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Survival and complications in hinged knee reconstruction prostheses after distal femoral or proximal tibial tumor resection: a retrospective study of 161 cases
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Hinged knee reconstruction prosthesis is a solution in tumoral pathology, but with a high risk of complications (loosening and infection) and a higher failure rate in the proximal tibial reconstruction prosthesis.

Introduction

Hinged knee megaprostheses are mainly used for reconstruction after tumor resection. They may incur complications, but this has not been assessed in the French literature, except in small series at short follow-up. We therefore conducted a large-scale nationwide multicenter retrospective study with a minimum 5 years' follow-up. The objectives were 1) to compare survival between distal femoral and proximal tibial reconstruction prostheses, and 2) to analyze complications and failure.

Hypothesis

Distal femoral hinged reconstruction prostheses show longer survival with fewer complications than proximal tibial prostheses.

Material and methods

One hundred sixty-one patients were included: 118 in the distal femoral group, and 43 in the proximal tibial group. Tumors were mostly osteosarcomas (90 cases) or chondrosarcomas (31 cases). Mean age was 37 years (range, 12-86 years). Complications were assessed on the Henderson classification. Failure was defined by prosthesis anchor exchange or amputation.

Results

At a mean 9 years' follow-up (range, 5-23 years), implant survival was longer in the distal femoral group: 5-and 10-year survival, 84% [95% CI, 75-89] and 70% [95% CI, 59-79] versus 74% [95% CI, 69-85] and 43% [95% CI, 23-61] (p=0.02). Revision surgery for complications mainly concerned aseptic loosening (19%, 30 cases) or deep infection (16%, 25 cases) and more often involved the proximal tibia (65% vs. 43%, 28 vs. 51 cases; OR 2.4 [95% CI, 1.2-5.1]; p=0.02).

Discussion

Introduction

Hinged knee reconstruction prostheses are widely used after distal femoral or proximal tibial tumor resection [START_REF] Pala | Megaprosthesis of the knee in tumor and revision surgery[END_REF][START_REF] Grimer | Very long-term outcomes after endoprosthetic replacement for malignant tumours of bone[END_REF]. Since the 1970s, these megaprostheses have become more common and limb conservation has more frequently replaced amputation in orthopedic oncology [START_REF] Jeys | The long-term risks of infection and amputation with limb salvage surgery using endoprostheses[END_REF]. Patient survival has also improved with better treatment of primary bone malignancies [START_REF] Gosheger | Endoprosthetic reconstruction in 250 patients with sarcoma[END_REF], so that implants need to meet more demanding standards in function and longevity. However, these reconstruction prostheses are not without complications [START_REF] Henderson | Failure mode classification for tumor endoprostheses: retrospective review of five institutions and a literature review[END_REF]: infection, loosening, implant fracture, and tumor recurrence. Implant survival ranges between 90% and 50% after 10 years, whatever the model and tumor histology [START_REF] Grimer | Very long-term outcomes after endoprosthetic replacement for malignant tumours of bone[END_REF][START_REF] Pala | Survival of modern knee tumor megaprostheses: failures, functional results, and a comparative statistical analysis[END_REF][START_REF] Haijie | Implant Survival and Complication Profiles of Endoprostheses for Treating Tumor Around the Knee in Adults: A Systematic Review of the Literature Over the Past 30 Years[END_REF][START_REF] Abdulkarim | Rotating-hinge knee prosthesis as a viable option in primary surgery: Literature review & meta-analysis[END_REF]. Haijie et al. [START_REF] Haijie | Implant Survival and Complication Profiles of Endoprostheses for Treating Tumor Around the Knee in Adults: A Systematic Review of the Literature Over the Past 30 Years[END_REF] reported a marked drop in survival after 10 years, becoming critical by 20 years, at a mean 38% for the distal femur and 25% for the proximal tibia.

Hinged proximal tibia reconstruction prostheses entail more infection than distal femur prostheses [START_REF] Henderson | Failure mode classification for tumor endoprostheses: retrospective review of five institutions and a literature review[END_REF][START_REF] Jeys | Periprosthetic infection in patients treated for an orthopaedic oncological condition[END_REF], with mean incidence of 16.8% and 8.5%, respectively [START_REF] Haijie | Implant Survival and Complication Profiles of Endoprostheses for Treating Tumor Around the Knee in Adults: A Systematic Review of the Literature Over the Past 30 Years[END_REF]. On the other hand, distal femur prostheses are more prone to aseptic loosening: 8.8% versus 7.3% [START_REF] Haijie | Implant Survival and Complication Profiles of Endoprostheses for Treating Tumor Around the Knee in Adults: A Systematic Review of the Literature Over the Past 30 Years[END_REF]. However, improvements in technique, such as systematic gastrocnemius flap cover for the proximal tibia implant [START_REF] Mavrogenis | Proximal tibial resections and reconstructions: clinical outcome of 225 patients[END_REF], silver treatment and improved design [START_REF] Pala | Survival of modern knee tumor megaprostheses: failures, functional results, and a comparative statistical analysis[END_REF], have reduced complications rates. Even so, adverse events are a major challenge.

In the light of these findings in the international literature, we undertook a retrospective multicenter review of practices in France, analyzing results at a minimum 5 years' follow-up. The aims were: 1) to analyze implant survival after tumor resection around the knee, distinguishing distal femoral and proximal tibial implants; and 2) to analyze complications and failure. The study hypothesis was that distal femoral reconstruction prostheses show longer survival and fewer complications than proximal tibial prostheses.

Material and methods

Patients and study design

A retrospective multicenter study for the period 1991-2011 was performed as part of the French Society of Orthopedic Surgery and Traumatology (SoFCOT) symposium on hinged knee prostheses. Patients had received a hinged reconstruction prosthesis following resection of a primary or secondary tumor around the knee involving either the distal femur or the proximal tibia. Minimum follow-up was 5 years (Figure 1). Total femoral prostheses were not included.

One hundred sixty-one patients were included in 12 French centers: Bordeaux, Clamart, Paris, Lille, Lyon, Nantes, Nîmes, Poitiers, Saint Etienne, Strasbourg, Toulouse and Tours.

Tumor specimen histology is shown in Table 1. There were 118 distal femoral and 43 proximal tibial reconstructions. At last follow-up, 11 patients had died. Table 2 shows demographic and surgical data according to group (distal femur or proximal tibia): gender, age at surgery, diagnosis, type of implant.

Surgical technique and assessment

Seven implant models were used: 56 Stanmore™ (Stanmore Implants Worldwide, Elstree, UK), 50 Tornier™ (Corin group, Montbonnot, France) 24 Stryker™ (Mahwah, NJ, USA), 12 Biomet™ (Warsaw, IN, USA), 9 Link™ (Hamburg, Germany), 3 Zimmer™ (Warsaw, IN, USA), 2 MUTARS™ (Implancast, Buxtehude, Germany), and 5 not specified.

Complications were defined on the 2011 Henderson classification [START_REF] Henderson | Failure mode classification for tumor endoprostheses: retrospective review of five institutions and a literature review[END_REF] as modified in 2014 [START_REF] Henderson | Classification of failure of limb salvage after reconstructive surgery for bone tumours: a modified system Including biological and expandable reconstructions[END_REF]. Failure was defined by revision surgery with exchange of 1 or both bone fixed components, implant removal or amputation for all causes, and ended the survival curve.

Complications, revision surgeries and failures were inventoried. As the study focused on complications and failure, function was not assessed. Neither was the impact of resection length, type of cementing (partial or total, with or without antibiotics), silver treatment, rotating design, or extensor system repair technique. Bacteriological findings and treatment in infection were not analyzed.

Statistics

Statistical analysis used PRISM™ software (GraphPad, San Diego, CA, USA). Implant survival was estimated following Kaplan-Meier, with 95% confidence intervals (95% CI).

Quantitative variables were compared on Fisher test and means on non-parametric Mann-Whitney test. Complications and failure were compared between groups on odds ratio (OR) with 95% CI. There were no missing data. Patients who died or were lost to follow-up were included in analysis. The significance threshold was set at p≤0.05.

Results

Patient characteristics

Mean follow-up was 9 ± 3.5 years (range, 5-23 years). Mean age at last follow-up was 45 ± 17 years (range, 20-92 years).

Survival

The distal femoral implant showed 84% 5-year [95% CI: 75-89] and 70% 10-year survival [95% CI: 59-79]. Survival was significantly lower in the proximal tibia: 74% [95% CI: 69-85] and 43% [95% CI: 23-61] respectively (p=0.02) (Figure 2).

Complications

Type 1 to 5 complications necessitated revision surgery in 79 cases (49%) (Table 3). The most frequent complications were type 2 (aseptic loosening: 30 cases, 19%) and type 4 (infection: 25 cases, 16%). There were significantly more type 2 complications in the proximal tibia group (14 cases (33%) versus 16 cases (14%)) (OR, 3 [95% CI: 1.3-7.1]; p=0.01). Taking all complications together, there were more revision surgeries in the proximal tibia group: 28 cases (65%) versus 51 cases (43%) (OR, 2.4 [95% CI: 1.2-5.1]; p=0.02).

Failure

At last follow-up (Table 4), there were 51 failures (32%): 30 (25%) in the distal femur group, and 21 (49%) in the proximal tibia group (OR, 2.8 [95% CI: 1.35-5.8]; p=0.007). The proximal tibia group showed higher failure rates than the distal femur group in the following subgroups (Table 5): transarticular resection (OR, 3.2 [95% CI: 1.3-7.5]; p=0.01), modular prosthesis (OR, 3.3 [95% CI: 1.3-8.9]; p=0.02), and in case of chemotherapy (OR, 2.6 [95% CI: 1.1-6.3]; p=0.04).

The most frequent cause of failure was aseptic loosening (type 2), with incidence of 13% (15 cases) in the distal femur group and 23% (10 cases) in the proximal tibia group (OR, 2.1 [95% CI: 0.9-5.1]; p=0.14). In case of prostheses using a hydroxyapatite collar, there was a trend for more failure due to aseptic loosening in the proximal tibia group than for the distal femur (OR, 6.7 [95% CI: 1.0-43.3]; p=0.06).

The second most frequent cause was deep infection (type 4), with incidence of 6% (7 cases) in the distal femur group and 12% (5 cases) in the proximal tibia group (OR, 2.1 [95% CI: 0.6-7]; p=0.3). In the proximal tibia group, flaps did not reduce the risk of type 4 failure: 4 out of 27 cases with (15%) versus 1 out of 16 without flap (6%) (p=0.11).

Management of failure

Uni-or bi-polar implant exchange was performed in 25 cases (21%) for the distal femur and 15 cases (35%) for the proximal tibia.

In 7 cases of deep infection or tumoral recurrence, amputation was necessary, and was more frequent in the proximal tibia group (p=0.08): 9% (2 type 4B (infection at 23 years) and 2 type 5B (bone tumor recurrence)) versus 2.5% for the distal femur (2 type 4A (infection before 2 years) and 1 type 5B (bone tumor recurrence)).

Discussion

The study hypothesis was confirmed: distal femur reconstruction prostheses showed better survival than proximal tibia prostheses: 84% 5-year and 70% 10-year survival, versus 74% and 43%, respectively. These survival rates were comparable to the literature [START_REF] Pala | Megaprosthesis of the knee in tumor and revision surgery[END_REF][START_REF] Jeys | The long-term risks of infection and amputation with limb salvage surgery using endoprostheses[END_REF][START_REF] Henderson | Classification of failure of limb salvage after reconstructive surgery for bone tumours: a modified system Including biological and expandable reconstructions[END_REF][START_REF] Myers | The long-term results of endoprosthetic replacement of the proximal tibia for bone tumours[END_REF][START_REF] Myers | Endoprosthetic replacement of the distal femur for bone tumours: long-term results[END_REF][START_REF] Schwartz | Cemented distal femoral endoprostheses for musculoskeletal tumor: improved survival of modular versus custom implants[END_REF][START_REF] Schwartz | Cemented endoprosthetic reconstruction of the proximal tibia: How long do they last?[END_REF][START_REF] Biau | Survival of total knee replacement with a megaprosthesis after bone tumor resection[END_REF][START_REF] Houdek | Long term outcomes of cemented endoprosthetic reconstruction for periarticular tumors of the distal femur[END_REF]. In a recent review by Haijie et al. [START_REF] Haijie | Implant Survival and Complication Profiles of Endoprostheses for Treating Tumor Around the Knee in Adults: A Systematic Review of the Literature Over the Past 30 Years[END_REF], mean 5-, 10-, 15-and 20-year survival was respectively 80%, 70%, 60% and 40% for distal femur implants, slightly better than for the proximal tibia, at 75%, 60%, 55% and 25%.

In terms of complications and failure, Grimer et al. [START_REF] Grimer | Very long-term outcomes after endoprosthetic replacement for malignant tumours of bone[END_REF] reported up to 4 revision surgeries, for a mean 2.7, after megaprosthesis reconstruction, taking all sites and all causes together. In the present series, half of the implants required at least 1 revision procedure, mainly within the first 2 years.

Aseptic loosening is the most frequent complication in the literature, with a mean rate of 10%, usually requiring reoperation in the medium to long term [START_REF] Pala | Megaprosthesis of the knee in tumor and revision surgery[END_REF][START_REF] Grimer | Very long-term outcomes after endoprosthetic replacement for malignant tumours of bone[END_REF][START_REF] Myers | Endoprosthetic replacement of the distal femur for bone tumours: long-term results[END_REF][START_REF] Schwartz | Cemented distal femoral endoprostheses for musculoskeletal tumor: improved survival of modular versus custom implants[END_REF][START_REF] Houdek | Long term outcomes of cemented endoprosthetic reconstruction for periarticular tumors of the distal femur[END_REF]. According to some authors, it mainly affects the distal femur [START_REF] Gosheger | Endoprosthetic reconstruction in 250 patients with sarcoma[END_REF][START_REF] Mittermayer | Long-term followup of uncemented tumor endoprostheses for the lower extremity[END_REF], whereas in the present series it mainly affected the proximal tibia. Hydroxyapatite collars exert a protective effect against failure [START_REF] Myers | The long-term results of endoprosthetic replacement of the proximal tibia for bone tumours[END_REF][START_REF] Myers | Endoprosthetic replacement of the distal femur for bone tumours: long-term results[END_REF][START_REF] Pala | Cemented versus cementless endoprostheses for lower limb salvage surgery[END_REF][START_REF] Coathup | Longterm survival of cemented distal femoral endoprostheses with a hydroxyapatite-coated collar: a histological study and a radiographic follow-up[END_REF], as confirmed by the present low rate of type 2 failure with hydroxyapatite collars. Rotating hinges reduce the risk of loosening by reducing rotational stress, improving longer term survival [START_REF] Myers | The long-term results of endoprosthetic replacement of the proximal tibia for bone tumours[END_REF][START_REF] Myers | Endoprosthetic replacement of the distal femur for bone tumours: long-term results[END_REF]. Various types and techniques of implant fixation are available: partial or total cementing of the intramedullary stem, or just epiphyseal-metaphyseal cementing, complicating analysis of the literature on this point; nevertheless, we recommend systematic implant sealing with a hydroxyapatite collar.

Deep infection is the second most frequent complication, at 8.5%, with higher risk of implant removal and of amputation [START_REF] Jeys | The long-term risks of infection and amputation with limb salvage surgery using endoprostheses[END_REF][START_REF] Haijie | Implant Survival and Complication Profiles of Endoprostheses for Treating Tumor Around the Knee in Adults: A Systematic Review of the Literature Over the Past 30 Years[END_REF]. It was also the second most frequent complication in the present series, with both early and late onset. It is more frequent in the proximal tibia, as confirmed in the present series, probably due to unreliable coverage by soft tissue; the risk is also more frequent after 2 years post-implantation [START_REF] Mavrogenis | Infected Prostheses after Lower-Extremity Bone Tumor Resection: Clinical Outcomes of 100 Patients[END_REF]. Medial gastrocnemius flap reduces infection risk [START_REF] Myers | The long-term results of endoprosthetic replacement of the proximal tibia for bone tumours[END_REF], although this did not emerge in the present study; we nevertheless recommend it in proximal tibial prostheses, to protect the implant and reconstruct the extensor system. Adjuvant treatment such as chemotherapy or radiation therapy impair implant survival and increase infection [START_REF] Pala | Megaprosthesis of the knee in tumor and revision surgery[END_REF][START_REF] Grimer | Very long-term outcomes after endoprosthetic replacement for malignant tumours of bone[END_REF][START_REF] Gosheger | Endoprosthetic reconstruction in 250 patients with sarcoma[END_REF][START_REF] Jeys | Periprosthetic infection in patients treated for an orthopaedic oncological condition[END_REF]. In the present series, chemotherapy increased failure in the proximal tibia group. We were unable to assess the impact of radiation therapy, due to small numbers.

The present study had certain limitations. The design was multicenter, retrospective and non-randomized, with a heterogeneous series and low power. Patient characteristics, pathologies, treatment (extent of resection, adjuvant treatment) and type of prosthesis were not effectively comparable. The initial study objective was to obtain an overview of practices in France, focusing on the hinge rather than the global environment. Function was therefore not analyzed. Even so, the study reflects activity in France, reporting various centers with varying volumes of tumor surgery.

Conclusion

Resection and reconstruction of the distal femur or proximal tibia by hinged prosthesis is difficult, incurring complications and failures. The patient needs to be informed, and multidisciplinary preoperative discussion should precede surgery.
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Table 1 .

 1 Tumor histology

	Histology	n
	Osteosarcoma	90 (56%)
	Chondrosarcoma	31 (19%)
	Giant cell tumor	13 (8%)
	Ewing's sarcoma	4 (3%)
	Metastasis	3 (2%)
	Other	20 (12%)
	Total	161

Table 3 . Complications of hinged knee reconstruction prostheses following Henderson et al. [5,12]: distal femur and proximal tibia.
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	Complication	Hinged knee prosthesis n = 161	Distal femur n = 118	Proximal tibia n = 43	p*	OR** (distal femur)	OR** (proximal tibia)
	Type 1: Soft-tissue involvement	25 (16%)	16 (14%)	9 (21%)	0.32	0.6 (0.2-1.5)	1.7 (0.7-4.2)
	A: Functional	12	7	4			
	B: Cover	13	9	5			
	Type 2: Aseptic loosening	30 (19%)	16 (14%)	14 (33%)	0.01	0.3 (0.1-0.7)	3 (1.3-7.1)
	A: <2 years	4	2	2			
	B: >2years	26	14	12			
	Type 3: Prosthetic or periprosthetic fracture	22 (14%)	13 (11%)	9 (21%)	0.12	0.5 (0.2-1.2)	2.1 (0.8-5.4)
	A: Implant	9	7	2			
	B: Bone	13	6	7			
	Type 4: Deep infection	25 (16%)	15 (13%)	10 (23%)	0.14	0.5 (0.2-1.2)	2.1 (0.8-5.1)
	A: <2 years	13	7	6			
	B: >2years	12	8	4			
	Type 5: Local tumor recurrence	7 (4%)	5 (4%)	2 (5%)	1	0.9 (0.2-4.9)	1.1 (0.2-5.9)
	A: Soft tissue	1	1	0			
	B: Bone	6	4	2			
	Prosthesis with ≥1 revision procedure						
	Type 1 to 5	79 (49%)	51 (43%)	28 (65%)	0.02	0.4 (0.2-0.8)	2.4 (1.2-5.1)
	Type 2 to 4	59 (37%)	36 (31%)	23 (54%)	0.009	0.4 (0.2-0.8)	2.6 (1.3-5.4)
	Values reported as number (%)						
	* Fisher exact test						
	**OR: odds ratio (95% confidence interval)						

Table 4 . Hinged knee reconstruction prosthesis failure according to complications on Henderson et al. classification [5,12]: distal femur and proximal tibia.
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	Failure	Hinged knee prosthesis n = 161	Distal femur n = 118	Proximal tibia n = 43	p*	OR** (distal femur)	OR** (proximal tibia)
	Type 1: Soft-tissue involvement	1	0	1			
	A: Functional	1	0	1			
	B: Cover	0	0	0			
	Type 2: Aseptic loosening	25	15	10	0.14	0.5 (0.2-1.2)	2.1 (0.9-5.1)
	A: <2 years	5	2	3			
	B: >2years	20	13	7			
	Type 3: Prosthetic or periprosthetic fracture	8	5	3	0.44	0.6 (0.1-2.6)	1.7 (0.4-7.5)
	A: Implant	5	3	2			
	B: Bone	3	2	1			
	Type 4: Deep infection	12	7	5	0.3	0.5 (0.1-1.6)	2.1 (0.6-7)
	A: <2 years	7	3	4			
	B: >2years	5	4	1			
	Type 5: Local tumor recurrence	5	3	2	0.6	0.5 (0.09-3.3)	1.9 (0.3-11.6)
	A: Soft tissue	0	0	0			
	B: Bone	5	3	2			
	Total						
	Type 1+2+3+4+5	51 (32%)	30 (25%)	21 (49%)	0.007	0.7 (0.2-0.7)	2.8 (1.35-5.8)
	Values reported as number (%)						
	* Fisher exact test						
	**OR: odds ratio (95% confidence interval)						

Table 5 . Failure of distal femoral and proximal tibial hinged knee reconstruction prosthesis according to certain variables
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	Variable	Hinged knee prosthesis	Distal femur	Proximal tibia	p*	OR** (distal femur)	OR** (proximal
		n = 161	n = 118	n = 43			tibia)
	Transarticular resection						
	Failures	38	23	15	0.01	0.3 (0.1-0.8)	3.2 (1.3-7.5)
	Extra-articular resection						
	Failures	13	7	6	0.3	0.5 (0.1-1.8)	2.1 (0.5-8.4)
	Modular implant						
	Failures	28	17	11	0.02	0.3 (0.1-0.8)	3.3 (1.3-8.9)
	Custom implant						
	Failures	23	13	10	0.26	0.5 (0.2-1.5)	2 (0.7-6.0)
	Chemotherapy						
	Failures	33	18	15	0.04	0.4 (0.2-0.9)	2.6 (1.1-6.3)
	Hydroxyapatite collar						
	Failures type 2	14	2	3	0.06	0.1 (0-1)	6.7 (1.0-43.3)
	Lambeau						
	Failures type 4	7	2	4	0.6	1.9 (0.3-13.1)	0.5 (0.1-3.5)
	Values reported as number (%)						
	* Fisher exact test						
	**OR: odds ratio (95% confidence interval)						
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