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Prospective randomized study using EBRA-FCA to compare bone fixation between cementless SL-PLUS Zweymüller versus SL-PLUS MIA femoral implants in primary total hip arthroplasty with clinical assessment at a minimum 5 years' follow-up
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Introduction

Sometimes the slightest changes in implant design can lead to failure, even for a validated prosthesis.

A minimally invasive cementless model, the SL-PLUS MIA™, in which the lateral shoulder is eliminated, was developed from the Zweymüller SL-PLUS™ implant. After satisfactory in-vitro tests, it required in-vivo assessment to ensure that bone fixation is good. We therefore conducted a prospective randomized study comparing the two versions of the Zweymüller femoral stem, with the aim of 1) comparing bone fixation up to 2 years' follow-up on EBRA-FCA radiography; and 2) assessing any difference in clinical or radiographic performance.

Hypothesis

Primary stability assessed on EBRA-FCA does not significantly differ between the SL-PLUS MIA TM and SL-PLUS TM implants.

Patients and Method

A single-center multi-surgeon prospective randomized study included 80 patients (79 were operated on) between April 2009 and October 2012, with a mean 6 years' follow-up. Radiographic assessment used the EBRA-FCA application up to 2 years' follow-up; clinical assessment, with a minimum 5 years' follow-up, was performed by a single observer, using the Harris and Oxford-12 scores. The two groups, SL-PLUS™ (n=38) and SL-PLUS MIA™ (n= 41), were comparable in gender, age, indications, body-mass index and preoperative functional status.

Results

At a minimum 2 years' follow-up, 24 SL-PLUS™ and 27 SL-PLUS MIA™ implants were analyzed on EBRA-FCA. Mean migration was respectively -0.3 mm ± 0.8 [range, -1.6 to 1.3] and -0.5 mm ± 0.7 [range, -2.2 to 0.5] (p=0.21). There was likewise no significant difference in varus tilt. The number of ectopic ossifications did not differ, despite the absence of shoulder: 7 with SL-PLUS™ (23%), and 10 with SL-PLUS MIA™ (32%), without clinical impact.

Oxford score improved from 43 ± 6.8 to 19 ± 7 at 5 years' follow-up with SL-PLUS ™ and from 44 ± 8.8 to 20 ± 7.4 with SL-PLUS MIA™: i.e., no significant inter-group difference. Likewise, Harris score at 2 years' follow-up did not differ: 91.6 ± 8.7 and 89.7 ± 10.2, respectively. Implant survival did not differ: SL-PLUS MIA™, 41/41 (100%); SL-PLUS™, 36/38 (94.7%) (p=0.13).

Conclusion

There was no significant difference in fixation quality between the SL-PLUS™ and SL-PLUS MIA™ implants. Elimination of the shoulder did not jeopardize primary or secondary fixation, but neither did it reduce the rate of ossification. The modified Zweymüller implant appeared risk-free at 6 years' followup.

Level of evidence: II, low-power prospective randomized study

1) Introduction

Designed in the 1990s, the cementless SL-PLUS™ implant (Smith & Nephew-Endoplus, Neuilly, France) developed the original design of Karl Zweymüller (Alloclassic, Zimmer-Biomet, Wintertur, Switzerland) [START_REF] Zweymüller | Biologic fixation of a press-fit titanium hip joint endoprosthesis[END_REF]. It is a pyramidal rectangular homothetic corundumized femoral stem. It comes in 2 versions, both of which demonstrated very long-term reliability in several series [START_REF] Pisecky | 30-years of experience with the cementless implanted Alloclassic total hip arthroplasty system-An ultra-long-term follow-up[END_REF][START_REF] Pieringer | Long-term Results of the Cementless ALLOCLASSIC Hip Arthroplasty System Using a 28-mm Ceramic Head: With a Retrospective Comparison to a 32-mm Head[END_REF][START_REF] Pieringer | Long-term results with the cementless Alloclassic brand hip arthroplasty system[END_REF][START_REF] Suckel | Long-term Results for the Uncemented Zweymuller/Alloclassic Hip Endoprosthesis: A 15-Year Minimum Follow-Up of 320 Hip Operations[END_REF][START_REF] Korovessis | High medium-term survivorship and durability of Zweymüller-Plus total hip arthroplasty[END_REF][START_REF] Delaunay | 10-year survival of Zweymüller total prostheses in primary uncemented arthroplasty of the hip[END_REF][START_REF] Veen | Radiographic evaluation of the results of total hip arthroplasty with the cementless Zweymüller endoprosthesis[END_REF][START_REF] Cruz-Pardos | Total hip arthroplasty with use of the cementless Zweymüller Alloclassic System: A concise follow-up, at a minimum of 25 years, of a previous report[END_REF][START_REF] Takigami | Mid-term results of the SL-PLUS femoral prosthesis the influence of femoral bone type[END_REF][START_REF] Weissinger | Results covering 20 years use of the cement-free Zweymüller Alloclassic total endoprosthesis of the hip joint[END_REF]. The "minimally invasive" cementless version SL-PLUS MIA TM eliminated the lateral shoulder of the SL-PLUS TM , intending to enable a smaller surgical approach, less aggressive for the trochanteric bone (Figure 1).

In the past, very slight changes made to validated implants led to failure: neck breakage at the laser etching on the Corail stem [START_REF] Merini | Cementless Corail™ femoral stems with laser neck etching: Long-term survival, rupture rate and risk factors in 295 stems[END_REF], increased loosening of the cemented Charnley-Kerboull stem with mat as compared to polished finish [START_REF] Hamadouche | Minimum 10-year survival of Kerboull cemented stems according to surface finish[END_REF], failure following simple change in connection angle between the two faces and in the alloy used in the Hipstar™ version of the Zweymüller stem [START_REF] Lass | A cementless hip system with a new surface for osseous integration[END_REF]. After satisfactory initial in-vitro tests [START_REF] Bieger | Primary stability of a shoulderless Zweymüller hip stem: a comparative in vitro micromotion study[END_REF], a prospective randomized trial (clinical trial n°: 04-010100-03017;

EUDRACT n°: 2007-A00905-48) was needed to compare the two versions of the cementless SL-PLUS TM stem (classical and MIA) to assess the consequences of the modification in-vivo.

The trial objectives were 1) to compare bone fixation up to 2 years' follow-up on EBRA-FCA radiography; and 2) to assess any difference in clinical or radiographic performance up to 5 years' follow-up. The study hypothesis was that primary stability assessed on EBRA-FCA does not significantly differ between the SL-PLUS MIA TM and SL-PLUS TM implants.

2) Materials and methods

2.1) Patients

A single-center multi-surgeon prospective randomized study included 80 patients between April 2009 and October 2012 in the University Hospital of Lille (France): 56 female (70%), 24 male (30%); mean age at surgery, 72.6 ± 4.8 years [range, 45-79] (Table 1 and Figure 2). Inclusion criteria comprised primary total hip replacement: 77 for primary osteoarthritis, and 3 for aseptic osteonecrosis of the femoral head.

All patients signed an informed consent form.

Exclusion criteria comprised body-mass index (BMI) > 35, history of bone tumor, chronic inflammatory pathology and/or long-course corticosteroids, prosthetic revision surgery, and Charnley C motor disorder. One patient with femoral head necrosis, randomized to SL-PLUS™, was unable to undergo hip surgery due to general health status on the scheduled day. The two groups were comparable for gender, age, indication, BMI, preoperative functional status on Oxford-12 [START_REF] Delaunay | Cross-cultural adaptations of the Oxford-12 HIP score to the French speaking population[END_REF] and Harris [START_REF] Harris | Traumatic arthritis of the hip after dislocation and acetabular fractures: treatment by mold arthroplasty. An end-result study using a new method of result evaluation[END_REF]) scores, and Charnley class [START_REF] Johnston | Clinical and radiographic evaluation of total hip replacement. A standard system of terminology for reporting results[END_REF] (Table 1).

2.2) Methods

All prostheses were implanted via a posterolateral approach with laminar airflow and prophylactic antibiotherapy. The cementless acetabular components were all Polarcup TM dual mobility models (Smith & Nephew, Neuilly, France), with 28-mm head. The femoral stems (SL-PLUS™ or SL-PLUS MIA™, Smith & Nephew, Neuilly, France) were implanted without cementing, prepared using a manual axial hammer in both groups. Surgeon experience ranged from senior registrar to university professor, but all procedures were supervised by a senior surgeon (HM). Complete weight-bearing was authorized and walking was resumed on day 0 or day 1 in all cases.

2.3) Assessment

Primary stability assessment in terms of stem migration used the Ein Blind Roentgen Analyse-Femoral Component Analysis (EBRA-FCA) software application [START_REF] Biedermann | Accuracy of EBRA-FCA in the measurement of migration of femoral components of total hip replacement. Einzel-Bild-Röntgen-Analysefemoral component analysis[END_REF][START_REF] Beaulé | EBRA-FCA for measurement of migration of the femoral component in surface arthroplasty of the hip[END_REF][START_REF] Krismer | The prediction of failure of the stem in THR by measurement of early migration using EBRA-FCA. Einzel-Bild-Roentgen-Analyse-femoral component analysis[END_REF]. This requires radiographs to be digitized, and provides precise and reproducible analysis of positioning using 19 points on the implant and the femur [START_REF] Biedermann | Accuracy of EBRA-FCA in the measurement of migration of femoral components of total hip replacement. Einzel-Bild-Röntgen-Analysefemoral component analysis[END_REF][START_REF] Beaulé | EBRA-FCA for measurement of migration of the femoral component in surface arthroplasty of the hip[END_REF][START_REF] Krismer | The prediction of failure of the stem in THR by measurement of early migration using EBRA-FCA. Einzel-Bild-Roentgen-Analyse-femoral component analysis[END_REF]. Assessment was performed at 6 weeks, 6 months, 1 year and 2 years. EBRA-FCA analysis was performed by an independent observer blind to clinical status.

Radiographic modifications (radiolucent lines, osteolysis, bone atrophy or hypertrophy and periprosthetic ossifications) [START_REF] Johnston | Clinical and radiographic evaluation of total hip replacement. A standard system of terminology for reporting results[END_REF] were assessed systematically at control consultations. Ectopic ossification was monitored on the classification of Brooker et al. [START_REF] Brooker | Ectopic ossification following total hip replacement. Incidence and a method of classification[END_REF].

Oxford-12 [START_REF] Delaunay | Cross-cultural adaptations of the Oxford-12 HIP score to the French speaking population[END_REF] and Harris [START_REF] Harris | Traumatic arthritis of the hip after dislocation and acetabular fractures: treatment by mold arthroplasty. An end-result study using a new method of result evaluation[END_REF] scores were used for clinical assessment, preoperatively and at 6 months, 1 year and 2 years. The Oxford-12 score was also assessed at 6 weeks and 5 years, the latter by telephone, with screening for complications (loosening, dislocation, death).

2.4) Statistics

Randomization used a precise number of plain envelopes sent to the investigative center at Lille University Hospital by the sponsor. When a patient met the inclusion criteria and surgery was decided upon, the envelope was opened, allocating him or her to the SL-PLUS MIA TM or the SL-PLUS TM arm; allocation was not subsequently revised. Sample size was calculated by a test of equivalence of mean migration in the two groups (nQuery 6.0, Statsol Corp. Ireland), indicating 40 patients per group for 80% power and 5% first-order risk, based on 0.5 mm difference in limit of equivalence, 0.7 mm expected standard deviation [START_REF] Biedermann | Accuracy of EBRA-FCA in the measurement of migration of femoral components of total hip replacement. Einzel-Bild-Röntgen-Analysefemoral component analysis[END_REF][START_REF] Beaulé | EBRA-FCA for measurement of migration of the femoral component in surface arthroplasty of the hip[END_REF][START_REF] Krismer | The prediction of failure of the stem in THR by measurement of early migration using EBRA-FCA. Einzel-Bild-Roentgen-Analyse-femoral component analysis[END_REF], α = 5%, β = 80%, and 25% late failure or non-analyzable radiographs.

Quantitative variables were reported as mean and standard deviation or median and interquartile range. Distribution normality was checked graphically and on Shapiro-Wilk test.

Qualitative variables were reported as number and percentage. Qualitative variables were compared between groups on chi² test or, for group size <5, Fisher exact test. Quantitative variables were compared between groups on Student test, or non-parametric Wilcoxon test in case of non-normal distribution. Ordinal variables were compared on Cochran-Armitage trend test. Change in Oxford and Harris scores was assessed on mixed linear models taking account of individual patient effect.

All-cause survival was estimated following Kaplan-Meier and compared between groups on log-rank test.

The significance threshold was set at 0.05. Analyses were performed on SAS software, version 9.4 (SAS Institute, Cary, NC, USA).

3) Results

3.1) Primary stability on the EBRA-FCA protocol

Some radiographs at the various time points were non-interpretable on EBRA-FCA; only 60/72 (83.3%) at 6 months, 58/65 (89%) at 12 months and 51/61 (83.6%) at 2 years were analyzed.

Twenty-four SL-PLUS™ and 27 SL-PLUS MIA TM implants were analyzed at 2 years, with no significant difference in primary implant stability (Table 2): mean migration was respectively -0.3 mm ± 0.8 [range, -1.6 to 1.3] and -0.5 mm ± 0.7 [range, -2.2 to 0.5] (p=0.21). Likewise, there was no significant difference in varus tilt: 0.8° ± 0.8 [range, 0.0 to 3.0] with SL-PLUS™ and 0.4° ± 0.5 [range, 0.0 to 2.3] with SL-PLUS MIA™ (p=0.2).

3.2) Analysis on X-ray views

Number of ectopic ossifications did not differ between groups, despite the elimination of the shoulder: 7 in SL-PLUS™ (23%) and 10 in SL-PLUS MIA™ (32%) (p=0.75); most were grade I (Table 3). At 2 years, there was a significant difference in radiolucent lines, but only on lateral view, with more in Gruen zones 8, 9 and 14 in the SL-PLUS™ group; none exceeded 2 mm (electronic supplementary data 1).

3.3) Clinical analysis

At a mean follow-up of 78. again with no significant inter-group differences at any time point (p=0.9023) (Table 5).

Survival did not significantly differ between SL-PLUS MIA™ (41/41; 100%) and SL-PLUS™ (36/38; 94.7% [range, 79.56% -98.58%]); p=0.13). The two SL-PLUS™ patients with mechanical complications had in one case early loosening at 9 months and in the other Vancouver B2 periprosthetic fracture at 2 years 3 months (Figure 3). There were no intraoperative complications. Postoperatively, a 69-year-old woman taking neither curative-dose anticoagulants nor antiplatelets developed hematoma requiring surgical drainage, with favorable progression. There were no other complications during follow-up.

4) Discussion

The main finding of the present study is that there is no significant difference in reliability between the SL-PLUS MIA TM and SL-PLUS TM implants. Many studies have proved the reliability of the Zweymüller femoral implant in its different versions (Alloclassic™ or SL-PLUS™) [START_REF] Pisecky | 30-years of experience with the cementless implanted Alloclassic total hip arthroplasty system-An ultra-long-term follow-up[END_REF][START_REF] Pieringer | Long-term Results of the Cementless ALLOCLASSIC Hip Arthroplasty System Using a 28-mm Ceramic Head: With a Retrospective Comparison to a 32-mm Head[END_REF][START_REF] Pieringer | Long-term results with the cementless Alloclassic brand hip arthroplasty system[END_REF][START_REF] Suckel | Long-term Results for the Uncemented Zweymuller/Alloclassic Hip Endoprosthesis: A 15-Year Minimum Follow-Up of 320 Hip Operations[END_REF][START_REF] Korovessis | High medium-term survivorship and durability of Zweymüller-Plus total hip arthroplasty[END_REF][START_REF] Veen | Radiographic evaluation of the results of total hip arthroplasty with the cementless Zweymüller endoprosthesis[END_REF][START_REF] Cruz-Pardos | Total hip arthroplasty with use of the cementless Zweymüller Alloclassic System: A concise follow-up, at a minimum of 25 years, of a previous report[END_REF][START_REF] Swanson | Early Results of 1000 Consecutive, Posterior, Single-Incision Minimally Invasive Surgery Total Hip Arthroplasties[END_REF][START_REF] Garcia-Cimbrelo | Total hip arthroplasty with use of the cementless Zweymüller Alloclassic system. A ten to thirteen-year follow-up study[END_REF][START_REF] Ottink | Survival, clinical and radiological outcome of the Zweymüller SL/Bicon-Plus total hip arthroplasty: a 15-year follow-up study[END_REF].

Another study reported satisfactory medium-term reliability for an implant resembling the SL-PLUS MIA [START_REF] Bieger | Primary stability of a shoulderless Zweymüller hip stem: a comparative in vitro micromotion study[END_REF]. But, to our knowledge, no studies previously compared the two versions of SL-PLUS™ over the medium term.

In the present study, mean implant migration was 0.3 mm with SL-PLUS™ and 0.5 mm with SL-PLUS MIA™. According to Streit et al. [START_REF] Streit | Early Migration Predicts Aseptic Loosening of Cementless Femoral Stems: A Long-term Study[END_REF], short-term femoral implant migration is predictive of stem survival in non-cemented designs (CLS ™ Spotorno): ≥ 2.7 mm migration within 2 years is a major predictive factor for early loosening of the femoral implant. In the present study, no implants showed so much migration. Weingarten et al. [START_REF] Eingartner | Subsidence pattern of a cementless straight titanium alloy femoral stem -A radiographic study with EBRA-FCA[END_REF] reported gradual migration (0.3 mm at 12 months) in half of their cementless BiCONTACT ™ stems, stabilizing over time, as in the present study. Stihsen et al. [START_REF] Stihsen | Subsidence of a cementless femoral component influenced by body weight and body mass index[END_REF] showed that patients weighing more than 75 kg with more than 1.65 m height had greater risk of stem migration. In the present study, mean weight was 75.5 kg and mean height 1.63 m, and our population may not have presented the best morphologic criteria for comparing resistance to migration. Even so, 43% (34/79) weighed more than 75 kg, comparably between groups.

At 2 years' follow-up, there were significant differences in onset of radiolucency, but only on lateral views: SL-PLUS™ showed more periprosthetic radiolucent lines in Gruen zones 8, 9 and 14. In the literature, periprosthetic radiolucency and osteolysis predominate in zones 1, 7, 8 and 14 [START_REF] Pisecky | 30-years of experience with the cementless implanted Alloclassic total hip arthroplasty system-An ultra-long-term follow-up[END_REF][START_REF] Pieringer | Long-term Results of the Cementless ALLOCLASSIC Hip Arthroplasty System Using a 28-mm Ceramic Head: With a Retrospective Comparison to a 32-mm Head[END_REF][START_REF] Pieringer | Long-term results with the cementless Alloclassic brand hip arthroplasty system[END_REF][START_REF] Suckel | Long-term Results for the Uncemented Zweymuller/Alloclassic Hip Endoprosthesis: A 15-Year Minimum Follow-Up of 320 Hip Operations[END_REF][START_REF] Korovessis | High medium-term survivorship and durability of Zweymüller-Plus total hip arthroplasty[END_REF][START_REF] Veen | Radiographic evaluation of the results of total hip arthroplasty with the cementless Zweymüller endoprosthesis[END_REF][START_REF] Swanson | Early Results of 1000 Consecutive, Posterior, Single-Incision Minimally Invasive Surgery Total Hip Arthroplasties[END_REF][START_REF] Li | Medium-term results of ceramic-on-polyethylene Zweymüller-Plus total hip arthroplasty[END_REF][START_REF] Dohle | Radiological analysis of osseointegration after implantation of the Zweymüller-Alloclassic total hip system[END_REF][START_REF] Zweymüller | Radiolucent lines and osteolysis along tapered straight cementless titanium hip stems: a comparison of 6-year and 10-year follow-up results in 95 patients[END_REF]. This was partly seen in the present study, with osteolysis in zones 1, 7 and 8 at 2 years with SL-PLUS™ stems. The difference was also found in zones 8, 9 and 14, but needs to be interpreted with caution as the reproducibility of this view with a quadrilateral stem is poor: if the stem is not in strictly lateral view to within just a few degrees, radiolucency may be masked.

Although the inter-group difference was not significant, at 2 years there were more periprosthetic ossifications with SL-PLUS MIA™. This was unexpected, as SL-PLUS MIA™ was designed to reduce impact on the greater trochanter and neighboring muscles. There were no perioperative complications in either group. This may be partly attributed to surgeon experience and familiarity with Zweymüller-type stems (25 years' experience in our center) and supervision by a senior surgeon. There were no greater trochanter fractures -notably with SL-PLUS™, despite the need for a larger approach to the trochanter [START_REF] Delaunay | 10-year survival of Zweymüller total prostheses in primary uncemented arthroplasty of the hip[END_REF]. There were no dislocations, probably thanks to the stability provided by the dual mobility cup [START_REF] Leiber-Wackenheim | Treatment of recurrent THR dislocation using of a cementless dual-mobility cup: a 59 cases series with a mean 8 years' follow-up[END_REF][START_REF] Acker | Total hip arthroplasty using a cementless dualmobility cup provides increased stability and favorable gait parameters at five years follow-up[END_REF][START_REF] Combes | Low rate of dislocation of dual-mobility cups in primary total hip arthroplasty[END_REF].

The SL-PLUS MIA™ implant showed 100% survival at 6 years 6 months, and the SL-PLUS™ implant 94.7%. These rates are normal with respect to the literature [START_REF] Pisecky | 30-years of experience with the cementless implanted Alloclassic total hip arthroplasty system-An ultra-long-term follow-up[END_REF][START_REF] Pieringer | Long-term Results of the Cementless ALLOCLASSIC Hip Arthroplasty System Using a 28-mm Ceramic Head: With a Retrospective Comparison to a 32-mm Head[END_REF][START_REF] Pieringer | Long-term results with the cementless Alloclassic brand hip arthroplasty system[END_REF][START_REF] Suckel | Long-term Results for the Uncemented Zweymuller/Alloclassic Hip Endoprosthesis: A 15-Year Minimum Follow-Up of 320 Hip Operations[END_REF][START_REF] Korovessis | High medium-term survivorship and durability of Zweymüller-Plus total hip arthroplasty[END_REF][START_REF] Delaunay | 10-year survival of Zweymüller total prostheses in primary uncemented arthroplasty of the hip[END_REF][START_REF] Veen | Radiographic evaluation of the results of total hip arthroplasty with the cementless Zweymüller endoprosthesis[END_REF][START_REF] Cruz-Pardos | Total hip arthroplasty with use of the cementless Zweymüller Alloclassic System: A concise follow-up, at a minimum of 25 years, of a previous report[END_REF][START_REF] Takigami | Mid-term results of the SL-PLUS femoral prosthesis the influence of femoral bone type[END_REF][START_REF] Swanson | Early Results of 1000 Consecutive, Posterior, Single-Incision Minimally Invasive Surgery Total Hip Arthroplasties[END_REF][START_REF] Delaunay | Effect of hydroxyapatite coating on the radio-clinical results of a grit-blasted titanium alloy femoral taper. A case-control study of 198 cementless primary total hip arthroplasty with the Alloclassic™ system[END_REF], although at shorter follow-up than reported elsewhere (Table 6). Both SL-PLUS™ and SL-PLUS MIA™ have simple corundum surface treatment; hydroxyapatite seems not to provide any decisive benefit in secondary fixation with this type of stem, as shown by Delaunay with the Alloclassic stem, where survival at 9.8 years was unaffected by adding a hydroxyapatite finish proximally [START_REF] Delaunay | Effect of hydroxyapatite coating on the radio-clinical results of a grit-blasted titanium alloy femoral taper. A case-control study of 198 cementless primary total hip arthroplasty with the Alloclassic™ system[END_REF].

The present study had several strengths. The design was prospective and randomized, with 79 patients all undergoing exactly the same standardized prospective assessment. The mean followup of 6 years 6 months and low loss to follow-up (2 patients: 3%) enabled comparison with the literature data for the medium term. The EBRA-FCA radiographic assessment was performed by a blinded independent observer. On the other hand, the study also had limitations. 1) Although the EBRA-FCA method is highly reliable, its precision is limited. According to Biedermann [START_REF] Biedermann | Accuracy of EBRA-FCA in the measurement of migration of femoral components of total hip replacement. Einzel-Bild-Röntgen-Analysefemoral component analysis[END_REF], it can detect 1 mm migration with 100% sensitivity and 78% specificity, but precision decreases for smaller migrations. 2) Not all radiographic examinations at all time points were analyzable, with attrition of 11% to 17%; however, this was taken into account in calculating power, allowing for a maximum 25% attrition on the main endpoint by 2 years. 3) The 5-year clinical assessment included only 75% of the initial sample (60 patients), despite the low loss to follow-up (3%), due to high mortality: 16 patients (20%), limiting the power of the non-inferiority study. Initial sample size was required to be 90 patients (45 per arm), to reduce the impact of death and loss to follow-up; unfortunately, inclusion stopped at the minimum number, as the inclusion period had been exceeded. Randomization, however, was satisfactory, the two groups being comparable on the main preoperative criteria. 4) The initial sample size (80 patients) did not allow statistical analysis of radiographic results for periprosthetic osteolysis or radiolucency, which were too rare. The mean follow-up of 6 years 6 months allowed short-and medium-term conclusions to be drawn concerning the SL-PLUS MIA™ implant, but longer follow-up will be needed to assess long-term reliability.

5) Conclusion

The present prospective randomized study compared the SL-PLUS™ and SL-PLUS MIA™ femoral stems. It found no significant differences in primary fixation. The clinical parameters assessed likewise showed no significant inter-group differences over the study period. Eliminating the lateral shoulder thus did not jeopardize primary fixation, but neither did it reduce the rate of periprosthetic ossification. This modification to the SL-PLUS™ implant, inspired by Zweymüller, can be considered reliable at 6 years; follow-up needs extending to confirm good long-term progression for the SL-PLUS MIA™ implant. Electronic Supplementary data 1: Radiolucency around femoral stem at 2 years according to stem type (according to Johnston et al. [START_REF] Johnston | Clinical and radiographic evaluation of total hip replacement. A standard system of terminology for reporting results[END_REF]). 
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  5 months ± 17.8 [range, 27 to 105], Oxford-12 score improved from 42.9 ± 6.8 [range, 33-59] to 19 ± 7 [range, 12-37] in SL-PLUS™ and from 43.9 ± 8.8 [range, 22-60] to 20.1 ± 7.4 [12-42] in SL-PLUS MIA™. Mixed model analysis of longitudinal data found no significant inter-group differences at any time point (p=0.9905) (Table 4). Harris score improved from 45.8 ± 12.1 [range. 14.4-71.7] to 91.6 ± 8.7 [range, 74-100] in SL-PLUS™ and from 44.5 ± 14.4 [range, 9.1-86.7] to 89.7 ± 10.2 [range, 60-100] in SL-PLUS MIA™,

Table 1 :

 1 Population data for the whole series and SL-PLUS™ and SL-PLUS MIA™ groups.

		Series	SL-PLUS™	SL-PLUS MIA™	
	Number of patients	79	38	41	
	Male	33	11	12	
					p=0.97
	Female	56	27	29	
	Indication				
	Osteoarthritis	77	38	39	p=0.4
	Osteonecrosis	2	0	2	
	Mean age (years)	72.6 ± 4.8 [45 to 79]	72.5 ± 5.4 [45 to 78]	72 ± 4.3 [60 to 79]	p=0.85
	Mean weight (kg)	75.5 ± 15.6 [40 to 130]	71.9 ± 11.2 [48 to 100] 77.5 ± 17.0 [40 to 130] p=0.085
			1.64 ± 0.07 [1.47 to	1.64 ± 0.09 [1.50 to	
					p=0.59
	Mean height (m)	1.63 ± 0.08 [1.47 to 1.86]	1.79]	1.86]	
	Mean BMI (kg/m²)	28.0 ± 5.2 [17.8 to 49.5] 27.0 ± 3.9 [19.7 to 36.3] 28.6 ± 5.8 [17.8 to 49.5] p=0.13
	Oxford-12 score [16]				
					p=0.59
	(mean ± SD)	43.6 ± 19.4	42.9 ± 6.8	43.9 ± 8.8	
	Harris score [17] (mean				
					p=0.69
	± SD)	44.8 ± 13.4	45.8 ± 12.1	44.5 ± 14.1	
	Charnley class [18]				
	A	57	32	25	
	B	22	6	16	p=0.021
	C	0	0	0	
	Standard implant	20	8	12	p=0.7
	Lateralized implant	59	30	29	
	Surgery time (min)	66 ± 13 [31 to 100]	68 ± 13 [41 to 100]	65 ± 14 [31 to 96]	p=0.33
	Death at 5 years	16	6	10	
					p=0.91
	Time to death (months)	58 ± 19 [27 to 90]	68 ± 20 [38 to 90]	53 ± 18 [27 to 70]	

Table 2 :

 2 Mean migration of SL-PLUS™ and SL-PLUS MIA™ implants during study period.

	6 months	SL-PLUS	SL-PLUS MIA
	Mean	-0.1 ± 0.4 [-0.8 to 0.7]	-0.2 ± 0.4 [-1.4 to 0.5]
	Data collected	30	30
			p=0.37
	Data non-interpretable on EBRA-		
		5	7
	FCA		
	Missing data	3	4
	1 year	SL-PLUS	SL-PLUS MIA
	Mean	-0.1 ± 0.7 [-1.2 to 0.7]	-0.5 ± 0.6 [-2.0 to 0.4]
	Data collected	27	31
	Data non-interpretable on EBRA-		p= 0.055
	FCA (1 SL-PLUS revised for	4	3
	loosening at 9 months)		
	Missing data	6	8
	2 years	SL-PLUS	SL-PLUS MIA
	Mean	-0.3 ± 0.8 [-1.6 to 1.3]	-0.5 ± 0.7 [-2.2 to 0.5]
	Data collected	24	27
	Data non-interpretable on EBRA-		p=0.21
	FCA (1 SL-PLUS revised for	6	4
	loosening at 9 months)		
	Missing data	7	10

Table 3 :

 3 Periprosthetic ectopic ossification at 2 years, following Brooker et al.[START_REF] Brooker | Ectopic ossification following total hip replacement. Incidence and a method of classification[END_REF].

	2 years	SL-PLUS™	SL-PLUS MIA™
	Grade 0	23 (77%)	21 (68%)
	Grade I	4 (13%)	9 (29%)
			p=0.75
	Grade II	3 (10%)	0
	Grade III	0	1 (3%)
	Grade IV	0	0

Table 4 :

 4 Progression in Oxford-12 score[START_REF] Delaunay | Cross-cultural adaptations of the Oxford-12 HIP score to the French speaking population[END_REF] over follow-up.

		Preoperative	Postoperative	Postoperative	Postoperative	Postoperative	Postoperative
			6 weeks	6 months	1 year	2 years	5 years
	SL-PLUS™	42.9 ± 6.8	25.8 ± 7.4	21.2 ± 7.9	19.6 ± 6.5	19.4 ± 7.5	19.0 ± 7.0
		n=38	n=36	n=35	n=31	n=30	n=30
	SL-PLUS	43.9 ± 8.8	27.2 ± 6.2	21.0 ± 6.5	19.2 ± 5.6	20.0 ± 7.3	20.1 ± 7.4
	MIA™	n=41	n=40	n=37	n=34	n=31	n=30
		p=0.59	p=0.36	p=0.93	p=0.77	p=0.78	p=0.54

Table 5 :

 5 Progression in Harris score[START_REF] Harris | Traumatic arthritis of the hip after dislocation and acetabular fractures: treatment by mold arthroplasty. An end-result study using a new method of result evaluation[END_REF] over follow-up.

		Postoperative	Postoperative	Postoperative
	Preoperative			
		6 months	1 year	2 years
	45.8 ± 12.1	90.2 ± 10.6	90.5 ± 10.9	91.6 ± 8.7
	SL-PLUS™			
	n=38	n=35	n=31	n=30
	44.5 ± 14.1	90.6 ± 8.6	90.6 ± 8.5	89.7 ± 10.2
	SL-PLUS MIA™			
	n=41	n=37	n=35	n=31
	p=0.69	p=0.85	p=0.96	p=0.45

Table 6 :

 6 Survival in the literature for SL-PLUS and Alloclassic stems

	Author	Implant	Mean follow-up (years)	Femoral stem survival	Aseptic loosening rate
		SL-PLUS MIA		100% (41/41)	0% (0/41)
	Present study		6.5		
		SL-PLUS		94.7% (36/38)	2.6% (1/38)
	Pisecky et al. [2]	Alloclassic	29.48	85.48% (27/179)	1.7% (3/179)
	Pieringer et al. [3]	Alloclassic	12.55	100% (124/124)	0% (0/124)
	Pieringer et al. [4]	Alloclassic	11	100% (100/100)	0% (0/100)
	Suckel et al. [5]	Alloclassic	15	98.1% (308/314)	0.7% (2/314)
	Korovessis et al. [6]	SL-PLUS	11	96%	2%
	Delaunay et al. [7]	Alloclassic	6.5	98%	N.R.
	Swanson [23]	SL-PLUS / Proclass / Synergy3.1	3.1	99.6% (996/1000)	0% (0/1000)
	Veen et al. [8]	SL-PLUS	6.5	100% (125/125)	0% (0/125)
	Cruz-Pardos et al. [9]	Alloclassic	20	94.5%	4.5%
	Takigami et al. [10]	SL-PLUS	9.4	100% (34/34)	0% (0/34)
	Delaunay [35]	Alloclassic	9.8	99.5% (196/198)	0% (0/198)

Funding: Smith & Nephew Orthopaedics AG, as sponsor, provided €26,000 (tax incl.) to the Lille Regional university Hospital Center to fund the clinical study.

Conflicts of interest: None of the authors have conflicts of interest to disclose in relation to the study;

Elsewhere, Henri Migaud is an educational consultant for Zimmer-Biomet, Corin, MSD and SERF.

Gilles Pasquier is a consultant for Zimmer-Biomet. Julien Girard is a consultant for Microport and Smith & Nephew. Sophie Putman is a consultant for Corin. The other authors have no interests to disclose.

Author contributions: Etienne Caron: data collection, study management. Henri Migaud: study initiation, surgery, data collection and writing. Gilles Pasquier: supervision and writing. Julien Girard: surgery and supervision of writing. Sophie Putman: supervision and writing, surgery and statistics.