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Introduction

Lateral compartment tibiofemoral osteoarthritis (LCOA) is less frequent than medial compartment involvement [START_REF] Scott | Lateral compartment osteoarthritis of the knee: Biomechanics and surgical management of end-stage disease[END_REF][START_REF] Heyse | Lateral unicompartmental knee arthroplasty: a review[END_REF] and is induced by various factors: genu valgum and lateral condyle hypoplasia, fracture sequelae, condylar aseptic osteonecrosis, or lateral meniscectomy [START_REF] Scott | Lateral compartment osteoarthritis of the knee: Biomechanics and surgical management of end-stage disease[END_REF][START_REF] Weidow | Lateral osteoarthritis of the knee. Etiology based on morphological, anatomical, kinematic and kinetic observations[END_REF]. In case of failure of medical treatment and an osteoarthritis stage too advanced to be managed by osteotomy, knee arthroplasty has to be considered.

Unicompartmental knee arthroplasty (UKA) was developed in the second half of the 20 th century [START_REF] Shetty | The evolution of total knee arthroplasty. Part 1: introduction and first steps[END_REF], with early series reporting elderly patients; outcomes were poorer than with total knee arthroplasty (TKA) or osteotomy in younger patients [START_REF] Deschamps | Fixed-bearing unicompartmental knee arthroplasty. Patients' selection and operative technique[END_REF][START_REF] Ashraf | Lateral unicompartmental knee replacement: survivorship and clinical experience over 21 years[END_REF][START_REF] Geller | Unicompartmental knee arthroplasty: a controversial history and a rationale for contemporary resurgence[END_REF][START_REF] Koh | Predictive factors for satisfaction after contemporary unicompartmental knee arthroplasty and high tibial osteotomy in isolated medial femorotibial osteoarthritis[END_REF]. More precise analysis of the anatomy and biomechanics of each compartment [START_REF] Weidow | Lateral osteoarthritis of the knee. Etiology based on morphological, anatomical, kinematic and kinetic observations[END_REF][START_REF] Servien | Tibial component rotation assessment using CT scan in medial and lateral unicompartmental knee arthroplasty[END_REF][START_REF] Kaya Bicer | Sagittal flexion angle of the femoral component in unicompartmental knee arthroplasty: is it same for both medial and lateral UKAs?[END_REF][START_REF] Williams | Understanding tibio-femoral motion[END_REF][START_REF] Rivière | Kinematic alignment technique for medial OXFORD UKA: An in-silico study[END_REF][START_REF] Kim | Postoperative alignment but not femoral coronal bowing is a significant longevity factor after total knee arthroplasty[END_REF] then allowed long-term results for UKA that were as good as for TKA in terms of implant survivorship, with lower morbidity and better functional scores [START_REF] Deroche | High Survival Rate and Very Low Wear of Lateral Unicompartmental Arthroplasty at Long Term: A Case Series of 54 Cases at a Mean Follow-Up of 17 Years[END_REF][START_REF] Ode | Fewer complications after UKA than TKA in patients over 85 years of age: A case-control study[END_REF][START_REF] Lustig | Progression of medial osteoarthritis and long term results of lateral unicompartmental arthroplasty: 10 to 18 year follow-up of 54 consecutive implants[END_REF][START_REF] Van Der List | Patients with isolated lateral osteoarthritis: Unicompartmental or total knee arthroplasty?[END_REF][START_REF] Kim | Differences in Patient-Reported Outcomes Between Unicompartmental and Total Knee Arthroplasties: A Propensity Score-Matched Analysis[END_REF][START_REF] Courtney | Should Medicare Remove Total Knee Arthroplasty From Its Inpatient Only List? A Total Knee Arthroplasty Is Not a Partial Knee Arthroplasty[END_REF][START_REF] Fuchs | Proprioceptive function, clinical results, and quality of life after unicondylar sledge prostheses[END_REF][START_REF] Akizuki | In vivo determination of kinematics for subjects having a Zimmer Unicompartmental High Flex Knee System[END_REF][START_REF] Cartier | Unicondylar knee arthroplasty in middle-aged patients: a minimum 5-year follow-up[END_REF].

These good results were primarily for medial UKA, for which indications are more frequent and data more readily available than for lateral UKA, for which series are rarer and often smaller, although the most recent studies reported results as good as in the medial compartment [START_REF] Deroche | High Survival Rate and Very Low Wear of Lateral Unicompartmental Arthroplasty at Long Term: A Case Series of 54 Cases at a Mean Follow-Up of 17 Years[END_REF][START_REF] Edmiston | Clinical Outcomes and Survivorship of Lateral Unicompartmental Knee Arthroplasty: Does Surgical Approach Matter?[END_REF][START_REF] Ollivier | Lateral unicondylar knee arthroplasty (UKA): contemporary indications, surgical technique, and results[END_REF][START_REF] Walker | Mid-term results of lateral unicondylar mobile bearing knee arthroplasty: a multicentre study of 363 cases[END_REF][START_REF] Newman | Up to 10 year follow-up of the Oxford Domed Lateral Partial Knee Replacement from an independent centre[END_REF][START_REF] Van Der List | Systematic review of medial versus lateral survivorship in unicompartmental knee arthroplasty[END_REF]. The present study hypothesis was that lateral UKA is a reliable option if indications are scrupulously respected and surgical technique is rigorous.

The main endpoint of the study was implant survivorship in a large series of lateral UKA at a minimum 5 years' follow-up. Secondary endpoints comprised functional results, and prevalence, causes and timing of surgical revision.

Material and method

2.1.Population

Six French centers participated in a multicenter retrospective study, including all lateral UKAs performed before September 2014 for which medical records were available.

Indications were for Ahlbäck grade ≥2 isolated LCOA with correction of the intra-articular deformity seen on varus stress X-ray. Contraindications applied in all centers comprised medial compartment osteoarthritis or symptomatic and/or radiologic patellofemoral osteoarthritis, anterior cruciate ligament tear, inflammatory arthropathy, and preoperative flexion contracture >10°. Asymptomatic patellofemoral osteoarthritis in an elderly subject was not a strict contraindication, especially if functional demand was low with multiple comorbidity [START_REF] Yercan | The treatment of patellofemoral osteoarthritis with partial lateral facetectomy[END_REF].

Between 1988 and 2014, 311 lateral UKAs were performed in 295 patients (16 bilateral procedures) in the 6 centers. Twenty-eight patients (for 28 UKAs) died within 5 years; 15 could not be or refused to be contacted and were lost to follow-up. The final series thus comprised 268 lateral UKAs in 252 patients. Population data are shown in Table 1.

2.2.Implants and surgery

Five implant models were used in the centers; Table 2 shows designs and fixation.

Patients were examined by the senior surgeon ahead of surgery, recording ranges of motion on goniometer. Full radiologic work-up included AP and lateral knee views in 30° flexion, Merchant view and pangonometry. Joint deformity correction was checked clinically and on varus stress X-ray. Absence of sagittal laxity was checked clinically and on Lachman test; in case of doubt, laximetry was performed (>10 mm anterior tibial translation contraindicating surgery) or MRI to check central pivot integrity.

All surgeries were performed by senior surgeons using a lateral parapatellar approach.

Anterior tibial tuberosity osteotomy was performed in 6 patients (prior to 1996). Over the study period, minimally invasive surgery was soon introduced, with limited skin incision and arthrotomy. Pneumatic tourniquet and joint drainage were not systematic in all centers. The height of the tibial cut was intentionally limited, and performed under 10-15° internal rotation. The femoral implant was positioned laterally, supported as needed by condylar osteophytes conserved for this purpose. Hypercorrection of lower-limb alignment was systematically avoided, conserving a few degrees' residual valgus. Lateral vertical patellectomy was performed in 30 patients (11.2%); the indication was at the surgeon's discretion, as was closure of the lateral patellar wing at end on procedure; if closed, no tension was applied, to avoid excess pressure in the patellofemoral compartment. Complete weightbearing was authorized; rehabilitation was initiated as of the first postoperative days, without restriction on flexion.

2.3.Data collection

Data were collected retrospectively from medical files covering follow-up. Follow-up was assured by the surgeon at a minimum 3 and 12 months then annually or every 2 years. It comprised interview and clinical examination to assess International Knee Society (IKS) knee and function scores. Patient satisfaction with the implant was assessed on self-administered questionnaire. Repeating the preoperative radiology work-up, a senior surgeon used goniometry or a software application to assess Hip-Knee-Ankle (HKA) angle, tibial and femoral mechanical angles and tibial slope, and checked for periprosthetic radiolucency, polyethylene wear and onset of osteoarthritis in another knee compartment.

For survivorship analysis, failure was defined by all-cause surgical revision. Early and late complications were recorded to analyze time to onset and etiology.

To assess implant effect, comparison was made between resurfacing or onlay (n = 91, 34.0%: all HLS Uni Evolution, Tornier), and inset (with major cutting) (n = 177, 66.0%: the other 4 models). To assess fixation effect, comparison was made between non-cemented implants (n = 80, 29.9%: all Alpina Uni, Biomet) and cemented implants (n = 188, 70.1%: the other 4 models).

2.4.Statistics

Statistical analysis used Easy MedStat© software (www.easymedstat.com; Neuilly-Sur-Seine; France). Mann-Whitney U, Fisher and chi² tests were used to compare peri-and post-operative data between groups. Survivorship was estimated following Kaplan-Meier.

The main endpoint was overall implant survivorship; secondary endpoints comprised IKS knee and function score, maximal flexion, and satisfaction. Continuous variables were reported as mean ± standard deviation (range). The significance threshold was set at p < 0.05.

Results

3.1.Clinical results

Mean follow-up was 9.1 years (range, 5 -23 years). There were 39 revision surgeries (14.6%: group R1). Figure 1 shows the survival curve; with all-cause revision as failure; overall implant survivorship was 85.4% at 10 years and 79.4% at 20 years. Mean time to revision was 5.1 years. No patients underwent repeat revision, except for 1 case of 2-stage exchange for sepsis.

At last follow-up, 229 implants were still in place, without revision (85.4%: group R0). Mean IKS knees score was 87.0 ± 10.9 (range, 45 -100) and mean function score 80.2 ± 14.3 (range, 30 -100). Mean maximum flexion was 125 ± 11° (range, 85 -140°). 94.3% of patients were satisfied or very satisfied.

Table 3 shows reasons for revision, in decreasing order of frequency. Table 4 shows radiologic results.

3.2.Impact of age and BMI

There was no significant inter-group difference in body-mass index (BMI): 25.6 ± 3.6 kg/m 2 in R1, and 26.1 ± 3.3 kg/m 2 in R0; p = 0.430), or age (68.1 ± 10.4 years in R1, and 68.9 ± 10.6 years in R0; p = 0.7406). Subgroup analysis showed non-significant trends for higher risk of revision surgery in younger subjects (p = 0.394) and in case of high BMI (p = 0.9255).

3.3.Impact of implant model

There was no significant impact of implant model on revision-free survival: 84.6% (77 implants) for resurfacing, and 85.9% (152 implants) for inset (p = 0.6198); likewise for postoperative HKA angle (p = 0.1638) and limb alignment correction (difference between pre-and post-operative HKA angle: p = 0.9246).

Mean femoral mechanical angle was 93.1 ± 2.3° (range, 87 -98°) preoperatively in the onlay group and 94.6 ± 2.4° (range, 90 -102°) in inset (p = 0.0704); postoperative values were 89.3 ± 3.2° (85 -92°) and 93.2 ± 2.6° (88 -99°), respectively (p < 0.0001).

3.4.Impact of type of fixation

Revision-free survival was 84.6% (159 implants) for cemented implants and 87.5% (70 implants) for non-cemented implants (non-significant: p = 0.5342) (Table 5). In contrast, there were significant differences in alignment correction (HKA angle) and IKS knee and function scores, in favor of cemented implants.

Discussion

4.1.Survivorship and satisfaction

The main study hypothesis was confirmed. Lateral UKA survivorship was 85.4% at 10 years' follow-up, and 79.4% at 20 years, which was satisfactory and in agreement with the literature. To our knowledge, this was the only study assessing results in a large series (> 100 implants) at long follow-up (> 5 years) (Table 6). Weston-Simons et al. reported results in 265 lateral UKAs, with a 4.5% revision risk at a mean 4 years and 92.1% 8-year survivorship [START_REF] Pandit | The mid-term outcomes of the Oxford Domed Lateral unicompartmental knee replacement[END_REF]. Walker et al. reported similar findings in 363 implants, with 90.1% survival at a mean 3 years and 85% at 5 years [START_REF] Walker | Mid-term results of lateral unicondylar mobile bearing knee arthroplasty: a multicentre study of 363 cases[END_REF]. Van der List et al., in a review of the literature on lateral UKA, reported 93.2%, 91.4% and 89.4% survival at respectively 5, 10 and 15 years, without significant difference from medial UKA [START_REF] Van Der List | Systematic review of medial versus lateral survivorship in unicompartmental knee arthroplasty[END_REF].

UKA provides definitive treatment in the compartment involved, with lower morbidity than TKA [START_REF] Ode | Fewer complications after UKA than TKA in patients over 85 years of age: A case-control study[END_REF][START_REF] Rougraff | A comparison of tricompartmental and unicompartmental arthroplasty for the treatment of gonarthrosis[END_REF][START_REF] Dao | Blood management in enhanced recovery after hip and knee replacement[END_REF], and avoiding treating healthy compartments (Fig. 2). Osteoarthritis progression in other compartments was shown to be the main complication and cause of revision surgery [START_REF] Ashraf | Lateral unicompartmental knee replacement: survivorship and clinical experience over 21 years[END_REF][START_REF] Deroche | High Survival Rate and Very Low Wear of Lateral Unicompartmental Arthroplasty at Long Term: A Case Series of 54 Cases at a Mean Follow-Up of 17 Years[END_REF][START_REF] Argenson | Long-term Results With a Lateral Unicondylar Replacement[END_REF][START_REF] Van Der List | Why Do Lateral Unicompartmental Knee Arthroplasties Fail Today?[END_REF], as confirmed in the present series. Depending on whether involvement is uni-or bi-compartmental (medial tibiofemoral and/or patellofemoral) medial UKA [START_REF] Pandit | Lateral unicompartmental knee replacement for the treatment of arthritis progression after medial unicompartmental replacement[END_REF] or a patellofemoral implant [START_REF] Magnussen | Simultaneous Unicompartmental Knee Arthroplasty and Lateral Patellar Facetectomy for Bicompartmental Degenerative Disease[END_REF][START_REF] Parratte | Long-term results of compartmental arthroplasties of the knee: Long term results of partial knee arthroplasty[END_REF][START_REF] Argenson | The new arthritic patient and arthroplasty treatment options[END_REF][START_REF] Kamath | Minimum two-year outcomes of modular bicompartmental knee arthroplasty[END_REF][START_REF] Heyse | UKA in combination with PFR at average 12-year follow-up[END_REF] may be associated without revision of the lateral UKA, or else conversion to TKA can be performed [START_REF] Citak | Modes of failure and revision of failed lateral unicompartmental knee arthroplasties[END_REF][START_REF] Sierra | Revision of unicompartmental arthroplasty to total knee arthroplasty: not always a slam dunk![END_REF] (Fig. 3). For allpolyethylene tibial implants, without sepsis or loosening, tibial revision does not always involve removal, as the TKA metal tibial plateau can be sealed to the polyethylene, after cutting by oscillating saw if necessary [START_REF] Lustig | Progression of medial osteoarthritis and long term results of lateral unicompartmental arthroplasty: 10 to 18 year follow-up of 54 consecutive implants[END_REF].

Although not significant in the present study, revision risk tends to be higher in younger patients (< 50 years). This often concerns post-traumatic or post-meniscectomy osteoarthritis in patients with high functional demand and long life-expectancy at surgery. In the elderly, UKA is associated with good satisfaction even with moderate functional scores.

The revision rate is low, and the aim is primarily analgesic in patients seeking to recover autonomy, and complex or iterative surgery is avoided.

4.2.Biomechanics and choice of implant

UKA treats only intra-articular deformity. Ligament rebalancing should not be attempted, as the implant is inserted in the "ligament envelope" [START_REF] Newman | Up to 10 year follow-up of the Oxford Domed Lateral Partial Knee Replacement from an independent centre[END_REF]. The risk of hypercorrection is now well-known [START_REF] Deschamps | Fixed-bearing unicompartmental knee arthroplasty. Patients' selection and operative technique[END_REF][START_REF] Ashraf | Lateral unicompartmental knee replacement: survivorship and clinical experience over 21 years[END_REF][START_REF] Lustig | Progression of medial osteoarthritis and long term results of lateral unicompartmental arthroplasty: 10 to 18 year follow-up of 54 consecutive implants[END_REF][START_REF] Wen | Effects of Lower Limb Alignment and Tibial Component Inclination on the Biomechanics of Lateral Compartment in Unicompartmental Knee Arthroplasty[END_REF][START_REF] Kinsey | Disease Progression After Lateral and Medial Unicondylar Knee Arthroplasty[END_REF] and needs systematic checking, especially in the lateral compartment where physiological ligament compliance is greater than in the medial compartment [START_REF] Deschamps | Fixed-bearing unicompartmental knee arthroplasty. Patients' selection and operative technique[END_REF][START_REF] Pandit | Lateral unicompartmental knee replacement for the treatment of arthritis progression after medial unicompartmental replacement[END_REF][START_REF] Fiocchi | Medial vs lateral unicompartmental knee arthroplasty: clinical results[END_REF]. Extra-articular tibial or femoral deformities are not corrected, which needs to be taken into account. Large deformity (>15°) may incur excessive mechanical stress on the implant with unacceptable risk of early wear or loosening [START_REF] Deschamps | Fixed-bearing unicompartmental knee arthroplasty. Patients' selection and operative technique[END_REF], in which case osteotomy of TKA may be considered.

LCOA mainly affects the femoral side [START_REF] Scott | Lateral compartment osteoarthritis of the knee: Biomechanics and surgical management of end-stage disease[END_REF][START_REF] Ollivier | Lateral unicondylar knee arthroplasty (UKA): contemporary indications, surgical technique, and results[END_REF]. Valgus morphotype is often associated with lateral condyle hypoplasia with internal derotation deficit, in which case resurfacing UKA (onlay) is beneficial. With less bone resection in preparing the femur, the condylar implant occupies a relatively greater volume and the femoral mechanical angle is closer to 90°, as found to be significant in the present study. This anatomic particularity of the lateral compartment needs to be taken into account by using either a resurfacing implant or an inset implant with economic distal resection; this limits the risk of ascension of the lateral femorotibial joint-line. In case of non-dysplastic condyle and normal alignment, as in LCOA secondary to lateral meniscectomy, inset UKA is indicated, to avoid hypercorrection.

However, in the present study, this showed no impact on overall alignment or implant survivorship.

The contribution of cementing could not be determined in the present study, which found no difference in survivorship between cemented and non-cemented implants, although cemented implants were associated with significantly better alignment. The large proportion of resurfacing implants among the cemented implants may partly account for this, although analysis of HKA between onlay and inset implants found no significant difference. Cemented implants also showed better postoperative clinical scores; however, we did not have the preoperative values to check inter-group comparability.

4.3.Specific lateral compartment surgery technique

In the tibia, cut height should be minimized, at 5 mm maximum, especially if an inset femoral implant is used. The tibial component will be supported by a larger surface, with better mechanical resistance if the cut is not too deep; it should show downward and outward frontal inclination, so that the femoral component, naturally oriented along the native condylar axis, is perfectly perpendicular and lies flat on the tibial surface. The sagittal cut should be in internal rotation to avoid impingement of the femoral component with the spinal bones in knee extension and with the patella in flexion [START_REF] Deschamps | Fixed-bearing unicompartmental knee arthroplasty. Patients' selection and operative technique[END_REF][START_REF] Hernigou | Patellar impingement following unicompartmental arthroplasty[END_REF], and the slope in the sagittal plane should conform to the physiological preoperative slope of the lateral plateau, enough to allow good flexion, but not excessive, so as to prevent anterior tibial translation, which would exert stress on the anterior cruciate ligament.

In the femur, in the frontal plane, the implant should be positioned very laterally, supported by the condylar osteophytes, spared for that purpose. The implant should be in external rotation when the knee is in flexion, to avoid slippage in extension (frontal tilt of the implant on its edge) induced by the "screw-home" mechanism, which consists in combined rolling and slippage of the lateral condyle with respect to the lateral tibial plate, locking the knee in the last 20° of extension [START_REF] El-Yussif | A Technique for Lateral Unicompartmental Arthroplasty: A Road Less Traveled[END_REF].

Surgery is not always performed on the patellofemoral joint. In the present series, symptomatic osteoarthritis counted as a contraindication to UKA. However, moderate asymptomatic osteoarthritis in elderly subjects was not a strict contraindication, as several authors showed that lateral vertical patellectomy can be associated to lateral UKA [START_REF] Van Der List | Systematic review of medial versus lateral survivorship in unicompartmental knee arthroplasty[END_REF][START_REF] Yercan | The treatment of patellofemoral osteoarthritis with partial lateral facetectomy[END_REF][START_REF] Magnussen | Simultaneous Unicompartmental Knee Arthroplasty and Lateral Patellar Facetectomy for Bicompartmental Degenerative Disease[END_REF].

4.4.Biases

The study was retrospective, which may have induced bias in the collation of sometimes old data. The inclusion period was enormous (26 years), and surgical techniques have changed during that time (6 patients with ATT osteotomy), as have rehabilitation protocols. This bias, however, was limited, as the data were collected prospectively over follow-up and the main endpoint (survivorship) was uninfluenced by the retrospective design.

The multicenter design introduced possible inter-observer bias in surgical technique and postoperative human and material resources; notably, 5 different implant models were used, differing in materials and biomechanical design.

Mortality was non-negligible, but there was little loss to follow-up (some elderly patients who would or could not travel).

Conclusion

Lateral UKA showed a respectable level of long-term implant survivorship and an excellent rate of satisfaction. The main cause of revision surgery was osteoarthritis progression in other compartments; it is therefore crucial to respect surgical indications, with rigorous technique. 
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Table 1 : Population data (n = 268)

 1 

	Implants	HLS Uni Evolution®	Alpina Uni®	ZUK®	Sigma HP® Uni Score®
	Number	91 (34.0%)	80 (29.9%)	78 (29.1%)	15 (5.6%)	4 (1.5%)
	Type of femur	Onlay	Inset	Inset	Inset	Inset
	Type of tibia	Full PE	MB	MB	MB	MB
	Interface	Cement	Cementless	Cementless Cementless Cementless
	Type of PE	Fixed	Fixed	Fixed	Fixed	Fixed

BMI: body-mass index; LCOA: lateral compartment osteoarthritis; AON: aseptic osteonecrosis

Table2: Implants, designs and types of fixation PE: polyethylene; MB: Metal-back