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Introduction

There are few published studies on total femur replacement (TFR) because its indications are rare. Other than malignant diseases, the indications extend to revisions and interprosthetic femur fractures; however the outcomes of these indications have not been well defined. The aim of this retrospective survey was to analyze the complication rate and functional outcomes of these newer indications.

Hypothesis

The morbidity and outcomes after TFR are comparable to those reported in the literature for non-cancer indications.

Material and Methods

Between 1997 and 2016, 29 TFR procedures were done at 6 French teaching hospitals in 15 women and 14 men, average age 68 ± 14 years . The primary indication was degenerative joint disease in the hip and/or knee in 16 cases, mechanical failure of the implant used after tumor resection in 11 cases and femur fracture in 2 cases. The mean number of surgical procedures before TFR was 3.6 (maximum 5) at the hip and 4.5 (maximum 10) at the knee. Six different models were implanted consisting of a rotational hinge knee (except in one case); 20 patients received a dual mobility system and 9 a standard hip replacement bearing.

The femoral shaft was partially conserved 21/29 times and the trochanter 25/29 times.

Results

Five patients suffered a general complication and 12 suffered a local complication (including 4 hematomas and 2 hip dislocations). Eight patients (28.6%) suffered a surgical site infection, although three had a prior infection. Among the 12 patients with a history of infection or progressive infection before the TFR, 9 healed and 3 had the infection continue. At a minimum follow-up of 2 years and mean of 6 years, 23 TFR implants were still in place and not infected; the other 6 had been removed or were infected, including one patient who

Introduction

Total femur replacement (TFR) -in which a diaphyseal stem joins total hip arthroplasty (THA) and total knee arthroplasty (TKA) implants -was performed for sarcoma diffusion by Marcove et al. [START_REF] Marcove | Total femur and total knee replacement. A preliminary report[END_REF] and then validated in cancer-related indications [START_REF] Katznelson | Total femur replacement in sarcoma of the distal end of the femur[END_REF][START_REF] Nerubay | Total femoral replacement[END_REF][START_REF] Sewell | Total femoral endoprosthetic replacement following excision of bone tumours[END_REF][START_REF] Kalra | Total femur replacement: primary procedure for treatment of malignant tumors of the femur[END_REF][START_REF] Sevelda | Total femur replacement after tumor resection: limb salvage usually achieved but complications and failures are common[END_REF]. Buchman had previously published one case of resection-replacement for Paget's disease of the femur [START_REF] Buchman | Total femur and knee joint replacement with a vitallium endoprosthesis[END_REF], followed by a few publications in the same, non-tumor context [START_REF] Huang | Total replacement of the femur with simultaneous total hip and knee joint endoprostheses with plasma sprayed ceramic coating[END_REF][START_REF] Ward | Total femoral endoprosthetic reconstruction[END_REF][START_REF] Freedman | A modular endoprosthetic system for tumor and non-tumor reconstruction: preliminary experience[END_REF][START_REF] Mclean | Femoral replacement for salvage of periprosthetic fracture around a total hip replacement[END_REF]. The role of this procedure is limited, as evidenced by the paucity of publications and the number of reported cases, except for Berend et al. [START_REF] Berend | Total femoral arthroplasty for salvage of end-stage prosthetic disease[END_REF] and Friesecke et al. [START_REF] Friesecke | Revision arthroplasty with use of a total femur prosthesis[END_REF].

In the French scientific literature, Soenen et al. [START_REF] Soenen | Interprosthetic femoral fractures: analysis of 14 cases. Proposal for an additional grade in the Vancouver and SoFCOT classifications[END_REF] reported performing TFR in 3 patients following repeated failure of interprosthetic fractures. Other than in cases of tumor resection, the indications for TFR are rare: septic and mechanical revisions with multiple operations, along with mechanical failure of implants used in tumor resection cases [START_REF] Fountain | The use of total femoral arthroplasty as a limb salvage procedure: the Sheffield experience[END_REF][START_REF] Hoell | Intramedullary and total femur replacement in revision arthroplasty as a last limb-saving option: is there any benefit from the less invasive intramedullary replacement?[END_REF][START_REF] Clement | Total femoral replacement for salvage of periprosthetic fractures[END_REF][START_REF] Amanatullah | Non-oncologic total femoral arthroplasty: retrospective review[END_REF][START_REF] Toepfer | Short to long term follow-up total femoral replacement in non-oncologic patients[END_REF]. The outcomes of TFR are not known in these indications, particularly in France. A retrospective survey was carried out with members of the French Hip and Knee Society (SFHG) about these newer indications to determine 1) the complication rate and 2) the functional outcomes.

We hypothesized that morbidity and outcomes after TFR are comparable to those in the literature for non-cancer indications.

Material and Methods

Inclusion criteria

The inclusion criteria were repeated mechanical failure of ipsilateral THA and/or TKA whether accompanied or not by intra-or interprosthetic fracture; infection with removalimplantation in one or two steps. Failure of arthroplasty (TFR, THA or TKA) implanted for a cancer-related indication in a patient in long-term remission or who is cancer-free was included. A minimum of 2 years' follow-up was required for inclusion in the study. The exclusion criteria were any primary TFR following tumor resection and/or less than 2 years' follow-up.

Patients

Between 1997 and 2016, 29 patients fitting these criteria underwent TFR at various French teaching hospitals: Grenoble (n=4), Lille (n=9), Limoges (n=1), Rouen (n=4), Strasbourg (n=4) and Toulouse (n=7). There were 15 women and 14 men with an average age of 68 ± 14 years [32-85] at the time of TFR. Three patients were ASA 1, 17 patients were ASA 2, 8 patients were ASA 3 and 1 patient was ASA 5 [START_REF] Parker | A new mobility score for predicting mortality after hip fracture[END_REF] The initial femur pathology was a fracture in 2 cases, tumor resection in 11 cases (thus an indication for mechanical failure in a cancer-free patient) and degenerative joint disease in the hip and/or knee in 16 cases. For the 11 patients with a prior tumor, the mean follow-up was 12.4 years (minimum 3, maximum 23). None had clinical or radiological signs of local progression of the tumor. Details of these 29 cases are given in Figure 1. Twenty-seven of the 29 patients had undergone multiple procedures before the TFR; the clinical history of these patients is given in Figure 2. The mean number of procedures at all locations before the TFR was 3.6 (range, 1 to 10). At the hip, the mean number was 3.6 ± 1.8 (maximum 5) and at the knee it was 4.5 ± 2.4 (maximum 10). The reasons leading to TFR are listed in Figure 3.

At the time of TFR, 12 patients had a history of infection on the operated femur in one or both joints, of which 8 were progressive. Three had both knee and hip implants, while nine had a periprosthetic fracture at the THA or TKA.

Surgical technique

The following TFR implants were used: 10 Mega System (Waldemark-Link, Hamburg, Germany), 7 Global Modular Replacement System (Stryker, Pusignan, France) (Figure 4), 7

Mutars (Implantcast GmBH, Buxtehude, Germany) (Figure 5), 2 Modular Endoprosthetic Total System (Stanmore, Borehamwood, UK), 2 Orthopaedics Salvage System (Zimmer-Biomet, Brognard, France) and 1 Askorn (Askorn Medical, Cesson-Sévigné, France). The hip joints had a standard bearing in 9 cases and dual mobility bearing in 20 cases. A metal reinforcement ring was implanted in the acetabulum in 6 cases. At the knee, a rotating hinge implant was used in all cases but one. The femoral shaft was partially conserved in 21 cases and completely resected in 8 cases. The trochanter was conserved in 25 cases and removed in 4 cases. All the tibial implants were cemented.

Assessment methods

The data were collected in a spreadsheet used to capture standard demographic and epidemiology information, in particular the preoperative and postoperative ASA [START_REF] Parker | A new mobility score for predicting mortality after hip fracture[END_REF], Parker and Palmer [21] scores for patients above 65 years of age. The clinical and radiological evaluation carried out at the longest documented follow-up visit (beyond 2 years) was used.

Statistical methods

All statistical tests were performed using the software Statis (version 8.4.6, O. Méricq, Toulouse, France). Qualitative variables were summarized by their counts and percentages, while the numeric variables were summarized by their mean and standard deviation. Student's t-test was used to compare different mean values, while the Chi² test was used with independent qualitative variables when the sample size was more than 5. Fisher's exact test was used when the sample size was less than 5. The significance threshold was set at p < 0.05.

Results

Complications

One patient had an intraoperative fat embolism with regressive cardiopulmonary arrest. In the early postoperative period, four patients suffered a general complication: stroke with neurological sequelae in one patient, pulmonary embolism in one patient and kidney failure related to antibiotics in two patients. The following local complications were documented: hematoma (n=4), hip dislocation (n=2), wound healing disturbance (n=3), implant disassembly (n=1), trochanter detachment in one patient and tibial tuberosity avulsion (n=1). Eight patients (27.6%) suffered a surgical site infection (three of whom had an ongoing infection). Among the 12 patients with a history of infection or on-going infection before the TFR, 9 healed and 3 remained infected, including one who required disarticulation.

The four cases of septic etiology reported by one surgeon (JYJ) all resolved.

Survival

The minimum follow-up was 2 years, with a mean follow-up of 6 ± 4.5 years. In our case series, the patients with a history of infection had the longest follow-up. The median actuarial survival was 18.1 years; at 10 years, 59% of patients were still alive. At the latest follow-up, 23/29 (79.6%) of TFR implants were still in place and not infected, while 6 (20.6%) had been removed or were infected and being treated with long-term antibiotics. The median survival of the 17 TFR cases without history of infection was 15 years; at 10 years, 17/12 (70%) of these patients still had the implants in place and were infection-free.

Functional outcomes

Walking was possible without a cane in 5 patients (17.2%), with one cane in 10 (34.5%), with two canes in 7 (24.1%) and with a walker in 5 (17.2%). Walking was impossible for two patients (6.9%) including the patient who underwent disarticulation.

Active knee flexion (evaluated in 27 patients) averaged 79.4° ± 30.3° [0°-120°]; 17 patients (62.9%) had 90° or more knee flexion, 8 patients (29.6%) had flexion between 40 and 85° while two patients (7.4%) had no flexion. The knee extension deficit averaged 3.7 ± 7° [-20; +10] with a maximum of 20°; 20 patients (74.1%) had no flexion deformity. The average leg length difference was 1.3 ± 2.3 cm (0 to 10 cm); 19 patients (67.8%) had less than 1 cm difference in leg length. The mean final Parker and Palmer score was 6.1 ± 1.9; 6 patients had a score of 8 or more (25 %) and 5 had a score between 1 and 2 (20.8%).

Discussion

This study has three main findings. 1) The indications for TFR are rare, with only 29 cases at 6 French teaching hospitals over a 20-year period. However, we believe the frequency will increase with revision of implants used in tumor resection and aging of the population contributing to revisions for interprosthetic fractures on weakened bone. 2) The frequency of infection-related complications is considerable (28%) with one patient requiring disarticulation.

3) The modest nature of the clinical outcomes is obvious: only 15 patients (58.6%) could walk normally or with a cane after TFR.

Among the six published studies of TFR for non-oncologic indications, two singlecenter studies differentiate themselves because of their sample size (Table 1). Berend et al. [START_REF] Friesecke | Revision arthroplasty with use of a total femur prosthesis[END_REF] reported the outcomes of a cohort of 59 patients operated for periprosthetic fracture or repeated loosening. The Hamburg Endo-Klinik case series reported by Friesecke et al. [START_REF] Soenen | Interprosthetic femoral fractures: analysis of 14 cases. Proposal for an additional grade in the Vancouver and SoFCOT classifications[END_REF] consisted of 100 consecutive patients operated between 1973 and 2000. The indications in our study are identical overall to those of other published studies in terms of age and the number of prior surgeries, evidence of the extreme nature of the TFR indication. The same goes for the clinical outcomes, which are somewhat comparable given the outcome measures used, which essentially show improved patient autonomy.

The rarity of postoperative dislocations in our cohort (2/29 or 6.9%) can be attributed to the nearly systematic use of dual mobility implants; the instability rate in other studies was 25% to 40% (Table 2). Dual mobility implants have been shown to be very useful in the context of tumor resection [START_REF] Philippot | Prevention of dislocation in total hip revision surgery using a dual mobility design[END_REF][START_REF] Philippeau | Dual mobility design use in preventing total hip replacement dislocation following tumor resection[END_REF][START_REF] Schneider | Revision total hip arthroplasty using a reconstruction cage device and a cemented dual mobility cup[END_REF]. In fact, the risk of instability is higher because of gluteal muscle atrophy secondary to multiple surgical procedures. Resection of a larger portion of the femoral shaft leading to direct and unpredictable reattachment of the muscles on the implant, and the uncertain mechanical values of trochanter fixation or even its resection, increase this risk of instability. In most of the cases in our study, the aim was to preserve bone whenever possible (even if more demanding) [START_REF] Lombardi | The shattered femur: radical solution options[END_REF][START_REF] Peters | Intramedullary total femoral replacement for salvage of the compromised femur associated with hip and knee arthroplasty[END_REF]: femoral diaphysis preserved in 21 cases and trochanter in 25 cases.

The postoperative infection rate in our study was in the range of that reported in other published studies (Table 2). It corresponds to that of mega-prostheses in tumor resection surgery [START_REF] Mavrogenis | Infected prostheses after lower-extremity bone tumor resection: clinical outcomes of 100 patients[END_REF]. The highest infection rate was reported in a study with a minimum of 2 years' follow-up [START_REF] Toepfer | Short to long term follow-up total femoral replacement in non-oncologic patients[END_REF] like in the other reported studies. As in our study, more than 2 years' follow-up is recommended to confirm the revision has not resulted in an infection, especially when there is a history of infection or presence of an on-going infection.

The TFR indication was made in 12 patients in our study (41%) who had a history of infection or an on-going infection; this rate is similar to that in other published studies (Table 3). In the studies by Berend et al. [START_REF] Berend | Total femoral arthroplasty for salvage of end-stage prosthetic disease[END_REF] and Frisecke et al. [START_REF] Friesecke | Revision arthroplasty with use of a total femur prosthesis[END_REF], the infection healing rate after TFR was higher than in our study; however, their follow-up was shorter. The four cases of infectiononly etiology belonging to one surgeon (JYJ) all had a good outcome, confirming the advantage of single-stage removal-implantation in a specialized center [START_REF] Jenny | Routine one-stage exchange for chronic infection after total hip replacement[END_REF][START_REF] Massin | Infection recurrence factors in oneand two-stage total knee prosthesis exchanges[END_REF].

The limitations of our study are significant and are mainly related to the diversity of the source of patients, involvement of multiple surgeons, long time span and use of different implants. However, the nearly systematic implantation of a rotating hinge knee implant and the high frequency of dual mobility use at the hip joint contributed to the homogeneity of these cases. Similarly, the extreme nature of the procedures and the high number of prior procedures and infections offer insight into how this procedure will fare in the worst conditions, providing some external validation to our findings.

Conclusion

This study-both in terms of its indications and findings (clinical outcomes and complications observed)-is comparable to the literature and confirms our starting hypothesis. The indications for TFR are rare, but with the increase in the number of patients with ipsilateral hip and knee implants that could fail mechanically or due to infection, this scenario will be increasingly common in the future. When performing TFR for this indication, one should keep in mind the risk of disarticulation in case of failure.
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Table 1 : 4 Hoell

 14 Demographics of the key recently published studies that have more than 10 patients. (in studies 13 and 15, 4 and 2 patients respectively had metastatic indication) Reference Patient inclusion years Sex and mean age (years) total femur replacement (Waldemar-Link) 12 aseptic loosening (8 THA / 3 THA and TKA / 1 TKA) 2 nonunions of interprosthetic fracture Hip: 3.6/ 0-10 Hip and knee: 4 / 2hip arthroplasty, TKA: total knee arthroplasty, M: men, W: Women, N/S: Not specified
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 1234 Figure 1: Flow chart showing the initial pathology in the 29 patients who underwent total femur

Figure 5 :

 5 Figure 5: Male 47-year-old patient. Distal femur resection in 1990 due to osteosarcoma with

  

  

Table 2 :

 2 Outcomes of the key recently published studies (N/S not specified)

	Reference	Range and	Complications	Other complications	Implant	Number of deaths
		mean	Postoperative infection		survival	
		follow-up				
	Berend et al.	1-13 years	8/59 (13.5%)	5 dislocations (8.4%)	75% at	14
	[12]	m = 4		2 leg length difference	12.5	(23.7%)
		years, 10		1 knee stiffness	years	0 perioperative
		months				
	Frisecke et al.	1 month-	12/100 (12%)	7 dislocation (7%)	N/S	3 perioperative
	[13]	11.5 years	(6 early / 6 late)	3 loosening		(3%)
		m = 4.9				
		years				
	Fountain et al.	1-17 years	3/14 infections (21%)	6 dislocations (42.8%)	N/S	1 at 1 year
	[15]	m = 7.5				
		years	2 deep	3 revised successfully / 3		
				left in dislocated state		
			1 superficial			
	Hoell et al. [16]	0.5-7.5	None	1 sciatic palsy	N/S	None
		years				
		m = 2.6				
	Clement et al.	0.7-12.4	2/19 (10.5%):	1 dislocation	86% at	5% at 1 year
	[17]	m= 5.4	-long-term antibiotics	(reduction/successful)	10 years	58% at 10 years
			-disarticulation			
	Amanatullah et	m = 6 ± 5	7/20 (35%)	5 dislocations (25%):	65% at 5	None
	al. [18]	minimum 2		-4 revised	years	
		years		-1 reduction (successful)		
	Toepfer et al.	m = 6.6	8/18 (44.4%)	5 dislocations (27.7%)	56% at 5	None
	[19]	(2.3-11)		2 stiffness	years	
				11 wound healing		
				disturbances		
	Our study	m = 6	8/29 (27.6%)	2 dislocations (6.9%)	70% at	41% of patients died at
		(2-10)		4 hematomas	10 years	
				3 wound healing		
				disturbances		

Table 3 :

 3 Infection-related complications and infection-related indications from the key recently published studies

	Reference	Complications	Patients with history of infection /
		Postoperative infection and outcome	entire cohort
			Outcome
	Berend et al. [12]	8/49 (16.3%):	14/49 (23.7%):
		-3 removal-reimplantation	-1 recurrence
		(successful)	(disarticulation)
		-1 failure (disarticulation)	-13 healed (92.8%)
		-4 NP	
	Frisecke et al. [13]	12/100 (12%)	33/100 (33%):
		-2 failures (disarticulation)	-5 recurrences
		-10 healed	-28 healed (84.8%)
	Fountain et al. [15]	3/14 (21.4%):	12/14 (85.7%)
		-1 good outcome with antibiotics	Outcome N/S
		-2 revision in two phases / healed	
	Hoell et al. [16]	0/12	5/12 (41.6%):
			5 healed (100%)
	Clement et al. [17]	2/19 (10.5%):	2/19 (10.5%):
		-1 long-term antibiotics	2 failures (postoperative infection)
		-1 disarticulation	
	Amanatullah et al. [18]	7/20: 5 revisions N/S including	10/20 (50%): outcome N/S
		disarticulation / 1 or 2 stage implant	
		change	
	Toepfer et al. [19]	8/18 (44.4%): 8 healed (1 without	No cases of infection
		changing implant, 4 partial and 3	
		complete)	
	Our study	8/29 (27.6%): 5 healed / 3 failures (3	12/29 (41.4%):
		long-term antibiotics)	3 chronic infections
			9 healed (75%)

N/S: not specified