruction of the proximal part of the humerus: surgical technique[END_REF]. A standard hemi-prosthesis with a long stem, usually cemented, is implanted. The main advantages of the allograft are to improve stability of the prosthesis and to restore mobility by keeping a functional rotator cuff. The allograft-prosthesis composite is inserted, and the native tendons are then sutured to the allograft tendons, starting posteriorly with the teres minor and infra-spinatus and ending anteriorly with the subscapularis. Abdeen et al. [START_REF] Abdeen | Allograft-prosthesis composite reconstruction of the proximal part of the humerus: surgical technique[END_REF] recommended using a small prosthetic head to avoid excessive tension on the cuff.

We advocate post-operative immobilisation in a thoraco-brachial splint with the arm abducted at 120° to promote healing [START_REF] Lozano-Calderon | Proximal humerus allograft prosthetic composites: technique, outcomes, and pearls and pitfalls[END_REF]. In published case-series, the outcomes were substantially poorer than with RSA in similar indications, with only about 50° of active forward elevation on average. In a systematic literature review, Teunis et al. [START_REF] Teunis | Outcome after reconstruction of the proximal humerus for tumor resection: a systematic review[END_REF] found no evidence that allograft-anatomic prosthesis composites were superior over massive prostheses.

Massive anatomic prostheses

A massive humeral prosthesis can be used as a spacer after proximal humeral resection with or without removal of the deltoid muscle. A massive prosthesis is cemented into the distal humerus. The residual soft tissues are then attached to the prosthesis. The main risk in this scenario is instability due to absence of soft-tissue healing on the metal, with anterosuperior dislocation, particularly when deltoid function is preserved (Figure 18). Implant fixation is usually stable over time but there are severe functional limitations and the dislocation rate is high, of up to one in three [START_REF] Cannon | Functional outcome following endoprosthetic reconstruction of the proximal humerus[END_REF]. A synthetic tube fixed around the glenoid and prosthesis is recommended to improve stability [START_REF] Raiss | Replacement of the proximal humerus with MUTARS tumor endoprostheses[END_REF].

WHAT ARE THE ALTERNATIVES TO JOINT REPLACEMENT SURGERY?

Osteo-cartilaginous allografts

The principle is to achieve anatomic reconstruction of the resected bone segment by preserving the joint surface of the graft. Intra-medullary fixation with antibiotic-loaded cement and internal fixation using a long plate that applies compression to the junction are recommended [START_REF] Jamshidi | The effect of cement augmentation and anteromedial plating on proximal humerus allograft reconstruction[END_REF]. The capsule and cuff tendons are sutured to those of the allograft. The rate of complications (fracture and infections) is higher overall than with other reconstruction techniques and this method is therefore being gradually abandoned [START_REF] Bus | Is there still a role for osteoarticular allograft reconstruction in musculoskeletal tumour surgery? a long-term follow-up study of 38 patients and systematic review of the literature[END_REF].

Arthrodesis and non-anatomic reconstructions

Arthrodesis can be considered in young patients when the deltoid muscle and/or axillary nerve must be resected. Arthrodesis has the advantage of providing stable and permanent reconstruction.

The defect is filled with an autologous iliac crest graft or a tibial strut if the resection segment is short. Moderate shortening of the humerus is acceptable. Internal fixation is with a long, angled plate that rests on the upper edge of the scapula and on the distal humerus. When the length of the resection exceeds 12 cm, a vascularised fibular graft is preferable [START_REF] Weisstein | 3rd. tumors and related conditions[END_REF][START_REF] Viehweger | Shoulder arthrodesis with vascularized fibular graft after tumor resection of the proximal humerus[END_REF].

When an allograft and a vascularised autograft are used in combination, the allograft ensures better early stability during the time needed for biological integration of the allograft to occur. Padiolleau et al. [START_REF] Padiolleau | Scapulo-humeral arthrodesis using a pedicled scapular pillar graft following resection of the proximal humerus[END_REF] reported an original technique in which a pedicled scapular pillar graft is used for reconstructions less than 12 cm in length. This method obviates the need for microsurgical anastomosis of the vascularised autograft. An additional allograft from the iliac crest, fibula, or tibia must, however, be used. Padiolleau et al. also suggest adding a pedicled latissimus dorsi flap to cover the material and restore a rounded shoulder contour.

Mimata et al. [START_REF] Mimata | Glenohumeral arthrodesis for malignant tumor of the shoulder girdle[END_REF] reported using a double-barrel vascularised fibular graft (Figure 19).

Complete post-operative immobilisation for 3 to 4 months is recommended. The functional outcome depends on persistence of good scapular mobility over the rib cage and on peri-scapular muscle function. The main reported complications are failed fusion and fractures, whose risk is increased by post-operative chemotherapy and/or radiotherapy.

Reconstruction of the proximal humerus using the clavicle (clavicula pro humero) is an option in children and young adults. This technique may be indicated after extra-articular resection of the humerus with or without reservation of the deltoid muscle. With the acromioclavicular joint left intact, the lateral portion of the clavicle is verticalized and fixed to the humerus. Barbier et al. [START_REF] Barbier | Is the clavicula pro humero technique of value for reconstruction after resection of the proximal humerus in children?[END_REF] combined this technique with a vascularised fibular graft (in 6 of 8 patients) and with plate fixation. The advantage is that stability is achieved while maintaining some measure of mobility (75° of flexion on average). The clavicula pro humero technique is exceptionally used in adults.

The Tikhoff-Linberg procedure

This procedure consists in extra-articular resection of the humerus and of all, or part, of the scapula [START_REF] Weisstein | 3rd. tumors and related conditions[END_REF] (Figure 20). In the original technique, the humerus is suspended to the residual clavicle, so that the arm drops but elbow and hand function are preserved via the use of a spiral orthosis. The Tikhoff-Linberg procedure is feasible in patients without tumour spread to the plexus, large blood vessels, or rib cage. If the clavicle must be removed, the humerus can be suspended from the ribs. A massive prosthesis is used as a spacer in patients with a large humeral defect. The main complications involve the skin (and may require secondary coverage surgery) and failed suspension with instability. This is a major procedure with a 55% complication rate and a 47% 5-year survival rate in the large case-series study reported recently by Angelini et al. [START_REF] Angelini | Extra-articular shoulder resections: outcomes of 54 patients[END_REF].

CONCLUSION AND PERSPECTIVES

Reconstruction of the proximal humerus after tumour resection is a major procedure that carries high complication rates regardless of the technique used.

The extent of the bone and soft tissue resection depends on oncological considerations, and the decision to perform the procedure with curative or palliative intent is taken during a multidisciplinary discussion. No compromises can be made on this specific point, and the surgeon must adapt the technique to the residual anatomic structures while also factoring in the impact of any adjuvant treatments, follow-up modalities, and prognosis.

The surgeon must be able to of prevent, anticipate, and treat the complications.

RSA is the most appropriate technique when deltoid function is spared. The other options are considered when the local conditions preclude RSA. The long-term survival of RSA used for extensive humeral reconstruction remains unclear. Uncertainty persists regarding the long-term outcomes of cementless implants, as well as of compressive endoprostheses, which may promote osseo-integration after prosthesis anchoring into a short bone segment [START_REF] Goulding | Use of compressive osseointegration endoprostheses for massive bone loss from tumor and failed arthroplasty: A viable option in the upper extremity[END_REF]. The development of 3D planning software for RSA after tumour resection holds promise for future improvements. 

Figure 3

Classification by Weissten and Conrad. The red areas are the parts to be resected.

Type I: Short intra-articular humeral resection (proximal to the deltoid V)

Type II: Long intra-articular humeral resection (distal to the deltoid V)

Type III: Extra-articular gleno-humeral resection Type IV: Extra-articular scapula-humeral resection with subtotal or total scapulectomy (Tikhoff-Linberg).

Each type is subdivided into two subtypes according to whether the deltoid is preserved (A) or resected (B).

Figure 4

Magnetic resonance imaging, T2 sequence, in a 50-year-old male with a spindle cell sarcoma: evidence of spread to the capsule with no alterations in signal from the glenoid. Extraarticular resection with glenoid osteotomy as marked by the dotted line was planned. The arrow measuring the depth of the glenoid cavity indicates that implantation of a metaglenoid is feasible.

Figure 5

Intra-operative view, left shoulder. Identification of the latissimus dorsi and teres major tendons with the arm in external rotation. The tendons are cut and tagged by sutures.

Figure 6

An important step when performing glenoid osteotomy consists in restoring the lateralisation of the centre of rotation. This can be achieved either by using a lateralised sphere or via the bony-increased-offset reverse shoulder arthroplasty (Bio-RSA) technique with a metaglenoid equipped with a long peg.

Figure 7

Reconstruction of the left humerus using a custom-made massive prosthesis and a lateralised sphere after extra-articular resection. The lateralised sphere repositions the centre of rotation, thereby decreasing the risk of instability.

Figure 8

Available options for lateralising the metaglenoid A: bony-increased-offset reverse shoulder arthroplasty (Bio-RSA) with an autologous graft from the iliac crest B: Bio-RSA with a deep-frozen allograft C: lateralisation via a metallic prosthesis (Aequalis ™ Perform ™ Reversed, Tornier, Montbonnot, France)

84-year-old female patient with a pathological fracture at the site of a metastasis: type A reconstruction with a long prosthesis Massive prosthesis with major antero-superior instability in a 21-year-old male patient

A: Gleno-humeral arthrodesis using a double-barrel vascularised fibular graft after tumour resection with removal of the deltoid muscle

B: Clinical outcome

A: Radiograph and T2-weighted magnetic resonance imaging views: 34-year-old female patient with a large sarcoma extending intra-articularly and involving the deltoid muscle
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