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Abstract
BACKGROUND
[bookmark: OLE_LINK107][bookmark: OLE_LINK108]Surgical treatment of complex fractures of the distal femur in the elderly is controversial. Osteoporosis and pre-existent osteoarthritis are common comorbidities in the elderly which add to the need for early walking and rapid restoration of function and also pose significant obstacles to achievement of satisfactory results with standard fixation techniques. Recently, several authors have suggested that primary arthroplasty could be a viable alternative option to standard fixation techniques in selected patients with complex distal femur fractures. 

AIM
[bookmark: OLE_LINK109][bookmark: OLE_LINK110]To present our experience with 11 cases of distal femur fractures treated with knee arthroplasty and large femoral resection in a population of patients over the age of 85.

METHODS
[bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK271][bookmark: OLE_LINK272][bookmark: OLE_LINK251][bookmark: OLE_LINK252][bookmark: OLE_LINK253]Data from 11 consecutive patients (10 females, 1 male) presenting with acute intra-articular supracondylar or intercondylar distal femur fractures and with pre-existent primary osteoarthritis who were treated with primary knee arthroplasty were recorded. We collected standard demographic data, comorbidities and patient reported outcomes including Visual Analogical Scale (VAS), Oxford Knee Score (OKS) and Barthel’s Index. Post-operative joint range of motion (ROM) and standard radiographic data were also collected.

RESULTS
[bookmark: OLE_LINK113][bookmark: OLE_LINK114]At a mean follow-up of 23.2 mo, all of the implants were well-positioned and osteointegrated. Furthermore, all the patients were alive and walking either independently or with walking aids. There was a marked improvement in pain (VAS 4.5 postop vs 1.9 at the last follow-up), OKS score (29.5 postop vs 36.81 at the last follow-up), ROM (96.2° postop vs 102° at the last follow-up) and restoration of pre-injury ambulatory status (average Barthel Index 77.3). The radiographic evaluations showed good restoration of the articular geometry. No deaths and no complications were recorded.

CONCLUSION
[bookmark: OLE_LINK115][bookmark: OLE_LINK116]In conclusion, we believe that knee megaprosthesis in the case of complex fractures of the distal femur is a valid surgical choice. This is particularly true in elderly patients with severe osteoporosis and pre-existing osteoarthritis. It is important to note that this surgery should be performed by surgeons with proven experience in prosthetic hip and knee surgery and that a scrupulous selection of the cases is completed.
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[bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK106]Core Tip: We evaluated safety and efficacy of a knee megaprosthesis in the setting of complex fractures of the distal femur in elderly patients with a short-term follow-up. We retrospectively evaluated 11 patients over the age of 85 treated with distal femoral replacement with a fully porous coated metaphyseal sleeve for acute fractures of the distal femur with a minimum follow-up of 2 years. During our study period we observed stability of the implants and improvement in the Visual Analogical Scale, Oxford Knee Score, range of motion, Barthel Index, quality of life and survival.

INTRODUCTION
[bookmark: OLE_LINK117][bookmark: OLE_LINK118]Fractures of the distal femur account for 0.4% of all bone fractures and 4% of all femoral fractures[1]. The incidence of this type of fracture is 8.7/100000/year[2] and it is steadily increasing due to the aging population, an increase of active elderly people and fragility fractures. Lower limb fragility fractures, both at the hip and the knee joint, represent a significant cause of morbidity and mortality in the elderly population as widely reported in the literature[2]. In many institutions a general trend toward early (i.e. within 48 h of injury) surgical intervention has been reported in an attempt at reducing the number of complications and 1-year mortality which it is estimated at 14%-36%[3]. Distal femoral fractures are most prevalent in females with a male-to-female ratio of 1:2 and have a bimodal distribution: in young people with healthy bones following a high energy trauma and in the osteoporotic elderly population following a low energy trauma. Fifty percent of these fractures are in fact found in patients above the age of 70[4].
Treatment of distal femoral fractures in the elderly has greatly improved with the evolution of implant technology, geriatric care, nursing assistance and physiotherapy. Historically, these fractures were managed in a conservative manner with trans-skeletal traction combined with bracing and followed by a prolonged period of immobilization. Nowadays, several surgical options exist for distal femur fractures including: retrograde intramedullary nailing, open reduction and internal fixation with plates and screws, variable angle locking compression plate, closed reduction and internal fixation with plates and screws, less invasive stabilization systems using minimally invasive plate osteosynthesis technique and external fixation. Other available techniques include arthroplasty in the acute setting or arthrodesis[5].
Although open reduction and internal fixation with locking plates is perhaps the most common method for treatment of these fractures, it retains a high rate of synthesis failure and loss of reduction in the elderly (i.e. up to 30% to 79% of cases)[6]. The osteoporotic bone is indeed less resistant to axial and torsional loading regardless of the internal fixation method used to stabilize the fracture. Furthermore, another important factor to take into account in these fractures is the presence of preexisting arthritis which may lead to an unsatisfactory outcome. Currently, the most popular technique to overcome these limitations is a staged total knee arthroplasty (TKA) procedure in which the fracture is repaired first, then a prosthetic implant is fitted after fracture healing. However, this method shows a high rate of arthrofibrosis, progressive reduction of the post-operative range of motion (ROM) as well as a modification of the anatomical and mechanical axis of the femur. An alternative approach is the primary TKA in the acute setting with the use of implants such as constrained prosthesis[7].
Currently, the use of distal femur replacement (DFR) in distal femur fractures can be considered for low-activity elderly patients with one or several of the following: severely comminuted intra-articular fracture patterns, osteoporosis, concomitant knee osteoarthritis and low pre-injury functional status. The goal of DFR is to resect the fracture and to allow full weight bearing as soon as possible to reduce hospital stay and to prevent complications such as deep vein thrombosis, pulmonary complications and other sequelae of post-operative decreased mobility. The aim of this study was to present our experience with treatment of complex fractures of the distal femur in an elderly osteoporotic cohort of eleven patients treated with acute knee megaprosthesis.

MATERIALS AND METHODS
[bookmark: OLE_LINK119][bookmark: OLE_LINK120]Following Institutional Review Board approval, we retrospectively reviewed a total of 11 patients who underwent total knee arthroplasty for acute fractures of the distal femur at our institution between 2014 and 2019. The inclusion criteria for the surgical procedure were: age of 85 or older, the presence of an acute (treated within 1 mo of the injury) traumatic low or high energy comminuted fracture, intra-articular supracondylar or intercondylar distal femur fracture (AO/OTA classification 33C), pre-existent primary or post-traumatic osteoarthritis Kallgren-Lawrence stage 3 or higher[8], pre-fracture walking distance > 200 m and a body mass index (BMI) < 35 kg/m2. The reason to restrict our study to patients over the age of 85 was based on the clinical finding of the overall bad outcomes reported for these patients following complex, comminuted articular fractures of the distal femur[6]. The same senior surgeon performed all surgical procedures. Patients with pathological fractures of the distal femur, dementia, inability to ambulate before the injury, infections, periprosthetic fractures, the presence of bilateral injuries, patients suffering from inflammatory diseases (rheumatoid arthritis) and/or neurological diseases (neurovascular event, chronic diseases) were not included.
To assess the presence of significant osteopenia or osteoporosis, standard radiographs were used to search for cortical thinning and hyper-transparency of the bone[7,9]. At the same time, the severity of degenerative disease was determined by the presence of subchondral sclerosis, subchondral cysts formation and periarticular osteophyte formation. Clinical data, radiological exams and outcome scores were evaluated by an independent researcher not involved in the care of the patients.

Surgical technique
In all cases, a total cemented knee arthroplasty system was used (LPSTM Limb Preservation System, De Puy Synthes, Raynham, Massachusetts, United States). This is a megaprosthesis with modular distal femoral components, a cemented femoral and tibial stem with a fully porous coated metaphyseal sleeve, modular tibial component and a rotating hinge articulation. All surgical procedures were performed under spinal anesthesia; 2 g of cefazolin was administered before surgery and at 8, 16, 24 and 48 h after the surgery. Tranexamic acid was used for bleeding control, administered preoperatively, intraoperatively and 3 h after surgery. An intraoperative blood loss recovery system was used in all cases. Deep vein thrombosis prophylaxis with a daily dose of low molecular weight heparins was used during the first 35 d after surgery in all cases, starting from 24 h after the procedure. The procedure was performed using a standard medial parapatellar approach, the distal femoral fractures fragments were removed by subperiosteal dissection within a minimum distance of 8 cm from the joint line and retained on the operating room back table to allow for approximate sizing of components. Any other fragments proximal to the resection line were stabilized with metal wires (Orthopaedic Cable System, De Puy Synthes Trauma, NJ, United States). Placement of a "prophylactic" banding wire using a 1.7 mm De Puy Synthes Trauma Cable around the proximal end of the remaining diaphysis may potentially decrease the risk of intra-operative fracture during press-fit insertion of a porous femoral sleeve particularly with fragile bone. Furthermore, the crimp may be used as a landmark to help set femoral rotation throughout the operation. After a 1 cm proximal tibial cut, the tibial canal was sequentially reamed and broached to the appropriate size, followed by assembling of the final components. The tibial components were placed in a press-fit fashion with a small amount of cement beneath the tibial tray. The femoral canal was sequentially reamed and broached and trial components were assembled in the femur. Trialing was performed to assess rotation and patellar tracking. A canal plug was placed and the femoral canal was cleaned with a bottle brush followed by pulse lavage. The canal was filled in a retrograde manner using pressurized gentamicin bone cement and final components were cemented in place. SmartSet MV bone cement was used to fix the distal femoral stem extension to host bone. The wound was closed in layers with absorbable sutures. The second day, the drain was removed and the patients started the rehabilitation protocol consisting of continuous passive motion, active exercises and assisted loading with two crutches. All patients started to walk between 2 and 6 d after the surgery using crutches or a four-wheeled walker. All patients except one underwent rehabilitation in a specialized physical medicine unit.
[bookmark: OLE_LINK249][bookmark: OLE_LINK250]Our cohort was clinically evaluated using numerous scales and indexes including: Visual Analogical Scale (VAS), Oxford Knee Score (OKS), ROM, mobilization and functional autonomy (Barthel’s Index), knee flexion deformity, muscle strength and joint stability. Patients were followed-up in our outpatient clinic at 45 d, 3, 6 and 12 mo and after the last visit a yearly follow-up was executed after a median period of 23 mo.
[bookmark: OLE_LINK256][bookmark: OLE_LINK257]We also collected data regarding the operative duration, blood transfusions, blood intra-operative losses, type of implant, range of motion, stability, perioperative and postoperative complications, mortality rate at the 1-year follow-up, length of hospital and rehabilitation stays, preoperative ambulatory status and the presence of pre-existent implants or osteosynthesis. In all patients, standard antero-posterior (AP) and lateral x-ray and computed tomography scan of the knee, and subsequently long-leg x-ray, AP and lateral x-rays of the knee, Rosenberg and axial patella x-rays, AP x-ray of the pelvis and frog-leg view were taken after the procedure and at the last follow-up visit.
We also searched for subsidence on the last radiograph. Early non-progressive horizontal radiolucent lines under the tibial component were also analyzed and considered non-significant if < 2 mm. These evaluations were carried out on an AP x-ray of the knee (1, 2 medial zones and 3, 4 lateral zones) and on lateral x-ray of the knee (1, anterior zone and 2, posterior zone)[1]. Location, size, and progression of all radiolucent lines under the femoral component were also assessed on lateral knee x-ray. Location was determined using the Knee Society total knee arthroplasty radiographic evaluation and scoring system[10]. 
Mean mortality rate was calculated at 30 d and 1 year of follow-up in concordance with the majority of published literature assessing hip fracture mortality. Major and minor complications after surgery were monitored. Major complications included deep infection, pulmonary embolism, neurovascular accident, myocardial infarction, death or removal or revision of the implants. All other complications were considered minor.

RESULTS
[bookmark: OLE_LINK121][bookmark: OLE_LINK122]A total of eleven patients, 10 women and 1 man, underwent DFR with a fully porous coated metaphyseal sleeve for acute fracture of the distal femur at our institution between 2014 and 2019. The mean age was 87 (range of 85-90 years), no patient died nor was lost to follow-up during the study period. Average BMI was 29.36 (min 24.3, max 35.5), with a slight left sided fractures prevalence (63.3%). Due to the relative older age of our cohort, the prevalent cause of fractures was accidental fall at home (9 patients), while 2 of them were caused by road accidents. The distribution of fractures, according to AO/OTA classification, was the following: 4 patients C1, 3 patients C2, 4 patients C3. Every patient showed radiological evidence of osteoarthritis and a history of knee pain prior to trauma. Furthermore, we noticed a large amount of osteoporosis around the knee despite all patients having a good degree of preoperative functional autonomy. None of the patients used walking aids prior to the accident (Table 1).
In our cohort we observed that the majority of patients had a pre-existent orthopaedic implant or osteosynthesis: 2 patients with elective total hip arthroplasty and 1 patient with contralateral TKA, while 1 patient with proximal femoral trochanteric nail ipsilateral to the fractures of the knee. Comorbidities of our cohort of patients are listed in Table 2. Five patients were affected by diabetes (45.5%), while 4 patients suffered from cardiovascular disease (36.4%). Only one patient had a low-grade form of Parkinson syndrome with no impact on his functional autonomy.
The average hospitalization time in the orthopedic ward was 8.3 d for all patients, except in 2 cases (min 6, max 10) where they were transferred to an orthogeriatric rehabilitation unit. The mean surgical time was 112.9 min (min 96.6, max 130.7). The mean blood intra-operative loss was 280 mL (min 200, max 420); four patients required one blood transfusion, whereas two patients needed two transfusions.
A mild improvement was recorded in the patient's clinical course, pain and quality of life. Using the values of OKS and VAS obtained immediately after surgery and at the last follow-up visit, we observed an improvement in the values of both scales (post-op OKS score 29.5, range 30-43; OKS at 3 mo 32.3 (+9.5%); OKS at 6 mo 34 (+15.2%); OKS at 12 mo 35.8 (+23.3%); OKS at last follow-up 36.8, range 30-43 (+24.8%); post-op VAS 4.5, range 1.5-7.5; VAS at 3 mo 3.5 (-22.2%); VAS at 6 mo 2.7 (-40%); VAS at 12 mo 2.3 (-48.9%); VAS at last follow-up 1.9, range 1.5-7.5 (-57.8%) (Figures 1 and 2). We also used the Barthel Index Score to evaluate the mean functional activity and daily living autonomy score at the time of the last follow-up: 77.3 (range 70-85). At the time of the last follow-up 4 patients could walk without any walking aid (36.4%), 6 patients required a wheeled walker for mobilization (54.5%), and 1 patient used a wheelchair (9.1%). Due to the lack of pre-operative clinical scores, no formal statistical analysis was performed. At the mean follow-up of 23.2 mo, all implants appeared well positioned and osteointegrated with a mean knee score of 34.81 (range 30-41). Mean knee postoperative flexion was 96.2° (range 80-105) and 102° (range 90-106) at the time of last follow-up. No patient showed signs of fixed deformity, extension lag or hyper-extension of the involved leg. In 7 patients, prophylactic cerclage of the femur was needed due to fractures extending to the metadiaphyseal region, with important comminution (C2.1-C2.2; C3.2-C3.3) and a severe grade of osteoporosis requiring a more proximal resection of the distal femur with the use of a longer stem to permit a greater stability of the implant.
The radiological study showed excellent osteointegration of the cemented femoral stems, according to the criteria of the Knee Society Rating System[11] (Figures 3 and 4). No radiolucent line or osteolysis around the surface of the femoral and tibial stems were observed. There were no signs of angular deformity or malunion. Stress-shielding in zone 6 of the tibial stems was physiologically represented in 60% of the analyzed stems. No progressive axial subsidence > 5 mm was observed. No leg length discrepancy > 1 cm was observed. There was, however, a suspected radiolucent line under the tibial (zone 3) in 4 patients but < 1 mm and 1 patient < 2 mm, but both were not progressive. The measurements performed on the radiographs showed a good restoration of the joint geometry of the knee. There were no major or minor peri-operative complications. No revisions were needed during the follow-up period (Table 3).

DISCUSSION
[bookmark: OLE_LINK123][bookmark: OLE_LINK124]Prosthetic surgery is one of the greatest achievements of orthopaedics of the last century. Clinical results are excellent in the medium and long term. In addition, the research for better materials has improved the safety and reliability of the implants. In the late decades, an important topic has been debated in international literature: synthesis vs arthroplasty as a treatment of choice to be used in the lateral fractures of the proximal femur. Multi-fragmentary fractures burdened by intrinsic instability, poor bone quality and associated comorbidities that require early recovery, are the elements that tip the scale in favor of arthroplasty. The same thought process was used regarding fractures of the distal femur. Fracture patterns that are difficult to classify (fracture pattern AO/OTA 33C), osteoporosis and important associated degenerative changes (osteoarthritis) and advanced age, are the elements that led the choice towards the use of prosthetics. Metaphyseal comminution complicates the reconstruction of the native alignment and a solid fixation is extremely difficult to achieve and consequently often leads to malunion and/or non-union. Similarly, severe osteoporosis and profound condylar destruction can cause inadequate reduction, secondary loss of reduction and osteosynthesis failure with implant cut-out due to the poor bone stock[12-15]. For these reasons, in elderly, arthroplasty might be the first choice of treatment in case of complete destruction of the distal femur and/or the proximal tibia. 
In our study, all patients were over the age of 85 and suffered from supracondylar or intercondylar displaced femoral fractures. All patients had a diagnosis of osteoporosis and a certain grade of pre-existing knee osteoarthritis. A cemented femoral stem with porous coated Metaphyseal Sleeve was used in every patient because of the complex and unstable fracture patterns, the fragile osteoporotic bone, the lack of pre-existent implant (except 1 patient with proximal ipsilateral femoral osteosynthesis) and the low BMI of our population. This allowed reaching the main objective of DFR: The early restoration of a stable limb which guaranteed early mobilization or transfers, depending on the previous level of mobility. The use of a megaprosthesis satisfies both of these requirements.
Mega-implants were originally designed to meet the needs of cancer surgery after extensive resections of bone segments[16]. Over the years, large resection prostheses have been used both in trauma surgery for complex fractures and periarticular pseudarthrosis and in revision surgery[17-19]. The modern modular mega-implants have replaced monoliths, while making the surgical technique simpler and more versatile. Recently, several authors documented that in selected patients, this procedure is better than arthroplasty secondary to failure of open reduction and internal fixation, and shows excellent results and great patient-satisfaction. However, there have been limited reports regarding the use of arthroplasty with mega-prostheses in the acute setting for distal femoral fractures in the elderly and all of them are small retrospective case studies.
The most pivotal paper was published by Appleton et al[20] in 2006. The authors analyzed a population of 52 patients, aged between 55 and 98, who underwent a primary cemented hinged total knee replacement for distal femoral fracture with a metaphyseal extension and reported a 1-year mortality rate of 41%[21,22], a revision rate of 13.6% and an implant survival rate of 4.6% at 1 year. Similar results were obtained by Rosen et al[9] with a 1-year implant survival rate of 100% and a 71% rate of return to the pre-operative ambulation capacities in a cohort of 24 patients with non-union fractures of the distal femur. 
Our study showed better results in terms of mortality as compared to what it is found in the literature, with a low 1-year mortality rate (0%). This can be explained by our study population which had few comorbidities, only 3 out of 11 patients with an American Society of Anesthesiologists (ASA) level 3, and the fact that all the patients had a favorable family history and a good level of mobility prior to the intervention. Streubel et al[23] observed a 23% mortality rate following distal (native) and proximal femoral fractures. Similarly, Boureau et al[24] found a 1-year mortality rate of 14% because the studied population included 62% of patients with an ASA score of 3.
In our study, all surgeries were performed by the same surgeon, leading to a standardization of the technique. Our results are comparable with those found in the literature. The most important parameters we have taken into consideration are: blood loss and related transfusions, surgical time, functional and radiographical results, hospitalization time and complications. Regarding blood loss, we had an average Hbg loss of 2.8 g/dL (280 mL). Wang et al[7] reported a mean Hgb loss of 3.8 g/dL (380 mL). In our series we observed lower blood transfusion rates of 9.9% (1 unit of blood transfused postoperatively) than those observed by Pearse et al[25] (24%) (2.5 units of blood transfused postoperatively). On the other hand, Wang et al[7] did not mention blood transfusions in their study.
[bookmark: OLE_LINK263][bookmark: OLE_LINK264][bookmark: OLE_LINK265][bookmark: OLE_LINK266][bookmark: OLE_LINK267][bookmark: OLE_LINK268]In terms of functional results, we evaluated our population using validated questionnaires during the follow-up period at 45 d, 3, 6, 12, and 18 mo after surgery (VAS, OKS) and assessed the ROM. Our results were slightly inferior in terms of short-term ROM and 1-year post-operative mobility (Barthel Index) than those reported by Parratte et al[26]. The functional results reported by Sarzaeem et al[14] and Boureau et al[24] were not comparable because of the use of different clinical scores (Knee society score, Parker score, Tegner activity scale). 
These studies conclusions have some limitations: data was retrospectively collected from a registry, so there could be coding errors; procedures were performed by different surgeons with different levels of experience, directly influencing the results. A total of 30 patients with proximal tibial fractures who underwent knee replacements using different implants were analyzed. Our operative times were higher than those reported by Pearse et al[25] (112.9 min for our study against 97 min) but lower than those reported by Rosen et al[9] (170 min). 
In terms of average hospital stay, our average stay was of 8.3 d (not including orthogeriatric and rehabilitation unit), against 11 d in the study by Bettin et al[4] and 15 d for Appleton et al[20] No major or minor complications were recorded in our study. The French Hip and Knee Society multicenter series of TKA reported 1 death from cardiovascular etiology (major complications) and 3 patients with deep vein thrombosis, including 1 complicated by a pulmonary embolism[26]. 
[bookmark: OLE_LINK269][bookmark: OLE_LINK270]The results further confirm that major complications are predominant in patients over the age of 75, which underlines the need for a geriatric oriented-management[12,26]. In addition, Parratte et al[26] found a revision rate of 11.5%, similar to the one found by Boureau et al[24] at 9.5%. However, both of these results seemed inferior than patients treated by osteosynthesis for this type of fracture. Radiolucent lines, based on the radiographic and Hospital for Special Surgery Knee Score, on the femoral side were not seen while they were found on the tibial side in 4 patients with < 1 radiolucent line and 1 patient with less than 2. Our imaging results analyses revealed favorable outcomes and all knee implants were stable.
Our study shows that this surgical procedure is equally safe and effective. In fact, hospitalization times and intra-operative blood losses were not higher than expected and the surgical procedure was well tolerated by patients. This last data is relevant because it shows that if performed by an experienced surgeon, distal femoral replacement can be done rapidly without increasing the risk of malrotation, implant instability, infections and blood loss. The excellent osteointegration of the implants and the absence of revisions, albeit limited by our short follow-up, demonstrate that DFR surgery is safe and effective. Our case series is certainly more recent because it goes from 2015 to 2020 and it is clear that surgical techniques and perioperative management of patients have changed during the years. For example, the use of tranexamic acid and blood loss recovery protocol has limited the intraoperative need for transfusions. The implementation of an outpatient physiotherapy protocol has encouraged early discharge: two patients did not undergo inpatient rehabilitation and were directly discharged.
The authors believe that the most important factors determining the success of DFR is the possibility of immediate unrestricted weight-bearing, intensive physical rehabilitation and early discharge[27]. A stable and quickly cemented fixation with megaprosthesis is indeed an undemanding technique in elderly, osteoporotic, low-demand or sedentary patients which allows a rapid mobilization and prevents prolonged bed rest[28]. 
This study has several limitations: the small size of the study group, the type of retrospective series and the biases created by it, the inhomogeneous etiology and multiple missing data (anthropometrics data, surgery related factor, no pre-operative functional scores). Furthermore, we noticed other clear limitations: the extreme age of our patients, disfavoring long-term follow-up, the absence of a control group and the short follow-up period. Nevertheless, our data are still one of the most recent and largest cohorts available in the literature.
In the osteoporotic elderly patient with severe arthritis, DFR using a fully porous coated Metaphyseal Sleeve for acute fractures of the distal femur can be a valid option. However, this type of surgery should only be performed in centers specializing in prosthetic hip and knee revision and failure surgery[29]. It is important to note that in order to achieve the best functional outcomes it is necessary to operate on only carefully selected patients and as quickly as possible. Carefully selected patients have a higher chance of prolonged implant survival because of a diminished risk of non-union, implant failure, mal-union and infection, especially in the absence of an ipsilateral total hip arthroplasty.

CONCLUSION
[bookmark: OLE_LINK125][bookmark: OLE_LINK126]In conclusion, complex fractures of the distal femur in elderly osteoporotic patients treated with megaprosthesis have shown good functional outcomes and low complication rates similar to other studies with a short-term follow-up. We recommend this procedure in selected patients without relevant comorbidities. Patient selection is of paramount importance and parameters to consider include: age (with age > 90 being a contraindication), comorbidities, ASA score, good previous functional status, physical-mental compliance and the absence of an ipsilateral implant. Acute distal femoral replacement surgery of the knee can reduce the length of hospital stays, hospitalization-related complications and costs. However, in order to achieve statistically relevant evidence, more randomized controlled studies are needed.

ARTICLE HIGHLIGHTS
Research background
[bookmark: OLE_LINK127][bookmark: OLE_LINK128]Treatment of complex distal femur fractures in the elderly is debated. Currently available techniques (i.e. retrograde nailing, plate and screws fixation, delayed knee replacement surgery) are plagued by poor outcomes. More recently, megaprosthesis have been used for treatment of major trauma and their use has been investigated in treatment of distal femur fractures as well.

Research motivation
[bookmark: OLE_LINK129][bookmark: OLE_LINK130]There is a lack of short to long term outcomes studies on the use of megaprosthesis for treatment of complex distal femur fractures in the elderly.

Research objectives
[bookmark: OLE_LINK131][bookmark: OLE_LINK132]The aim of this study is to critically review our clinical experience with usage of megaprosthesis for treatment of complex distal femur fractures in a series of 11 elderly patients.

Research methods
[bookmark: OLE_LINK133][bookmark: OLE_LINK134]We conducted a retrospective review of 11 consecutive patients older than 85-years-old for treatment with knee megaprosthesis at our institution. Patients were followed-up on an average for 23 mo after surgery. Clinical and radiographical outcome measures were assessed. Mortality was also recorded.

Research results
[bookmark: OLE_LINK135][bookmark: OLE_LINK136]No deaths were recorded in our case series. At the time of the last follow-up all patients were walking either independently or with walking aids. The average Oxford Knee Score at the time of the last follow-up was 36.8 points. The average Visual Analogical Scale score at the time of the last follow-up was 1.9 points.

Research conclusions
[bookmark: OLE_LINK137][bookmark: OLE_LINK138]Knee megaprosthesis in the setting of complex distal femur fractures in elderly patients is a valid solution which is able to offer short operative times and hospital stays.

Research perspectives
[bookmark: OLE_LINK139][bookmark: OLE_LINK140]Longer follow-up studies will be needed to further validate our results. Furthermore, case-controlled studies (i.e. magaprosthesis vs standard plate fixation) would be useful to compare clinical outcomes between these two techniques.
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Figure Legends
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[bookmark: OLE_LINK151][bookmark: OLE_LINK152]Figure 1 Post-treatment Oxford Knee Scores (n = 2 years follow-up) are shown at 45 d postoperative, 3, 6, 12, mo, last follow-up (average 2 years post-surgery) after surgical treatment with distal femur replacement for acute fractures of the distal femur.


[bookmark: OLE_LINK153][bookmark: OLE_LINK154][image: ]
Figure 2 Post-treatment Visual Analogical Scale (n = 2 years follow-up) are shown at 45 d postoperative, 3, 6, 12 mo, last follow-up (average 2 years post-surgery) after surgical treatment with distal femur replacement for acute fractures of the distal femur.


[bookmark: OLE_LINK155][bookmark: OLE_LINK156][image: ]
Figure 3 Case example 1. A and B: 87-year-old female patient with distal femur fracture; C and D: Pre-existing osteoarthritis of the knee treated with a knee megaprosthesis. 
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Figure 4 Case example 2. A-D: 85-year-old male patient treated with distal femoral resection and implantation of fully porous coated metaphyseal sleeve (C and D) for acute fracture of the distal femur (A and B).
[bookmark: OLE_LINK296]
Table 1 Demographics of the study population, n = 11
	Demographics of the study population

	Sex
	10 female; 1 male

	Mean age in yr
	86 (84-90)

	BMI
	29.36 (24.3-35.5)

	Affected side, n (%)
	4 right-sided (36); 7 left-sided (63)

	ASA score, n (%)
	8 grade II (72); 3 grade III (27)

	Etiology, n
	2 traffic incidents 9 mechanical falls

	Classification, n
	4 C1; 3 C2; 4 C3

	Type of implant
	LPSTMLimb Preservation System De Puy Synthes

	Prophylactic banding using a 1.7 mm DePuy Synthes trauma cable, n (%)
	7 (63)

	Preoperative functionality level
	All patients walked without walking aids

	Prior implants/osteosynthesis, n (%)
	2 ipsilateral THA (18), 1 contralateral TKA (9), 1 ipsilateral intramedullary femoral nail (9)

	Osteoporosis/prior osteoarthritis, n (%)
	11 (100)

	Follow-up in mo
	23.2 (11-26)


[bookmark: OLE_LINK286]Data are expressed as average (min-max), unless stated otherwise. BMI: Body mass index; THA: Total hip arthroplasty; TKA: Total knee arthroplasty.
[bookmark: OLE_LINK297][bookmark: OLE_LINK298]
Table 2 List of the comorbidities of the patients included in the study
	Comorbidities of the patients 

	Cancer
	0

	Diabetes
	5 (45%)

	Chronic kidney disease
	1 (9%)

	Steroidal use
	0

	Rheumatological disease
	0

	Immunosuppressants
	0

	Venous insufficiency
	1 (9%)

	Liver cirrhosis
	0

	Cardiopathies
	4 (36%)

	Neurological conditions
	1 (9%)


Data are expressed as n (%), unless stated otherwise.
[bookmark: OLE_LINK299]
Table 3 Operative data and observed complications, n = 11
	Operative data and observed complications

	OR time in min
	112.9 (96.6-130.7)

	Blood loss in mL
	280 (200-420)

	Blood transfusion, n (%)
	1 (9)

	1-yr mortality rate (for every cause), n (%)
	0 (0)

	Length of stay in d
	8.3 (6-10)

	Postoperative ROM in degrees
	96 (80-105) at 3 mo

	
	102 (90-106) at 2 yr

	Functional autonomy at 1 yr (Barthel Index)
	77.3 (70-85)

	
	6 patients using a walker

	
	1 patients using a wheelchair

	
	4 patients walking without any walking aid

	Early (< 1 mo) post-operative complications, n
	0

	Late (> 1 mo) post-operative complications, n
	4 patients with radiolucent lines < 1 mm 

	
	1 patient with radiolucent lines < 2 mm


[bookmark: OLE_LINK295]Data are expressed as mean (min-max), unless stated otherwise.
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