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We present our experience of treating patients with tumours involving the whole femur with excision and total femur endoprostheses over the last 30 years (1975 to 2005). There were 26 consecutive patients (14 men and 12 women). Average age was 40 years (14 -82 years) at the time of surgery and 21 of the patients had primary malignant bone tumours with five having the procedure for metastases. 11 patients were still alive of which nine were free of disease at the time of review at a mean follow-up of 57 months (3 to 348). The overall patient survival at 10 years was 37%. The survival of patients with a primary localised tumour was 50% at 10 years.

Revision of the prostheses was necessary in two patients (at 110 and 274 months) because of recurrent dislocation and aseptic loosening. Amputation was necessary in two patients but long-term limb survival was 92% at 10 years. Nine patients alive with no evidence of disease had a mean MSTS functional score of 72%.

Introduction

Tumours involving the whole femur present a challenge when limb preservation is considered. These tumours are often large and resection involves removal of the whole femur with disruption of the hip abductor mechanism. Extensive soft tissue dissection and reconstruction of the joint above and below are required.

The options for treating such patients include amputation by hip disarticulation or limb preserving surgery. Limb preserving surgery is better accepted by patients, is more cost effective in the long term, and is associated with significantly lower oxygen consumption and energy requirements per meter walked compared to amputation [START_REF] Grimer | The cost-effectiveness of limb salvage for bone tumours[END_REF][START_REF] Otis | Energy cost during gait in osteosarcoma patients after resection and knee replacement and after above-knee amputation[END_REF] . Moreover, patients' survival is not improved by amputation [START_REF] Gebhardt | Long-term results of limb salvage and amputation in extremity osteosarcoma[END_REF] . The choices available for reconstruction in such patients include the use of endoprostheses, allograft or rotationplasty [START_REF] Buchman | The femur and knee joint replacement with a vitallium endoprosthesis[END_REF][START_REF] Mankin | Long-term results of allograft replacement in the management of bone tumours[END_REF][START_REF] Marcove | Total femur and total knee replacement[END_REF][START_REF] Morris | Modular endoprosthetic replacement after total resection of the femur for malignant tumour[END_REF][START_REF] Nerubay | Total femoral replacement[END_REF][9][START_REF] Steinbrink | The total femoral prosthesis: a preliminary report[END_REF][START_REF] Hardes | Rotationplasty type B1 versus type BIIIa in children under age of ten years. Should the knee be preserved?[END_REF][START_REF] Winkelmann | Type-B-IIIa rotationplasty: an alternative operation for the treatment of malignant tumors of the femur in early childhood[END_REF][START_REF] Horowitz | Prosthetic and extremity survivorship after limb salvage for sarcomas: How long do the reconstructions last ?[END_REF] .

We carried out a retrospective review of patients treated with Total Femur Endoprosthetic Replacement (TFEPR) at our centre over the past 30 years to identify the factors which affect survival, complications and function following TFEPR.

M A N U S C R I P T A C C E P T E D ARTICLE IN PRESS

Kalra S et al 6

Materials and Methods

Data Collection and Ethics:

This was a retrospective analysis of data which had been collected prospectively onto our oncology database with further reference to patient charts and radiographs where necessary. Institutional review board ethical approval was granted prior to the study being undertaken.

Tumour diagnosis, treatment and outcome data was obtained from the database. Functional outcomes were collected on surviving patients using the revised Musculoskeletal Tumour Society (MSTS) system [START_REF] Enneking | A system for the functional evaluation of reconstructive procedures after surgical treatment of tumours of the musculoskeletal system[END_REF] and the Toronto Extremity Scoring System (TESS) scores [START_REF] Davis | Development of a measure of physical function for patients with bone and soft tissue sarcoma[END_REF] .

Patients:

Total femoral replacement was indicated for patients with tumour involving all or most of the femur and in whom no other reconstructive option was deemed feasible. 26 patients (14 men and 12 women; mean age: 40 years, range: 14 -82 years) underwent this procedure over 30 years. The oncological diagnoses in these patients were: Osteosarcoma in 10 patients, Chondrosarcoma in 5, Ewing's sarcoma in 2, Malignant Fibrous Histiocytoma in 1, Leiomyosarcoma in 1, Fibrosarcoma in 2 and Secondary Bone Metastases in 5 patients. Three of the 21 patients with primary bone tumours had lung metastases at the time of diagnosis. These three and the five with secondary bone metastases were considered to be palliative resections whilst the others were treated with curative intent.
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The operation involved disarticulation of the hip and knee with removal of the entire femur, surrounding muscles involved with the tumour, while preserving the neurovascular bundle in all cases. In four patients who had inadvertent prior intramedullary nailing for the treatment of a pathological fracture of the femur, the nail was removed with the resected bone and the entry portal and tract were also excised (Figures -1a to1c).

Surgical Procedure:

A custom made cemented total femur endoprosthesis (Stanmore Implants ®) was used in 24 patients and a modular cemented total femur endoprosthesis (Stanmore Implants ®) was used in two patients. The modular prostheses only being available more recently and being used for patients with metastatic disease to avoid the delay in manufacturing a custom implant.

The knee joint was reconstructed with a fixed hinge prosthesis in all but two patients and the hip was reconstructed with either a 32mm metal on high molecular weight polyethylene cup or more recently with a unipolar head which allowed the use of larger femoral heads with greater stability.

Adjuvant Treatment:

Patients had chemotherapy and radiotherapy appropriate for their diagnosis.
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Statistics:

Statistical analysis included descriptive statistics and analytical statistics including Kaplan Meier survival analysis.

Results

Patient survival:

Kaplan Meier survival curves are shown in Figure -2. Survival of the patients was related to their oncologic diagnosis. None of the eight patients with metastases at diagnosis undergoing palliative resection were alive at long followup. However, survival of patients with a primary malignant bone tumour without metastases was 50% at 5 years. Eleven patients were alive with an overall mean follow-up of 105 months (range 9 to 348), nine patients being free of disease.

Local recurrence:

Local recurrence was seen in patients with primary osteosarcoma (one), primary chondrosarcoma (one) and metastatic renal cell carcinoma (one). No local recurrence was seen in the three patients who had a primary malignant bone tumour but had been inadvertently treated with an intramedullary nail. Local recurrence was treated with surgery and adjuvant treatment while amputation was required in one patient.
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Limb survival:

Complications that led to amputation occurred in patients with deep infection (one) and local recurrence (one). Limb survival using amputation as the end point was 92% at 10 years.

Complications that led to revision of the prosthesis were aseptic loosening of the acetabular cup (one) and recurrent dislocation of the hip (one). The survival of the prosthesis without revision surgery was 100% at 5 years and 80% at 10 years.

Complications:

Complications which did not impact on limb or prosthetic survival were dislocations in the early postoperative period (three) which resolved with appropriate muscle rehabilitation, two wound infections which resolved with appropriate antibiotics and one foot drop which recovered spontaneously. One deep infection required amputation.

Functional outcomes:

The function of the salvaged limbs was assessed using the revised Musculo-Skeletal Tumour Society (MSTS) rating system [START_REF] Enneking | A system for the functional evaluation of reconstructive procedures after surgical treatment of tumours of the musculoskeletal system[END_REF] . This system assesses 6 parameters on a 5 point scale (1 to 5 with 5 being no limitation). Nine patients who had no evidence of disease at last follow-up were assessed at mean follow-up of 125 months (range: 8 -348). The mean functional score was 21.8 (14 -29). The scores for the individual components are summarized in Table-1. Five of the nine patients who were alive with no evidence of disease also had TESS scores. The mean TESS scores were 52.4% (range: 20-86).
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Discussion

The last few decades have witnessed increased popularity and wider acceptance of endoprosthetic replacement in treating patients with malignant conditions of the bone due to the availability of effective chemotherapy, improved prosthetic design, availability of modular endoprosthesis and increasing experience in the use of these implants.

Total Femur Endoprosthetic Replacement is a major surgical reconstructive procedure for patients with a bone tumour involving the entire femur. The procedure is challenging both for the surgeon and equally for the patient.

The patient needs intensive rehabilitation after the procedure as all muscle attachments of the femur are detached although in selected cases attempts were made to reattach the hip abductors. This has been emphasised in the literature [START_REF] Morris | Modular endoprosthetic replacement after total resection of the femur for malignant tumour[END_REF] .

Limitations:

A major limitation of this study was the length of time over which the data was accrued. This is because total femur replacement is not a common procedure. It is rarely needed, and most patients with a bone tumour can be treated with a less extensive form of reconstruction. We have only been able to evaluate the function in the survivors.

However, we believe that the function would have been similar in those who did not survive their disease.
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Literature review:

We did an extensive literature review and compared the outcomes in this study with those by other authors for this complex reconstructive procedure (Table-2).

Reported results of total femur endoprosthetic replacement have demonstrated the relative success of the procedure in terms of limb salvage but relatively poor functional outcomes. The main problems reported by most authors are the relative lack of muscles especially the abductors of the hip and quadriceps in the knee. Even so, there are psychological and rehabilitative advantages of limb preserving surgery over amputation [START_REF] Rougraff | Limb salvage compared with amputation of osteosarcoma of the distal femur[END_REF] .

Our results show that in the majority of patients the goal of limb salvage is achievable with good long term prosthetic (80%) and limb survival (92%). However, the oncologic diagnosis is the major determinant of patient survival.

Soft tissue reconstruction:

Morris et al emphasized the importance of maintaining the proximal and distal muscles if good or excellent results are to be achieved. They suggested that reattachment of the abductors to the endoprosthesis often fails and therefore they suture the abductors to the fascia lata. They also emphasised that the rectus femoris should be saved, if possible [START_REF] Morris | Modular endoprosthetic replacement after total resection of the femur for malignant tumour[END_REF] .

In our study patients reported very good psychological acceptance after total femur replacement with a mean score of 4.5 out of 5 despite having poor gait patterns which are primarily due to the lack of good abductor muscle attachment.
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Hip dislocation:

Hip dislocation is a common complication reported after total femur replacement. This is probably due to the lack of functional abductor musculature and the long lever arm of the total femur replacement. In non-tumour cases this can be as low as 12%. [START_REF] Berend | Total femoral arthroplasty for salvage of end-stage prosthetic disease[END_REF] It was comparably low at 11% in the present series. We believe that a rotating hinge design at the knee should be avoided in patients with total femur replacement since rotation at the knee can lead to hip dislocation and we have seen aseptic loosening of the tibial implant only on one occasion at 22 years. Also, we have noticed a lower dislocation rate since we stopped replacing the acetabulum routinely; we now recommend hemiarthroplasty of the hip whenever possible since this allows the use of a larger femoral head.

Infection:

The deep infection rate in this series was 7% and similar to the series of Nerubay et al. 8. Superficial infections were treated with antibiotics and deep infections with two stage revisions if the patients general condition allowed it.

Aseptic loosening:

Aseptic loosening rate of 3.6% in our series was comparable to non-tumour series [START_REF] Berend | Total femoral arthroplasty for salvage of end-stage prosthetic disease[END_REF] .

Loosening occurred in one patient at the acetabular cup which was revised twice and once at the acetabular cup and the tibial stem when the whole prosthesis was revised.

This may be due to decreased muscle forces placed on the implants in patients with malignant bone tumours who have undergone muscle resection as part of their tumour operation.
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Local recurrence:

Local recurrence is a common problem with tumour resection and total femur endoprosthetic replacement since the patients often have large tumours. In our series this was low (11%) compared to the literature. This is attributable to better adjuvant treatment in the present time. The incidence of local recurrence has been found to be inversely proportional to the effectiveness of chemotherapy [START_REF] Simon | The clinical utility of preoperative therapy for sarcomas[END_REF][START_REF] Grimer | Surgical outcomes in osteosarcoma[END_REF] and effective chemotherapy will decrease its incidence even in marginal excisions. [START_REF] Grimer | Surgical outcomes in osteosarcoma[END_REF] 

Conclusion:

We believe that our series presents the results of what can be expected in the long term for patients with malignant bone tumours who require total femur endoprosthetic replacement. This form of reconstruction provides predictable results after excisions of the femur for malignant tumours. The complications are comparable to those for similar procedure performed for non-tumour cases even though those with a tumour have more muscle resection and are immunologically challenged from adjuvant chemotherapy. A long term prosthetic survival of 80% and long term limb survival of 92% in this series would imply that this procedure is an excellent method of limb salvage for massive excisions of the femur for primary bone tumour. In those with secondary metastasis this can be a viable palliative procedure to enhance the quality of life of the patient. 

  Figure and Table Legend

Figure- 1a :

 1a Figure-1a: A 31 years old woman presented with a pathological fracture of the proximal

Figure- 1b :

 1b Figure-1b: Proximal femoral fracture was inadvertently nailed. Subsequent histologic

Figure- 1c :

 1c Figure-1c: Treated with complete excision of the femur and total femoral endoprosthetic

Figure- 2 :

 2 Figure-2: Kaplan Meier survival curve for all patients.

Figure- 2 :

 2 Figure-2: Kaplan Meier survival curve for all patients.

  

  

Table - 1: MSTS functional scoring Table -2: Outcomes

 - in Total Femoral Endoprosthetic Replacements in the literature and the present study

					ARTICLE IN PRESS ARTICLE IN PRESS	
	Study		No. of	Diagnosis Oncologic	Followup	Limb /	Functional	Complications
	Score (Reference)	patients	Mean	Range survival	(years)	Percentage Prosthetic outcome
							survival	
	6		19	Tumour	68.4% at	1.5	Score Amputa-	Hip -good	Wound (3), local
					17.5 months		tion (5)	Knee -poor;	recurrence (2),
	Pain			3.7	2 -4		74%	Poor gait -Extremity behaved	Femoral Artery thrombosis (1),
								like a	Infection (3), hip
	M A N U S C R I P T 'weak polio leg' dislocation (1) 66% 68% 74% 62% 90% 72.6% Table-1 Functional scoring: MSTS scoring Function 3.3 3 -5 Walking 3.4 2 -5 Support 3.7 3 -5 Gait 3.1 1 -5 Emotion 4.5 4 -5 Overall 21.8 14 -29 10 28 Mixed 50% at 1-year 3 86% at 3 years Hip-satisfactory Knee-poor Infections (11) 8 19 Tumour 36.8% at 4 years 4 (longest 8 years) 44% at 4 years Excellent (5), Good (9), Fair (3), Poor (2) Amputation due to deep infection (1), wound (9) 24 1 Tumour 35 years 35 32 years Ambulation with walker Possible infection 25 21 Mixed 2 years in survivors 2 (longest 10 years) Hip disarticulati on (3) Good (7), Fair( 9), Poor (3); Younger patients(<60) did better than older ones (>60) Local recurrence (2), Infection (4), hip dislocation (2), internal malrotation (1), 20 6 (children) Tumour 83% at 5 years 5 100% limb survival at 5 years MSTS -77.3% Deep infection (1), Revisions (5) 21 59 Non-tumour -4.8 60% prosthetic survival at 4.8 years Harris Hip Score -33.8 of 44, Knee pain scores -42.8 of 50 Infection (8), Dislocation (7), tibial aseptic loosening (3) 19 6 Mixed -3 53% Not reported for Total Femur Infection, loosening, periprosthetic A N U S C R I P T fracture 26 15 Mixed tumour 38.46% 4 Prosthetic Trendelenburg gait implants (5), less Infection (1), M (All revision (3) in all-metallic No dislocations
	27 28 Present Study	A C C E P T E D except 2) 100 Non-tumour -5 7 Tumour --28 Tumour 37% (overall) and 50% (primary tumour) at 10 years 4.8 (longest 29 years) A C C E P T E D localised	Prosthetic revision (9), Amputation (2). 100% limb survival at 5 and 10 years 92% limb survival and 80% survival at 10 years prosthetic	gait problem in allograft-metallic prosthesis hybrids (10). Enneking Functional Score for hip -3.29 (preop-1.25) and for knee -3.29 (preop-2.09); Trendelenburg gait MSTS -19.5 MSTS -21.8 of 30 (72.6%), TESS -52.4%	Deep infection (12), dislocation (6), Material failure (3), patellar problems (2), Peroneal nerve palsy (1) -Loosening (1), dislocation (3), deep infection (2), foot drop (1), amputation
	Table -2: Outcomes in Total Femoral Endoprosthetic Replacements in the literature and the
	present study