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			Abstract

			Patients with peri-prosthetic fractures of the knee comprise a specific cohort demanding a specific set of orthopedic considerations. These fractures are difficult to manage, and essential orthopedic considerations must include patient factors such as age, co-morbid medical conditions, and overall bone quality. Further fracture considerations go beyond fracture displacement, and if present whether a reduction can be achieved, but must also specifically incorporate unique aspects such as prosthetic alignment, the degree of prosthetic fixation, whether there is a prosthetic stem, distal bone stock, and the extensor mechanism. For ease of understanding peri-prosthetic knee fractures are divided into femoral, tibial, and patellar sub-types, each of which has its own specific epidemiology, classification system, and set of well-defined surgical nuances. Of these three major types peri-prosthetic fractures of the femur are the most common surgical subtype encountered. We present a 65-year old male patient who presented to our unit with a neglected right-sided recurrent peri-prosthetic fracture of his femur, post having undergone multiple surgical interventions at another hospital. Our clinical assessment and X-ray investigation of his right knee revealed what we considered to be profound. With complete loss of distal femoral bone stock, gross malunion, and the complex mass of broken hardware noted, our only option was to remove the distal femur and prosthesis and replace these with a custom-made distal femoral mega-prosthesis. Our case report illustrates an extreme example of a peri-prosthetic fracture of the femur, and we compliment this with a review of the topic in general. It is hoped that our case report and review will assist orthopedic surgeons who perform total knee replacement surgery and will, at some point, need to manage this specific complication. 
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			Introduction

			The incidence of peri-prosthetic knee fractures is increasing parallel to the increasing incidence of patients who undergo total knee replacement surgery. In terms of quantifying the magnitude of the problem one study from the United States reported an incidence of approximately 300 000 cases per year [1]. The distal femur is most commonly involved, and the specific definition provided to define a peri-prosthetic knee fracture at this area is a fracture occurring within 15cm of the knee joint line, or within 5cm of the intra-medullary implant stem if present [2]. Considering peri-prosthetic knee fractures, specifically considering only those that involve the distal femur, several studies quantify this 
specific problem and report it to affect between 0.3 and 2.5% of all knee replacements [3,4]. Regarding revision knee replacement surgeries, the incidence escalates considerably and one paper 

reports this to affect up to 38% of cases [5]. Peri-prosthetic knee fractures may less commonly involve the proximal tibia which is reported to occur after between 0.3-1.7% of knee replacement surgeries [6,7]. 

			Peri-prosthetic knee fractures least commonly involve a non-resurfaced patella, where the reported incidence is only 0.05% [8]. Considering the mechanism of injury most studies report low energy trauma, especially when involving a torsional force, to account for the majority of cases [9,10]. The interval between the index knee replacement surgery and the occurrence of a peri-prosthetic femur fracture has been explored in several studies that note the peak incidence to be between 2 and 4 years [11,12]. Another study, that again considered only peri-prosthetic femur fractures, reported a mean interval of 70 months [13]. These fractures are difficult to manage, and common problems encountered needing specific consideration include poor bone quality, pre-existing bone cement, implant instability, soft tissue adhesions, and vascular damage. How these factors impact outcome is their noted direct association with complications such as non-union, malunion, infection and bone necrosis [10,14,15]. 

			Case Report

			We present a 65-year old male patient who presented to our unit in a wheelchair, unable to ambulate independently for several years, due to what was ultimately diagnosed to be a neglected right-sided peri-prosthetic knee fracture. The surgical history obtained from the patient began 5-years previously where he had undergone staged bilateral total knee replacement surgeries in another hospital. Approximately 2-years after these surgeries he had slipped at home and had incurred his 1st periprosthetic knee fracture involving the right distal femur. At that time, he re-presented to the same hospital where the index surgeries had been performed, and a total right knee revision surgery was performed with stemmed implants. For a year thereafter he was doing well until one day when he again fell, this time while walking down a ramp, and re-fractured the same femur just above the intramedullary stem. This is where he believes his problems really started. He revisited the same hospital where he was taken to surgery and the distal femur was plated. After this 2nd revision surgery, he noted that although he had an ongoing problem with walking, he was still largely ambulant with a walking stick. 

			Approximately 6-months later he re-injured himself when he mis-stepped a step, and the same femur fractured for a 3rd time, breaking the plate in the process. He revisited the same hospital, where he was now taken for what was to be his 3rd revision surgery. While he was unsure exactly what was done, he believes a longer plate was simply placed over the broken plate and augmented with 2 wires. Another 6-months passed, during which he had ongoing difficulty ambulating, until he a 4th fall occurred this time on a flat surface inside his house. Although he did not seek medical attention, he knew from previous experience he had re-fractured the same femur. The reason for him not seeking medical attention given was that he was afraid of further surgery which he felt would be of no benefit. 

			Since that time, for over 2-years until this presentation, he had been battling on his own in considerable pain with significant physical impairment that affected all activities of daily living. What had brought him to the hospital now was a decision that he had made that enough was enough. He had decided to visit our unit as he felt the treatment that he had received at the other hospital had, in his opinion, done more damage than good. 

			On examination the patient had extensive surgical scars on the distal lateral aspect of the right thigh and anterior surface of the right knee. The right thigh further demonstrated muscle wasting in all compartments as compared to the left. The thigh was visible deformed with 20 degrees of fixed valgus angulation and 10 degrees of external rotation. Palpable callus was present on the medial aspect of the distal right thigh. The right knee had a reduced range of motion with 0-50 degrees of flexion demonstrated. The right lower limb was neurovascularly intact. An 8cm limb length discrepancy was also present. An Xray of both knees was performed, and while a standard non-stemmed left knee prosthesis was visualized, what we saw on the right side was unexpected (Figures 1-3). 
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					A broken superior cerclage wire can be seen (yellow star), and below it an intact cerclage wire can be seen encircling the lateral plate and femur (yellow circle). 

					The edges of a broken plate, presumably from the 2nd revision surgery, can be visualized overlapping (blue dotted lines). 

					A second locking plate can be seen inferior to the 1st (green dotted lines).

					Several screws, many of which are not in any bone, can be seen in relation to the hardware mass (orange dots), 

					The rounded edge of the distal right femur can be seen obliterating the medullary cavity (red arrow), and 

					Free lying bone cement is visualized on the medial side of the femoral stem of the implant (red star).Due to the significant shortening of the right femur with the distal shaft and femoral condyles essentially destroyed, our only option was to design a custom-made distal femoral mega-prosthesis to replace the distal femoral shaft and knee in its entirety.
Surgical Procedure 
Post induction of anesthesia the patient was placed in a supine position on the operating table and a tourniquet was placed and inflated on the upper thigh. A midline incision was commenced in the midline of the distal thigh and was extended distally on the lateral side of the patellar (lateral parapatellar approach) and, in a curvilinear manner, was brought back to the midline of the proximal tibia. The dissection started on the tibial end of this incision, where a lateral subperiosteal dissection sleeve was created, and extended superiorly. The dissection was continued past the prosthetic knee joint on the lateral side of the quadriceps muscle. The subperiosteal dissection was continued superiorly until the entire distal third of the femur was exposed. The patella was then retracted medially. Upon exposure of the distal femoral area a disorganized extensive mass of scarred tissue was noted, which upon dissection contained encased hardware. Only that hardware which was immediately visible was removed. The subperiosteal dissection was extended medially, freeing the entire distal femur from a disorganized capsule-ligamentous complex, and was removed en-bloc. The proximal end of the distal femoral shaft was transected to fresh edges and reamed proximally. The tibial prosthesis was removed, and the tibia was prepared using a tibial jig and block. 
The long-stemmed customized femoral mega prosthesis was inserted after cementing the femoral and tibal canal with careful restoration of length, rotation, and version. The linea aspera was identified and an anti-lineal line, on the anterior femoral cortex, was used to ensure that we had the achieved proper rotation. The extensor apparatus was preserved during the procedure. The soft tissue tension and stability were assessed and found to be satisfactory and adequate. An intra-operative test of the range of movement was performed and full extension, and 100 degrees of flexion, was demonstrated. Patellar stability was assessed and found to be satisfactory in various degrees of flexion. A portovac drain was inserted and a sequential multi-layered wound closure was performed. 
Post-operatively the patient was kept in bed with his right lower limb elevated on a pillow and passive physiotherapy was commended on the 3rd post-operative day once pain allowed. One week post-operatively he began to mobilize to the chair alongside his hospital bed with the assistance of the physiotherapist. His wound healed well, and the skin clips were removed on the 10th post-operative day. Two weeks post the surgery, once he could mobilize to the toilet and back albeit still with the assistance of a walker, he was discharged to the care of his family. At his 6-week follow-up appointment he was ambulant with a walking stick and was doing well. An Xray confirmed the distal femoral mega-prosthesis in-situ (Figure 4). At his 1-year appointment he was independently ambulant although he had a slightly broad-based gait which we accounted for as due to his age. He was discharged for out-patient follow-up as needed. 
Discussion
Besides the specific epidemiology of peri-prosthetic knee fractures, considerable attention is afforded to the risk factors for this complication in several papers. Regarding patient factors these include advanced age, osteoporosis, and medical conditions that predispose an individual to falling such as cardiac or neurological disease [16,17]. One paper notes the increasing mean age at which these fractures commonly occur, that while this was 67-years in 1986, it had increased to 78-years by 2010 [18]. With regards the site of the fracture itself namely femoral, tibial, or patellar, specific risk factors that are site specific are noted. While intra-operative peri-prosthetic fractures do occur, this paper limits itself to a discussion of peri-prosthetic fractures that occur post-operatively. 
Peri-prosthetic fractures of the Femur
Distal femoral fractures are the most common site of peri-prosthetic knee fractures and the specific local risk factors here include 


			

			
					Anterior femoral notching which refers to deformation of the anterior femoral cortex during axial loading of the knee from overzealous resection of the anterior femur when the total knee replacement was performed,

					Mismatching of the implant to the femoral cortex predisposing to loosening over time affecting stress distribution across the distal femur,

					Implants that are rotationally constrained, 

					Revision surgery,

					Delayed bony remodeling due to general medical conditions such as vascular compromise, 

					Knee joint ankylosis, and 

					Poor bone quality [19,20]. One paper quantifies the impact of femoral notching and reports that as little as a 3mm anterior femoral cortical notch reduces the rotational torsional bone strength of the distal femur by as much as 30% [19]. Utilizing navigation to perform a total knee replacement is a further implicated risk factor as fracturing through the pins hole sites has been reported [21]. 
In terms of classification the Lewis and Rorabeck classification is widely used, specifically to classify peri-prosthetic distal femoral fractures, and as its basis uses femoral fracture displacement and the degree of fixation of the femoral prosthetic component. In this classification Type 1 fractures are undisplaced with a well fixed prosthesis and may be managed conservatively or by operative stabilization; Type 2 fractures have >5mm displacement / > 5 degrees of angulation with a well fixed prosthesis and require operative re-alignment and stabilization; and Type 3 fractures have a loose prosthetic component, irrespective of the fracture, and require revision of the prosthesis with/without femoral shaft replacement [22]. An alternative classification for these fractures, proposed by Kim et al, considers the bony volume in the distal fragment, the position and fixation status of the femoral prosthesis, and the reducibility of the fracture. In this classification Type 1 fractures have a well-aligned and stable femoral prosthesis, and subtypes of this include a Type 1A where the fracture is reducible and amenable to conservative/operative management, and a Type 1B when the fracture is irreducible and needs operative re-alignment. Type 2 fractures are characterized by a good distal bone stock however the femoral prosthesis is itself mal-aligned, or loose. This type is best managed by revision surgery. Lastly Type 3 fractures are characterized by comminution or insufficient distal bone stock and require a distal femoral replacement [23]. Considering our case, we consider the Kim Type 3 to best describe our patient’s peri-prosthetic fracture as the almost completely absent distal femoral shaft and metaphysis necessitated a custom-made replacement femoral shaft and knee prosthesis. 
A Conservative 
Non-displaced femoral fractures with an intact prosthesis can be managed by simple immobilization however several studies recognize a high incidence of medical complications and non-union in immobilized elderly patients. For this reason, these same studies recommend operative fixation rather than conservative immobilization, which allows early mobilization and the preservation of functional range of motion [19,24]. 
Operative stabilization 
Intra-medullary nailing 
Fundamentally all stabilization devices can be classified as either intra or extra-medullary. Retro-grade intramedullary femoral nailing is the technique of choice, in fractures that are aligned or able to be aligned with a fixed prosthesis, however several requirements need to be met for this technique to be employed. These include a favorable total knee prosthetic design with a box that is design compatible with nail insertion, the absence of a stem on the prosthesis that if present would preclude nail insertion, and additional hardware proximal to the knee that would interfere with the nail. A concomitant ipsilateral total hip replacement with a femoral stem is a relative contra-indication as the interval between the stem, and the intra-medullary nail, would create a stress riser predisposed to fracturing itself [25]. 
The minimal soft tissue stripping inherent to the plating techniques makes retrograde intra-medullary nailing an attractive option. In cases where the prosthesis is well-aligned and fixed, and the fracture reducible, several studies have shown that the insertion of a retrograde intra-medullary nail, to address a peri-prosthetic femur fracture, results in an excellent union rate and a high degree of functional outcome. In these same studies an intra-medullary nail design that incorporates proximal and distal interlocking screws offers superior resistance to axial compression and torsional forces making it the specific implant of choice [17,26]. Further important points regarding this technique are that the intramedullary nail must firstly be long enough to reach the level of the lesser trochanter as the necessary passage through the femoral isthmus is needed to prevent toggling and thereby prevent what is terms in one study as the windscreen-wiper effect [27]. A second important point is that in cases where there is valgus malalignment of the distal fragment post reduction, a blocking screw can be inserted to guide retrograde nail insertion [28]. The use of flexible intra-medullary nails, as was advocated in the past, are no longer advised except as an option in minimally displaced fractures. Their inherently poor resistance to compression and rotational loading is now recognized to lead to a high incidence of limb shortening and malunion making their use non advisable [10]. 
Plating 
Locking plates are considered at least an equal alternative to retrograde intra-medullary nailing, and both have been demonstrated to be significantly superior fixation techniques to non-locking plates [29,30]. Locking plates have an additional unique advantage over retrograde intra-medullary nailing in that they can be used in cases of exceptionally poor bone stock [31]. Comminution of the medial femur is a special consideration when plating is being considered, and in these cases either dual plating or retrograde nailing are both options to prevent the development of a varus deformity secondary to medial femoral collapse [32]. One cohort study showed that while locking plates demonstrated a 96% union rate, this frequently required restricted weight bearing for up to 3-monthand may take as long as 6 months to occur [33]. The newer poly-axial screw locking plates have an additional advantage in that stability can be achieved without interfering with the fixed femoral prosthesis or interface below [34]. 
Revision total knee arthroplasty and Distal femoral mega-prosthesis 
As soon as a loose implant is encountered, retrograde intra-medullary nailing and plating are no longer options, and total revision of the implant incorporating a cemented long stem femoral prosthesis becomes mandatory [35]. In the setting of a loose prosthesis with poor bone stock, either allograft must be used to reconstruct the distal femur to allow a revision total knee arthroplasty, or replacement of the distal femoral shaft and femur with a distal femoral mega-prosthesis must be performed [36,37]. Despite the traditional thinking that a distal femoral replacement would incur a high complication rate in the elderly, one study that compared this to standard revision total knee arthroplasty and allograft implant composites, found that the distal femoral replacement group did not incur a higher complication rate and in fact demonstrated the shortest duration of surgery, least intra-operative blood loss, and fastest recovery time [38]. Another study that considered 5 patients, who underwent distal femoral replacement with a mega-prosthesis due to poor distal bone stock, reported early ambulation and a 100-degree range of motion in 4/5 (80%) subjects [39]. 
 Peri-prosthetic fractures of the Tibia 
Most post-operative peri-prosthetic tibial fractures are related to acute trauma however stress fracturing has been reported [40]. More often that in the more commonly occurring peri-prosthetic fractures of the femur, is an association with implant loosening and joint instability [10]. In terms of classifying these fractures the Mayo classification is widely used and incorporates 1. Whether the fracture occurred intra-operatively / post-operatively, 2. Fracture location, and 3. Implant stability. Utilizing these variables, Type 1 fractures comprise a depression/split that involves the tibial plateau and extends to the implant interface; Type 2 fractures refers to those occurring adjacent to the implant stem; Type 3 fractures are diaphyseal fractures occurring distal to the prosthesis; and Type IV fractures are avulsion fractures of the tibial tubercle. A sub-classification of Types 1-3 affords each into a A, B, or C sub-category depending on whether the prosthesis is fixed (A), loose (B), or occurred intra-operatively (C) [41]. In terms of management conservative treatment is an option, for undisplaced / reducible fractures where the implant remains fixed, however complications due to prolonged immobilization and limited weight bearing in the elderly are problematic . Open reduction and plating are advocated to allow early mobilization and to reduce displaced fractures, but again require the implant to be fixed. Revision arthroplasty with long stemmed cemented tibial implants are advocated when there is implant loosening [42]. In those that require operative intervention the pre-existing tibial component impedes the use of an intra-medullary nail. Hence, with regards peri-prosthetic fractures of the tibia, either locking plates in fractures where the tibial prosthesis is fixed, or a long stemmed tibial prosthesis that transverse the fracture line when the implant is loose, are the two primary surgical interventions [41,42]. 
Peri-prosthetic fractures of the Patella 
Several studies confirm the incidence of peri-prosthetic fractures of the patella to be strongly influenced by whether the patella has been resurfaced or not. In the patella-resurfaced knee the incidence is reported to be as high as 21%, while in the non-resurfaced patella the incidence is reported to be as low as 0.05% [43,44]. The commonest mechanism of injury in peri-prosthetic patella fractures is repetitive stress trauma secondary to technical re-surfacing errors and subsequent malalignment [44-46]. The most common classification system for these fractures is that of Ortiguera and Berry which is based on three parameters, 1. Extensor mechanism integrity, 2. Fixation of the patella, and 3. Quality of residual bone stock. 
Using this classification system, Type 1 fractures comprise a fracture occurring in the context of a fixed prosthesis and intact extensor mechanism. These fractures are best managed conservatively with immobilization in full extension and then graded flexion once bony union has occurred. Conservative management of Type 1 fractures is reported to have a good outcome in over 96% of cases [44]. Type 2 fractures are those that occur in the context of a fixed prosthesis however have a disrupted extensor mechanism. Here the amount of fracture displacement, and thickness of the patellar bone stock, dictate management. Fractures with <2mm of displacement may be managed conservatively with immobilization, while those that demonstrate >2mm of displacement need surgical intervention, either in the form of revision surgery if there is >10mm of patellar bone stock, or excision arthroplasty if there is <10mm of patellar bone stock. Type 3a fractures refer to fractures occurring in the context of a loose prosthesis, and reasonable (>10mm) patellar bone stock, and are best managed by revision surgery. Type 3b fractures are those that occur in the context of a loose prosthesis with poor (<10mm) patellar bone stock, and these are best managed by excision arthroplasty [42]. 
Conclusion
The globally increasing incidence of total knee replacement surgeries is underpinning the parallel increasing incidence in peri-prosthetic knee fractures. These fractures are difficult to manage, and complications are common. Even in fractures that heal with satisfactory alignment a significant proportion of these patients will need long-term assistance with ambulating. As such any orthopedic surgeon who performs knee arthroplasty surgery must have a sound understanding, and working algorithm, for how he/she manages peri-prosthetic knee fractures. The extensive literature on the subject is testament to the high and increasing incidence of this problem. Our case report provides an extreme example of a recurrent peri-prosthetic distal femur fracture that, due to almost non-existent distal bone stock, required a custom-made distal femoral mega-prosthesis. It is hoped that our case report and review of the subject will assist orthopedic surgeons who perform knee replacement surgeries and will, in all probability, need to manage this specific group of patients. 
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Figure 2: Pre-operative anteroposterior X-ray of the right knee shows profound disuse osteopenia, the same external rotation noted above,
and the same complex mass of hardware in in relation to the right distal femur.
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Figure 1: Pre-operative anteroposterior X-rays of both knees. The intact left sided non-stemmed implant is seen, and the stemmed right
sided revision implant is seen. With regards the right revision implant the prominence of the medial tibial plateau of the implant (red arrow),
compared to the lateral tibial plateau of the implant (blue arrow), is indicative of the 10 degrees of extemnal rotation noted clinically. On this
view only a complex, poorly defined, hyperdense mass of hardware is visualized replacing the right distal femur.
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Figure 4: Post-operative anteroposterior and lateral X-rays of the right distal femur and knee showing
the custom-made total knee prosthesis.

igure 4: Post-operative antero-posterior and lateral X-rays of the right distal femur and knee showing the custom made distal femoral
mega-prosthesis.
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Figure 3: Anteroposterior X-ray of the right distal femur showing a complex mass of hardware in relation to a malunion of a periprosthetic
knee fracture involving the distal femur. While difficult to interpret we were able to identify the following, which is indicated in the view on
the right.






