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Introduction

Failure of internal fixation in trochanteric fracture (or extracapsular proximal femoral fracture: PFF) is a serious complication often requiring total hip arthroplasty (THA). THA after PPF incurs a higher risk of complications than in intracapsular fracture due to frequent impact on local anatomy, notably with risk of implant dislocation. Recent studies demonstrated a protective effect of dual-mobility (DM) cups against instability in these cases and but in a population mixing failure of internal fixation in intra-and extra-capsular fractures. We therefore conducted a retrospective study focusing on fixation failure in PFF 1) to assess surgical complications and notably dislocation rate using DM cups, and 2) to analyze the characteristics of the initial fixation and assess conformity with established standards.

Hypothesis

DM cups exert a protective effect in PFF fixation failure at high risk of instability.

Materials and methods

A single-center retrospective study included 40 cases over a 10-year period: 30 women, 10 men; mean age, 77 years [range, 31-91 years]. All THAs used DM cups. Approaches were transgluteal in 24 cases, posterior in 15 and anterolateral in one. Clinical assessment comprised: pain on visual analog scale (VAS), Harris Hip Score (HSS), and Postel Merled'Aubigné score (PMA). The rate of surgical complications (periprosthetic fracture, infection, non-union, dislocation) was assessed and the primary fixation quality was analyzed for fracture complexity and conformity to standards.

Results

At a mean 54 months' follow-up [range, 24-122 months], the post-THA complications rate was 22% (9/40), although with no cases of implant dislocation. Pre-to post-operative comparison found significant improvements on VAS (7.9 ± 1.6 versus 1.35 ± 1.5, respectively), HHS (20 ± 11.8 versus 78 ± 12.3) and PMA (4.7 ± 2.9 versus 14.6 ± 2.1) (p<0.0001), but non-significant change in Parker-Palmer score (5.5 ± 2 and 4.8 ± 1.9) (p=0.4).

Fracture instability rate was 77% and 85% (31 and 34/40) on the AO and Evans-Jensen classifications respectively. Analysis of primary fixation found non-conformity with reduction standards in 68% of cases (27/40): most frequently, cervical screw centering defect (58%, 23/40) and reduction defect (28%, 11/40). The non-conformity rate was 44% (4/9) in AO stable fracture and 74% (23/31) in unstable fracture.

Conclusion

The study hypothesis was confirmed, with no dislocations in this high-risk population. This can be attributed to exclusive use of DM cups, which should be systematic in high-risk contexts. The study confirmed the importance of primary fixation quality, although a risk of failure remains, even in stable fractures.

Introduction

Failure of internal fixation in trochanteric fracture is a serious complication, often requiring revision by arthroplasty, and frequently by total hip arthroplasty (THA) [START_REF] Brunner | What is the optimal salvage procedure for cut-out after surgical fixation of trochanteric fractures with the PFNA or TFN?: A multicentre study[END_REF]. Failure of extracapsular proximal femoral fracture (PFF) fixation incurs higher risk of complications than intracapsular fracture, with poorer results for salvage THA, notably in terms of implant stability [START_REF] Tetsunaga | Total hip arthroplasty after failed treatment of proximal femur fracture[END_REF]. The risk of implant instability seems to be a matter of changes in proximal femoral anatomy, aggravated by reduction deficit [START_REF] Tetsunaga | Total hip arthroplasty after failed treatment of proximal femur fracture[END_REF], incurring risk of failure of the primary fixation [START_REF] Morvan | Risk factors for cut-out after internal fixation of trochanteric fractures in elderly subjects[END_REF]. Dual-mobility (DM) cups have been shown to exert a protective effect against instability in salvage THA, but this was assessed in studies mixing failures of intra-and extracapsular fixation fractures together [START_REF] Morice | Total hip arthroplasty after failed fixation of a proximal femur fracture: Analysis of 59 cases of intra-and extra-capsular fractures[END_REF][START_REF] Boulat | Dual mobility cups in total hip arthroplasty after failed internal fixation of proximal femoral fractures[END_REF].

To determine more precisely the impact of DM cups, we performed a retrospective study focusing exclusively on failure of PFF fixation, 1) to assess surgical complications (periprosthetic fracture, infection, non-union) and notably dislocation rate using DM cups, and 2) to analyze the characteristics of the initial fixation and assess conformity with established standards. The study hypothesis was that DM cups exert a protective effect in PFF fixation failure at high risk of instability. .

Materials and methods

Patients

A single-center retrospective study was performed for a 10-year period from January 2007 to December 2016, allowing a minimum 2 years' follow-up.

All salvage THAs using DM cups after failure of fixation of PFF were collated. Causes of THA revision comprised: secondary displacement (cut-out, cut-through), non-union, secondary osteoarthritis, and aseptic osteonecrosis. Exclusion criteria comprised: fixation failure in intracapsular fracture, revision by renewed internal fixation, early death (<1 month), and refusal of consent.

During the study period, 3,830 PFFs were managed surgically, 47 of which (1%) showed subsequent fixation failure requiring surgical revision. Forty patients met the inclusion criteria (Tables 1 and2, Figure 1).

Surgical technique

All surgeries were performed by a senior surgeon (senior registrar, hospital practitioner and university professor), as single-step procedures. No pre-or intra-operative bacteriological samples were taken; standard antibiotic prophylaxis was systematic (slow-acting IV cefazolin 2g). The approach was transgluteal in 60% of cases (24/40), posterolateral in 38% (15/40) and anterolateral in one (2%); the transgluteal approach was preferred due to exposure issues on the posterior approach in case of posterior displacement of the greater trochanter and pelvitrochanteric muscle retraction. Figure-8 type wiring of the greater trochanter was performed in 25% of cases (10/40), 60% of which (6/10) for non-union associated with hardware fracture and greater trochanter displacement, and 40% (4/10) following trochanterotomy to correct greater trochanter malpositioning (providing direct access to the acetabulum). Hardware was removed under fluoroscopy in case of coverage by new bone formation; in 2 cases, corrective trochanterotomy facilitated removal of broken hardware. All acetabular components were Novae™ cups (Serf, Décines, France) (Table 3); a Kerboull cross with cemented Novae™ Stick cup was used in 7% of cases (3/40) due to destruction of the acetabulum by the cervical screw. Exafit™ femoral stems (Zimmer-Biomet, Warsaw, IN, USA) were all cemented (30/30) and Hype™ stems (Serf, Décines, France) were either cemented (5/10) or not (5/10). In 10 of the 40 cases (25%), long cemented stems were used due to lack of proximal femoral bone stock or to manage intraoperative periprosthetic fracture.

Clinical and radiologic assessment

Follow-up was at 6 weeks, 3 months, 6 months, 1 year and last follow-up. Patients were not called in for consultation for the study, analysis being performed on files.

Clinical data comprised: general demographic data, ASA score [START_REF] Dripps | The role of anesthesia in surgical mortality[END_REF], body-mass index (BMI), surgery date, length of hospital stay, pre-and post-operative Parker-Palmer score [START_REF] Parker | A new mobility score for predicting mortality after hip fracture[END_REF], pain on visual analog scale (VAS), and the functional Harris Hip (HHS) [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] and Postel Merled'Aubigné scores (PMA) [START_REF] Merle | Numerical classification of the function of the hip[END_REF]. Surgical complications in THA (intraoperative and up to last follow-up) comprised: infection, periprosthetic fracture, greater trochanteric non-union, and implant dislocation.

Radiologic analysis of primary fixation comprised initial fracture type on the AO [START_REF] Colton | Telling the bones[END_REF] and Evans-Jensen classifications [START_REF] Jensen | Classification of trochanteric fractures[END_REF], and reduction quality. Reduction defect was defined as neck-shaft angle >20° greater than expected or >10 mm displacement between 2 fragments on AP view, and Ikuta type A or P [START_REF] Furui | Analysis of the postoperative displacement of trochanteric fractures on lateral view radiographs[END_REF] on lateral view. Bone quality was assessed on Dorr's classification [START_REF] Dorr | Anatomic Porous Replacement hip arthroplasty: first 100 consecutive cases[END_REF], measuring cortical thickness index (CTI) [START_REF] Sah | Correlation of Plain Radiographic Indices of the Hip with Quantitative Bone Mineral Density[END_REF][START_REF] Nguyen | Cortical Thickness Index of the Proximal Femur: A Radiographic Parameter for Preliminary Assessment of Bone Mineral Density and Osteoporosis Status in the Age 50 Years and Over Population[END_REF].

Radiologic analysis of THA comprised AP weight-bearing pelvic view and AP and lateral hip view, to assess conformity: alignment between coccyx and pubic symphysis, centering, symmetry of obturator foramens and iliac wings, non-superimposition of the neck on the greater trochanter, and >5 mm lesser trochanter visibility. Radiologic analysis at last followup comprised: ≥5 mm length discrepancy with the bi-ischiatic line as landmark, stem alignment (>5° varus or valgus), non-cemented femoral stem fixation [START_REF] Engh | Cementless acetabular components[END_REF], acetabular fixation (defect defined by implant migration, screw fracture or complete radiolucency at the boneimplant interface), femoral stem cementing quality [START_REF] Barrack | Improved cementing techniques and femoral component loosening in young patients with hip arthroplasty. A 12-year radiographic review[END_REF], and acetabular component abduction [START_REF] Murray | The definition and measurement of acetabular orientation[END_REF].

Statistical analysis

Pre-to post-operative comparison of quantitative variables used non-parametric Wilcoxon test for matched data. Analyses were performed on R software (version 3.4.3) (R foundation, Vienna, Austria). The significance threshold was set at 5%.

Results

Files were analyzed at a mean 54 months' follow-up (range, 24-122 months). At last followup, 14 patients had died; there was no other loss to follow-up. Missing data 4). The rate of non-conformity was 44% (4/9) in AO stable fracture and 74% (23/31) in unstable fracture.

Pre-to post-operative comparison showed significant improvements in VAS (from 7.9 ± 1.6 [START_REF] Boulat | Dual mobility cups in total hip arthroplasty after failed internal fixation of proximal femoral fractures[END_REF][START_REF] Dripps | The role of anesthesia in surgical mortality[END_REF][START_REF] Parker | A new mobility score for predicting mortality after hip fracture[END_REF][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][START_REF] Merle | Numerical classification of the function of the hip[END_REF][START_REF] Colton | Telling the bones[END_REF] to 1.35 ± 1.5 [0-8]; p<0.0001), HHS (from 20 ± 11.8 to 78 ± 12.3 [56-96]; p<0.0001) and PMA (from 4.7 ± 2.9 [0-10] to 14.6 ± 2.1 [START_REF] Colton | Telling the bones[END_REF][START_REF] Jensen | Classification of trochanteric fractures[END_REF][START_REF] Dorr | Anatomic Porous Replacement hip arthroplasty: first 100 consecutive cases[END_REF][START_REF] Sah | Correlation of Plain Radiographic Indices of the Hip with Quantitative Bone Mineral Density[END_REF][START_REF] Nguyen | Cortical Thickness Index of the Proximal Femur: A Radiographic Parameter for Preliminary Assessment of Bone Mineral Density and Osteoporosis Status in the Age 50 Years and Over Population[END_REF][START_REF] Furui | Analysis of the postoperative displacement of trochanteric fractures on lateral view radiographs[END_REF][START_REF] Engh | Cementless acetabular components[END_REF][START_REF] Barrack | Improved cementing techniques and femoral component loosening in young patients with hip arthroplasty. A 12-year radiographic review[END_REF][START_REF] Murray | The definition and measurement of acetabular orientation[END_REF]; p<0.0001), but not in Parker-Palmer score (5.5 ± 2 [1-9] and 4.8 ± 1.9 [0-7]; p=0.4049). There were no cases of loosening; mean acetabular abduction was 44 ± 6.5° [33-58°] at last follow-up (Table 5).

Discussion

The present results highlighted the protective effect of DM cups against implant dislocation in a high-risk population of PFF fixation failure, confirming the study hypothesis. The overall complications rate was fairly high, at 22%, confirming the severe morbidity associated with this surgery: the literature reports comparable rates, averaging 26% (Table 6).

The periprosthetic fracture rate was low, at 7%, compared to that reported by Zhang et al. [START_REF] Zhang | Hip arthroplasty for failed internal fixation of intertrochanteric fractures[END_REF] (32%), despite an 82% rate (33/40) of ASA score >3, considered to be a risk factor by Lamb et al. [START_REF] Lamb | Risk factors for intraoperative periprosthetic femoral fractures during primary total hip arthroplasty. An analysis from the national joint registry for England and Wales and the Isle of Man[END_REF]. Periprosthetic fracture risk factors comprised: mean cortical thickness index < 0.40 according to Sah et al. [START_REF] Nguyen | Cortical Thickness Index of the Proximal Femur: A Radiographic Parameter for Preliminary Assessment of Bone Mineral Density and Osteoporosis Status in the Age 50 Years and Over Population[END_REF] (here, 0.39 ± 0.12 [range, 0.25-0.92]) or <0.62 according to Nguyen et al. [START_REF] Nguyen | Cortical Thickness Index of the Proximal Femur: A Radiographic Parameter for Preliminary Assessment of Bone Mineral Density and Osteoporosis Status in the Age 50 Years and Over Population[END_REF] in females, and Dorr type C femur [START_REF] Dorr | Anatomic Porous Replacement hip arthroplasty: first 100 consecutive cases[END_REF] according to Nash et al. [START_REF] Nash | The Dorr type and cortical thickness index of the proximal femur for predicting peri-operative complications during hemiarthroplasty[END_REF] (here, 40% (16/40)). Subgroup size precluded statistical validation.

The infection rate (10%, 4/40) was high compared to the literature (0-6.5% [START_REF] Archibeck | Total hip arthroplasty after failed internal fixation of proximal femoral fractures[END_REF]). Operating time ≥125 min [START_REF] Müller | Total hip arthroplasty after failed osteosynthesis of proximal femoral fractures: Revision and mortality of 80 patients[END_REF] is considered to be a risk factor [START_REF] Parratte | Obesity in orthopedics and trauma surgery[END_REF], and here averaged 154.5 ± 57.3 minutes [range, 90-360]. Infection pre-existing salvage surgery is not always easy to diagnose in chronic forms with low virulence, but should be considered. An association of ≥2 comorbidities is a major risk factor for infection [START_REF] Mc | Identification of high-risk groups for complication after arthroplasty: predictive value of patient's related risk factors[END_REF], as is BMI >30 [START_REF] Parratte | Obesity in orthopedics and trauma surgery[END_REF]. Such findings indicate strong predisposition to postoperative infection.

Finally, implant dislocation is a major risk in this population, with higher incidence in salvage than in primary surgery [START_REF] Archibeck | Total hip arthroplasty after failed internal fixation of proximal femoral fractures[END_REF]. This is due to implant malpositioning, weak scar tissue, and post-fracture remodeling of the proximal femur and/or greater trochanter non-union [START_REF] Müller | Total hip arthroplasty after failed osteosynthesis of proximal femoral fractures: Revision and mortality of 80 patients[END_REF].

There were no such cases in the present series, thanks to systematic use of DM cups, as recommended in the recent literature [START_REF] Morice | Total hip arthroplasty after failed fixation of a proximal femur fracture: Analysis of 59 cases of intra-and extra-capsular fractures[END_REF][START_REF] Boulat | Dual mobility cups in total hip arthroplasty after failed internal fixation of proximal femoral fractures[END_REF]. The present zero rate is the lowest reported (3-16% in the literature [START_REF] Archibeck | Total hip arthroplasty after failed internal fixation of proximal femoral fractures[END_REF]). The surgical approach or prosthetic femoral head size do not seem to affect the occurrence of dislocation in this particular context [START_REF] Müller | Total hip arthroplasty after failed osteosynthesis of proximal femoral fractures: Revision and mortality of 80 patients[END_REF]. Dislocation risk is increased by the following factors [START_REF] Fessy | What are the risk factors for dislocation in primary total hip arthroplasty? A multicenter case-control study of 128 unstable and 438 stable hips[END_REF]: history of fracture (inherent to the present design), ASA score > 3, age > 70 years, BMI > 30, and former spinal pathology with lumbar fusion.

The interest of the present study lay in its focus on PFF fixation failure, with higher dislocation risk than in intracapsular fracture [START_REF] Tetsunaga | Total hip arthroplasty after failed treatment of proximal femur fracture[END_REF][START_REF] Mehlhoff | Total hip arthroplasty following failed internal fixation of hip fractures[END_REF].

The secondary aim of the study was to assess primary fixation quality. 68% of cases (27/40) failed to conform to standard criteria, including 28% of cases (11/40) showing reduction defect. This testifies to a high risk of fixation failure and to a predisposition for instability following salvage THA following fixation failure with non-union, often associated with hardware breakage and major fragment displacement, showed a particularly high risk of complications (50%, 5/10), confirming the negative impact of remodeling. Analysis of factors for primary fixation failure and of general health status should therefore be combined in selecting treatment for PFF, with first-line arthroplasty in case of major risk of failure and of morbidity and mortality [START_REF] Duriez | Is arthroplasty preferable to internal fixation for the treatment of extracapsular fracture of the upper femur in the elderly?[END_REF].

The present study had certain limitations. 1) The single-center retrospective design was dictated by the rarity of the pathology but incurred selection bias by excluding patients whose health status precluded surgical revision. Müller et al. [START_REF] Müller | Total hip arthroplasty after failed osteosynthesis of proximal femoral fractures: Revision and mortality of 80 patients[END_REF] reported 5% fixation failure in PFF fracture, compared to the present 1%. 2) The quality of radiologic measurements was questionable, given poor reproducibility in an elderly population. Prosthetic femoral stem anteversion was not assessed, but could be a factor for implant instability and mobility.

However, the present radiologic findings were coherent with previous reports. The current study also had strong points. 1) It focused exclusively on PFF fixation failure, rarely reported elsewhere, and was the largest such series to our knowledge. 2) Salvage surgery was performed by a senior surgeon, with homogeneous techniques and material, thanks to the single-center design, giving coherence to the results. 3) Files and data were analyzed by an independent observer.

Conclusion

The present study reinforced the indication of DM cups in salvage THA for PFF fixation failure. Implant dislocation rate was zero, in a population at high risk of complications, confirming the study hypothesis. Analysis of standard primary fixation criteria revealed a high rate of reduction defect incurring risk of fixation failure and of implant dislocation by proximal femoral remodeling. 
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Figure legend

  (3 for VAS, 2 for HHS/PMA, 3 for Parker) were treated by mean imputation. The overall complications rate was 22% (9/40): 10% (4/40) infection, 2.5% (1/40) superficial scar incident, 7% (3/40) periprosthetic fracture (2 intraoperative shaft fractures and 1 postoperative Vancouver B1 fracture), and 2.5% (1/40) greater trochanter non-union at 6 months. There were no implant dislocations. The surgical revision rate was 12.5% (5/40): a) two early infections, treated by debridement-lavage and implant retention (for >7 days' scar effusion) and 6 weeks' adapted antibiotic therapy; b) two late infections, treated by 1-stage implant exchange (for fistula >6 weeks after THA) and 6 weeks' adapted antibiotic therapy based on intraoperative samples at implant exchange, with no prior prophylaxis; c) one postoperative Vancouver B1 periprosthetic fracture at 3 months, managed by cerclage. The 2 intraoperative periprosthetic fractures were managed by wiring and implantation of a long cemented stem. In the single case of greater trochanteric non-union, abstention was decided on. The 9 postoperative complications involved only 2 causes of primary fixation failure: 5 complications in the 10 cases of PFF revision for non-union (50%) (3 infections, 1 postoperative periprosthetic fracture, 1 greater trochanteric non-union), and 4 complications in the 21 cases of PFF revision for cut-out (19%) (1 early infection, 1 scar incident, and 2 intraoperative periprosthetic fractures). Analyzing factors for PFF fixation failure, unstable initial fracture was found in 77% (31/40) and 85% (34/40) of cases on the AO and Evans-Jensen classifications respectively, and nonconformity of fixation in 68% (27/40), including 28% (11/40) reduction defects. Several nonconformity criteria were associated with fixation failure (Table

  Favreau and Philippe Adam have no interests to disclose in relation to the present article or elsewhere. François Bonnomet is a consultant with SERF in relation to the present article and with Amplitude elsewhere. Matthieu Ehlinger has no interests to disclose in relation to the present article but is a consultant with Newclip Technics, Groupe Lépine and Amplitude and associate editor of the SOFCOT Instructional Courses.

Figure 1 :

 1 Figure 1: Flowchart (sTHA: salvage total hip arthroplasty; DM: dual mobility)
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Table 1 :

 1 Patient data

	Series

Evans-Jensen fracture type [11]: I,II,III/IV,V 6/34 Unstable fracture: AO [10] Evans and Jensen [11] classifications

  

	Table 2: Technical data	
	Series	Value
	Mean revision surgery time (minutes) (range)	154.5 (90-360)
	Mean blood loss on cell-saver (ml) (range)	683 (175-1300)
	Blood transfusion	33
	Approach: lateral/posterior/anterior	25/14/1
	Femoral stem: cemented/non-cemented	35/5
	Dual-mobility cup	40
	Mean hospital stay (days) (range)	13.5 (4-60)
		31/40 and 34/40
		(77% and 85%)
	Dorr bone quality [12]: A/B/C	7/17/16
	Mean CTI [13,14] (range)	0.39 (0.25-0.92)
	Reason for revision: cut-out/non-union/necrosis/osteoarthritis	21/10/5/4
	BMI: body-mass index; ASA: American Society of Anesthesiologists [6]; VAS: Visual
	Analog Scale; PMA: Postel Merle-D'Aubigné score [9]; HHS: Harris Hip Score [8]; CTI:
	cortical thickness index	

Table 3 :

 3 SERF® acetabular implants

	Novae™

Table 4 :

 4 Fixation non-conformity[START_REF] Morvan | Risk factors for cut-out after internal fixation of trochanteric fractures in elderly subjects[END_REF][START_REF] Furui | Analysis of the postoperative displacement of trochanteric fractures on lateral view radiographs[END_REF] 

	Series

with respect to the expected cervico-diapyseal angle -Intercalary fragment distance > 10 mm -Cumulated defects on AP and lateral view

  

		11/40 (28%)
		3 and 1 /11
		2/11
		1/11
		4/11
	Non-respect of TAD	2/40 (5%)
	Cervical screw locking defect	1/40 (3%)
	Reduction defect + centering defect	9/40 (23%)
	Non-respect of TAD + centering defect	1/40 (3%)
	TAD: Tip-apex distance	

Table 5 :

 5 Clinical and radiologic results

	After sTHA

sTHA: salvage total hip arthroplasty; HHS: Harris Hip 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]

; PMA: Postel Merle-D'Aubigné

[START_REF] Merle | Numerical classification of the function of the hip[END_REF] 

Table 6 :

 6 Literature data

								Cortical
		n HHS [8] Complications PPF Infection Dislocation	
								perforation
	Tetsunaga et al. [2] 32	81	25%	9%	6.5%	6.5%	3%
	Morice et al. [4]	19	74	21%	5%	0%	16%	0
	Boulat et al. [5]	33	80	24%	18%	3%	3%	0
	Zhang et al. [19]	19	80	47%	32%	/	16%	0
	Archibeck et al.							
		39	81	18%	10%	3%	5%	0
	[20]							
	Present series	40	78	22%	7%	10%	0	0

HHS: Harris Hip 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]

; PPF: Periprosthetic Fracture