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Abstract
BACKGROUND
The uncemented ArcosTM Modular Femoral Revision System (ARCOS) is a new comprehensive, press-fit revision design. The modular design offers a wide range of possible combinations to accommodate different variations of anatomy and bone stock. The ARCOS is made by a proximal body and a distal stem. As probably the only ones worldwide we predominantly use a combination of body and stem which supports proximal fixation and load, since this mimics the concept of the primary total hip arthroplasty with proximal weight-bearing, leading to bone stock preservation and no stress shielding or thigh pain.

AIM
To evaluate the early results after femoral revision in a consecutive series of patients undergoing surgery over 3 years.

METHODS
We included 116 patients in the study. They were operated in the period August 2011 to December 2014 and we got a clinical mean observation time of 4 (0.5-6) years. Clinical and radiographical follow-up included present function of the hip assessed by Harris Hip Score, Oxford Hip Score, and EQ5D (measure of health outcome). Of the 116 patients, 17 died in the interim and were consequently included only in the implant survivorship analysis; 46 patients attended the follow-up control.

RESULTS
In total 6 (5%) hips were re-revised due to infection (n = 3), fracture (n = 2) or subsidence (n = 1). No patient was re-revised due to aseptic loosening. The 1-, 2- and 5-year probability of implant survival (95%CI) was 97% (93%-100%), 97% (93%-100%) and 96% (92%-99%) respectively.

In this cohort 95 patients received a combination of a proximal broach and a distal curved and slotted stem (BS), aiming for proximal fixation and load bearing; 21 patients received a different combination. When comparing these two groups the BS-group had a 5-year implant survival probability (95%CI) of 97% (93%-100%) compared with the group of other combinations with a 5-year implant survival probability (95%CI) of 90% (78%-100%) (P = 0.3). Our regression analysis showed that periprosthetic fracture as an indication for the ARCOS operation was the only significant negative outcome predictor. The mean Harris Hip Score result (100 being best) was 83 (range 5-98). The mean Oxford Hip Score result (48 being best) was 40 (range 19-48).

CONCLUSION
The early results of the ARCOS are promising compared with similar studies. We encourage the use of the BS combination, whenever the bone stock proximally is adequate.
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Core tip: The ArcosTM Modular Femoral Revision System is a new comprehensive, press-fit revision design. We have evaluated the early results after femoral revision in a consecutive series of 116 patients in a period of three years. This is a fairly large cohort when dealing with arthroplasty reoperations and the special feature of our cohort is that we use a combination of implant-modules which strives for proximal load bearing and fixation, mimicking the concept of the primary hip replacements.


INTRODUCTION
In 2011 we began using the new Arcos Modular Femoral Revision System (ARCOS) from Zimmer Biomet® for hip revision surgery. This was part of a development over some years, going from using monoblock prostheses to using modular prostheses. The uncemented modular prosthesis is now worldwide the most common choice in hip revision surgery[1,2].
The idea behind the modular implants compared to the one-piece implants, is to provide flexibility to adjust leg length and apply the optimal rotation to address stability during surgery. In addition, both metaphyseal and diaphyseal defects may be addressed independently[3,4]. It is essential to evaluate the efficacy of new technology or new designs[5] . With this study we aimed to evaluate the early results after surgery with ARCOS, focusing on early reoperation rate and clinical results.

MATERIALS AND METHODS
In this retrospective observational study with clinical and radiographical follow-up, we included 116 consecutive patients who were operated on any indication, with the ARCOS at Gentofte Hospital, Denmark, department of Orthopedic Surgery by two chief surgeons per operation. The first patient was operated on August 30, 2011 and the last on December 17, 2014. All study participants or their legal guardian provided informed written consent about personal and medical data collection prior to study enrolment. The Danish Patient Safety Authority granted access to patient files for those patients whom we were unable to contact (case number 3-3013-1695/1/). 
[bookmark: _Hlk25749038]The cup was changed only if it was loose, or in cases of polywear. The revision implant was an uncemented cup with a surface of trabecular metal with a poly liner. Accordingly, all patients had a metal-on-poly bearing. The ARCOS is a wide-ranging, press-fit revision stem design providing the surgeon with multiple styles of modular proximal and distal bodies for reconstruction of various defects commonly seen in femoral revision surgery. That being the case, the ARCOS is formed by a proximal body and a distal stem (Figure 1). The proximal bodies are broach, calcar-replacing or cone-style implants. All proximal bodies are made from Ti-6Al-4V (ASTM F-136 or F-620). The proximal implants are offered in a range of sizes with standard and high offset neck geometries. 
The distal stems consist of slotted, bullet-tip and splined tapered stem (STS) versions made to address differing quality of diaphyseal bone, desired fixation and surgical technique. The distal stems are also made from Ti-6Al-4V (ASTM F-136) in a range of diameters and lengths. All proximal bodies and distal stems are available without Bonemaster hydroxyapatite coating for use in the United States and with Bonemaster hydroxyapatite coating for use in the Europe. The ARCOS with Bonemaster coating was used in this study. In theory more than 200 combinations of proximal body and distal stem exist. In reality two combinations or concepts apply for the majority of revision cases. These are: (1) A broach proximal body + a distal slotted and curved stem (BS) and (2) A cone proximal body + a distal STS (CS). 
The BS combination strives for instant load and fixation proximally. A good fit can be achieved and in time ingrowth distally around the cylindrical and anatomically curved stem will occur. The modules are assembled on the operating table. 
On the other hand, the CS combination aims for immediate distal fixation around the conical stem with the possibility of adjustment after stem placement since the cone body comes in three different lengths and is fitted in situ after placement of the distal stem. No proximal fixation or weight bearing is accomplished. The choice of implant combination was solely decided by the surgeon. Both combinations include the possibility of restoring off-set and leg length. However, in the opinion of the authors the BS combination has the resemblance of a primary implant, thus favouring its use. 
[bookmark: _Hlk33458548]Preoperatively templating on calibrated X-rays was made on the entire cohort, optimizing the end result of the operation, regarding the biomechanical parameters such as leg length and offset (Figure 2). This is especially important when aiming for preservation of bone stock with the BS combination, since it is assembled prior to insertion.
Six experienced hip-surgeons in the department have performed 123 consecutive total hip arthroplasties revisions with the ARCOS in the period August 2011 to December 2014; 6 patients were operated twice on the same side (they appear in the study just once with their first ARCOS-operation). Hence, 116 individuals were suitable for enrolment. These patients were invited to participate in the study according to the inclusion criteria (Figure 3). The mean observation time was 4 (0.5-6) years. The only reason for follow up shorter than 2 years was death.
The follow-up took place at Gentofte Hospital and included evaluation by Harris Hip Score (HHS) (objective), Oxford Hip Score (OHS) and EQ-5D (the two latter are Patient Reported Outcome Measures)[6,7]. The HHS has a maximum score of 100 points (as the best possible outcome) covering pain (1 item, 0–44 points), function (7 items, 0–47 points), absence of deformity (1 item, 4 points), and range of motion (2 items, 5 points). The OHS is an outcome measure to assess pain, functional ability and daily activities. It produces overall scores running from 0 to 48, with 48 being the best outcome possible[6,8]. The EQ-5D consists of 2 parts, the first called Dimensions, covering Mobility, Self-care, Usual activities, Pain/discomfort, and Anxiety/depression. The second part is the EQ-5D VAS-score, an overall self-assessment of wellbeing scoring from 0 to 100 (100 being the best possible). Only the VAS-score is reported in this article. All the radiographic X-rays were jointly evaluated by the same orthopedic surgeon and radiologist. Compared to the post-surgery X-rays in two planes, the most recent anterior-posterior X-ray was classified as: Stationary conditions, subsidence, fracture, re-revision or clearing in the Gruen Zones.

Data sources
The following factors were recorded from the electronic journal system: Age, gender, alive/dead, American Society of Anaesthesiologists’ score (ASA), year of primary total hip arthroplasties, revision number, cause for revision, cemented/uncemented status to be revised, stem to be revised, date of ARCOS surgery, operation-code, proximal body (ARCOS), distal stem (ARCOS), complications during surgery, complications during admission, reoperation of ARCOS (only femur stem, not the cup), date of ARCOS-reoperation.
From the Danish Hip Arthroplasty Registry: information on bone stock classification[9–11] during surgery, revision number, cause for revision, cemented/uncemented status to be revised, stem to be revised, date of ARCOS surgery and operation-code was obtained. The Impax Client (Agfa) was used for: Date of X-ray post-surgery, date of most recent X-ray, analysis of both post-surgery and most recent X-ray.
All patients who underwent surgery in the given period were asked to participate in the follow-up study; 40 patients declined participation in clinical and radiographical follow-up due to e.g., old age, poor function or simply “no time” or “not interested” (see flow chart Figure 3). Of course this meant some level of selection bias, but only with regards to clinical follow-up, not the survival analysis.

Statistical analysis 
Non-parametric statistics was used for risk factors between the re-revision-group and the no-re-revision-group. Competing risk and Kaplan Meier survival analysis were used for the ARCOS stem combination(s). For preoperative factors a multivariate cox method was used to estimate stem failure (cause for revision + ASA + gender + age + revision number + bone stock classification + ARCOS combination). A statistical review of the study was performed by a professor with extensive experience in statistics.

RESULTS
The baseline demographics and the clinical findings are shown in Table 1. Patients were equally distributed between genders, and a normal distribution was seen in age, ASA and bone stock classification. All patients in this study were in ASA group 1-3. The cause for revision was aseptic loosening for the majority of cases. Of the 14 patients with infection, 4 received a two-stage operation.
[bookmark: _Hlk25746798]The stems being removed were largely BiMetric, Spotorno and Lubinus, an expression of which stem had been used most in the previous years. Perioperatively the bone stock was classified according to Saleh et al. [9,10] and we found 48% with type II, 34% with type I, 14% with type III and 2% with type IV and V respectively. Our regression analysis (Table 2) showed that periprosthetic fracture as an indication for the ARCOS operation was the only significant negative outcome predictor.  
The overall 1-, 2- and 5-year probability of implant survival estimated using Kaplan Meier and competing risk analysis (with 95%CI) was 97% (93%-100%), 97% (93%-100%) and 96% (92%-99%) respectively (Figure 4). The BS combination was used in 95 patients. If we compare the re-revision risk for this group to the 21 patients with other combinations, we get a 1-, 2- and 5-year probability as seen in Figure 3. The “other combinations” are CS = 9, Calcar + Slotted = 11 and Cone + ETO = 1.
The index operation for BS was in 61 cases due to aseptic loosening, in 16 cases due to periprosthetic fracture, in 14 due to infection, in 1 due to subsidence and in 2 because of a broken stem. For the CS combination 8 patients had aseptic loosening, 1 had periprosthetic fracture and there was a single case of a broken stem as cause for index operation (and one missing value).  The Calcar+Slotted combination was used in 10 cases operated due to aseptic loosening and in 1 because of a broken stem. The Cone + ETO combination was used just once on the indication of aseptic loosening.
At the clinical evaluation at follow up (n = 46) we found that the mean EQ-5D VAS result (100 being best) was 72 (range 20-100). The mean HHS result (100 being best) was 83 (range 5-98). The mean OHS result (48 being best) was 40 (range 19-48). At the radiographical evaluation we found 84 hips with stationary conditions, 6 were re-revised, 2 had a cup-revision, 16 had some subclinical subsidence or clearing, 2 had a healed fracture and 6 patients had no X-rays for comparison (5 because of residence in Greenland, 1 due to unknown causes). 

DISCUSSION
Our study describes short-term results and the primary outcome parameter being evaluated is the failure rate. We find a survival of 96% in total after 5 years very satisfying. In other early to midterm studies of cementless modular femoral revision systems, survival of the prosthesis is reported to be 76%-97% (observation time 4-7 years)[12–16], leaving the ARCOS in the upper end of this interval. The important preliminary message is clear; the stem is functioning well and has the character of a so-called ‘safe procedure’. The strengths of this study are that it is the first consecutive record of this widely used prosthesis and provides early results of a new product, which is very important to obtain for research and development purposes. With the present study we have included a large cohort of the BS combination and we find the concept is performing well. This is interesting since the tendency worldwide is to use the concept of distal fixation (i.e., the CS combination). The BS concept relies on both proximal and distal fixation, using a curved design for better fit, avoiding stress shielding and thigh pain[17,18]. According to Wolff’s law, bone responds to any changes in mechanical conditions by remodelling and thus changing density and structure[19–21], through what is known as adaptive remodelling. If no mechanical load is present, bone will become weaker and the risk of fracture will increase. With the use of the broach body design, we attempt to create a situation with a proximal load like the concept of the primary implants. Furthermore, we find that the versatility of the ARCOS implants also makes it possible to address a situation with extreme proximal bone loss by using the CS combination to obtain rigid distal fixation.
The limitations of the present investigation are the retrospective design, the short follow-up and that no randomization has been done. On the other hand, the fact that the surgeons – two at a time – had the sole right to decide what they found to be the best solution for the individual patient, may not have been disadvantageous. Unfortunately, we did not have preoperative HHS, OHS and EQ-5D scores and 40 patients declined participation in the clinical and X-ray follow-up. However, only six patients had no X-rays to compare with at all. Looking at the clinical follow-up we find these results generally satisfying although the many who did not attend must be considered. There were three patients we considered as outliers with very low scores in all three categories. They all had their revision with ARCOS done due to infection and had complications with chronic pain or poor function in the subsequent time. Two of these patients were more than 85 years of age and suffered from competing disorders.
When it comes to the risk factors and evaluation of factors influencing stem failure it is extremely difficult to compare different revision concepts. Many factors affect the outcome, resulting in very small patient groups. Periprosthetic fracture is associated with complication and was the only significant negative prognostic factor in our study. We did not find infection to be a significant risk factor, even though the three worst clinical outcome scores came from patients with an infection. This has also been reported in earlier studies[22,23]. Another important variable is bone loss[24]. In the present study we could not prove a correlation between bone loss and risk of re-revision.  The degree and location of the bone loss is important for the choice of revision concept. We have attempted to use the BS concept in patients with bone loss below the metaphysis, and our analysis showed that this has been a satisfying strategy.  Although not statistically significant, there was a tendency towards better survival rates when using the BS concept. 
[bookmark: _Hlk25746644]Most orthopedic surgeons advocate using the STS concept, often in combination with extended trochanteric osteotomy (ETO). ETO was seldom used in this study; removal of cement was performed from “the top” to avoid damaging the integrity of the femoral canal. We therefore recommend a differentiated use of the various concepts depending on the individual bone quality and bone stock. 
The generalisability of this study is considered low-to-medium since it is an observational study with e.g., no randomization or blinding, including only a selected population with a specific need for surgery for various reasons. Nonetheless this will most often be the premise for studies concerning revision implants.
In conclusion: The early results show satisfying durability for the ArcosTM Modular Femoral Revision System in its entirety. We encourage surgeons to consider using the BS combination for proximal load and fixation for better preservation of bone stock, less stress shielding and less thigh pain in order to obtain a situation as close to a primary total hip as possible.
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Research background
The uncemented ArcosTM Modular Femoral Revision System (ARCOS) is a new comprehensive, press-fit revision design. The modular design offers a wide range of possible combinations to accommodate different variations of anatomy and bone stock. The ARCOS is made by a proximal body and a distal stem. As probably the only ones worldwide we predominantly use a combination of body and stem which supports proximal fixation and load, since this mimics the concept of the primary total hip arthroplasty with proximal weight-bearing, leading to bone stock preservation and no stress shielding or thigh pain.

Research motivation
With this study we wanted to evaluate the early results after femoral revision with the new ARCOS in a consecutive series of patients who underwent surgery over a period of 3 years. We also found it very interesting to find out whether a specific ARCOS combination is performing superiorly compared to the most widely used to date. 

Research objectives
In the 1990’s Denmark, we had a scare scenario with bone cement not tested on humans before clinical implementation. It became an arthroplasty-scandal and led to financial compensation to thousands of patients. We became fearfully aware how essential it is to evaluate the efficacy of new technology or new design. With this study we aimed to evaluate the early results after surgery with ARCOS, focusing on reoperation rate and clinical results.

Research methods
In this retrospective observational study with clinical and radiographical follow-up, we included 116 patients. They were operated in the period August 2011 to December 2014 and we got a clinical mean observation time of 4 (0.5-6) years. The only reason for follow up shorter than 2 years was death.
Clinical and radiographical follow-up included present function of the hip assessed by Harris Hip Score, Oxford Hip Score, and EQ5D (measure of health outcome). Compared to the post-surgery X-rays in two planes, the most recent anterior-posterior X-ray was classified as: Stationary conditions, subsidence, fracture, re-revision or clearing in the Gruen Zones.
Of the 116 patients, 17 died in the interim and were consequently included only in the implant survivorship analysis; 46 patients attended the follow-up control. Statistics: Non-parametric statistics was used for risk factors between the re-revision-group and the no-re-revision-group. Competing risk and Kaplan Meier survival analysis were used for the ARCOS stem combination(s). For preoperative factors multivariate cox method was used to estimate stem failure.

Research results
In total 6 (5%) hips were re-revised due to infection (n = 3), fracture (n = 2) or subsidence (n = 1). No patient was re-revised due to aseptic loosening. The 1-, 2- and 5-year probability of implant survival (95%CI) was 97% (93%-100%), 97% (93%-100%) and 96% (92%-99%) respectively. I this cohort 95 patients received a combination of a proximal broach and a distal curved and slotted stem (BS), aiming for proximal fixation and load bearing; 21 patients received a different combination. When comparing these two groups the BS-group had a 5-year implant survival probability (95%CI) of 97% (93%-100%) compared with the group of other combinations with a 5-year implant survival probability (95%CI) of 90% (78%-100%) (P = 0.3). 
Our regression analysis showed that periprosthetic fracture as an indication for the ARCOS operation was the only significant negative outcome predictor. The mean Harris Hip Score result (100 being best) was 83 (range 5-98). The mean Oxford Hip Score result (48 being best) was 40 (range 19-48).
Perioperatively the bone stock was classified according to Saleh et al. and we found 48% with type II, 34% with type I, 14% with type III and 2% with type IV and V respectively. At the radiographical evaluation we found 84 hips with stationary conditions, 6 were re-revised, 2 had a cup-revision, 16 had some subclinical subsidence or clearing, 2 had a healed fracture and 6 patients had no X-rays for comparison. 
Our study describes short-term results and the primary outcome parameter being evaluated is the failure rate. Our findings support the hypothesis that an ARCOS combination with proximal load-bearing and fixation reduces the reoperation rate. Of course it is interesting to further investigate how the long-term outcome with these prostheses is, especially since the tendency worldwide is to use the concept of distal fixation.

Research conclusions
We find survival of the ARCOS prosthesis of 96% in total after 5 years very satisfying. We encourage surgeons to consider using the combination for proximal load and fixation for better preservation of bone stock, less stress shielding and less thigh pain in order to obtain a situation as close to a primary total hip as possible. It is essential to evaluate the efficacy of new technology or new designs. The ARCOS stem is functioning well and has the character of a so-called “safe procedure”. Proximal fixation and load-bearing is desirable in both primary total hip arthroplasty and in revision total hip arthroplasty to reduce the incidence of stress shielding and thigh pain, and preserve bone stock.
The ARCOS is an uncemented stem design for revision hip arthroplasty. It is combined by a proximal body and a distal stem and in theory more than 200 combinations of proximal body and distal stem exist. In reality two combinations or concepts apply for the majority of revision cases. These are: (1) A broach proximal body + a distal slotted and curved stem (proximal load and fixation) and (2) A cone proximal body + a distal STS (distal load and fixation). The ARCOS is performing above acceptable. We recommend a differentiated use of the various concepts depending on the individual bone quality and bone stock. 

Research perspectives
We ask surgeons to consider using the ARCOS combination for proximal load and fixation that mimics the primary total hip arthroplasty whenever bone stock is adequate. We are currently investigating how other ARCOS-populations in other hospitals are doing and what combinations of proximal body and distal stem they have received. A randomized controlled trial would be lovely, and it might be possible with a multicenter study setup.
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Figure 1 The ArcosTM modular femoral revision system.
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Figure 2 Three days before surgery the templating X-ray (left), two days after surgery the X-ray is seen with the new prosthesis (middle), finally, the X-ray after two years (right).
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Figure 3 Flow diagram.
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Figure 4 The X-axes represents years from operation. A: Competing risk analysis, all; B: Kaplan Meier, all; C: Competing risk analysis (red: Broach + slotted; black: Other combinations); D: Kaplan Meier (red: Broach + slotted; black: Other combinations).



Table 1 Baseline data
	
	Count (valid percent)
	Mean (range)

	Sex
Male
Female
	
57 (49)
59 (51)
	

	Age at operation (yr)
	
	73 (39-95)

	ASA 
1
2
3
4 and 5
Missing data
	
21 (20)
54 (51)
31 (30)
0
10
	

	Cause for revision
Aseptic loosening
Periprosthetic fracture
Infection
Other
Missing data
	
80 (69)
17 (15)
14 (12)
5 (4)
2
	

	Revised stem
BiMetric
Spotorno
Lubinus
Spectron
Corail
Taperloc
Scanhip
Müller
Girdlestone
Osteostynthesis
Other
Missing data
	
38 (32)
20 (17)
22 (19)
7 (6)
6 (5)
2 (2)
2 (2)
4 (3)
4 (3)
3 (3)
7 (6)
1
	

	Cemented
Not cemented
	72 (62)
44 (38)
	







(1) Patient is a completely healthy fit patient; (2) Patient has mild systemic disease; (3) Patient has severe systemic disease that is not incapacitating; (4) Patient has incapacitating disease that is a constant threat to life and (5) A moribund patient who is not expected to live 24 hours with or without surgery. ASA: American Society of Anaesthesiologists physical status classification.


Table 2 The risk factors for re-revision

	
	Hazard Ratio
	95%CI
	P value

	Cause for revision
	Aseptic loosening (n = 80)
	1.00
	(1.00, 1.00)
	1.000

	
	Infection (n = 14)
	3.02
	(0.01, 1108.00)
	0.713

	
	Fracture (n = 17)
	14.22
	(1.07, 189.61)
	0.045

	ASA
	1-2 (n = 75)
	1.00
	(1.00, 1.00)
	1.000

	
	3 (n = 31)
	1.33
	(0.08, 23.26)
	0.846

	Gender
	Male (n = 55)
	1.00
	(1.00, 1.00)
	1.000

	
	Female (n = 61)
	2.64
	(0.26, 26.48)
	0.410

	Age group
	< 73 (n = 64)
	1.00
	(1.00, 1.00)
	1.000

	
	≥ 73 (n = 52)
	0.44
	(0.04, 4.50)
	0.485

	Revision
	No revisions (n = 2)
	1.00
	(1.00,1.00)
	1.000

	
	First revision (n = 86)
	11.00
	(0.04, 2902.06)
	0.399

	Bone stock quality
	1 + 2 (n = 95)
	1.00
	(1.00, 1.00)
	1.000

	
	3-5 (n = 20)
	2.23
	(0.25, 19.51)
	0.470

	Arcos stem
	Other combinations (n = 21)
	1.00
	(1.00, 1.00)
	1.000

	
	Broach + Slotted (n = 95)
	0.11
	(0.01, 1.42)
	0.091


[bookmark: _GoBack]ASA: American Society of Anaesthesiologists physical status classification.
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