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Introduction

Genu recurvatum is a deformity in the knee joint. In this deformity, excessive extension occurs in the tibiofemoral joint. It is more common in women and people with ligamentous laxity. Severe genu recurvatum, greater than 10° hyperextension, is a rare and occurs in less than 1% of people preoperatively in a total knee arthroplasty (TKA) [START_REF] Krackow | Recurvatum deformity complicating performance of total knee arthroplasty. A brief note[END_REF][START_REF] Meding | Total knee replacement in patients with genu recurvatum[END_REF]. However, this may be an underestimate as Seo et al have observed a genu recurvatum (greater than 5°) in 11.8% of patients undergoing TKA when measured with a navigation system [START_REF] Seo | Outcomes of total knee arthroplasty in degenerative osteoarthritic knee with genu recurvatum[END_REF]. Genu recurvatum may be congenital [START_REF] Laurence | Genu recurvatum congenitum[END_REF] or present with global pathology such as paralysis [START_REF] Appasamy | Treatment strategies for genu recurvatum in adult patients with hemiparesis: a case series[END_REF], poliomyelitis [START_REF] Giori | Total knee arthroplasty in limbs affected by poliomyelitis[END_REF][START_REF] Tigani | Total knee arthroplasty in patients with poliomyelitis[END_REF][START_REF] Jordan | Total knee arthroplasty in patients with poliomyelitis[END_REF], rheumatoid arthritis or associated with other knee deformities. Symptomatic recurvatum can be managed surgically prior to arthroplasty, with flexion osteotomy [START_REF] Gaskill | Anterolateral Proximal Tibial Opening Wedge Osteotomy to Treat Symptomatic Genu Recurvatum with Valgus Alignment: A Case Report[END_REF][START_REF] Song | Single-Stage Corrective Osteotomies for Multiple Angular Deformities Around the Knee Joint with Patellar Instability in a Patient with Multiple Epiphyseal Dysplasia: A Case Report[END_REF]. However, symptomatic recurvatum is often associated with advanced osteoarthritis (OA) requiring arthroplasty. Unicompartimental knee arthroplasty may be consider [START_REF] Jiang | Early Outcomes of Unicompartmental Knee Arthroplasty in Patients With Preoperative Genu Recurvatum of Non-neurological Origin[END_REF], but commonly bi or tricompartmental OA is present and TKA is the appropriate option.

TKA in genu recurvatum is technically demanding surgery and the risk of instability with a posterior stabilized TKA is significant [START_REF] Baldini | The difficult primary total knee arthroplasty: a review[END_REF]. Preoperative genu recurvatum greater than 10° requires correction in TKA due to the risk of dislocation or instability. Rare exceptions to not correct are poliomyelitis or paralysis, where the mild recurvatum (5-10° maximum) is required to compensate for inefficient quadriceps power and be able to walk. The surgical techniques required for minimal constraint TKA in genu recurvatum greater than 10° are unique to the deformity. The last option is a fully constrained rotating hinged TKA to avoid knee instability. Very few studies have reported outcomes after TKA in genu recurvatum. Existing literature is limited by both the low incidence and short follow up. This includes studies with genu recurvatum greater than 5° [START_REF] Meding | Total knee replacement in patients with genu recurvatum[END_REF][START_REF] Seo | Outcomes of total knee arthroplasty in degenerative osteoarthritic knee with genu recurvatum[END_REF][START_REF] Whiteside | Surgical procedure for flexion contracture and recurvatum in total knee arthroplasty[END_REF][START_REF] Mullaji | Computer-assisted total knee replacement in patients with arthritis and a recurvatum deformity[END_REF].

The aim of this study was to evaluate the clinical outcomes of posterior stabilized TKA with preoperative severe recurvatum (≥ 10°) at a long term follow up (≥ 5 years), compared to TKA without preoperative recurvatum. Radiographic results and complication rates were also assessed. The hypothesis was that, with a specific surgical technique, the outcomes of posterior stabilized TKA in severe recurvatum are similar to TKA without recurvatum.

Material and methods

Patients

This study is a retrospective case control study which analyzed a prospective database of primary TKA. Of 4217 patients who underwent primary TKA over 28 years (1987 to 2015) 41 patients were in recurvatum greater than or equal to 10°. Inclusion criteria were primary posterior stabilized TKA, with a preoperative recurvatum greater than or equal to 10°, without an associated procedure (e.g. tibial tubercle osteotomy, tibial or femoral osteotomy) and with follow-up greater than 5 years. Exclusion criteria were neurological etiologies of genu recurvatum of paralysis or poliomyelitis.

For each case two control patients were matched by age and body mass index (BMI). All control patients had a primary posterior stabilized TKA without preoperative recurvatum deformity or an associated surgical procedure. With these criteria 32 TKA in recurvatum were identified, and 64 control TKA were matched (Figure 1). In the 32 TKA on recurvatum, 4 patients had a recurvatum superior to 10°.

The two groups were comparable for age, BMI, gender, preoperative functional scores (IKS score) and HKA angle. The demographic data is described in the Table 1.

Assessed data

All data including operative reports, pre-and post-operative clinical and radiographic data were prospectively collected in a computer database. All patients had standardized preoperative and postoperative clinical and radiological follow-up at 2 and 12 months after surgery with their surgeon, then every 2 years. The Knee Society Scale (KSS) [START_REF] Debette | French adaptation of the new Knee Society Scoring System for total knee arthroplasty[END_REF] and range of motion (ROM) were collected at the last follow-up. Recurvatum was measured by a single surgeon, using a goniometer. Radiographic evaluation consisted of an anteroposterior and lateral view of the operated knee, a skyline view of the patella at 45° of knee flexion, and a long leg radiograph to assess mechanical axis.

Coronal alignment was determined radiographically at each review using a long leg radiograph to measure mFTA (mechanical FemoroTibial Angle), mechanical Tibial Angle (mTA) and mechanical Femoral Angle (mFA). Radiological loosening was defined as a progressive radiolucent line greater than 2mm. All local and systemic complications resulting from the surgery were documented and recorded in the database according to the standardized list and definitions of the Knee Society [START_REF] Healy | Complications of total knee arthroplasty: standardized list and definitions of the Knee Society[END_REF].

Surgery

The same prosthesis was used in both groups: cemented posterior-stabilized TKA (Tornier-Corin©, 38330 Montbonnot Saint Martin, FRANCE). This implants posterior stabilization is from a third condyle, the design of which has been previously described [START_REF] Gaillard | Total knee implant posterior stabilised by a third condyle: Design evolution and post-operative complications[END_REF].

The surgical technique used posterior referencing for the femur. The tibial was cut first followed by the posterior femoral cut. Balancing was performed in flexion then checked in extension with a tensor before the distal femoral cut was performed. In severe genu recurvatum, the extension gap needs to be decreased compared to the flexion gap. To achieve this the distal femoral cut is distalised while the posterior femoral and the tibial cuts are performed as usual.

One of the characteristics of this implant is that the tibial and posterior femoral cuts to determine the flexion gap are performed first. The distal femoral cut is then assessed with a soft tissue tensor in extension (Figure 2). The distal femoral cut can be decreased with the tensor to obtain full extension without recurvatum. The distal femoral cut in the recurvatum group was decreased on average of 2.4mm ±0.5 [1;4]. The initial tibial cut at the beginning should be conservative to allow for recuts depending on trial flexion and extension balancing. All implants were cemented. The patella was resurfaced in all cases.

Ethics

All procedures were performed in accordance with the ethical standards of the institutional and national research committees, the 1964 Helsinki declaration and its later amendments, or comparable ethical standards. As per institutional standards, formal patient consent is not required for this type of study. The French advisory committee on health research data processing (Comité Consultatif sur le Traitement de l'Information en matière de Recherche dans le domaine de la Santé, CCTIRS) approved this study initially in 24 January 2012 and 9

March 2015 (approval #11-681).

Statistical analysis

Statistical analysis was performed using the XL STAT software. Categorical outcomes were compared using Fisher's exact test and chi-squared test. Normally distributed continuous variables were compared using Student t-test. The survival rates were calculated using the Kaplan-Meier method with a 95% confidence interval based on the following end points: implant removal. A p value < 0.05 was considered statistically significant for all analysis.

Funding source

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Results

Functional and radiological results

The mean follow-up was 7.4 years ±1.9 [5;13.3] for the recurvatum group and 7.5 years ±2.2 [5;14.8] for the control group. There was no significant difference.

At the last follow-up, there was no significant difference in IKS functional score (77.5 vs 73.4 ; p=0.50) and knee score (86.6 vs 89.5 ; p=0.37) between the recurvatum and control groups respectively. There were 6 patients with a post-operative recurvatum equal or superior to 10° in the recurvatum group (18.8% versus 0%, resp. ; p=0.001). There was no significant difference in flexion between groups (Table 2). No coronal clinically significant laxity was in either group. There was no correlation between the functional scores and the degree of postoperative recurvatum in the recurvatum group.

There was no significant difference of radiologic results (femorotibial mechanical alignment or radiological loosening) between either group (Table 2).

Complications (Table 3)

At the last follow up, there were 15.6% of complications in the recurvatum group and 20.3% in the control group with no significant difference (p=0.579). The revision rates with implant was 9.4% in the recurvatum group (n=3) versus 4.7% in the control group (n=3) and were not significantly different. In the recurvatum group, all implants revisions were for pain caused by oversizing or malpositioning. No patient had a revision for instability in the recurvatum group. In the control group, one patient had implant revision for instability. The other two revisions were for aseptic loosening and polyethylene wear separately.

Survival analysis

The survival rate in the recurvatum group was 98.4% at 10 years of follow-up. The survival rate in the control group was 96.3% at 10 years of follow-up. No significant difference was found.

Discussion

The main finding of this study was that the clinical and radiological outcomes of posterior stabilized TKA with a severe preoperative recurvatum were similar to TKA without preoperative recurvatum.

Four studies have evaluated the results of cruciate retaining or posterior stabilized TKA in genu recurvatum without poliomyelitis (Table 4). The main difference is that the recurvatum group in this study was greater than 10° while those in the literature also included lesser recurvatum between 5 and 10°. However, the greater recurvatum in this group results are similar with good outcomes at mid or short term, with a significant improvement of knee scores postoperatively [START_REF] Meding | Total knee replacement in patients with genu recurvatum[END_REF][START_REF] Whiteside | Surgical procedure for flexion contracture and recurvatum in total knee arthroplasty[END_REF][START_REF] Mullaji | Computer-assisted total knee replacement in patients with arthritis and a recurvatum deformity[END_REF]. The most comparative study by Seo et al. included both posterior stabilized and cruciate retaining navigated TKA in genu recurvatum (mean recurvatum of 8.3°, 25% greater than 10°) with a mean follow-up of 33 months [START_REF] Seo | Outcomes of total knee arthroplasty in degenerative osteoarthritic knee with genu recurvatum[END_REF]. They didn't find any difference in the postoperative PROMs between the control or recurvatum groups.

Post-operative recurvatum was higher in the recurvatum group in this study. This difference in mean recurvatum was clinically not relevant. However, 6 patients had a recurvatum greater than 10° at last follow up without instability in the recurvatum group.

Several authors have reported no recurrence of recurvatum at the follow-up [START_REF] Seo | Outcomes of total knee arthroplasty in degenerative osteoarthritic knee with genu recurvatum[END_REF][START_REF] Whiteside | Surgical procedure for flexion contracture and recurvatum in total knee arthroplasty[END_REF][START_REF] Mullaji | Computer-assisted total knee replacement in patients with arthritis and a recurvatum deformity[END_REF]. Meding et al. [START_REF] Meding | Total knee replacement in patients with genu recurvatum[END_REF] reported only 2 TKA with post-operative recurvatum of 10° of 57 cruciate retaining TKA in recurvatum. However, the two knees with a recurvatum of 10° had also a medial instability with laxity between 5° and 10° [START_REF] Meding | Genu recurvatum in total knee replacement[END_REF]. Meding et al. have reported that final extension was statistically greater in knees with residual medial instability at the end of the operation. Krackow and Weiss observed the same relation between recurvatum and coronal laxity [START_REF] Krackow | Recurvatum deformity complicating performance of total knee arthroplasty. A brief note[END_REF]. In this study no medial laxity has been found, which could explain the persistence of recurvatum for the 6 patients. However, the other studies included less severe recurvatum between 5 and 10°. A genu recurvatum of 5° is clinically less relevant, and may be considered physiological. This makes it difficult to compare the results in literature with the severe recurvatum in this study. Insall and Haas also reported that a TKA that does not hyperextend intra-operatively would not develop recurvatum later unless there was lack of muscle control or significant frontal laxity [START_REF] Insall | Complications of Total Knee Arthroplasty[END_REF].

The persistence of a recurvatum post TKA may impact knee function outcome [START_REF] Siddiqui | Function and quality of life in patients with recurvatum deformity after primary total knee arthroplasty: a review of our joint registry[END_REF].

Often osteoarthritis in severe recurvatum is managed with a hinged TKA [START_REF] Cameron | Hinged total knee replacement: indications and results[END_REF] with the increased constraint avoiding postoperative instability. Several studies have reported that a low constraint design can be used in most recurvatum cases [START_REF] Meding | Total knee replacement in patients with genu recurvatum[END_REF][START_REF] Seo | Outcomes of total knee arthroplasty in degenerative osteoarthritic knee with genu recurvatum[END_REF][START_REF] Whiteside | Surgical procedure for flexion contracture and recurvatum in total knee arthroplasty[END_REF][START_REF] Mullaji | Computer-assisted total knee replacement in patients with arthritis and a recurvatum deformity[END_REF]. However, in severe recurvatum or neurological disorder a hinged TKA is a safe option and should be considered [START_REF] Nishitani | Rotating-hinge total knee arthroplasty in a patient with genu recurvatum after osteomyelitis of the distal femur[END_REF]. Insall warned that paralytic types of recurvatum tend to recur postoperatively and so required a more constrained prosthesis [START_REF] Insall | Complications of Total Knee Arthroplasty[END_REF]. Hinged prosthesis are usually reserved for those with poliomyelitis, however, may still be successfully managed with a posterostabilized design [START_REF] Giori | Total knee arthroplasty in limbs affected by poliomyelitis[END_REF][START_REF] Jordan | Total knee arthroplasty in patients with poliomyelitis[END_REF][START_REF] Patterson | Surgical management of gonarthrosis in patients with poliomyelitis[END_REF][START_REF] Prasad | Outcome of total knee arthroplasty in patients with poliomyelitis: A systematic review[END_REF].

The complications and revisions rates were similar after TKA with or without severe preoperative recurvatum. In a cohort of 57 TKA in recurvatum, Meding et al reported no revisions at a mean follow-up of 4.5 years [START_REF] Meding | Total knee replacement in patients with genu recurvatum[END_REF]. Similar results have been described without complications at short or midterm in particularly no instability [START_REF] Seo | Outcomes of total knee arthroplasty in degenerative osteoarthritic knee with genu recurvatum[END_REF][START_REF] Whiteside | Surgical procedure for flexion contracture and recurvatum in total knee arthroplasty[END_REF][START_REF] Mullaji | Computer-assisted total knee replacement in patients with arthritis and a recurvatum deformity[END_REF].

When performing TKA in genu recurvatum soft tissue procedures or an osteotomy to correct the recurvatum may be considered to obtain stability. Krackow describes collateral ligament posterior transfer and capsular plication to correct the deformity [START_REF] Krackow | Recurvatum deformity complicating performance of total knee arthroplasty. A brief note[END_REF]. But usually correction by changing the femoral and tibial cuts is sufficient during a TKA on recurvatum.

Insall et al. recommended to under-resect the femur and the tibia and use thicker implants [START_REF] Insall | Complications of Total Knee Arthroplasty[END_REF].

Whiteside et al describes a similar method with a smaller resection for the femoral distal cut [START_REF] Whiteside | Surgical procedure for flexion contracture and recurvatum in total knee arthroplasty[END_REF]. Meding et al [START_REF] Meding | Total knee replacement in patients with genu recurvatum[END_REF] did not change the bone resection or component size to achieve good results. Mullaji et al [START_REF] Mullaji | Computer-assisted total knee replacement in patients with arthritis and a recurvatum deformity[END_REF] used an algorithm aided by navigation which was based on the degree of recurvatum and if there was an associated varus/valgus deformity whether to alter proximal tibial and distal femoral resection, perform soft tissue release and/or change component sizing.

Seo et al [START_REF] Seo | Outcomes of total knee arthroplasty in degenerative osteoarthritic knee with genu recurvatum[END_REF] accounted for recurvatum with the use navigation where the thickness of femoral distal cut was smaller (1 to 2mm less than controls), the tibial cut was not modified, the insert thickness was greater (mean 2mm greater than controls). The joint line was raised 2mm in the recurvatum group.

A significant difference was found for the patella height. After TKA in recurvatum, patella height was greater than those without recurvatum. The preoperative difference was not significant. This difference can be explained by the surgical technique where the distal femoral cut is decreased compared to the controls. Thus, there was probably a small modification of the joint line with a distalization of the joint line. There was no apparent clinical or functional impact from this. Seo et al [START_REF] Seo | Outcomes of total knee arthroplasty in degenerative osteoarthritic knee with genu recurvatum[END_REF] did not report a significant patellar height difference which may be accounted by their raised joint line height. Meding et al reported in recurvatum patients no measurable change of TKA joint line in 66% , while 7% were lowered 2 to 3 mm, and 26% were raised between 2 and 5 mm [START_REF] Meding | Total knee replacement in patients with genu recurvatum[END_REF]. Meding et al did not change the thickness of the femoral or tibial cuts to correct recurvatum. This study has several limitations. The low incidence of severe recurvatum despite the high number of TKA in this department results in a low number of patients . However, the sample and control sizes are similar to the few other studies in literature. The recurvatum measurements were done by a single surgeon with a goniometer which can lead to measurement errors. But is routine in the clinical practice and to limit the bias of measurement, only patients with severe recurvatum greater than 10° were included. Only one unique posterior stabilized implant was used in this study and so is difficult to compare with other implants with differing constraints. However, the use of one single implant allows comparison of patients within this study and limits the bias related to the implant design. Long term follow-up will be important to assess the survival rate considering the principles of the correcting the intra-articular deformity is with bone cuts and not soft tissue correction. Particularly in the setting of generalized ligamentous laxity. This case-controlled study is the first in the literature to have assess the outcomes of a single primary posterior stabilized TKA with preoperative recurvatum greater than 10° with follow up of over 5 years.

Conclusion

A posterior stabilized TKA with controlled distalization of the femoral component in severe preoperative recurvatum achieves good clinical and radiological outcomes at a minimum follow-up of 5 years, similar to TKA without preoperative recurvatum. Considered changes in surgical technique that correct the recurvatum can avoid regular use of more constrained implants in those without neuromuscular disorders. 
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 2 Figure 2: Surgical steps: assess the flexion gap after the tibial cut and the femoral posterior cut (2.a); then assess the extension gap before the femoral distal cut (2.b), considering distalization to correct recurvatum (potentially decreasing extension gap to flexion gap).
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