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Treatment of femoroacetabular impingement by arthroscopy versus anterior mini-open approach: Case-control study of a continuous series of 91 cases at a mean 4.6 years' follow-up
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Introduction

Femoroacetabular impingement is a frequent cause of hip pain, and can be managed by conservative surgery. Many studies assessed postoperative course, but none compared operative techniques within a given population. We therefore conducted a retrospective case-control study comparing the minimally invasive anterior Hueter approach versus arthroscopy, assessing difference in 1) functional gain and 2) complications and 3) analyzing the impact of labral or cartilage lesions on functional scores.

Hypothesis

Clinical results do not differ between the mini-open and arthroscopic approach.

Material and method

Between 2007 and 2018, 91 hips in 84 patients were treated for femoroacetabular impingement: 69/91 (75.8%) cam effect, 6/91 pincer effect (6.6%) and 16/91 mixed (17.6%). Fifty-five were treated by arthroscopy and 36 by the Hueter mini-open approach. There were 20 female and 71 male hips. Mean age at surgery was 32 years (range, 17-55 years). Potential predictive factors comprised Nötzli alpha angle, labral/cartilage lesion and type of surgery.

Results

Mean follow-up was 4.6 years (range, 1-16 years), with no loss to follow-up. The arthroscopy and Hueter groups showed no differences in functional improvement on Oxford-12 score (gain, -6.7 ± 5.9 versus -6.2 ± 8.1 (p=0.73), Postel Merle d'Aubigné (PMA) score (gain, 1.3 ± 1 versus 1.1 ± 0.9; p=0.41), operative time (75 versus 67 min; p=0.16), or alpha angle correction (-10.9 ± 12.9 versus -9.8 ± 7.1; p=0.22).

Complications did not differ: 1/55 severe complications after arthroscopy (1 definitive femoral nerve palsy) versus 4/36 non-severe complications after Hueter (3 cases of dysesthesia in the lateral cutaneous nerve of the thigh, 1 rectus femoris enthesopathy) (p=0.15). Labral lesions (37/91) did not affect clinical outcome: gain, 1.2 ± 1 versus 1.3 ± 0.9 on PMA (p=0.514) and -7.3 ± 6 versus -6 ± 7.3 on Oxford-12 (p=0.366). Cartilage lesions (27/91) were associated with poorer outcome on PMA (gain, 1 ±1.1 versus 1.3 ± 0.9; p=002) but not on Oxford-12 (gain, -6.1± 7.3 versus -6.7 ± 6.6; p=0.288).

Conclusion

Impingement correction by the minimally invasive anterior Hueter approach gave clinical results comparable to those of hip arthroscopy in terms of Oxford and PMA scores, alpha angle correction, operative time and complications rate. Cartilage lesions were associated with poorer clinical results.

Level of evidence: III; retrospective case-control study

Introduction

Femoroacetabular impingement is a frequent cause of hip pain in young subjects [START_REF] Accadbled | Femoroacetabular impingement". Legg-Calve-Perthes disease: from childhood to adulthood[END_REF]. Without treatment, it can lead to labral and cartilage lesions, resulting in osteoarthritis [START_REF] Wagner | Early osteoarthritic changes of human femoral head cartilage subsequent to femoro-acetabular impingement[END_REF]. An international consensus statement addressed this pathology [START_REF] Griffin | The Warwick Agreement on femoroacetabular impingement syndrome (FAI syndrome): an international consensus statement[END_REF]. Conservative surgery is recommended, and is presently on the rise [START_REF] Minkara | Review and Meta-analysis of Outcomes After Hip Arthroscopy in Femoroacetabular Impingement[END_REF].

Several surgical approaches are discussed: surgical dislocation, minimally invasive anterior Hueter approach, anterolateral approach and arthroscopy [START_REF] Harris | Complications and reoperations during and after hip arthroscopy: A systematic review of 92 studies and more than 6,000 patients[END_REF][START_REF] Chiron | Surgery for femoroacetabular impingement using a minimally invasive anterolateral approach: analysis of 118 cases at 2.2-year followup[END_REF]. Many patients are now treated by hip arthroscopy, reputed to be less invasive and hastening recovery [START_REF] Frank | High rate of return to cycling after hip arthroscopy for femoroacetabular Impingement Syndrome[END_REF]; however, it involves a learning curve, especially for conservative labrum procedures. The mini-open Hueter approach is classical and simple, providing rapid exposure [START_REF] Harris | Complications and reoperations during and after hip arthroscopy: A systematic review of 92 studies and more than 6,000 patients[END_REF].

Many studies assessed postoperative course, but none compared techniques between Hueter and arthroscopy. We therefore conducted a single-center retrospective case-control study comparing femoroacetabular treated by the Hueter approach versus arthroscopy, assessing difference in 1) functional gain and 2) complications and 3) analyzing the impact of labral or cartilage lesions on functional scores. The study hypothesis was that clinical results do not differ between the mini-open Hueter approach and arthroscopy.

Material and method

Patients

All patients operated on for femoroacetabular impingement between 2007 and 2018 with a minimum 1 year's follow-up were included. Impingement was defined on an association of clinical criteria (hip pain, snapping/catching/locking, pain on flexion, adduction and internal rotation (FADIR), positive impingement test, restricted internal rotation) and radiographic criteria (reduced anterior offset, pistol grip sign (pistol grip shaped head deformity), cam effect, acetabular retroversion, Nötzli alpha angle > 50°).

Labral and cartilage lesions were detected on systematic preoperative CT-arthrography. Patients with Tönnis grade > 2 radiographic osteoarthritis [START_REF] Tönnis | Acetabular and femoral anteversion: relationship with osteoarthritis of the hip[END_REF], epiphysiolysis [START_REF] Murgier | Frequency of radiographic signs of slipped capital femoral epiphysiolysis sequelae in hip arthroplasty candidates for coxarthrosis[END_REF], osteochondritis sequelae or history of infection or femoral neck fracture were excluded.

One hundred and seven hips in 100 patients were treated for femoroacetabular impingement between 2007 and 2018. Sixteen, in 16 patients, were excluded: 5 for history of slipped capital femoral epiphysis, 3 for neck fracture, 5 for Tönnis grade 3 radiographic osteoarthritis, and 3 for osteochondritis (Figure 1). Mean preoperative Postel Merle d'Aubigné (PMA) score [START_REF] Merle | Numerical classification of the function of the hip[END_REF] was 16.3 ± 0.9 (range, [START_REF] Bellotti | Mini-open approach for femoroacetabular impingement: 10 years experience and evolved indications[END_REF][START_REF] Parvizi | Mini-open femoroacetabular osteoplasty: How do these patients do?[END_REF][START_REF] Ribas | Clinical results after anterior mini-open approach for femoroacetabular impingement in early degenerative stage[END_REF][START_REF] Byrd | Arthroscopic femoroplasty in the management of cam-type femoroacetabular impingement[END_REF][START_REF] Matsuda | Comparative systematic review of the open dislocation, mini-open, and arthroscopic surgeries for femoroacetabular impingement[END_REF][START_REF] Sonnenfeld | Hip Arthroscopy for Femoroacetabular Impingement[END_REF] and Oxford-12 score [START_REF] Delaunay | Cross-cultural adaptations of the Oxford-12 HIP score to the French speaking population[END_REF] 24 ± 7.7 (14-45) (Table 1). Mean preoperative ranges of motion were: flexion 110 ± 10.9° (80-140°), extension 10.5 ± 9.4° (0-40°), abduction 34.9 ± 7.8° (10-60°), adduction 27.6 ± 7.6° (10-40°), external rotation 32.7 ± 9.4° (-5 to 60°), and internal rotation 22 ± 11.5° (0-60°). 

Methods

Two kinds of surgery were performed, according to the surgeon's preferences and experience, under the supervision of a senior surgeon. 1) Arthroscopy under general anesthesia used classical anterior and anterolateral portals plus extra portals for any associated procedure. Peripheral capsulotomy was followed by a central compartment procedure depending on the case (labral lesion, cartilage surgery) according to the preoperative CT-arthrography scan. 2) The mini-open Hueter approach used a <6 cm incision, without surgical dislocation under general anesthesia, with the same procedures and capsule suture; traction was applied in difficult cases. Both types of surgery involved regularizing the impingement by anterior femoroplasty or acetabuloplasty according to preoperative findings. Resection was controlled by dynamic tests or fluoroscopy in case of doubt. Operative time (incision to closure) was recorded for each operation.

Assessment

There was no loss to follow-up. All patients were assessed clinically by an observer not involved in the surgery. Minimum follow-up was 1 year. Potential factors for surgical outcome comprised gender, weight, height, body-mass index (BMI), operated side, age at surgery, pre-and post-operative sport, type of impingement (cam, pincer, mixed), preoperative and last follow-up PMA score [START_REF] Merle | Numerical classification of the function of the hip[END_REF], preoperative and last follow-up Oxford-12 score (12-60 points) [START_REF] Delaunay | Cross-cultural adaptations of the Oxford-12 HIP score to the French speaking population[END_REF], preoperative and last follow-up ranges of motion on goniometry, Nötzli alpha angle [START_REF] Nötzli | The contour of the femoral headneck junction as a predictor for the risk of anterior impingement[END_REF], labral and/or cartilage lesion on CT-arthrography, type of procedure, associated procedures, complications and operative time. Conversion to arthroplasty was recorded during follow-up.

Statistics

Quantitative variables were reported as mean and standard deviation or median and interquartile range after checking normal distribution graphically and on Shapiro-Wilk test. Qualitative variables were reported as number and percentage; in case of sufficient sample (n≥5), intergroup comparison used chi-square test, or else Fisher exact test. In case of sufficient sample, quantitative variables were compared on Student test, or on non-parametric Wilcoxon test in case of non-normal distribution. Pre-to post-operative differences according to group were assessed on linear models with and without adjustment on initial value. The significance threshold was set at p=0.05. Analyses used SAS software, version 9.4 (SAS Institute, Cary, NC, USA).

Results

Mean follow-up PMA score was 17.5 ± 1 (range, [START_REF] Parvizi | Mini-open femoroacetabular osteoplasty: How do these patients do?[END_REF][START_REF] Ribas | Clinical results after anterior mini-open approach for femoroacetabular impingement in early degenerative stage[END_REF][START_REF] Byrd | Arthroscopic femoroplasty in the management of cam-type femoroacetabular impingement[END_REF][START_REF] Matsuda | Comparative systematic review of the open dislocation, mini-open, and arthroscopic surgeries for femoroacetabular impingement[END_REF][START_REF] Sonnenfeld | Hip Arthroscopy for Femoroacetabular Impingement[END_REF] and Oxford score 17.6 ± 8.5 . Mean clinical ranges of motion were: flexion, 113° ± 10 (90-140°), extension 10° ± 10 (0-40°), abduction 35° ± 9 (0-60°), adduction 27° ± 8 (10-40°), external rotation 35° ± 7 (10-50°), and internal rotation 25° ± 10 (0-60°).

Associated procedures varied, with 13 labral sutures (10 arthroscopic, 3 Hueter), 26 partial labral resections (21 arthroscopic, 5 Hueter) and 3 microfractures (2 arthroscopic, 1 Hueter), with significantly more associated procedures in the arthroscopy group (p=0.007) (Table 2).

There was no significant intergroup difference in improvement in Oxford score (-6.2 ± 8.1 with arthroscopy and -6.7 ± 5.9 with Hueter; p = 0.73) or PMA score (+1.1 ± 0.9 with arthroscopy and 1.3 ± 0.9 with Hueter; p = 0.41) (Table 3).

There was no significant intergroup difference in improvement in ranges of motion (notably for internal rotation: p = 0.69), except in external rotation with greater gain with arthroscopy (p = 0.042); however, this gain, although statistically significant, was only of 3.3° and not clinically important (Table 3). Alpha angle correction did not significantly differ between groups (-10.9° ± 12.9 with arthroscopy and -9.8° ± 7.1 with Hueter; p = 0.22) (Table 3). In both groups, correction was satisfactory, with postoperative values of 49.5° (range, 48-52°) with arthroscopy and 48° (41-52°) with Hueter.

Sixty-two patients (73.9%: 62/84) returned to sport at their previous level, with no significant intergroup difference: Hueter, 64.7% (22/34), and arthroscopy 80% (40/50) (p=0.15).

Labral lesions (37/91) had no significant impact on clinical results, with improvement of 1.2 ± 1 versus 1.3 ± 0.9 points in PMA score (p=0.4112) and -7.3 ±7.1 versus -6.0 ± 7.3 points in Oxford score (p=0.369) (Table 4).

The 27 patients with cartilage lesions on CT-arthrography showed significantly less improvement in PMA score (gain, 1.0 ± 1.1 versus 1.3 ± 0.9 points; p = 0.0207). The difference in Oxford score was nonsignificant (-6.1 ± 7.3 versus -6.7 ± 6.6; p = 0.288) (Table 5).

There was a significant difference in clinical results between patients with Tönnis grade 0 and Tönnis grade 1 or 2, with respective gains of 1.35 ± 0.87 versus 0.96 ± 1.1 (p = 0.012) in PMA score, but no significant difference in Oxford score (-6.62 ± 6.54 versus -6.19 ± 7.47; p = 0.28) (Table 6).

Five patients experienced complications, in 5 hips (5/91: 5.49%). One was severe, with definitive femoral nerve deficit (arthroscopy group) with neurapraxia on electromyography, while the others (all Hueter group) were not: 1 lateral femoral cutaneous nerve sensory deficit, 2 lateral femoral cutaneous nerve territory dysesthesias, and 1 anterior rectus femoris enthesopathy. The severe complication was due to intraoperative problems leading to prolonged traction and surgery time (120 min). There was no significant intergroup difference in number of complications (p=0.15).

Six patients (6/91: 6.6%) underwent subsequent arthroplasty, with no significant difference between groups (p=0.21). Four were from the arthroscopy group (4/55: 7.3%), with 2 total hip arthroplasty (THA) at 2 years and 2 hip resurfacings; 2 (2/36: 5.5%) were from the Hueter group, with one THA at 2 years and one at 4 years.

Discussion

To our knowledge, arthroscopy and the mini-open Hueter approach have not previously been compared in a given population for the treatment of femoroacetabular impingement. No significant differences emerged in clinical PMA and Oxford scores or ranges of motion, and the two techniques thus seemed comparable.

Account was taken of a potential bias in preoperative clinical scores (poorer baseline mean Oxford-12 score in the Hueter group: Table 1) by analyzing improvement per group at follow-up. Analysis of the literature confirmed the study hypothesis that minimally invasive open surgery is non-inferior to arthroscopy [START_REF] Minkara | Review and Meta-analysis of Outcomes After Hip Arthroscopy in Femoroacetabular Impingement[END_REF], but also confirmed that results are good with both the Hueter [START_REF] Bellotti | Mini-open approach for femoroacetabular impingement: 10 years experience and evolved indications[END_REF][START_REF] Parvizi | Mini-open femoroacetabular osteoplasty: How do these patients do?[END_REF][START_REF] Ribas | Clinical results after anterior mini-open approach for femoroacetabular impingement in early degenerative stage[END_REF] and the arthroscopic approach [START_REF] Byrd | Arthroscopic femoroplasty in the management of cam-type femoroacetabular impingement[END_REF][START_REF] Matsuda | Comparative systematic review of the open dislocation, mini-open, and arthroscopic surgeries for femoroacetabular impingement[END_REF][START_REF] Sonnenfeld | Hip Arthroscopy for Femoroacetabular Impingement[END_REF]. Neither technique seemed unsuited to the treatment of femoroacetabular impingement [START_REF] Horisberger | Arthroscopic treatment of femoroacetabular impingement of the hip: A new technique to access the joint[END_REF]. According to some authors, the two may in fact be combined [START_REF] Laude | Femoroacetabular impingement treatment using arthroscopy and anterior approach[END_REF]. On the other hand, arthroscopy involves a longer learning curve, whence some poorer results for less experienced surgeons [START_REF] Ilizaliturri | Complications of arthroscopic femoroacetabular impingement treatment: A review[END_REF].

Complications rates did not significantly differ according to technique, although there were more injuries to the lateral cutaneous nerve of the thigh on the Hueter approach. Rates for this complication range from 5.5% to 20%, but appear linked to the choice of approach [START_REF] Cohen | Treatment of femoroacetabular impingement in athletes using a mini-direct anterior approach[END_REF][START_REF] Wilson | Current concepts in management of femoroacetabular impingement[END_REF]. In the literature, hip arthroscopy is associated with few complications, with rates of 1.4-5% [START_REF] Clarke | Hip arthroscopy: complications in 1054 cases[END_REF][START_REF] Sampson | Complications of hip arthroscopy[END_REF], mainly implicating prolonged traction by less experienced surgeons (which probably also accounted for the case of femoral nerve deficit in the present arthroscopy group, with neuropraxia on electromyography). Reported rates of revision after primary hip arthroscopy reflect the difficulty of the technique, which mainly consists in the difficulty of assessing resection compared to open surgery [START_REF] Philippon | Revision hip arthroscopy[END_REF][START_REF] Clohisy | Treatment of anterior femoroacetabular impingement with combined hip arthroscopy and limited anterior decompression[END_REF][START_REF] Barton | Anterior Hueter approach in the treatment of femoro-acetabular impingement: Rationale and technique[END_REF][START_REF] Kuhns | Open and Arthroscopic Surgical Treatment of Femoroacetabular Impingement[END_REF][START_REF] Tissot | Reasons for and functional results of repeated hip arthroscopy: A continuous prospective study of 17 revisions out of 295 primary hip arthroscopies at mean 28months' follow-up[END_REF].

Patients with cartilage lesions showed relatively greater improvement in PMA but not Oxford score.

Preoperative CT-arthrography cartilage assessment found no significant difference according to surgery group. A trend emerged for Tönnis lesion grade, such that grade-2 patients had sub-significantly poorer PMA and Oxford scores. Other authors likewise highlighted a negative impact of grade ≥2 cartilage lesions, bearing out the present trend [START_REF] Wagner | Early osteoarthritic changes of human femoral head cartilage subsequent to femoro-acetabular impingement[END_REF][START_REF] Kirschbaum | Mini-open approach shows good results in treatment of femoroacetabular impingement[END_REF][START_REF] Papalia | Femoroacetabular impingement syndrome management: arthroscopy or open surgery[END_REF]. The small numbers of patients in the two Tönnis 2 groups may account for the failure to disclose a significant difference. MRI can be used to assess cartilage [START_REF] Morgan | MR Imaging with T2*-mapping for improved acetabular cartilage assessment in FAI-a case report with arthroscopic correlation[END_REF], but our use of CT-arthrography is one of the strong points of the present study, providing a primordial predictive factor for medium to long-term progression [START_REF] Gicquel | Function and osteoarthritis progression after arthroscopic treatment of femoro-acetabular impingement: a prospective study after a mean follow-up of 4.6 (4.2-5.5) years[END_REF].

According to some authors, surgical dislocation provides good results in femoroacetabular impingement [START_REF] Beaulé | Quality of life following femoral head-neck osteochondroplasty for femoroacetabular impingement[END_REF][START_REF] Beck | Anterior femoroacetabular impingement: part II. Midterm results of surgical treatment[END_REF]; in our experience, however, the mini-open Hueter approach gives sufficient visibility for correction and complementary procedures in case of labral or cartilage lesions. Dislocation provides access to the neck and acetabulum, facilitating treatment of impingement, but seems to give poorer results on some quality of life indices [START_REF] Nwachukwu | Arthroscopic versus open treatment of femoroacetabular impingement: A Systematic Review of Medium-to Long-Term Outcomes[END_REF]. In the present study as in the literature, analysis of alpha angle correction (<50°) [START_REF] Nötzli | The contour of the femoral headneck junction as a predictor for the risk of anterior impingement[END_REF][START_REF] Johnston | Relationship between offset angle alpha and hip chondral injury in femoroacetabular impingement[END_REF] showed that both techniques provide sufficient access. Although primary success rates are high, failure rates for both techniques are non-negligible; cartilage status, possible labral lesion and any undercorrection need screening, and revision surgery should not be abstained from when indicated [START_REF] May | Treatment of failed arthroscopic acetabular labral debridement by femoral chondro-osteoplasty: a case series of five patients[END_REF]. In our opinion, although some authors reported good results with arthroscopy [START_REF] Shapira | Indications and Outcomes of Secondary Hip Procedures After Failed Hip Arthroscopy. A Systematic Review[END_REF], open surgery should be used for recurrence of impingement, especially in case of prior failure of arthroscopy. The present rate of conversion to arthroplasty was comparable to those in certain registries: respectively, 6.6% and 5.9%. This would seem to support our choice of technique (according to osteoarthritis stage, labral lesions, etc.) [START_REF] Kester | Independent risk factors for revision surgery or conversion to total hip arthroplasty after hip arthroscopy: A review of a large statewide database from 2011 to 2012[END_REF].

The present study had several limitations. Sample size was small, hindering interpretation; no significant differences emerged on clinical criteria, possibly due to lack of power. Secondly, surgery was performed by different operators, which may have induced variable results but enhanced external validity. Thirdly, the Oxford-12 and PMA scores used for clinical assessment are not specific to femoroacetabular pathology. However, the retrospective design would have led to excessive missing data using more specific scores, and using Oxford-12 as a Patient Reported Outcome Measure (PROM) enhanced internal validity, being assessed by the actual patient both preoperatively and at follow-up. Fourthly, the treatment of labral pathology may have affected results: the literature [START_REF] Skendzel | Management of labral tears of the hip in young patients[END_REF][START_REF] Philippon | Labrum: resection, repair and reconstruction sports medicine and arthroscopy review[END_REF][START_REF] Wolff | Management of the Acetabular Labrum[END_REF] testifies to better clinical results after suture rather than resection, whereas resection predominated in the present series (26 resections for 13 sutures), and suture was more frequent in the arthroscopy group, although this seemed to make no significant difference. Although central compartment status was not systematically documented, no impact of labral lesions on functional results was seen, relativizing any bias. And lastly, the two groups were not comparable on all parameters and notably not on type of impingement, internal rotation and Oxford score.

We tried to take this into account by analyzing the preoperative to follow-up differential so as to assess the actual effect of the procedure, and these differences were weighted on statistical analysis.

Conclusion

The mini-open Hueter approach gave clinical results (PMA and Oxford-12 scores) comparable to those of arthroscopy in correcting femoroacetabular impingement. Likewise, gain in motion, and in internal rotation in particular, did not significantly differ between the two techniques. The complications rate was low (5.7%), and comparable between techniques. Clinical results were poorer in case of cartilage lesions. The mini-open Hueter approach thus seems to be a suitable solution for femoroacetabular impingement for surgeons lacking experience in hip arthroscopy. 
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Table 1 : Preoperative data.

 1 

	Preoperative parameters	Arthroscopy group N=55	Mini-open N=36 Hueter group	p value
	Gender, n (%)			
	Female	14 (27.9)	6 (22.2)	0.32
	Male	41 (72.1)	30 (77.8)	
	Side, n (%)			
	Left	24 (44.2)	17 (44.4)	0.74
	Right	31 (55.8)	19 (55.6)	
	Sport, n/N (%)			
	Yes	50/50 (100.0)	32/34 (94.1)	0.15
	No	0 (0.0)	2 (5.6)	
	Type of impingement, n (%)			
	Cam	50 (90.9)	19 (52.8)	
				<0.001
	Pincer	2 (3.6)	4 (11.1)	
	Mixed	3 (5.5)	13 (36.1)	
	Age, mean±SD	32.3 ± 8.5	31.4 ± 7.9	0.61
	BMI, mean±SD	24.7 ± 3.2	24.6 ± 2.9	0.92
	PMA score, Median (Q1;Q3) [10]	17 (16 ; 17)	16 (16 ; 17)	0.57
	Oxford-12 score [11], Median (Q1;Q3) [9]	19 (17 ; 26)	24 (21.5 ; 30)	0.036
	BMI: body-mass index; PMA: Postel Merle d'Aubigné [10]; SD: standard deviation; significant p values in
	bold.			

Table 2 : Operative and follow-up data.

 2 Postel Merle d'Aubigné score[START_REF] Merle | Numerical classification of the function of the hip[END_REF]; SD: standard deviation; significant p values in bold.

	Postoperative parameters	Arthroscopy group N=55	Mini-open Hueter N=36 group	p value
	Return to sport, n/N (%)	40/50 (80)	22/34 (64.7)	0.15
	Procedures, n (%)			0.007
	Labral suture	10 (18.2)	3 (8.3)	
	Labral resection	21 (38.2)	5 (13.9)	
	Microfractures	2 (3.6)	1 (2.8)	
	Arthrolysis	0 (0.0)	1 (2.8)	
	PMA score, median(Q1;Q3) [10]	18 (18 ; 18)	18 (17 ; 18)	0.11
	Oxford-12 score, median (Q1;Q3) [11]	13 (12 ; 16)	14.5 (13 ; 26.0)	0.011
	Ranges of motion, median (Q1;Q3)			
	Flexion, °	110 (110 ; 120)	110 (110 ; 120)	0.72
	Extension, °	10 (0 ; 10)	10 (5 ; 15)	0.12
	Abduction, °	40 (30 ; 40)	40 (30 ; 40)	0.76
	Adduction, °	30 (20 ; 30)	30 (20 ; 30)	0.54
	External rotation, °	40 (30 ; 40)	30 (30 ; 40)	0.15
	Internal rotation, °	30 (20 ; 30)	20 (20 ; 30)	0.22
	Alpha angle, °	49.5 (48 ; 52)	48 (41 ; 52)	0.13
	Complications, n (%)	1 (1.8)	4(11.1)	0.15
	Surgery time, mean±SD	74.7 ± 30.8	67.4 ± 19.1	0.16
	Subsequent arthroplasty, n (%)	2 (3.6)	4 (11.1)	0.21
	PMA: