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The Taperloc Microplasty™ stem is equivalent to the best conventional cementless prostheses on the market in selected surgical indications after a mean follow-up of 61 months. The follow-up is still not sufficient to confirm all the benefits expected from this type of implant.
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Microplasty™ at least equivalent to the best conventional cementless prostheses on the market, i.e. with a 10-year revision rate of less than 5% according to NICE criteria? 2) Have the expected benefits of short stems been confirmed?

Hypothesis:

The Taperloc Microplasty™ prosthesis meets the NICE criteria with a revision rate of less than 5% at 10 years.

Materials and methods:

This is a retrospective single-surgeon study of 119 prostheses implanted between April 2013 and December 2015. The inclusion criteria were hip arthrosis or avascular necrosis of the femoral head in patients under the age of 70 regardless of height or weight, excluding Dorr type C femurs. The series consisted of 108 patients (11 bilateral total hip arthroplasties (THA)) with a mean age of 58.8 ± 10 years ; 81 were men and 38 were women.

Results:

The results were assessed in 110 hips (103 patients since 9 hips (7 patients) were lost to follow-up) at a mean follow-up of 61 ± 8 months . At follow-up the Postel-Merle d'Aubigné (PMA) score was 17.8 ± 0.8 [START_REF] Falez | Current concepts, classification, and results in short stem hip arthroplasty[END_REF][START_REF] Lombardi Av | A short stem solution: Through small portals[END_REF][START_REF] Takayama | Excessive periosteal reaction after total hip arthroplasty using a short-tapered stem[END_REF][START_REF] Lombardi Av | Early experience with a short, tapered Titanium porous plasma sprayed stem with updated design[END_REF][START_REF] Nahas | Independent assessment and outcomes of 196 short-tapered stems. Short-Term follow-up and review of the literature[END_REF][START_REF] Gallart | Early clinical and radiological outcomes for the Taperloc Complete Microplasty stem[END_REF][START_REF]Total hip replacement and resurfacing arthroplasty for end stage arthritis of the hip[END_REF] and the Oxford score 13.1 ± 3.5 (p<0.05 versus pre operative). On X-rays, we identified 9 pedestal signs (7.5%) below the distal end of the stem, 6 calcar atrophies (5%), but no cortical hypertrophy greater than 2 mm, no stem subsidence greater than 5 mm, and no radiolucent line indicating the absence of integration. The survivorship at 61 months was 100% (95% CI: 0.905; 1.095), taking femoral revision as the end-point and 98.2% (95% CI: 0.887; 1.077) considering revision for any reason.

Conclusion:

Introduction

Cementless total hip arthroplasties (THA) with conventional stems have excellent results with a 10-year survival rate exceeding 95% [START_REF] Ateschrang | Long-term results using the straight tapered femoral cementless hip stem in total hip arthroplasty: a minimum of twenty-year follow-up[END_REF][START_REF] Boldt | Long-term bone remodeling in HAcoated stems: A radiographic review of 208 total hip arthroplasties (THAs) with 15 to 20 years follow-up[END_REF][START_REF] Drobniewski | Results of total cementless hip joint arthroplasty with Taperloc stem[END_REF][START_REF] Louboutin | Long-term survivorship of the Corail™ standard stem[END_REF][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] Zang | Long-term clinical and radiographic results of the cementless Spotorno stem in Japanese patients: A more than 15-year follow-up[END_REF]. Over the past decade, with the development of minimally invasive techniques, multiple short-stem THA solutions have become available with the objectives of adapting to smaller incisions, preserving trochanteric bone stock, enabling a more physiological load distribution at the proximal end of the femur to reduce stress shielding, and lastly, facilitating surgical revision [START_REF] Loppini | Uncemented short stems in primary total hip arthroplasty: the state of the art[END_REF][START_REF] Pairon | Stem Size in Hip Arthroplasty: Could shorter be better and when will we know?[END_REF].

However, short stems are not all the same and do not meet the same objectives in terms of shape, fixation and biomechanics [START_REF] Khanuja | Short bone-conserving stems in cementless hip arthroplasty[END_REF][START_REF] Feyen | Is the length of the femoral component important in primary total hip replacement?[END_REF][START_REF] Piriou | Veille Technologique "Tiges Courtes[END_REF][START_REF] Falez | Current concepts, classification, and results in short stem hip arthroplasty[END_REF]. Khanuja et al. [START_REF] Khanuja | Short bone-conserving stems in cementless hip arthroplasty[END_REF] classified short stems according to their fixation and location of proximal loading. These authors divided stems into 4 categories: femoral neck only, calcar loading, lateral flare calcar loading and shortened stems. The latter correspond to type 5 of the SFHG's classification [START_REF] Piriou | Veille Technologique "Tiges Courtes[END_REF]. The Taperloc Microplasty™ (Zimmer-Biomet, Warsaw, Indiana, USA) is a shortened stem (3.5 cm shorter than the standard Taperloc™) and was developed by Lombardi in the late 2000s [START_REF] Lombardi Av | A short stem solution: Through small portals[END_REF]. Few short-term studies have been published about this stem and they report very satisfactory results [START_REF] Takayama | Excessive periosteal reaction after total hip arthroplasty using a short-tapered stem[END_REF][START_REF] Lombardi Av | Early experience with a short, tapered Titanium porous plasma sprayed stem with updated design[END_REF][START_REF] Nahas | Independent assessment and outcomes of 196 short-tapered stems. Short-Term follow-up and review of the literature[END_REF][START_REF] Gallart | Early clinical and radiological outcomes for the Taperloc Complete Microplasty stem[END_REF]. To our best knowledge, we have not found results in the literature for more than 5 years of follow-up and for series of more than 100 cases. Similarly, in France, no articles have been published on this implant. We therefore conducted a retrospective study investigating this implant with a mean follow-up of 61 months to answer the following questions: 1) Is the survival of the Taperloc Microplasty™ at least equivalent to the best conventional cementless prostheses on the market, i.e. with a 10-year revision rate of less than 5% according to NICE criteria [START_REF]Total hip replacement and resurfacing arthroplasty for end stage arthritis of the hip[END_REF]? 2) Have the expected benefits of short stems been confirmed? Our hypothesis was that the Taperloc Microplasty™ implant met the NICE criteria with a revision rate of less than 5% at 10 years.

Materials and methods

Patients

This is a retrospective single-surgeon study of 119 prostheses (108 patients) implanted between April 2013 and December 2015. This study has been drafted in accordance with the principles of the Helsinki Declaration. All patients agreed to participate in the study. The inclusion criteria were hip osteoarthritis or osteonecrosis of the femoral head in patients under the age of 70 regardless of height or weight. The exclusion criteria were patients over 70 years of age, Dorr et al. [START_REF] Dorr | Structural and cellular assessment of bone quality of proximal femur[END_REF] type C femurs for fear of insufficient stem anchorage, and combined use with a dual mobility or large-head metal-on-metal acetabular cups. Figure 1 summarises patient selection and Table 1 the characteristics of the series.

Methods

The surgical technique was the same for all the procedures: The patient was positioned in lateral decubitus with a mini-posterior approach (7 to 12 cm) sparing the piriformis tendon.

It is very similar to that described by Lombardi and Ng [START_REF] Lombardi Av | Mastering orthopedic techniques: total hip arthroplasty[END_REF] for bone preparation.

Postsurgery, all patients had full immediate loading with 2 forearm crutches, doing without these as soon as possible, and their hospital stay was between 3 and 6 days depending on where they were discharged to.

Assessment methods

All patients at less than 50 months of follow-up (corresponding to the scheduled study end date) were contacted for a consultation for their normal THA follow-up. Pre and postoperative clinical data were used to give Postel Merle d'Aubigné (PMA) [START_REF] Merle | Numerical classification of the function of the hip[END_REF] and Oxford-12 [START_REF] Delaunay | Cross-cultural adaptations of the Oxford-12 hip score to the French speaking population[END_REF] scores before the procedure and at maximum follow-up. X-ray images (anteroposterior view of the pelvis + anteroposterior and lateral view of the hip) made it possible, on the one hand, to distribute the different indications for THA and classify the proximal femoral anatomy according to Dorr et al. types [START_REF] Dorr | Structural and cellular assessment of bone quality of proximal femur[END_REF] and on the other hand, to monitor the implant. The radiological follow-up consisted in collecting information on the following: periprosthetic radiolucent line, pedestal sign, calcar atrophy, subsidence greater than 5 mm (distance from the tip of the greater trochanter to the shoulder of the prosthesis) and/or stem varus (tolerance of 2 to 3°, which is the measurement accuracy limit), integration of the implant, cortical hypertrophy and the centring of the stem on the anteroposterior and lateral views of the hip. All the measurements were taken by 2 different examiners, immediately after the surgery and at the longest follow-up, using the PACS (Picture Archiving and Communication System). If the measurements differed, the images were analysed by both examiners at the same time.

Statistical methods

The statistical analysis was carried out using XLSTAT software, version 2016 (Addinsoft, New York, USA). The quantitative variables were analysed by Student's t-test and the qualitative variables using Fisher's exact test or a chi-square test. All p values were compared with an alpha value of 0.05 to find a significant difference. Given that it was a single-centre, singlesurgeon study, all the files were complete pre and postsurgery for all the variables analysed.

Only patients lost to follow-up at the chosen minimum follow-up were not included in the results. There was no significant difference for any of the variables (age, gender, BMI, aetiology, presurgical functional scores, Dorr femur type, immediate postsurgical outcome, short-term complications) between these patients and the overall series. THA survival was calculated for stem revision and for all causes with a 95% confidence interval (CI).

Results

There were no intraoperative complications in this series. In the early postsurgical stages, we observed 2 deep venous thromboses and 1 pulmonary embolism, which all regressed after appropriate treatment, and 3 dislocations (2.5%). Two of these patients experienced a recurrence (1 patient with neurological disease and 1 alcoholic), requiring revision using a dual mobility cup.

The results were assessed in 110 hips (103 patients). Nine hips (7 patients) were lost to follow-up before the minimum follow-up of 50 months (including 2 deaths). The mean follow-up of the whole series was 61 ± 8 months [50-82].

The PMA score improved from 11 ± 2.3 [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] Zang | Long-term clinical and radiographic results of the cementless Spotorno stem in Japanese patients: A more than 15-year follow-up[END_REF][START_REF] Loppini | Uncemented short stems in primary total hip arthroplasty: the state of the art[END_REF][START_REF] Pairon | Stem Size in Hip Arthroplasty: Could shorter be better and when will we know?[END_REF][START_REF] Khanuja | Short bone-conserving stems in cementless hip arthroplasty[END_REF][START_REF] Feyen | Is the length of the femoral component important in primary total hip replacement?[END_REF][START_REF] Piriou | Veille Technologique "Tiges Courtes[END_REF][START_REF] Falez | Current concepts, classification, and results in short stem hip arthroplasty[END_REF][START_REF] Lombardi Av | A short stem solution: Through small portals[END_REF][START_REF] Takayama | Excessive periosteal reaction after total hip arthroplasty using a short-tapered stem[END_REF][START_REF] Lombardi Av | Early experience with a short, tapered Titanium porous plasma sprayed stem with updated design[END_REF][START_REF] Nahas | Independent assessment and outcomes of 196 short-tapered stems. Short-Term follow-up and review of the literature[END_REF][START_REF] Gallart | Early clinical and radiological outcomes for the Taperloc Complete Microplasty stem[END_REF] presurgery to 17.8 ± 0.8 [START_REF] Falez | Current concepts, classification, and results in short stem hip arthroplasty[END_REF][START_REF] Lombardi Av | A short stem solution: Through small portals[END_REF][START_REF] Takayama | Excessive periosteal reaction after total hip arthroplasty using a short-tapered stem[END_REF][START_REF] Lombardi Av | Early experience with a short, tapered Titanium porous plasma sprayed stem with updated design[END_REF][START_REF] Nahas | Independent assessment and outcomes of 196 short-tapered stems. Short-Term follow-up and review of the literature[END_REF][START_REF] Gallart | Early clinical and radiological outcomes for the Taperloc Complete Microplasty stem[END_REF][START_REF]Total hip replacement and resurfacing arthroplasty for end stage arthritis of the hip[END_REF] at maximum follow-up (p=0.00001), with a mean pain score of 5.9 ± 0.4. There was no thigh pain likely related to the stem. The Oxford score improved from 42.5 ± 7 [21-60)] presurgery to 13.1 ± 3.5 at maximum follow-up (p=0.00001).

At maximum follow-up, we observed 9 pedestal signs below the distal end (7.5%), 6 calcar atrophies (5%), no cortical hypertrophy greater than 2 mm [START_REF] Takayama | Excessive periosteal reaction after total hip arthroplasty using a short-tapered stem[END_REF], no stem subsidence greater than 5 mm (mean subsidence: 0.15 ± 2.8 mm (0-4)) and radiolucent line indicating the absence of prosthetic integration. The implant was centred on the anteroposterior X-ray view in all cases, with no secondary varus migration greater than 3° (mean varus migration: 0.25 ± 1.5° (0-3°)). On the lateral view, the stem was centred in 97 cases (88%), tilted forward in 11 cases (10%) and backwards in 2 cases. There was no correlation between calcar atrophy and pedestal sign and PMA and Oxford functional scores.

The survival rate was 100% at 61 months of follow-up, taking femoral revision as the endpoint (95% CI: 0.905; 1.095) and 98.2% considering revision for any reason (95% CI: 0.887; 1.077).

Discussion

Short stems appeared in the 1980s with the Mayo Conservative Hip [START_REF] Morrey | A conservative femoral replacement for total hip arthroplasty. A prospective study[END_REF] and the CFP (Collum Femoris Preserving) stem [START_REF] Pipino | Preservation of the femoral neck in hip arthroplasty: results of a 13-17 year follow-up[END_REF][START_REF] Hutt | Ten year results of the Collum Femoris Preserving total hip replacement: A prospective cohort study of seventy five patients[END_REF]. Their use was fairly uncommon for many years before there was a surge during the 2010s. Not all short stems are the same and classification was necessary to differentiate them [START_REF] Khanuja | Short bone-conserving stems in cementless hip arthroplasty[END_REF][START_REF] Feyen | Is the length of the femoral component important in primary total hip replacement?[END_REF][START_REF] Piriou | Veille Technologique "Tiges Courtes[END_REF][START_REF] Falez | Current concepts, classification, and results in short stem hip arthroplasty[END_REF]. The Taperloc Microplasty™ is a shortened stem that is the standard Taperloc™ shortened by 3.5 cm (Fig. 2a and2b). It was first used in the late 2000s and the first publications only report short-term results [START_REF] Takayama | Excessive periosteal reaction after total hip arthroplasty using a short-tapered stem[END_REF][START_REF] Lombardi Av | Early experience with a short, tapered Titanium porous plasma sprayed stem with updated design[END_REF][START_REF] Nahas | Independent assessment and outcomes of 196 short-tapered stems. Short-Term follow-up and review of the literature[END_REF][START_REF] Gallart | Early clinical and radiological outcomes for the Taperloc Complete Microplasty stem[END_REF]. Our study reports mid-term results (50 to 82 months) that confirm the good initial results with a 100% survival rate at 61 months of mean follow-up, no secondary subsidence whatever the patient's BMI (26% had a BMI >30 kg/m 2 ) and no secondary implant varus. Admittedly, its use has been restricted to a relatively young (mean age: 58.8 years; 17-70), predominantly male population (81 men versus 38 women) with only Dorr type A and B femurs (48% and 52%).

In this series, the results are identical to the best series of conventional stems in the literature [START_REF] Ateschrang | Long-term results using the straight tapered femoral cementless hip stem in total hip arthroplasty: a minimum of twenty-year follow-up[END_REF][START_REF] Boldt | Long-term bone remodeling in HAcoated stems: A radiographic review of 208 total hip arthroplasties (THAs) with 15 to 20 years follow-up[END_REF][START_REF] Drobniewski | Results of total cementless hip joint arthroplasty with Taperloc stem[END_REF][START_REF] Louboutin | Long-term survivorship of the Corail™ standard stem[END_REF][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] Zang | Long-term clinical and radiographic results of the cementless Spotorno stem in Japanese patients: A more than 15-year follow-up[END_REF] (Table 2). Have the expected benefits of short stems been confirmed? The implant was inserted without any difficulties, using a mini-posterolateral approach without sectioning the piriformis tendon. There were no intraoperative calcar fractures, which are a common complication of conventional cementless prostheses. Molli et al. [START_REF] Molli | A short tapered stem reduces Intraoperative complications in primary total hip arthroplasty[END_REF] observed this complication in 2.1% of more than 50,000 implants and Louboutin et al [START_REF] Louboutin | Long-term survivorship of the Corail™ standard stem[END_REF] in 3.75% of cases with the Corail™ stem. As for the preservation of bone stock, it is difficult to imagine that this shortened prosthesis, which has exactly the same shape as the standard Taperloc TM and which has been implanted in exactly the same way, can preserve trochanteric bone stock. If this were the case, this bone preservation would be difficult to quantify and no doubt extremely minimal. There is insufficient follow-up for this series to confirm any stress shielding reduction. Bone density on standard X-rays showed no abnormalities except for some cortical thickening, in all cases less than 2 mm, and pedestal signs in 7.5% of cases.

These findings conflict with those of Crawford et al. [START_REF] Crawford | Distal femoral cortical hypertrophy not associated with thigh pain using a short stem femoral implant[END_REF] who observed distal cortical hypertrophy in 74% of cases in Gruen zone 3 and 56% in zone 5. Our findings are closer to those of Takayama et al. [START_REF] Takayama | Excessive periosteal reaction after total hip arthroplasty using a short-tapered stem[END_REF] who observed cortical hypertrophy greater than 2 mm in 3.76% of cases with thigh pain resolving within 3 months. In any case, the absence of diaphyseal stem blockage contributes highly to the absence of stress shielding [START_REF] Small | Characterization of femoral component initial stability and cortical strain in a reduced stemlength design[END_REF].

Many authors recommend the use of short stems to facilitate surgical revision and preserve bone stock [START_REF] Loppini | Uncemented short stems in primary total hip arthroplasty: the state of the art[END_REF][START_REF] Pairon | Stem Size in Hip Arthroplasty: Could shorter be better and when will we know?[END_REF]. To date, we have no experience of revision with this stem. While removal is likely easier than for a fully coated cementless stem, it would be logical to presume that it is no easier to remove than a standard Taperloc™ stem and would not improve bone preservation. Indeed, the ongrowth surface of the implant is exactly the same (Fig. 2) and the distal part of the standard stem is completely smooth, without any bone anchorage. At most, we can imagine that the removal of a short stem could avoid some of the greater trochanter fractures seen fairly frequently when extracting a longer stem.

Given our current knowledge, there are likely to be 4 indisputable indications for short stems. First of all, some subtrochanteric malunions (Fig. 3) which, in the case of a standard stem, require a reorientation osteotomy to implant the prosthesis, which is obviously a much more invasive surgery. Next, Dorr type A femurs [START_REF] Pogliacomi | Outcome of short versus conventional stem for total hip arthroplasty in the femur with a high cortical index: A five year follow-up prospective multicentre comparative study[END_REF], which can require femoral reaming when using a conventional stem to prevent distal fixation which can cause thigh pain. Also, curved femurs in small patients where femoral fractures at the tip of the stem are not uncommon (Fig. 4). And lastly, some femurs carrying non-extractable fixation devices, in which case removal could lead to a femoral fracture under the implant (Fig. 5).

It is difficult to compare the results of this series with other short stems currently on the market because the older ones are not based on the same principle [START_REF] Morrey | A conservative femoral replacement for total hip arthroplasty. A prospective study[END_REF][START_REF] Pipino | Preservation of the femoral neck in hip arthroplasty: results of a 13-17 year follow-up[END_REF][START_REF] Hutt | Ten year results of the Collum Femoris Preserving total hip replacement: A prospective cohort study of seventy five patients[END_REF][START_REF] Cinotti | Thigh pain, subsidence and survival using a short cementless femoral stem with pure metaphyseal fixation at minimum 9-year follow-up[END_REF][START_REF] Epinette | A predictive radiological analysis of short stems versus both shortened and long stems in primary hip replacement: A case-control study of 100 cases of Metha versus ABG II and Omnifit HA at 2-8 years' follow-up[END_REF] (Table 3).

In any case, Lidder et al.'s meta-analysis [START_REF] Lidder | A systematic review of short metaphyseal loading cementless stems in hip arthroplasty[END_REF] and Giardina et al.'s registry study [START_REF] Giardina | Short stems versus conventional stems in cementless total hip arthroplasty: a long-term registry study[END_REF] report results similar to conventional prostheses in the medium term.

The strengths of this study are its consistency, given the standardised surgical and postsurgical management, and also a follow-up greater than that of articles published on this implant thus far. Its weaknesses are the absence of randomisation, the fact that the indications are selected, the single operator and single centre, and insufficient follow-up compared to conventional cementless stems. Furthermore, the measurements taken on the PACS lack precision below 5 mm and 3 degrees. However, these weaknesses do not compromise the validity of the results of this observational study with a mean follow-up of 61 months.

Conclusion

The Taperloc Microplasty™ femoral implant is equivalent to the best conventional cementless prostheses on the market in selected surgical indications after a mean follow-up of 61 months. It has definite advantages for Dorr type A femurs, for certain proximal femoral malunions, for curved femurs in small patients, and in cases of non-extractable fixation devices. Certain theoretical advantages (bone stock preservation in cases of revision, no stress shielding) have yet to be demonstrated with a longer follow-up. 
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Table 1 :

 1 Series characteristics

	Population	N = 119 stems (%)
	Gender	119
	Men	81
	Women	38
	Side	
	Right	66
	Left	53
	Bilateral	11
	Mean age (years)	58.8 ± 11 (17-70)
	BMI (Kg/m 2 )	27.9 ± 5.2 (17.3-45.7)
	BMI >30	30 (26%)
	Functional scores	
	Merle d'Aubigné score	11 ± 2.3 (5-17)
	Oxford-12 score	42.5 ± 7 (21-60)
	Aetiology	
	Primary hip osteoarthritis	107 (90%)
	Secondary hip osteoarthritis	6 (5%)
	Femoral head osteonecrosis	6 (5%)
	Dorr type [19]	
	A	57 (48%)
	B	62 (52%)
	Stem type	
	Standard	80 (67%)
	Lateralised	39 (33%)
	Acetabular implant	
	Single mobility	119 (100%)
	Friction couple	
	Ceramic-Highly crosslinked	119 (100%)
	polyethylene	
	Head diameter (mm)	
	-Diameter 28	1 (1%)
	-Diameter 32	12 (10%)
	-Diameter 36	95 (80%)
	-Diameter 40	11 (9%)

Table 3 :

 3 Results for short stems analysed in the article.

	Authors	Stem type	Number	Mean	Survival
			of cases	follow-up	rate
				(years)	
	Other stems				
	Morrey et al. [23]	Mayo CH™	162	10	98.2%
		(Zimmer, Warsaw, In, USA)			
	Hutt et al. [25]	CFP™	75	9.3	100%
		(Link, Hamburg, Germany)			
	Cinotti et al. [30]	Duraloc Sector™	64	9	100%
		(Depuy, Warsaw, In, USA)			
	Epinette et al. [31]	Metha™	100	8	100%
		(BBraun-Aesculap,			
		Tuttlingen, Germany)			
	Lidder et al. [32]	Meta-analysis	5,322	12.1	98.6%
	Taperloc Microplasty TM				
	Lombardi et al. [15]	Taperloc Microplasty™	93	4.5	100%
		(Zimmer, Warsaw, In, USA)			
	Gallart et al. [17]	Taperloc Microplasty™	40	3	100%
		(Zimmer, Warsaw, In, USA)			
	Our series	Taperloc Microplasty™			
		(Zimmer, Warsaw, In, USA)			
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