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Abstract

Background Modern metal-on-metal hip resurfacing

arthroplasty designs have been used for over a decade. Risk

factors for short-term failure include small component size,

large femoral head defects, low body mass index, older

age, high level of sporting activity, and component design,

and it is established there is a surgeon learning curve.

Owing to failures with early surgical techniques, we

developed a second-generation technique to address those

failures. However, it is unclear whether the techniques

affected the long-term risk factors.

Questions/purposes We (1) determined survivorship for

hips implanted with the second-generation cementing

technique; (2) identified the risk factors for failure in these

patients; and (3) determined the effect of the dominant risk

factors on the observed modes of failure.

Methods We retrospectively reviewed the first 200 hips

(178 patients) implanted using our second-generation sur-

gical technique, which consisted of improvements in

cleaning and drying the femoral head before and during

cement application. There were 129 men and 49 women.

Component orientation and contact patch to rim distance

were measured. We recorded the following modes of

failure: femoral neck fracture, femoral component loosen-

ing, acetabular component loosening, wear, dislocation,

and sepsis. The minimum followup was 25 months (mean,

106.5 months; range, 25–138 months).

Results Twelve hips were revised. Kaplan-Meier survivor-

ship was 98.0% at 5 years and 94.3% at 10 years. The only

variable associated with revision was acetabular component

position. Contact patch to rim distance was lower in hips that

dislocated, were revised for wear, or were revised for ace-

tabular loosening. The dominant modes of failure were related

to component wear or acetabular component loosening.

Conclusions Acetabular component orientation, a factor

within the surgeon’s control, determines the long-term success

of our current hip resurfacing techniques. Current techniques

have changed the modes of failure from aseptic femoral failure

to wear or loosening of the acetabular component.

Level of Evidence Level III, prognostic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Modern metal-on-metal hip resurfacing arthroplasty

designs have been used for more than 10 years as an
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alternative prosthetic solution to conventional THA for

patients with end-stage osteoarthritis [1, 10, 15, 18, 30, 33,

37, 38]. Identified risk factors for failure include female

gender as a surrogate variable for component size [8, 29,

34], large femoral head defects [1], low BMI [27], older

age at surgery [9], and component design [22, 34].

Recently, high levels of sporting activities have also been

associated with revision of hip resurfacing [28]. In addi-

tion, several centers have shown a surgeon learning curve

associated with this procedure [31, 32, 40].

We previously demonstrated a 63% reduction in the

relative risk of femoral component aseptic failure with a

5.6-year mean followup [5] subsequent to modifications in

surgical technique [3]. However, our previously reported

10-year study applied to the early cohort implanted with

the first-generation technique [6]. Briefly, the modifications

of the second-generation technique included an increase in

the number of drilled holes in the dome and the chamfer

area, the use of a high-speed burr for cleaning of the

femoral defects, and the use of dome suction during the

application of the cement [6].

The purposes of the present study were to (1) determine

survivorship in the first 200 hips implanted with the sec-

ond-generation cementing technique; (2) identify the risk

factors for failure in these patients; and (3) determine the

effect of the dominant risk factors on the observed modes

of failure of this group of patients.

Patients and Methods

We retrospectively reviewed all 178 patients (200 hips) who

received a hip resurfacing device (Conserve1 Plus; Wright

Medical Technology, Inc, Arlington, TN, USA) using a

second-generation surgical technique [5] between March

2000 and January 2002. During that same time, we also

treated 83 hips with other forms of primary arthroplasty. The

Conserve1 Plus device features a one-piece acetabular

component made of cobalt and chromium, double heat-

treated, and solution annealed. The porous coating consists

of sintered beads 75 to 150 lm in size. The coverage of the

head by the socket ranges from 158.9� to 163.3� for femoral

head sizes ranging from 36 mm to 60 mm in 2-mm incre-

ments. The use of the Conserve1 Plus prosthesis was

approved by the Food and Drug Administration in Decem-

ber 2009. The contraindications for this implant were:

(1) patients with renal dysfunction; (2) patients with a leg

length discrepancy greater than 2 cm; and (3) patients with

severe osteoporosis. We included patients regardless of

etiology, gender, size, or bone quality. The average age of

the cohort was 48.6 years (range, 15–78 years). There were

129 males (72.5%) and 49 females (27.5%). Primary

osteoarthritis was the dominant diagnosis (Table 1). Ninety-

three hips (46.5%) had femoral head defects greater than

1 cm. The minimum followup was 25 months (mean,

106.5 months; range, 25–138 months). Three patients were

lost after 4, 9, and 15 months of followup. No patients were

recalled specifically for this study; all data were obtained

from medical records and radiographs. We obtained Insti-

tutional Review Board approval for the study. As part of the

Conserve1 Plus multicenter investigational device exemp-

tion study, the patients were followed annually until the

device was approved by the Food and Drug Administration

and then every 2 years if the status of the reconstruction did

not require more regular followup visits.

All procedures were performed through a posterior

approach. The surgical technique used for implantation of

the devices has been described elsewhere [2]. The modi-

fications made between the first 300 hips (first generation)

and the next 371 (second generation) all aimed to reduce

the rate of femoral aseptic failure (femoral component

loosening or femoral neck fracture). A 3.2-mm drill bit was

used to increase the bone-cement interface area by drilling

numerous holes not only in the dome portion of the head,

but also in the chamfered section. A high-speed burr was

used to completely remove all cystic debris from the

femoral head. A suction tip was inserted in the dome hole

to keep the femoral head dry during the manual application

of cement on the femoral head [5]. One hundred one hips

(50.5%) were reconstructed with femoral components

46 mm or smaller in diameter.

All patients received prophylactic antibiotics for 2 days,

adjusted low-dose warfarin for 3 weeks, and then aspirin

for an additional 3 weeks. Walking was allowed on the first

postoperative day, bearing weight as tolerated. Then

Table 1. Demographic characteristics of the study group

Patient characteristics Mean values (range)

or count (percent)

Age at surgery (years) 48.6 (15–78)

Weight (kg) 80.6 (42–135)

Height (cm) 174.8 (140–193)

Body mass index (kg/m2) 26.2 (16–41)

Male/female ratio 129 (72.5%)/49 (27.5%)

Etiology

Osteoarthritis 114 (57%)

DDH 30 (15%)

Trauma 19 (9.5%)

Osteonecrosis 15 (7.5%)

LCP and SCFE 12 (6%)

Inflammatory 10 (5%)

DDH = developmental dysplasia of the hip; LCP = Legg-Calvé-

Perthes disease; SCFE = slipped capital femoral epiphysis.
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crutches were used for 3 to 4 weeks. Physiotherapy was

prescribed for 2 months, including hip abduction exercises,

stretching of flexion contractures, hip flexion exercises, and

active or active resistive muscular contractions.

The patients were followed 4 months after surgery and

then annually. We used the UCLA hip scoring system [7]

to assess pain, walking ability, function, and activity and

the SF-12 [28] to evaluate the patient’s quality of life. In

case a patient could not be followed in our clinic, a tele-

phone consultation was arranged after the patient had

forwarded to our office a set of recent radiographs per-

formed at a local orthopaedist facility and following our

protocol. One hundred thirty-one hips were last followed in

a clinic setting and 69 by telephone consultation. Com-

plications such as dislocations, nerve injuries, sepsis,

masses or fluid collections, thromboembolic phenomena, or

other blood management-related complications that were

related to the implantation of the hip arthroplasty device

were recorded. Fifty-seven hips did not have a 10-year

minimum followup. This is reflected in our analysis by the

width of the 95% confidence intervals.

At each clinic visit, we obtained AP pelvis radiographs

and crosstable lateral radiographs [23]. Two of us (KT,

RW) measured acetabular component abduction and ante-

version angles using Einzel-Bild-Röntgen-Analysis cup

software, Version 2003 (University of Innsbruck, Innsbruck,

Austria) [13, 26], a method for which the interobserver

reliability is high (Cronbach a coefficient of 0.84) [12].

Contact patch to rim distance was computed as suggested

by Langton et al. [25]. The contact patch to rim distance

(Fig. 1) is the distance between the point of intersection of

the hip reaction force and the closest point on the inner side

of the cup rim. Four variables are needed for contact patch

to rim distance calculation including femoral head cover-

age by the socket, femoral head size, acetabular component

abduction angle, and acetabular component anteversion

angle. In this calculation, the direction of the joint reaction

force is a constant based on the results from Bergmann

et al. [11] who found that, on average, the peak joint

reaction force deviates medially 14� from the vertical axis

and forward 16� from the transverse axis when the subject

is in a standing position.

The date the patient was last contacted (and expressed

that the prosthetic joint had not been revised) was used for

implant survivorship calculation. We generated Kaplan-

Meier survivorship curves using the time to any revision

surgery as the end point and the log-rank test was used to

compare survivorship rates between genders. We computed

the Cox proportional hazard ratio to determine the effect of

selected variables on the survivorship of the procedure. The

following typical modes of failures for the procedure were

defined: femoral neck fracture, aseptic femoral component

loosening, aseptic acetabular component loosening, wear

(including adverse local tissue reactions [36]), dislocation,

and sepsis. Independent t-tests were used to compare the

contact patch to rim distance of hips that dislocated, were

revised for wear, or were revised for acetabular component

loosening with that of the rest of the cohort. All statistical

analyses were performed using StataTM Version 6.0 (Col-

lege Station, TX, USA).

Results

The 5-year Kaplan-Meier survivorship estimate was 98.0%

(95% CI, 94.6%–99.2%). The 10-year Kaplan-Meier survi-

vorship estimate was 94.3% (95% CI, 89.2%–97.0%). There

was no difference (p = 0.857) in survivorship between male

and female patients (Fig. 2). Twelve hips underwent revision

surgery in this series. In one hip the acetabular component

migrated through the acetabular wall and was reconstructed

with a cemented crosslinked polyethylene acetabular com-

ponent articulating with the original resurfacing femoral head

[7]. Two hips sustained a femoral neck fracture 5 months

after resurfacing and were converted to a conventional THA.

Two hips had loosening of the femoral component 43 and

85 months after resurfacing and were converted to a con-

ventional THA as well. Four hips had loosening of the

acetabular component at an average of 108.5 months (range,

91–126 months). Three of these hips were maintained as

metal-on metal resurfacing by inserting a new socket of larger

thickness articulating with the original femoral component.

The fourth one was converted to a conventional THA at an

Fig. 1 Schematic representing the calculation of the contact patch to

rim (CPR) distance. Angle a (14�) is the medial deviation of the joint

reaction force from vertical in the frontal plane and angle b (16�) is

the forward deviation of the joint reaction force from the transverse

axis in the horizontal plane. These values represent average direction

measurements made by Bergmann et al. [11] for the standing position.
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outside institution. Three hips were revised because of wear-

related failures. The first of these patients had largely elevated

ion levels (131 for cobalt serum level and 61 for chromium

serum level) and an adverse local tissue reaction (fluid col-

lection). The second had high ion levels (33 for cobalt serum

level and 47 for chromium serum level) but no adverse local

tissue reactions. The third one had a fluid collection identified

by MRI but no ion studies were made before the revision,

which was performed outside our facility. All three were

converted to conventional THA, two with ceramic-

on-crosslinked polyethylene bearings and one with a ceramic-

on-metal bearing. The clinical outcome of these revision

surgeries will be the subject of a future publication.

Of the variables studied, only acetabular component

position increased the risk of revision (Table 2). The mean

acetabular component abduction angle was 43.9� (range,

16�–71�). The mean acetabular component anteversion

angle was 18.9� (range, 4�–51�). The mean contact patch to

rim distance was 13.7 mm (range, 0.9–22.1 mm). Three

subgroups showed lower contact patch to rim distances

than the rest of the cohort: (1) hips that sustained dislo-

cation episodes (p \ 0.001) (mean contact patch to rim

distance of 4.7 mm; range, 3.2–7.1 mm); (2) hips that were

revised for high wear (p \ 0.001) (mean contact patch to

rim distance of 4.1 mm; range, 3.2–4.7 mm); and (3) hips

that were revised for acetabular component loosening

(p = 0.030) (mean contact patch to rim distance of

10.0 mm; range, 7.6–12.1 mm).

There were a total of 13 complications among the

200 hips (6.5%). These included three dislocations, two of

which were related to excessive cup abduction angles and

were successfully treated with closed reduction, whereas

the third one was associated with excessive anteversion of

the cup and underwent reorientation of the acetabular

component 4 days after surgery. All three patients recov-

ered and their hips were stable at last followup. Four

patients had femoral nerve palsies that resolved without

any treatment and were attributed to the use of a particular

anterior pelvic stabilizer. Two patients had hematogenous

sepsis determined by blood cultures, both controlled by

débridement of the infected tissues surrounding the pros-

thesis and a course of antibiotics. Four patients had blood-

related complications including one with thrombophlebitis

for which warfarin prophylactic treatment was maintained,

two with hematomas, one of which was evacuated, and one

with a bleed for which warfarin was held for 2 days.

All UCLA hip scores and SF-12 scores improved from

preoperative to last followup (Table 3). The mean post-

operative physical score of the SF-12 did not differ from

the general US population mean, which is 50.12 ± 9.45.

However, the mean postoperative mental score of the

SF-12 was greater (p \ 0.001) than that of the general US

population (50.04 ± 9.59).

Fig. 2 Kaplan-Meier survivorship curves of the first 200 hips

operated on with the second-generation surgical technique and

separated by gender. The time to revision surgery for any reason

was used as the end point.

Table 2. Cox proportional hazard ratios and significance levels for

the risk factors commonly associated with failure of resurfacing

Risk factor Hazard

ratio

p value 95% CI

Female gender 0.895 0.857 0.266–3.008

Age at surgery 0.973 0.223 0.930–1.017

Component size 0.950 0.442 0.835–1.082

Femoral head

defects [ 1 cm

1.143 0.817 0.368–3.550

Body mass index 0.986 0.840 0.8575–1.133

Bilateral status 0.1785 0.099 0.0230–1.383

UCLA activity score 0.948 0.823 0.593–1.515

Stem-shaft angle 0.958 0.399 0.866–1.059

Cup abduction angle 1.110 0.001 1.043–1.181

Cup anteversion angle 1.056 0.057 0.998–1.117

Contact patch to

rim distance

0.830 0.003 0.7326–0.940

Table 3. Summary of mean preoperative and postoperative UCLA

and SF-12 scores

Score Preoperative

score

Last followup

score

UCLA

Pain 3.3 (1–7) 9.4 (6–10)

Walking 6.1 (2–9) 9.7 (6–10)

Function 5.5 (2–10) 9.6 (4–10)

Activity 4.4 (1–8) 7.5 (4–10)

SF-12

Physical 31.9 (9.0–56.8) 51.1 (26.9–61.5)

Mental 47.4 (15.2–67.0) 53.4 (14.7–64.7)

Ranges shown in parentheses.
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Discussion

Ten-year clinical and survivorship results of metal-on-

metal hip resurfacing have been reported [6, 14, 16, 39] but

are still not available from a majority of centers performing

this type of surgery. Also, of the three reports with 10-year

data, only two used currently available devices [6, 39].

Both studies showed the results of the early cases but

further data are needed to account for the learning curve

experienced by most surgeons taking on hip resurfacing

and the surgical technique modifications they made over

time. The purposes of the present study were to (1) deter-

mine survivorship in the first 200 hips implanted with the

second-generation cementing technique; (2) identify the

risk factors for failure in these patients; and (3) determine

the effect of the dominant risk factors on the observed

modes of failure of this group of patients.

Readers should note the limitations of our study. First, the

contact patch to rim distance uses a constant direction for the

joint reaction force, which is based on a static standing

position, therefore not taking into consideration the inter-

individual differences in the orientation of the femoral neck

nor the large variations associated with the diverse ambu-

latory activities [11]. However, we believe its computation

still constitutes a useful assessment of cup positioning with

possible applications beyond the simple prediction of wear

issues. Second, the results from this study were obtained

using a single hip resurfacing design and may not be

applicable to other designs because large differences in

performance have been reported between devices [19],

which are most likely related to the design and amount of

head coverage by the acetabular component, but may also be

the result of manufacturing issues such as tolerances in

roundness and clearance. Nevertheless, improvements in

femoral head preparation and precision of the cup placement

can be achieved with any design. Third, this report focuses

on a series of hips implanted more than 10 years ago, long

before the literature had any mention of cup positioning

being related to excessive wear of metal-on-metal prosthe-

ses. At the time cup position was not a real concern, the size

of the head being sufficient to avoid most dislocation

problems. This explains why a number of hips presented a

cup orientation outside of our recommended range. How-

ever, hip resurfacing is a complex surgical procedure that

has been associated with a learning curve [31, 32, 40] and a

small number of such outliers may still occur even with

experienced surgeons. The senior author has been implant-

ing hip resurfacing devices since 1975 and it is unlikely that

identical results can be achieved immediately by a surgeon

taking on resurfacing without sufficient prior training.

The 94.3% survivorship at 10 years from this series

demonstrates the validity of the concept of hip resurfacing

because it compares favorably with the survivorship of all

conventional THAs in patients 50 to 59 years old (90% for

men and less than 93% for women at 10 years) reported by

the Swedish hip registry [35]. The patients in our study were

included regardless of etiology, gender, size, or bone qual-

ity. No changes were made in our indications for resurfacing

between the first- and second-generations series, and the

percent of hips with femoral head defects or small compo-

nents was comparable between the hips operated on with the

first- and second-generation surgical techniques. However,

femoral aseptic failure only occurred in 2% of the hips in this

study. The cementation of the stem in all hips presenting

large femoral head defects in this series is likely to have

contributed to the observed improvement [4].

The most important result from this study is the shift in risk

factors for the procedure in comparison with our series

implanted with the first-generation technique. In our 10-year

minimum report of the first 100 hips implanted with Con-

serve1 Plus, large femoral defects, low BMI, and small

component size were independent risk factors [6] (Table 4). In

this study, none of these three variables showed any associa-

tion with revision surgery and this demonstrates the efficiency

of the surgical changes implemented between the two series,

which aimed to reduce the rate of femoral aseptic failure.

Table 4. Literature review of the studies presenting 10-year data for metal-on-metal hip resurfacing devices

Study Journal Year Design used Survivorship

Bohm et al. [14] Hip International 2006 Wagner 17 revisions in 54 hips (69% survival)

with 12- to 15-year followup

Daniel et al. [16] JBJS Br 2010 McMinn 93% in the 1994-1995 group; 84%

in the 1996 group

Amstutz et al. [6] JBJS Am 2010 Conserve Plus 88.5% at 10 years

Treacy et al. [39] JBJS Br 2011 BHR 93.5% at 10 years

Current study CORR 2012 Conserve Plus 94.3% at 10 years

JBJS Am = Journal of Bone and Joint Surgery, American volume; JBJS Br = Journal of Bone and Joint Surgery, British volume;

CORR = Clinical Orthopaedics and Related Research; BHR = Birmingham hip resurfacing (Smith & Nephew, Warwick, UK);

McMinn = McMinn Hybrid Resurfacing (Corin Medical Ltd, Cirencester, UK); Wagner = Wagner metal-on-metal resurfacing (Zimmer

GmbH, Winterthur, Switzerland).
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In addition, the dominant mode of failures also changed

from short- to medium-term aseptic femoral failures to

longer-term acetabular loosening or wear-related revisions.

Concurrently, the only risk factor remaining for the pro-

cedure in patients operated on with the Conserve1 Plus

prosthesis and second-generation surgical technique is the

positioning of the acetabular component, a variable that is

well within the surgeon’s control. The effects of excessive

abduction and anteversion angles of the cup on the wear

properties of metal-on-metal bearings have now been well

identified [17, 20, 24], and the measurement of the distance

between the point of application of the joint reaction force

and the rim of the acetabular component is a useful tool in

predicting the risk of edge loading leading to increased

wear rates [25]. In our series, this association was clear

with all three hips revised for wear showing very low

contact patch to rim distances. However, there may also be

an association of low contact patch to rim distance with a

mechanical mode of failure. It is possible that the repetitive

application of the joint reaction force to a peripheral point

of the cup would lead to its loosening, as suggested by

Hulst et al. [21] (Fig. 3). Our recommendation for cup

orientation with the Conserve1 Plus components is to keep

the abduction angle within ± 10� of 42� and the antever-

sion angle within ± 10� of 15�.

The results from this study suggest high clinical scores

and survivorship can be achieved at 10 years with hip

resurfacing in a young and highly active patient population,

even with small components and in the presence of large

femoral defects.
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