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Acetabular reconstruction using porous metallic material in complex revision total hip arthroplasty: a systematic review
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Bone defects during acetabular revision of total hip arthroplasty raise a problem of primary fixation and of durable reconstruction. Bone graft with direct cemented fixation or in a reinforcement cage was long considered to be the gold standard; however, failures were reported after 10 years' follow-up, especially in segmental defect of the roof or pelvic discontinuity. In such cases, metallic materials were proposed, to ensure primary fixation by a roughness effect with added screws, and especially to avoid failure due to bone resorption in the medium term.

We report a systematic literature analysis, addressing the following questions: 1) What materials are available and can be used with dual mobility (DM) designs? Apart from Trabecular Metal™ (TM), in which a DM cup can be cemented for sizes ≥56mm, 4 other porous metals are available (Tritanium™, Trabecular Titanium™, Conceloc™, Regenerex™ and Gription™) although only the first 3 can be associated to DM. 2) Can the cost of these materials be estimated and compared to allograft with reinforcement cage? Considering simply the cost of the implant itself, compared to reconstruction by graft + cage + cemented cup (€2,100), TM incurs an extra cost of €534, but with €1,434 not covered by the French healthcare insurance. The cost of custom implants (apart from hemi-pelvis) ranges between €4,200 and €8,500, with only €4,749 cover. 3) Do metallic materials ensure better survival than allograft + cage, according to severity of bone loss? Metallic reconstruction is claimed (with a low level of evidence) to reduce the risk of iterative loosening, but with a higher rate of dislocation, probably due to the lack of DM in many series. 4) What are the advantages and drawbacks of modular and custom metallic reconstructions? Modular reconstructions do not require 3D preoperative planning, but incur the risks of complications inherent to modularity. Custom implants can deal with more extensive defects, but require 5 to 8 weeks' production and are difficult to insert for the larger ones and/or when revision is limited to the acetabulum. 5) In what indications are these materials irreplaceable? Prior failure of allograft + cage in Paprosky type III defect with or without pelvic discontinuity shows the greatest benefit from metallic reconstruction, conditional on certain technical tricks.

Only reconstructions using TM have more than 10 years' follow-up; other materials will need close monitoring. Failures in allograft with reinforcement cages occurred after about 10 years, and TM will need longer follow-up to prove its effectiveness. The high risk of dislocation should enable DM to be used, especially for small-diameter metallic reconstructions.

Introduction

Bone defects during acetabular revision of total hip arthroplasty (THA) raise problems of primary fixation and durable reconstruction [START_REF] Mäkinen | Role of cages in revision arthroplasty of the acetabulum[END_REF][START_REF] Flecher | Do tantalum components provide adequate primary fixation in all acetabular revisions?[END_REF][START_REF] Philippe | Acetabular reconstruction using morselized allograft and a reinforcement ring for revision arthroplasty with Paprosky type II and III bone loss: survival analysis of 95 hips after 5 to 13 years[END_REF]. Since the 1970s, the gold standard treatment has used structural or morselized graft, usually cemented directly or within a reinforcement cage, to achieve immediate fixation and consolidation ensuring long-term fixation [START_REF] Flecher | Do tantalum components provide adequate primary fixation in all acetabular revisions?[END_REF][START_REF] Philippe | Acetabular reconstruction using morselized allograft and a reinforcement ring for revision arthroplasty with Paprosky type II and III bone loss: survival analysis of 95 hips after 5 to 13 years[END_REF][START_REF] Villatte | Acetabular bone defects in THA revision: Reconstruction using morsellised virus-inactivated bone allograft and reinforcement ring. Seven-year outcomes in 95 patients[END_REF]. After 10 years, however, failures have been reported, especially in case of segmental defects of the roof or of pelvic discontinuity [START_REF] Bonnomet | Reconstruction by graft and reinforcement device in severe aseptic acetabular loosening: 10 years survivorship analysis[END_REF]. For such cases, metallic materials were proposed, to achieve initial fixation by their roughness effect, with or without additional screws, and especially to enable rehabitation without the long-term bone resorption that led to failure of allografts combined with a reinforcement cage [START_REF] Flecher | Do tantalum components provide adequate primary fixation in all acetabular revisions?[END_REF]. In France, they are little used, partly from ignorance and due to their extra cost, but also because allografts are widely used, despite the risk of transmitting infection and of achieving only partial consolidation [START_REF] Flecher | Do tantalum components provide adequate primary fixation in all acetabular revisions?[END_REF][START_REF] Philippe | Acetabular reconstruction using morselized allograft and a reinforcement ring for revision arthroplasty with Paprosky type II and III bone loss: survival analysis of 95 hips after 5 to 13 years[END_REF][START_REF] Villatte | Acetabular bone defects in THA revision: Reconstruction using morsellised virus-inactivated bone allograft and reinforcement ring. Seven-year outcomes in 95 patients[END_REF]. Modular or monoblock metallic reconstruction, for example using an oblong cup, became quickly widespread in English-speaking countries, with follow-up now reaching 10 years [START_REF] Konan | Porous tantalum uncemented acetabular components in revision total hip arthroplasty: a minimum ten-year clinical, radiological and quality of life outcome study[END_REF][START_REF] Moskal | Type III acetabular defect revision with bilobed components: five-year results[END_REF], whereas in the rest of Europe development focused on customized reconstructions using porous metallic materials [START_REF] Baauw | The accuracy of positioning of a custom-made implant within a large acetabular defect at revision arthroplasty of the hip[END_REF], although with shorter follow-up, enabling reconstruction in situations in which only "ice-cream cone" implants could otherwise be used [START_REF] Desbonnet | Total hip revision using a cup design with a peg to treat severe pelvic bone defects[END_REF].

In France, these materials are little used, for cost reasons, but also because their indications, advantages and drawbacks are not well-known. We therefore undertook a systematic analysis of the literature, addressing the following questions: 1) What materials are available and can be used in dual mobility (DM) designs? 2) Can the cost of these materials be estimated and compared to allograft with reinforcement cage? 3) Do metallic materials ensure better survival than allograft + reinforcement cage, according to bone defect severity? 4) What are the advantages and drawbacks of modular and custom metallic reconstructions? [START_REF] Bonnomet | Reconstruction by graft and reinforcement device in severe aseptic acetabular loosening: 10 years survivorship analysis[END_REF] In what indications are these materials irreplaceable?

Literature search methodology

Several PubMed searches were performed on September 1 st , 2017.

a) The first involved Trabecular Metal™ (TM) and metal augments, using the search-terms "metal augment", "revision hip prosthesis" and "tantalum, revision hip prosthesis". Doublets, case reports and articles not on metallic acetabular reconstruction were excluded. Articles in French or in English were selected. Literature analyses were included only if systematic. b) So as not to be restricted to TM, we also contacted manufacturers of acetabular revision systems, to ask whether their system included metal augments. Five were available on the date in question: Trabecular Titanium™ (Lima), Tritanium™ (Stryker), Gription™ (Depuy), Regenerex™ (Zimmer-Biomet), and Conceloc™ (Smith & Nephew). Applying the same selection criteria as for TM, a search was performed associating these names to "…hip revision prosthesis". c) Applying the same criteria, a search of custom implants was made using the search-terms "custom implants" and "hip prosthesis revision" and "Materialise hip prosthesis revision". d) Again applying the same criteria, a search was performed with the terms "oblong hip prosthesis revision" and "bilobed hip prosthesis revision". "Ice-cream cone" type reconstructions were excluded [START_REF] Baauw | The accuracy of positioning of a custom-made implant within a large acetabular defect at revision arthroplasty of the hip[END_REF].

A "golden rule" was applied to select the most relevant articles:

for TM, articles with a minimum mean 5 years' follow-up;

for the other more recent materials, articles with a minimum 3 years' follow-up; -in case of shorter follow-up, comparative studies and/or systematic literature analyses; and/or studies with less than 5 years' follow-up (or less than 3 years, except for TM) but reporting complications; -biomechanical, cadaver or explant studies, regardless of follow-up.

Search results

a) For Trabecular Metal, 28 articles were selected, as shown in figure 1 (Appendix 1). For other modular metallic implants (figure 2), 4 articles were selected (Appendix 2), for custom metallic implants, 8 articles (figure 2) (Appendix 2), and for oblong implants, applying the same criteria, (figure 2) 10 articles (Appendix 2). b) For TM, there were no studies with levels of evidence better than III (10/28) or IV (18/28).

Follow-up ranged from 60 to 132 months. Survival ranged from 91% at 64 months [START_REF] Abolghasemian | Combined trabecular metal acetabular shell and augment for acetabular revision with substantial bone loss: a mid-term review[END_REF] to 96% at 11 years [START_REF] Konan | Porous tantalum uncemented acetabular components in revision total hip arthroplasty: a minimum ten-year clinical, radiological and quality of life outcome study[END_REF]; registry results were poorer, with 86% 7-year survival, showing no advantage compared to titanium cups (87% 7-year survival) [11]. Survival rates in case of pelvic discontinuity were interesting: 72% at 6 years [12] and 87% at 10 years [START_REF] Amenabar | Promising midterm results with a cup-cage construct for large acetabular defects and pelvic discontinuity[END_REF]. Dislocation was the main cause of revision of TM reconstruction [START_REF] Flecher | Do tantalum components provide adequate primary fixation in all acetabular revisions?[END_REF][START_REF] Konan | Porous tantalum uncemented acetabular components in revision total hip arthroplasty: a minimum ten-year clinical, radiological and quality of life outcome study[END_REF][START_REF] Abolghasemian | Combined trabecular metal acetabular shell and augment for acetabular revision with substantial bone loss: a mid-term review[END_REF][11][12][START_REF] Amenabar | Promising midterm results with a cup-cage construct for large acetabular defects and pelvic discontinuity[END_REF]; DM cups had not been used in the early series [START_REF] Abolghasemian | Combined trabecular metal acetabular shell and augment for acetabular revision with substantial bone loss: a mid-term review[END_REF][11][12][START_REF] Amenabar | Promising midterm results with a cup-cage construct for large acetabular defects and pelvic discontinuity[END_REF], notably in France [START_REF] Flecher | Do tantalum components provide adequate primary fixation in all acetabular revisions?[END_REF][START_REF] Flecher | Use of porous tantalum components in Paprosky two and three acetabular revision. A minimum five-year follow-up of fifty one hips[END_REF] (figure 3). Table 1 details possible use of DM. Infection rates were so low that one case-control study suggested that tantalum may exert a protective effect [START_REF] Tokarski | Is tantalum protective against infection in revision total hip arthroplasty?[END_REF], although this was not confirmed in comparison with titanium in a study of biofilm formation [START_REF] Harrison | Does tantalum exhibit any intrinsic antimicrobial or antibiofilm properties?[END_REF]. c) For Trabecular Titanium, two level-IV studies were found, respectively reporting 88.9% 4year survival (but with 4/37 failures in Paprosky type II and 4/16 in type III) [START_REF] Gallart | Trabecular Titanium cups and augments in revision total hip arthroplasty: clinical results, radiology and survival outcomes[END_REF] and 98.8% 4year survival (but with 3/81 migrations, without revision) [START_REF] Steno | Acetabular revision arthroplasty using trabecular titanium implants[END_REF]. d) For Tritanium, there was one level III study, showing no difference in 5-year survival (98.7% Tritanium vs. 100% TM) despite more severe defects in the Tritanium group [START_REF] Vutescu | Comparative survival analysis of porous tantalum and porous titanium acetabular components in total hip arthroplasty[END_REF]. e) Reconstruction survival with Gription augments (97% at 60 months) was comparable to that with TM augments, associated to cemented cups or not [START_REF] Mahmoud | Comparable results with porous metal augments in combination with either cemented or uncemented cups in revision hip arthroplasty: An analysis of one hundred forty-seven revisions at a mean of five years[END_REF]. f) For custom implants, follow-up ranged between 54 and 67 months [START_REF] Holt | Use of custom triflanged acetabular components in revision total hip arthroplasty[END_REF][START_REF] Li | Custom acetabular cages offer stable fixation and improved hip scores for revision THA with severe bone defects[END_REF], and survival between 88.5% at 54 months [START_REF] Holt | Use of custom triflanged acetabular components in revision total hip arthroplasty[END_REF] and 100% at 67 months [START_REF] Li | Custom acetabular cages offer stable fixation and improved hip scores for revision THA with severe bone defects[END_REF]. Customized reconstructions were not free of dislocation (up to 10/57, despite constrained cups [START_REF] Taunton | Pelvic discontinuity treated with custom triflange component: a reliable option[END_REF]), but even more importantly implantation was associated with paralysis of the sciatic or superior gluteal nerve, illustrating the difficulty of implanting large monoblock components, especially without changing the femoral component, which complicates and hinders exposure. g) Oblong and bilobed implants are no longer available in France, and results and indications are therefore no detailed here except in Appendix 2.

What materials are available and can be used in dual mobility (DM) designs?

There are 6 modular metallic materials more or less available on the French market (Table 1).

Follow-up varies greatly, being as long as 20 years for TM, for which there have been numerous reports. Trabecular Titanium™ has been on the market for 10 years, but with only 4 published reports. The others have been marketed for less than 10 years, with 0 to 2 publications (Table 1, figure 2). In reconstruction for severe bone defect, dual mobility (DM) cups are often recommended:

-TM and Conceloc can receive a cemented DM cup for diameters ≥ 54-56mm; the Continuum™ tantalum cup has a fixed reticulated polyethylene insert with diameters between 22mm and 40mm, according to size (figure 3), -Tritanium and Trabecular Titanium can receive a DM cup with metallic interposition insert, incurring inherent problems of corrosion.

-Presently, Gription and Regenerex seem not to be able to receive DM cups.

Four metallic customized reconstruction materials are available (Table 2); a DM cup can be cemented, usually for models ≥43 or 44mm (with 22mm head), and in implants with diameter exceeding 54-56 mm Whether modular or customized, all are high-porosity materials intended to reproduce trabecular bone structure, with high friction coefficients with respect to the bone, and biocompatibility. TM is derived from tantalum, and the others from titanium (Tables 1 and2) (Figure 4).

In all:

-6 modular and 4 customized metallic materials are available.

-For diameters ≥56-58mm, a DM cup can be fixed in modular implants (by modularity in 2/6 cases and by cementing in 2/6) and in all 4 custom implants.

Can the cost of these materials be estimated and compared to allograft with reinforcement cage?

To our knowledge, no precise cost assessment has been made comparing these metallic reconstructions to allografts with reinforcement cage. In THA revision, Assmann et al. [START_REF] Assmann | An economic analysis of aseptic revision hip arthroplasty: calculation of partial hospital costs in relation to reimbursement[END_REF] showed that the implants themselves were important cost factors, but they did not specifically assess metallic reconstructions.

As a first approach, costs can be compared for complex revision with reconstruction.

1) Classical reconstruction associates 3 femoral head allografts, costing €1,200 (€400 each), 1 reinforcement cage, costing €300, and a cup costing €200-600, with €2,100 budget coverage.

2) A TM cup costs €600, fully covered, plus 2 augments at €1,434 (€717 each), not covered, and a cemented cup at €200-600, totaling €2,634: i.e., €534 extra cost over the classical method, but with €1,434 not covered by French healthcare insurance (and therefore representing a direct cost for the hospital) (figure 3).

3) Cost of custom implants for classical reconstruction (other than hemi-pelvis) ranges from €4,200 to €8,500 (Table 2), with €4,749 cover (LPPR list code 3182697): i.e., €1,566-5,866 extra cost over the classic method (Figure 4). Hemi-pelvis reconstruction has to be considered apart, as the classic method of allografts with reinforcement cage is obsolete regarding the extensive bone loss requiring hemi-pelvis, and costs range between €5,000 and €20,000. 4) Bilobed and oblong implants have not been available in France since 2011, so no price range can be given; in 2011, they cost €1,026.

The present study focuses only on TM, as the other modular implants are little used. For custom implants, prices are set in advance, but the cost of CT scanning has to be added on.

The present cost study is rough-and-ready, providing only an estimate.1) It concerns only French pricing. It was not possible to go further in a SoFCOT Instructional Course, given editorial limits.

2) It does not include associated costs, such as hospital stay, expected reoperation or complications, which could affect any conclusions. Our hope is that this simple assessment will inspire a fuller study by experts, using a Markov model or equivalent.

In all:

-In terms of implant prices, reconstruction using modular rehabitable materials is more expensive than allograft with reinforcement cage, and custom materials even more.

-A specific study needs to be conducted on the full set of costs, using a validated economic model.

-The fact that the French health insurance system does not cover certain rehabitable DM implants greatly complicates cost analysis.

-

Do metallic materials ensure better survival than allograft + reinforcement cage, according to bone defect severity?

The idea that metallic reconstruction is superior came from failures reported with allografts and cages, especially in Paprosky type 3A with lateral defect [START_REF] García-Rey | THA revisions using impaction allografting with mesh is durable for medial but not lateral acetabular defects[END_REF], resulting notably in graft resorption at around 10 years [START_REF] Bonnomet | Reconstruction by graft and reinforcement device in severe aseptic acetabular loosening: 10 years survivorship analysis[END_REF][START_REF] Massin | Treatment of aseptic acetabular loosening by reconstruction combining bone graft and Müller ring. Actuarial analysis over 11 years[END_REF] (Figure 3), whereas allograft with reinforcement showed excellent survival rates in Paprosky types 3A and 3B: 85% at 15 years for the Kerboull cross-plate [START_REF] Makita | Revision total hip arthroplasty using the Kerboull acetabular reinforcement device and structural allograft for severe defects of the acetabulum[END_REF] and 85% at 18 years for the Burch-Schneider antiprotrusio cage [START_REF] Regis | Acetabular reconstruction with the Burch-Schneider antiprotrusio cage and bulk allografts: minimum 10-year follow-up results[END_REF] (figure 5). To date, there have been no randomized studies demonstrating the superiority of metallic reconstruction over allograft, associated to reinforcement or not. Table 3 shows an extensive analysis of comparisons in the literature, drawing 4 conclusions. 1) Metallic reconstruction reduces the risk of iterative loosening, especially in the most severe cases of Paprosky types 3A and 3B; the level of evidence, however, is low and the advantage of metallic reconstruction is clear only in case of pelvic discontinuity (Table 3).

2) Metallic reconstruction shows higher rates of revision for dislocation, probably due to the difficulties in using DM (Table 1). A comparative trial could confirm this association between TM and dislocation, based on retrospective data or case-control studies (Table 3).

3) Follow-up of metallic reconstruction is always shorter than for allograft with reinforcement cage, and any claim of superiority needs to be taken with caution. 4) One marginal advantage is that operative time and blood loss are lower with metallic reconstruction [START_REF] Brüggemann | Are porous tantalum cups superior to conventional reinforcement rings?[END_REF].

In all:

-Modular metallic reconstruction reduces the risk of iterative loosening (with a low level of evidence).

-However, the risk of dislocation is higher than with allograft and reinforcement cage.

-Results need long-term confirmation.

What are the advantages and drawbacks of modular and custom metallic reconstructions?

Metallic materials avoid certain risks associated with allografting (transmission of infection, variable mechanical characteristics, partial resorption and healing [START_REF] Philippe | Acetabular reconstruction using morselized allograft and a reinforcement ring for revision arthroplasty with Paprosky type II and III bone loss: survival analysis of 95 hips after 5 to 13 years[END_REF][START_REF] Villatte | Acetabular bone defects in THA revision: Reconstruction using morsellised virus-inactivated bone allograft and reinforcement ring. Seven-year outcomes in 95 patients[END_REF][START_REF] Bonnomet | Reconstruction by graft and reinforcement device in severe aseptic acetabular loosening: 10 years survivorship analysis[END_REF], which should ensure greater mechanical stability and fixation over time [START_REF] Konan | Porous tantalum uncemented acetabular components in revision total hip arthroplasty: a minimum ten-year clinical, radiological and quality of life outcome study[END_REF].

On the other hand, implanting modular metallic components often requires removing some bone to accommodate the component [START_REF] Mäkinen | Role of cages in revision arthroplasty of the acetabulum[END_REF][START_REF] Vutescu | Comparative survival analysis of porous tantalum and porous titanium acetabular components in total hip arthroplasty[END_REF] and allow the indispensable press-fit. However, this concerns all non-cemented acetabular revision procedures. Custom monoblock implants do not have this drawback, although some slight adaptations may be necessary to achieve ideal positioning [START_REF] Baauw | The accuracy of positioning of a custom-made implant within a large acetabular defect at revision arthroplasty of the hip[END_REF]. However, it is more difficult to control press-fit and bone contact, which cannot be modified intraoperatively as is possible with modular metallic reconstructions (Figure 4).

In modular reconstruction, tantalum augments and cups enable à la carte reconstruction, as recommended by the Mayo Clinic [START_REF] Jenkins | Minimum five-year outcomes with porous tantalum acetabular cup and augment construct in complex revision total hip arthroplasty[END_REF]:

cup + dome or " flying buttress" augment , as reinforcement of roof or roof and wall (Figure 3); -cup + medial reconstruction by 2 hemi-roofs (medial footing technique); -and, in the most severe forms, a second cup (figure 6), the 2 cups being positioned vertically with an interposed roof reinforcement (Paprosky type 3A) [START_REF] Webb | The double-cup construct: a novel treatment strategy for the management of Paprosky IIIA and IIIB acetabular defects[END_REF], or with the cups positioned horizontally (Paprosky type 3B) [START_REF] Blumenfeld | Surgical technique: a cup-in-cup technique to restore offset in severe protrusio acetabular defects[END_REF] (figure 6).

Augments can be associated to cemented cups and morselized grafts [START_REF] Mahmoud | Comparable results with porous metal augments in combination with either cemented or uncemented cups in revision hip arthroplasty: An analysis of one hundred forty-seven revisions at a mean of five years[END_REF]. In case of cup fixation failure, the augments can usually be conserved as the basis for a new reconstruction [START_REF] Abolghasemian | Combined trabecular metal acetabular shell and augment for acetabular revision with substantial bone loss: a mid-term review[END_REF].

For pelvic discontinuity, two techniques have been described:

-cup cage: reconstruction cup fixed by proximal and distal screws and bridged by a reinforcement cage screwed proximally and distally [12, [START_REF] Amenabar | Promising midterm results with a cup-cage construct for large acetabular defects and pelvic discontinuity[END_REF][START_REF] Abolghasemian | The challenge of pelvic discontinuity: cup-cage reconstruction does better than conventional cages in mid-term[END_REF]; -acetabular distraction [START_REF] Brown | Acetabular distraction: an alternative approach to pelvic discontinuity in failed total hip replacement[END_REF].

These à la carte assemblies increase the number of junctions (which must obligatorily be cemented), incurring the risks inherent to modularity, with release of tantalum fragments (8/34 cases for Abolghasemian et al. [START_REF] Abolghasemian | Combined trabecular metal acetabular shell and augment for acetabular revision with substantial bone loss: a mid-term review[END_REF]), especially if a titanium cup is put in contact with a tantalum augment without cement interposition, entailing a risk of tantalum metallosis [START_REF] Babis | Metallosis and elevated serum levels of tantalum following failed revision hip arthroplasty--a case report[END_REF]. In case of infection without TM component loosening, the problem of ablation arises, and can be solved by using the cup extractor blades, as suggested by Cannon et al. [START_REF] Cannon | Use of the Explant system to remove Trabecular Metal™ augments in revision hip surgery[END_REF].

Custom implants require 5 to 8 weeks' preparation, but allow very precise adaptation and can fill severe defects, with or without pelvic discontinuity, as the proximal and distal screws ensure fixation, with the same level of safety as guided drilling and with locking or plain screws [START_REF] Baauw | The accuracy of positioning of a custom-made implant within a large acetabular defect at revision arthroplasty of the hip[END_REF][START_REF] Taunton | Pelvic discontinuity treated with custom triflange component: a reliable option[END_REF][START_REF] Jain | Options for managing severe acetabular bone loss in revision hip arthroplasty. A systematic review[END_REF] (Figure 4).

As well as preparation time, these reconstructions have two limitations:

1) The larger the defect, the more difficult the implantation, especially if no revision is performed on the femur, with a risk of neural lesion [START_REF] Jain | Options for managing severe acetabular bone loss in revision hip arthroplasty. A systematic review[END_REF]. The problem is less serious with small defects, but in that case indications are less obvious, as compared to allograft with reinforcement of modular metallic reconstruction.

2) In case of failure, unlike allograft or metallic reconstruction, there is nothing that can be conserved, and failure is total, leaving a defect as least as great as before [START_REF] Abolghasemian | Combined trabecular metal acetabular shell and augment for acetabular revision with substantial bone loss: a mid-term review[END_REF][START_REF] Jenkins | Minimum five-year outcomes with porous tantalum acetabular cup and augment construct in complex revision total hip arthroplasty[END_REF]. The volume of custom implants might suggest a higher risk of infection, but a systematic analysis found a rate of only 5/197 (2.5%), versus 41/1,230 (3.3%) for allograft with reinforcement and 24/486 (4.9%) for TM augments and cups [START_REF] Jain | Options for managing severe acetabular bone loss in revision hip arthroplasty. A systematic review[END_REF]. In case of infection without loosening, small custom components can be removed using the cup extractor blades [START_REF] Cannon | Use of the Explant system to remove Trabecular Metal™ augments in revision hip surgery[END_REF], but this will not work for larger components and, to our knowledge, no simple technique has been reported (Appendix 2).

In all:

-Modular reconstruction requires no preoperative 3D planning, but incurs the risk of complications inherent to modularity.

-Custom implants can treat more extensive defects, but involve a production phase and are difficult to implant when large, with risk of neural lesion particularly if revision is limited to the acetabulum.

-Modular reconstruction parts can be ablated using the cup extractor; no such solution is available for monoblock metallic custom components.

In what indications are these materials irreplaceable?

Indications are for Paprosky types 3A and 3B, especially after failure of graft with reinforcement cage, due to graft resorption [START_REF] Philippe | Acetabular reconstruction using morselized allograft and a reinforcement ring for revision arthroplasty with Paprosky type II and III bone loss: survival analysis of 95 hips after 5 to 13 years[END_REF][START_REF] Bonnomet | Reconstruction by graft and reinforcement device in severe aseptic acetabular loosening: 10 years survivorship analysis[END_REF][START_REF] Massin | Treatment of aseptic acetabular loosening by reconstruction combining bone graft and Müller ring. Actuarial analysis over 11 years[END_REF], and particularly in case of pelvic discontinuity [START_REF] Abolghasemian | The challenge of pelvic discontinuity: cup-cage reconstruction does better than conventional cages in mid-term[END_REF] (figure 3).

AlloGrafting + cage is mainly unsuited to Paprosky type 3A defects with severe lack of lateral cover [START_REF] García-Rey | THA revisions using impaction allografting with mesh is durable for medial but not lateral acetabular defects[END_REF][START_REF] Beckmann | Bitsch Loosening after acetabular revision: comparison of trabecular metal and reinforcement rings. A systematic review[END_REF], and to a lesser extent in type 3B, in which allograft with reinforcement (by Kerboull cross-plate if the acetabular margin is intact , or especially by Burch-Schneider cage whatever the status of the acetabular margin) can be successful [START_REF] Makita | Revision total hip arthroplasty using the Kerboull acetabular reinforcement device and structural allograft for severe defects of the acetabulum[END_REF][START_REF] Regis | Acetabular reconstruction with the Burch-Schneider antiprotrusio cage and bulk allografts: minimum 10-year follow-up results[END_REF]. Pelvic discontinuity associated with type 3A or 3B defect is a further indication for metallic reconstruction, requiring special techniques (cup-cage or acetabular distraction) [12, [START_REF] Amenabar | Promising midterm results with a cup-cage construct for large acetabular defects and pelvic discontinuity[END_REF][START_REF] Jenkins | Minimum five-year outcomes with porous tantalum acetabular cup and augment construct in complex revision total hip arthroplasty[END_REF].

Results with these techniques still require long-term confirmation, as follow-up for metallic reconstruction with pelvic discontinuity is presently no more than 10 years [START_REF] Mäkinen | Role of cages in revision arthroplasty of the acetabulum[END_REF]12,[START_REF] Amenabar | Promising midterm results with a cup-cage construct for large acetabular defects and pelvic discontinuity[END_REF][START_REF] Jenkins | Minimum five-year outcomes with porous tantalum acetabular cup and augment construct in complex revision total hip arthroplasty[END_REF], and allograft with reinforcement cage and internal fixation can give excellent results [START_REF] Regis | Acetabular reconstruction with the Burch-Schneider antiprotrusio cage and bulk allografts: minimum 10-year follow-up results[END_REF] (figure 5).

In all:

Metallic reconstruction is mainly advantageous in Paprosky 3 defects, especially following failure of allograft with reinforcement cage, and above all in case of pelvic discontinuity (requiring special techniques).

Discussion

The present study answered the 5 questions it sought to address, notably with a lower rate of iterative loosening with metallic reconstruction, and especially the absence of the resorption that leads to long-term failure of allografting. There also seems to be a trend, although with low level of evidence, in favor of TM reconstruction as compared to uncemented cups [11,[START_REF] Banerjee | Systematic review on outcomes of acetabular revisions with highly-porous metals[END_REF][START_REF] Jafari | Do tantalum and titanium cups show similar results in revision hip arthroplasty?[END_REF]. Progress can obviously be expected in modular designs, and especially with DM cups, which reduce, without entirely eliminating, dislocation [START_REF] Schneider | Revision total hip arthroplasty using a reconstruction cage device and a cemented dual mobility cup[END_REF].

The present study has several limitations: 1) It was based only on PubMed, without using congress reports or other data-bases. The selection criteria, however, were very strict, limiting the number of references and strengthening the data. 2) Study quality was not assessed (on MINORS or STROBE criteria); but levels of evidence were never better than III and all studies were retrospective. However, revision rates seem often to correlate with study quality [START_REF] Banerjee | Systematic review on outcomes of acetabular revisions with highly-porous metals[END_REF]. 3) Oblong cups were excluded; but these are no longer available in France, although their follow-up and survival rates were interesting (Appendix 2). 4) Likewise "ice-cream cone" cups were excluded; but these are not exactly reconstruction devices and should doubtless be reserved for the most critical cases, as they incur problems of rotation center and stability [START_REF] Baauw | The accuracy of positioning of a custom-made implant within a large acetabular defect at revision arthroplasty of the hip[END_REF].

Conclusions

Metallic reconstruction, whether modular or customized, is a progress in the treatment of severe bone defects in THA revision. Results need confirming on more than 10 years' follow-up before it can be implemented more widely than allograft with reinforcement or cementless cups, as considerable extra costs are incurred. The best indications are particularly for failure of allograft associated with a cage in Paprosky type 3 defects, especially in case of pelvic discontinuity. On "golden rule": 8 articles selected (Appendix 2) On "golden rule": 10 articles selected (Appendix 2)
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Figure 1 :

 1 Figure 1: Flowchart of articles for reconstructions using Trabecular Metal.

Figure 2 :

 2 Figure 2: Flowchart of articles for metallic reconstructions other than Trabecular Metal.

Figure 3 :

 3 Figure 3: Third failure of revision by graft and reinforcement in Paprosky 3A defect.

Figure 4 :

 4 Figure 4: Iterative cementless cup failure in Paprosky 2C with pelvic discontinuity (arrow),

Figure 5 :

 5 Figure 5: Iterative acetabular loosening with traumatic pelvic discontinuity filled by cement in a

Figure 6 :

 6 Figure 6: Different modular reconstructions with Trabecular Metal (TM). The junctions between

Figure 3 :

 3 Figure 3: Third failure of revision by graft and reinforcement in Paprosky 3A defect. Reconstruction by roof augment in Trabecular Metal, Continuum™

Figure 4 :

 4 Figure 4: Iterative cementless cup failure in Paprosky 2C with pelvic discontinuity (arrow), reconstructed by custom-made Materialise™ porous metallic

Figure 5 :Figure 6 :

 56 Figure 5: Iterative acetabular loosening with traumatic pelvic discontinuity filled by cement in a previous revision procedure, leading to Paprosky 2C

Table 1 :

 1 Various modular metallic acetabulum reconstructions.

		Trabecular	Regenerex™	Tritanium™	Gription™	Trabecular	Conceloc™
		Metal™				titanium™	
	Date of	1997	2008	2007-2010	2010-2012	2007	2012-2014
	marketing						
	Production	Vaporized	Pure titanium	Vaporized	Projection of Ti	Titanium	Additive
	process	tantalum deposit	fritting (Porous	titanium on	ball on Ti	deposit by	Ti-6Al-4V
		on carbon	plasma process)	polyurethane at	implant then Ti	electron beam	technology
				low temperature	particles of	melting	
					various shapes		
					for roughness		
	Porosity	80%	55%-67%	65-70%	63-72%	65%	80%
	Pore size (µm)	550	1,000-600	616	300	640	200-900
	Coefficient of	0.88	> 1	1,01	1.2	1.2	0.95
	friction						
	Young's	1,500-3,100	1,600-1,900	100-11,0000	113,000		4,100
	modulus (MPa)						
	Drilling in the	Yes: cup and	Yes	No: to be	Possible in	Possible in	Possible
	material	augment		avoided	augment	augment	
	Possibility of	Yes: TM ≥56mm	No	Yes: with	No	Yes: with size-	Yes, in Redapt™
	dual mobility	with DM 44mm		modular CrCo		adapted insert,	cup ≥54mm for
	(DM)	(DM cup <12mm		insert		DM 42mm	44mm DM cup
		nominal diameter					
		of TM cup)					
	Number of	>250	0	2	2	4	0
	publications						

Table 2 :

 2 Custom-made metallic acetabular reconstruction systems. Systematic analyses, registry data and case-control studies comparing survival between graft with reinforcement cage and Trabecular Metal (TM) reconstruction.

		Materialise™	Trabecular Tritanium	Custom made Tipor	ARM with SERF
			Customed Lima™	Adler™	rehabitable surface
	Date of marketing	2009	2007	2010	2016
	Production process 3D printed titanium	Titanium by electron	800°C laser electron	Laser titanium powder
		(SLM: Selective	beam melting, based on	beam melting oven or	fusion, additive technology
		laser melting)	CT and radiographs	layered grain electron	without substrate. CT and
		based on CT		welding grains. No	X-ray data. Titanium plate
				addition substrate.	with orientable screw
				Preoriented screws (+/-	without Patient specific
				10°) or locked with	Instruments (PSI)
				instrumentation. CT data	
	Porosity	70%	65%		30%
	Pore size (µm)	720	640	700 at bone contact then	500-700
				decreasing inward to 0 at	
				contact with articular	
				surface and screw	
	Coefficient of		1.2		
	friction				
	Young's modulus	2,000		100-110,000	110,000
	(MPa)				
	Cost (Euros)	8,500, with 2,500	4,500 to15,000 ( hemi-	4,800 to 20,000 ( hemi-	4,200 to 4,600
	(LPPR list,	not covered, to	pelvis )	pelvis )	
	€4,879.21)	12,000 (hemi-			
		pelvis)			
	Possibility of dual	Cemented DM	DM 42mm possible with	Cemented DM ≥48 mm	DM ≥41mm (custom) and
	mobility (DM)		adaptation insertor	in the reinforcement or	43mm standard cemented
			cemented	ceramic cup according to	cup
				finish	
	Number of	3	0	0	0
	publications				
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