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Extraction of total knee arthroplasty intramedullary stem extensions
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Intramedullary stem extensions will need to be extracted during total knee arthroplasty (TKA) revisions, especially repeated ones. These stems have various designs and lengths, can be straight or offset, cemented (partially or totally) or cementless, smooth or rough. This diversity adds to the difficult of extracting them, which the surgeon must anticipate before starting the revision procedure. Porous metaphyseal metal components (cones, sleeves) are being used increasingly during revision TKA. They pose specific extraction challenges and complicate the extraction of the stems with which they are often associated. The maneuvers used during extraction have a direct impact on the subsequent joint reconstruction methods.

These procedures are always long and difficult, with an increased risk of bone-related complications (perforation, fracture) or infections. They must always be carried out at specialized centers by experienced surgeons.

The reasons for re-revision are the same as those for TKA revision, mainly aseptic loosening, instability and infection-only the latter requires that all components be removed. The local conditions are often unfavorable: epiphyseal-metaphyseal bone defect, thin cortices, osteoporosis, and in some cases, stiffness. The type of implant to extract and its characteristics must be identified beforehand in case special instruments are needed. An imaging workup is done to specify the relationship of the stem with bone, quality of its fixation, bone lesions and gaps between stem and bone, knowing that extraction is harder when the gaps are smaller. A combination of extended radiolucent lines, purely metaphyseal fixation, and a thin smooth stem may mean that intramedullary extraction is feasible. The extensor mechanism must be released to achieve sufficient exposure. If a tibial tubercle osteotomy is needed, it must be sized to match the extraction. After disassembly of femoral and tibial components -which can be challenging -the epiphyseal components must be released. High performance instruments for cement extraction and metal cutting are essential. Other than simple cases (loosened or partially fixed implants), intramedullary extraction can be dangerous especially when the stem extension is well-fixed, whether cemented or not. A diaphyseal window may be sufficient, but in most cases, an extended osteotomy is needed. This includes detaching the tibial tubercle at the tibia. At the femur, this may require an anterior midline osteotomy or an anterolateral oblique distal femoral osteotomy with fibrous hinge. The extraction of metaphyseal porous components is difficult. Their connection with the bone must be broken-which can be long and risky-before the associated stem is removed. While it is easier to extract when the stem can be removed first, it is not always feasible. Reconstruction depends intimately on the methods used to extract the existing implants. Any diaphyseal discontinuity must be bridged (long stem or plate). The extent of the resulting bone defect after extraction drives the revision methods, which are simplified by using porous metaphyseal metal components and shorter stems when possible.

Introduction

Intramedullary stem extensions (stems) are mainly implanted during revision total knee arthroplasty (TKA) procedures because bone defects are present and/or because ligament insufficiency requires a more constrained implant. They are rarely used during primary arthroplasty procedures. Thus it is mainly during repeat revision procedures that they need to be extracted. These extensions are stems of various length, diameter and design, typically cylindrical or tapered and straight, but often with an offset. They can be cemented totally or partially (hybrid implants) or used without cement (with or without porous coating that bone can grow into). This diversity adds to the difficult of extracting them, which the surgeon must anticipate before starting the revision procedure.

In recent years, porous metal metaphyseal or even metaphyseal-diaphyseal cones and sleeves have often been used in combination with stem extensions. No matter how they are assembled (cement, Morse taper), they pose specific extraction challenges and complicate the stem extraction.

The extraction procedure requires the same instruments as those used when revising femoral stems during hip arthroplasty, including instruments that can cut through metal components [START_REF] Berry | Component removal during revision total knee arthroplasty[END_REF][START_REF] Mason | Removing well-fixed total knee arthroplasty implants[END_REF]. However, there is a higher risk of fracture, perforation, worsening of bone defects, especially in cases of well-fixed and/or infected stem extensions that require complete removal of the foreign materials. It must not create additional difficulties for the joint reconstruction (revision prosthesis, rarely arthrodesis).

In the literature [START_REF] Boureau | Tantalum cones and bone defects in revision total knee arthroplasty[END_REF][START_REF] Dennis | Revision total knee arthroplasty[END_REF], the focus is typically on implant reconstruction. Most of the time, the extraction of components and its consequences are ignored, despite their obvious effect on reimplantation. Hence this study.

We will aim to answer the following questions:

1) What are the reasons that stem extensions need to be extracted? 2) Which implant extraction problems need to be anticipated? 3) How is the required exposure achieved? 4) How is a cemented stem extension extracted? 5) How is a cementless stem extension extracted? 6) How are porous metaphyseal components associated with stems extracted? 7) What reconstruction methods can be used after extracting a TKA with stem extension?

1/ What are the reasons that stem extensions need to be extracted?

Intramedullary stem extensions can be used during primary TKA in patients with bone fragility, excess weight, ligament insufficiency requiring a more constrained implant (thus stronger fixation), osteotomy combined with arthroplasty, tumor resection (massive implant or massive allograft combined with a stem). In such cases, the stem extension may need to be extracted during the first revision procedure.

But since stem extensions are mainly used in revision TKA procedures, surgeons are usually called on to extract them after one or more failed revisions. The reasons for failure are the same as those of primary TKA revision, but no studies have determined the frequency of each one. Surgeons hesitate even more to revise a revision TKA incorporating a stem extension than a primary TKA, thus there needs to be an urgent need for it: infection, loosening and/or osteolysis with disabling pain, laxity with major instability. The local conditions are not amenable to extracting a stem extension: limited mobility, bone defect and fragility increasing the risk of perforation and fractures, presence of varusvalgus constrained (VVC) implant or hinged implant.

Only a small number of surgeons are qualified to carry out this procedure due to its complexity and the associated risks. It should only be performed at a referral hospital. Often, this is a "last resort" procedure before arthrodesis or amputation, especially in infection cases where complete extraction of the implant is essential. It is a long and difficult procedure that may require extended osteotomies (EO) to be made, which will be discussed later on. Reimplantation is often done in the second stage, under better conditions with bone healing making it easier. Conversely, when there is no infection, only the components that need to be reimplanted will be removed, with the reimplantation often being done within the same surgical session.

In summary

-Extraction of stem extensions is typically performed during re-revisions.

-Large bone defects are often present, which increases the likelihood of complications during extraction. -An infection is the most urgent indication and the most demanding since all implants must be removed. -Both sides of the joint are typically involved, except in rare cases of unipolar aseptic loosening where only one component needs to be changed. -This is a long and difficult surgery, plagued by a high complication and infection rate, that must be carried out in specialized centers.

2/ Which implant extraction problems need to be anticipated?

The overall risk and infection risk must be evaluated. The patient's functional demands and degree of disability are quantified (outcome scores). The history of the implant must be pieced together, including all the prior conservative or implant-related procedures. Any infection episodes must be identified.

The characteristics of the current implant must be defined: manufacturer, model and year, size of components and stem extension, modularity (even in the stems), surface finish on the stem (smooth, rough) and fixation method. It is essential to make sure the components can be disassembled, which may require a specific screwdriver. The methods to take apart the hinges can be explained by the manufacturer's representative. In some cases, a stem extraction kit is available (e.g. possibility of placing a long screw in the epiphyseal end of a stem) [START_REF] Berry | Component removal during revision total knee arthroplasty[END_REF][START_REF] Mason | Removing well-fixed total knee arthroplasty implants[END_REF]. (Figure 1).

This process has been simplified by the compulsory traceability of implants established in 2007. The previous surgeon should be contacted to obtain the operative report. The manufacturer should be contacted for extraction tools and any technical help. High-speed diamond saws and tungsten carbon burrs must be available to cut metal parts.

A clinical examination is performed to evaluate:

-the patient's skin condition to select the incision with the least risk of necrosis -the patient's mobility; if limited, an extensor mechanism release procedure may be needed -the knee's stability; ligament laxity (revealed by X-rays made under load) means that a hinged knee system may be needed.

AP and lateral views with ruler visible to measure the stem extension and a goniometer are needed to answer the following questions (solely related to the stem extension):

-Are the components fixed or not? Over which length? -How was the stem extension fixed? With or without cement (total or hybrid)? -What is the surface finish (smooth or rough)? (Figure 2) -Is a bone defect (osteolysis, perforation, etc.) or a plastic or post-fracture diaphyseal deformity present? -Which type of metaphyseal fixation material was used? -What is the size of the stem extension? How much space is there between the stem and the bone? How thick are the cortices over it? -What is the position of the stems (centered or not, misaligned or not) relative to each bone on AP and lateral views? -Are they grooved? (this would allow K-wires to be passed in the grooves) A CT scan that limits metal artefacts is used to determine radiolucent lines, areas of osteolysis and the thickness of cortices in contact with stems.

In summary, this work-up is needed to answer the following questions:

-Is specific instrumentation needed to disassemble and/or remove the components? -What are the dimensions, design and surface finish of the stems? -Are the stems well fixed? How are they fixed and over what length? -Was a porous metaphyseal component used? If so, which type and size? Is it well fixed? -What is the gap between the stem and/or porous component and bone, between the tibial cut or femoral cut and any obstacle to extraction (offset stem, sleeve/taper, etc.)?

Long clean radiolucent lines, hybrid fixation of smooth stems without metaphyseal fixation devices, and smooth thin stems mean that the intramedullary extraction route is an option. Otherwise, the surgeon must be prepared to make bone windows or EO.

3/ How is the required exposure achieved?

Joint approach

The first step consists of releasing the suprapatellar pouch, the medial and lateral gutters, the medial edge of the tibia to the posteromedial corner and its anterior edge to the anterolateral corner. Lateral subluxation of the patella [START_REF] Dennis | Revision total knee arthroplasty[END_REF][START_REF] Fehring | Patellar inversion method for exposure in revision total knee arthroplasty[END_REF] is sufficient. Removing the components (tibial plateau first, femoral component next) will relax the extensor mechanism. Medial and posteromedial release of a large capsule-ligament sleeve combined with external tibial rotation allows progressive subluxation of the tibia forward and outward, which releases the extensor mechanism even more and improves lateral exposure. Quadriceps adhesions to the femur must be released [START_REF] Tarabichi | Can an anterior quadriceps release improve range of motion in the stiff arthritic knee?[END_REF].

A K-wire introduced into the tibial tubercle (TT) through the patellar tendon will not eliminate the possibility of patellar ligament avulsion but will help to prevent any impending avulsion.

Various tricks have been described for loosening the extensor mechanism [START_REF] Garvin | Evolution of the quadriceps snip[END_REF] if the exposure is not sufficient:

-Inverse V-shaped incision of the quadriceps tendon (modified Coonse-Adams technique; however this is not recommended due to high complication rate)

-Oblique rectus femoris tenotomy (quadriceps snip) -TT osteotomy, which is mainly indicated for cases of patella infera and/or considerable stiffness; when a tibial stem extension must be removed, it is preferred to a quadriceps snip, but must be sized appropriately to allow stem extraction. In fact, the TT osteotomies described to improve exposure during revision procedures [START_REF] Whiteside | Tibial tubercle osteotomy for exposure of the difficult total knee arthroplasty[END_REF][START_REF] Punwar | Tibial tubercle osteotomy in revision knee arthroplasty[END_REF] were not designed for this type of extraction -more on this later.

Disassembly of current implant

This second step is a function of the implant type.

Extraction of tibial tray of VVC PS implant

This component can often be extracted by sliding an osteotome under the polyethylene insert or by cutting the mobile bearing's peg. A binding screw may need to be removed between the bearing and the baseplate; the specific screwdriver needed must be obtained before the procedure. If this screw cannot be removed (screw seized or broken, screw head damaged), the tibial insert will need to be removed in piecemeal manner around the screw or the screw itself broken.

Hinged implants

Various tibiofemoral attachment systems exist; the exact one must be identified before starting the procedure:

-If it has a (posterior) axis, it will need to be unlocked before it can be removed; the manufacturer must be contacted about this process.

-If it has a metal ring bound to the femoral component-in which a screw bound to the tibial component slides-the appropriate screwdriver must be requested from the manufacturer; if the screw cannot be removed, the ring will need to be cut.

-If it has a vertical femoral metal shaft that slides within a polyethylene tibial cylinder, the femur must be distracted sufficiently in flexion (clamp, Hohman retractor used as a tire lever, etc.) to be able to remove this shaft; if this is not successful, the metal pieces preventing tibiofemoral dissociation must be cut.

Epiphyseal release

This is the third step. The medial and lateral sides of the implant or bone/cement interface must be exposed and this interface (implant or bone/cement) broken.

Femoral epiphysis

This is the first component to extract. Needed are:

-saws of various widths, lengths and thicknesses: wide blade for the anterior cut, narrow blade for the chamfers and distal cut. Thin blades are flexible and could sink into the bone, especially in patients with osteoporosis. Thicker blades are more rigid, but also remove more bone. A Gigli saw can be used at the trochlear groove. -thin flat scissors; curved at the posterior condyles and straight for the femoral notch (PCLsparing implants).

Tibial epiphysis

The entire periphery of the cement/implant-bone interface must be accessible. TT osteotomy will facilitate the lateral exposure.

The interface is breached by positioning the saw to avoid the anchoring elements (wings, keels, etc.) It is often possible to pass behind them, going inside to outside. It is harder to go outside to inside unless TT osteotomy has been performed. Passing a Gigli saw around the lateral portion of the baseplate makes this step easier [START_REF] Masri | Removal of solidly fixed implants during revision hip and knee arthroplasty[END_REF].

In summary

-The joint approach must avoid patellar tendon avulsion.

-While TT osteotomy reduces this risk, it is must sized appropriately to allow extraction of the stem extension. -Before starting, it is important to know how to disassemble the implant (often PS VVC or hinged) and to have the tools needed to take it apart and extract it. -The tools needed to cut metal components must be available.

4/ How is a cemented stem extension extracted?

Extraction by impaction

Impaction from top to bottom on the implant's trochlea and from bottom to top on the tibial baseplate using a bone tamp or a specific gripping system may be sufficient to remove the existing stem:

-of a loosened component -of a non-loosened component when the stem is smooth and cemented:

• when epiphyseal;

• when epiphyseal-metaphyseal up to the junction with the extension (hybrid fixation), when the stem is not offset; • when total, but only of a thin, streamlined stem with a small cement contact area, such as the stems in the Guepar II (Figure 3) or Sheehan implants [START_REF] Hurson | Revision of the Sheehan total knee arthroplasty[END_REF].

In these more favorable cases, it is important to resist the temptation to remove the cement at the femur as it can serve as reinforcement in cases of osteoporosis/osteolysis (Figure 4), or the component can be repositioned in the cement mantle to protect the bone during the tibial procedure. Sometimes, the stem and cement will move as a single unit, which increases the risk of epiphyseal fracture. If this occurs, the cement around the stem extension must be fragmented before continuing the extraction.

In many cases however, the stem cannot be removed because:

-the stem is offset (Figure 5); -there is a cement ring at the junction between the epiphyseal component and the initial, thinner portion of the stem. In hinged implants, this ring at the tibia is much further away from the joint line than in PS implants; -the stem is rough: (Figures 2,6) this roughness counters the extraction of its cement mantle and it must be avoided at all costs.

Epiphyseal portion of the implant separates from the stem extension during impaction

Stems that are fixed to the epiphyseal portion by an impacted Morse taper have a higher risk of separation (Figure 7), as opposed to those that are screwed. It is important to remove as much cement as possible from around the stem (scissors, ultrasound, trephine if available), until its offset if one exists. K-wires can be used to go around the stem when it has grooves, but there is a risk of perforation. When possible, it is very helpful to grasp the end of the stem using a Facom clamp. But this may not be successful and is actually dangerous with a large-volume stem when there is little room between the stem and cortex and the cortex is thin. Three tricks can be used to solve this problem: -In some instances, a screw can be placed into the stem's end that can be used to remove the stem with a slap hammer (Figure 1) or a Facom clamp. If the stem does not have a screw hole, some instrumentation kits have the option to make a threaded hole, although the kit must be ordered in advance. -If this is not possible or the previous trick fails, another option is to make a cortical window about 3 cm long and 2 cm wide, delimited by drill holes straddling the end of the stem, like when extracting femoral stems. By doing this, the cement can be removed around it and the extension can be pushed towards the epiphysis using a straight or offset center-punch. The next step is to bridge this window (long stem or plate) after having replaced the bone fragments or placed bone graft in the window. In the femur, it is important to monitor the end of the stem on lateral radiographs; in many cases, the end of the stem rests against the anterior cortex and it is important not to make the window behind it. This option is used only with smooth or minimally rough stems that are easy to remove by impaction. Making this window in the tibia is more precarious, as this bone is smaller. -Lastly, like in the hip, it is possible to make a longitudinal episiotomy (corticotomy) on the same trajectory as the medial cut of a potential window or EO, which we will discuss later; a narrow blade is passed in front of and behind the stem using the play created by the corticotomy after having placed cerclage wire on the adjacent diaphysis. If this technique is not immediately successful, an EO must be made to reduce the risk of an untimely fracture.

If the above tricks are not successful or the decision was made beforehand to use an EO, it can be made right away (it is considered a flap since it is mobilized around a fibrous hinge), which we will describe later on.

A broken stem causes similar problems. If it cannot be extracted by the intramedullary route or a threaded hole cannot be made, an EO or window will be needed.

Epiphyseal portion and stem extension remain joined and cannot be extracted

When the epiphyseal portion remains joined with the stem extension, some authors have suggested cutting the cobalt-chrome or titanium component to access the stem extension and then try to extract it [START_REF] Berry | Component removal during revision total knee arthroplasty[END_REF][START_REF] Mason | Removing well-fixed total knee arthroplasty implants[END_REF]. The instrumentation to do this is not widely available in France. Otherwise, an EO must be made.

Extended osteotomies (or bone flaps)

EO may be the only option for a 10 cm or longer stem that is well-fixed. The choice needs to be made early on in the procedure.

Tibial EO

The fragment must be wide and thick enough to be able to get around a stem, an offset, augment or sleeve. The length required (10 to 12 cm) is based on the stem extension's length. The fragment remains pedicled on the muscles of the anterolateral compartment around a fibrous lateral hinge. At its lower end, a cut perpendicular to the tibial axis (Figures 6) provides more space that an oblique cut ending on the tibial crest. This weakens the tibia, increases the risk of secondary fractures and must be bridged. Once the stem is separated from the cement or bone, it can be extracted by impacting the epiphyseal portion. Preserving an epiphyseal bone wall under the tibial baseplate is utopian in these conditions.

This osteotomy is not related to the TT osteotomy used for exposure, made popular by Whiteside et Ohl [START_REF] Whiteside | Tibial tubercle osteotomy for exposure of the difficult total knee arthroplasty[END_REF]. Satisfactory results have been reported by Punwar et al [START_REF] Punwar | Tibial tubercle osteotomy in revision knee arthroplasty[END_REF].

This EO assumes that we can pass in front of the tibial stem by detaching a sufficiently thick fragment. Otherwise, a thin oscillating saw may be needed to make the medial cut, transverse cut and lower portion of the lateral cut, then to transect the lateral cortex from top to bottom with small scissors while passing under the muscles of the anterolateral compartment. Drill holes made through these muscles can be helpful. Next, scissors are used to carefully pry open the osteotomy, until the fragment is mobile. But there is a risk of fracturing the fragment and the posterior portion of the diaphysis.

Massin et al [START_REF] Massin | Ablation des prothèses de genou à charnière, cimentée et infectée par ostéotomie fémorale et tibiale : à propos de 6 cas[END_REF] proposed this type of "extended tibial osteotomy" for implants with infected stems; a saw blade was passed inside to outside while passing close to the anterior portion of the stem. In their 6 cases, the flap averaged 15 cm in length (range, 10-18). The stem was removed using anterior traction. Their flap ended at the end of the stem, or even the cement, to ensure that all foreign materials were removed.

Femoral EO

Several femoral EO techniques have been described. It is preferable to use the ones that preserve the vascularization of the detached fragment:

-Midline bone window of a width and length appropriate for the stem; this is used to access the anterior and lateral sides of the stem; however, the detached fragment is not vascularized (Figure 2).

-Massin et al [START_REF] Massin | Ablation des prothèses de genou à charnière, cimentée et infectée par ostéotomie fémorale et tibiale : à propos de 6 cas[END_REF] proposed using an "extended femoral osteotomy" in cases of infected stems, which passes under the vastus medialis to preserve the continuity of the extensor mechanism. It is done from inside to outside while passing in front of the stem and preserving a fibrous lateral hinge. The fragment was 10 cm long on average (range, 8-12) in their four cases. The femoral component was removed by pulling downward on it.

-Merz et al [START_REF] Merz | Anterior distal femoral osteotomy for removal of long femoral stems in revision knee arthroplasty[END_REF] proposed an anterior osteotomy similar to the previous one: longitudinal medial and transverse proximal cuts are made with a saw or burr, while the lateral cut is made inside to outside using thin sharp scissors parallel to the anterior surface of the femur, while preserving the lateral insertions of the soft tissues on the detached bone fragment. The next step is to pry open the medial osteotomy using large scissors until the bone fragment can be tilted outwards. Then, the bonecement or implant interface has to be broken, thereby allowing the stem to be extracted by impaction from top to bottom. A long window makes extraction easier but reduces the possibility of fixation in the metaphysis-diaphysis isthmus and requires a longer reconstruction stem. Conversely, if the window is not long enough, the extraction will be difficult to carry out or even impossible. A long stem can be cut with a high-speed burr, then its distal end removed with a trephine [START_REF] Merz | Anterior distal femoral osteotomy for removal of long femoral stems in revision knee arthroplasty[END_REF].

However, this instrumentation is not easily to obtain in France.

-Fehring et al [START_REF] Fehring | Anterolateral oblique distal femoral osteotomy for the removal of well-fixed cemented femoral TKA components[END_REF] described one case of an anterolateral osteotomy (Figure 8), with one vertical midline cut and two transverse cuts (one proximal and one distal just above the implant's trochlea) made with an oscillating saw. The posterolateral cut is done with an oscillating saw from inside to outside starting at the midline cut (or by making drill holes in the lateral cortex). Next, the midline cut is pried open until the lateral cortex breaks. The lateral intermuscular septum must remain joined with the detached fragment to preserve its vascularization [START_REF] Penteado | Periosteal flaps: anatomical bases of sites of elevation[END_REF]. This technique provides better vascularization of the bone fragment and provides access to the posterior side of the stem; however, the opening is less good inside than the two previously described techniques.

No matter which bone is targeted and which technique is used, the length of the detached fragment is open to discussion. It can be the same as the component being removed or a bit smaller, since the last 3 cm of a stem extension can be released using saws, scissors and K-wires. An excessively long osteotomy will make reimplantation more complicated, while an overly short osteotomy may require a second (and even more dangerous) osteotomy to be performed! The presence of an infection drives the need for longer flaps [START_REF] Massin | Ablation des prothèses de genou à charnière, cimentée et infectée par ostéotomie fémorale et tibiale : à propos de 6 cas[END_REF] to ensure all implant components have been removed.

The detached bone fragment can be secured using wire cerclage (Figures 2,6) that does not compromise vascularization [START_REF] Apivatthakakul | Percutaneous cerclage wiring, does it disrupt femoral blood supply? A cadaveric injection study[END_REF] and/or screws, which have been shown to be effective, especially in the tibia [START_REF] Punwar | Tibial tubercle osteotomy in revision knee arthroplasty[END_REF].

4.5/ Cement extraction

Once the stem extension has been extracted, the cement is removed while preventing fragments from falling into the intramedullary cavities (block the tibial cavity when extracting the femoral cement). Any of scissors, saws, motorized burrs, drill bits, rigid and flexible reamers, hooks, and ultrasound are used to remove the cement plug, which can be quite long and extend away from the joint (Figure 2). The cement must be completely removed in infection cases. In this respect, making EO provides a better guarantee than extraction by the intramedullary route or through a window.

When doing a revision for aseptic complications, a portion of the cement can remain in place if it does not compromise the fixation of the new implant.

In summary

-Extraction by impaction of a well-fixed stem is rarely feasible.

-It is important to know the stem's features, especially whether placing a traction screw at the end of the stem is feasible. -At the tibia, more or less extensive EO is sufficient in most cases in which the stem extension cannot be removed by impaction. -At the femur, it is more difficult to choose between: o simple anterior window with non-vascularized detached bone fragment; o anterolateral or anterior EO.

-In all cases, it is essential to avoid having to detach a third bone fragment, as this could compromise bone healing and fixation of the new implant.

5/ How is a cementless stem extension extracted?

Certain massive implants or revision systems with rough porous or even screwed stems (old Bousquet stem) have these types of stems. It is important to know all of their features. During the initial implantation, the aim was to achieve good stability to contribute to secondary osseointegration. Since these stems often contact the cortices, there is a high risk of fracture during extraction (Figures 89).

They cannot be removed by impaction. One can try to separate the epiphyseal portion from the stem or cut it out [START_REF] Berry | Component removal during revision total knee arthroplasty[END_REF][START_REF] Mason | Removing well-fixed total knee arthroplasty implants[END_REF] to access the stem. If there is little space between the stem and bone, and if the stem is not too long, one can try to break the interface through the intramedullary route, although there are risks and uncertainties involved.

If the prior technique fails, it is often preferable to quickly or deliberately make a tibial and/or femoral EO of the appropriate size. Separation of the fragment from the stem, then the stem from the posterior aspect of the bone in question can be difficult, with a risk of fracture.

In summary

-Extraction of a cementless well-integrated stem is particularly difficult.

-Considerable experience and high-quality tools (at a minimum diamond saws, high-speed burrs if possible, with tungsten carbon reamers and drill bits) are essential. -The challenge is finding a balance between a risky and painstaking extraction attempt by the intramedullary route versus EO that makes extraction easier but make reimplantation more complicated. -Nevertheless, an EO of the appropriate length and width is the safest technique; it is vital to select it before the bone fractures.

6/ How are porous metaphyseal components associated with stems extracted?

Various studies have placed the spotlight on the advantages of metaphyseal fixation [START_REF] Oussedik | Zonal fixation in revision total knee arthroplasty[END_REF] during TKA revision with Engh type II and III bone defects [START_REF] Engh | Bone loss with revision total knee arthroplasty: defect classification and alternatives for reconstruction[END_REF]. These components are attached to the stem extension using either cement (tantalum [Zimmer™] or titanium alloy cones) or a Morse taper (implant sleeves from TC3, Noiles and LPS [DePuy™]).

Tantalum cones

They are bony-ingrown at their periphery (Figures 10,11) and attached to the stem by cement that penetrates in their pores along the stem [START_REF] Boureau | Tantalum cones and bone defects in revision total knee arthroplasty[END_REF]. These two junctions are extremely strong. They allow use of shorter (60 mm) and thinner (13 mm) cemented stems but are still often used with standardlength stems (100 mm) or even longer stems in the most severe cases.

The cone can only be extracted by completely breaking the peripheral bone-cone interface [START_REF] Klein | Removal of a well-fixed trabecular metal monoblock tibial component[END_REF]. This separation is tricky because there is little space between the cortex and the cone. Thin scissors, saws and motorized burrs are needed to make it happen. But still, it is important to have access to the entire interface in the metaphyseal region and even the initial portion of the diaphysis. There are two possible scenarios:

-The component and stem can be extracted, but the cone with more or less cement remains in place: the cone can be retained if doing an aseptic revision but must be removed in infection cases. The surgeon must create space between the bone and cone, and then remove it by successive slices using scissors. The risk is creating a fracture or even destroying the metaphysis during the extraction. -The component and stem cannot be extracted: an EO is needed. The anterior portion of the cone is opened, the cemented stem-cone junction is disrupted to remove the component and the stem and then the remainder of the cone removed. If doing an aseptic revision, the new stem can be secured in the remaining portion of the cone, in which holes can be drilled to anchor the cement.

Because of the risk of releasing tantalum debris, saws and burrs should not be used [START_REF] Marquez | Case reports: tantalum debris dispersion during revision of a tibial component for TKA[END_REF].

Sleeves

In the shape of stairs (Figure 12), sleeves are attached to the stems by a Morse taper. They are coated in porous titanium (Porocoat) on the two steps closest to the joint space, although some are fully coated in the femur [START_REF] Chalmers | Survivorship of metaphyseal sleeves in revision total knee arthroplasty[END_REF].

It is important to understand how these components are assembled, in order to disassemble them:

-at the tibia, the sleeve is impacted on the baseplate's keel, then the stem extension is screwed into the keel. A stem 14 mm or shorter can be removed through the sleeve as long as the taper can be disassembled by impaction; the sleeve is then removed. If this maneuver is not possible or if the stem's diameter is larger than 14 mm, one has to make a sufficiently long and wide EO to separate the sleeve and the stem from the tibia, and then remove these components by impaction. -at the femur, an adapter is first attached to the epiphyseal component by a screw without recess on its head, introduced by the intercondylar notch. The sleeve is then impacted on the adaptor and the stem is screwed into the sleeve. One can try to disassemble the taper holding the sleeve to the adapter by impaction on the epiphysis (Figure 12). The next step is to remove the sleeve and the stem. This maneuver may not be successful and requires forceful impaction. For this reason, a specific extraction technique has been described [START_REF] Martin | Removing a well-fixed femoral sleeve during revision total knee arthroplasty[END_REF]. The first step consists of destroying the peripheral portion of the screw head at the notch, which allows the epiphysis to be separated from the adapter. The screw can now be removed. Next, the femoral adapter is removed, either alone or with the sleeve and stem.

One then has to pass between the sleeve and bone.

Another option is to make an EO that reaches above the taper, which allows the sleeve-bone interface to be breached, then to drive out the sleeve by impacting it on its superior edge.

Other porous materials

New porous materials have been introduced [START_REF] Faizan | Development and verification of novel porous titanium metaphyseal cones for revision total knee arthroplasty[END_REF]. It is important to know how the epiphyseal component and this material are joint, and to extract them using the techniques described above.

In summary

-There is no standardized and validated technique to extract cones and sleeves.

-Surgeons will need to use tibial and/or femoral flaps if problems arise.

7/ What reconstruction methods can be used after extracting a TKA with stem extension?

Reimplantation can be done during the same procedure or during a second procedure for the following reasons (which can occur simultaneously):

-intentional two-phase reimplantation due to infection -excessive long duration surgery and/or lack of appropriate implants for the reimplantation -needing to wait for extended osteotomy flaps to heal.

In these cases, a non-articulated spacer is generally needed. The cement must be easy to remove and must be injected towards the end of its polymerization phase to ensure it does not flow too far into the bone shafts. The construct must be very solid, thus should be supported by large K-wires or intramedullary nails. One option is to cement the extra-articular portion of the two nails that are left to go beyond the two bones (by very lightly moving it until polymerization to prevent the cement from adhering too much to the bone) and then bind them with cement (but not too much that it interferes with easy closure). The spacer must maintain the length of the lower limb and its alignment (Figures 2,6,11). The time interval between the two stages must be sufficient for any osteotomies to heal.

Reimplantation must abide by the rules of every revision TKA:

-Bridging of discontinuity in the bone by a stem extension [START_REF] Gross | Total knee arthroplasty with fully porous-coated stems for the treatment of large bone defects[END_REF] or a plate. After making an anterior femoral window, Merz et al. used a revision implant with rough or porous stem, cemented into the epiphyseal-diaphyseal region but without cement at the isthmus over a length of at least two femoral diameters. The bone fragment was replaced during the cementing phase and secured with wire cerclage [START_REF] Merz | Anterior distal femoral osteotomy for removal of long femoral stems in revision knee arthroplasty[END_REF]. -Obtaining stable fixation of the components in at least two of the three Morgan-Jones zones (epiphysis, metaphysis, diaphysis) [START_REF] Oussedik | Zonal fixation in revision total knee arthroplasty[END_REF] using stems and/or porous metal metaphyseal components that allow the stem length to be reduced (de-escalation) (Figure 2,4). If this strategy is adopted, it is important to prevent fracture by using a plate to bridge the diaphyseal discontinuity or wait for bone union (two-stage reimplantation). -Filling of bone defects with allograft versus using porous metal metaphyseal components is being debated in younger patients.

When the epiphyseal-metaphyseal bone stock is highly compromised, a massive distal femoral or proximal tibial replacement prosthesis may be needed, which is technically more difficult at the tibia than the femur due to problems with skin coverage and restoring the continuity of the extensor mechanism.

In summary

-The extraction technique for stem extensions has immediate consequences on the reimplantation procedure, whether it is being done during the same surgical session or later on. -The following problems must be anticipated: o extraction may take a long time thus one must plan for the possibility of postponing the reimplantation;

o bone defects may be present after the extraction: reconstruction with bone allograft and/or metal metaphyseal components may be necessary;

o bridging of discontinuity is even more difficult when a long EO was made. This can be carried out by: a long stem or plate combined with a short stem supplemented with a porous metaphyseal component; non-articulated spacer if a two-phase reimplantation is being performed. 

Figure 1 :Figure 2 :Figure 3 :

 123 Figure 1: Tools used to extract stem extension by screwing and traction applied with a slap hammer or Facom clampFigure 2: Aseptic loosening A: Isolated tibial loosening with cemented rough femoral stem B: Femorotomy (Merz type) and cement extraction using ultrasound; non-articulated spacer C: Reimplantation using trabecular metal cones Figure 3: Femoral loosening of a massive implant A: 19 cm smooth, thin, well-cemented tibial stem B: Easy tibial extraction by impaction and then reimplantation of a shorter tibial component with sleeve providing metaphyseal fixation.

Figure 4 :

 4 Figure 4: Bipolar aseptic loosening of a hinged implant A: Thinned tibial cortices and long femoral cement plug B: Appearance at 7 years' follow-up after partial cement extraction and femoral metaphyseal reconstruction with porous tantalum cone used to bridge weakened tibial shaft

Figure 5 :Figure 6 :Figure 7 :

 567 Figure 5: Offset of an infected cemented stem that makes extraction difficult Figure 6: Aseptic loosening of a hinged implant A: Isolated femoral loosening; cemented rough tibial stem B: Extended tibial tubercle osteotomy; note the orthogonal distal cut C: Reimplantation using trabecular metal cones; the tibial stem extension bridges the tibial osteotomyFigure 7: Disassembly of tibial baseplate and stem A: Disassembly of tibial baseplate during impaction B: Extended anterior tibial osteotomy needed to extract the offset stem

Figure 8 :

 8 Figure 8: Anterolateral femoral osteotomy described by Fehring et al [14] A: Anterolateral femoral flap B: Intraoperative view of difficult extraction for infection of a well-integrated cementless stem

Figure 9 :Figure 10 :

 910 Figure 9: Bousquet-type hinged implant A: Femoral loosening but good osseointegration of tibial component B: Non-articulated spacer implanted after extended tibial tubercle osteotomy done to extract tibial component Figure 10: Infection-related loosening; extraction of a femoral cone made of porous tantalum

Figure 11 :Figure 12 :

 1112 Figure 11: Extraction of a porous tantalum metaphyseal cone for the tibia A: Full bone integration visible on cone B: Intraoperative view of the extended anterior tibial flap needed to extract the coneFigure 12: Infected TC3 implant and subsequent two-stage reimplantation A: Osseointegrated sleeves B: Non-articulated spacer: Extraction using the femur intramedullary route (Morse taper at epiphysis-cone junction was disassembled by impaction) and "classical" tibial tubercle osteotomy (although we do not recommend it) C: Reimplantation: Noiles hinged implant with sleeves; long tibial stem extension bridging the osteotomy site
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