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Abstract

Background The Articular Surface ReplacementTM

(ASRTM) metal-on-metal hip arthroplasty system (DePuy

Orthopaedics, Inc, Warsaw, IN, USA) reportedly has a

higher than anticipated early failure rate leading to a vol-

untary recall. This prompted us to evaluate all ASRTM

components implanted at our center.

Questions/Purposes In all ASRTM components, we

reported (1) revision rate, (2) blood metal ion levels, and

(3) intraoperative findings for revisions related to adverse

reaction to metal debris (ARMD).

Methods We retrospectively reviewed all 172 patients

(190 hips) who underwent THA (149 hips) or hip resur-

facing (41 hips) with the ASRTM system. We determined

failure rates. We obtained blood metal ion concentrations

from 93 patients at last followup. We evaluated MRI studies

and intraoperative histopathology. Minimum followup was

12 months (mean, 40 months; range, 12–74 months).

Results At latest followup, we had revised 24 of 190 hips

(13%): in 18 patients with THA and five patients with resur-

facing. Mean time to revision was 45 months (range,

12–75 months). Mean blood concentrations were 13 lg/L

(range, 0–150 lg/L) forcobalt and 6 lg/L (range,0–87 lg/L) for

chromium. Mean prerevision blood metal ion levels were higher

in the revised group (cobalt: 48 lg/L; chromium: 18 lg/L) than

in the nonrevised group (cobalt: 5 lg/L; chromium: 2 lg/L).

ARMD was present in 14 of the 24 hips revised in this study.

Conclusions Surgeons must have a low threshold for

concern for ARMD in patients with ASRTM systems. Blood

metal ion levels and MRI can be used to evaluate patients

with underperforming implants. Intraoperative histopatho-

logic analysis and joint fluid cytology can help diagnose

ARMD at the time of revision.

Level of Evidence Level III, therapeutic study. See

Instructions for Authors for a complete description of

levels of evidence.

Introduction

Modern metal-on-metal (MOM) bearing surfaces have

recently been widely utilized in THA and hip resurfacing
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procedures in the United States [3]. Since the populariza-

tion of the first-generation MOM designs such as the

McKee-Farrar prosthesis [23] in the 1960s, improvements

in implant design and fixation have provided modern MOM

implants with two major theoretical advantages over their

metal-on-polyethylene counterparts. MOM articulations

using cobalt-chromium-molybdenum alloys reportedly

produce considerably less volumetric wear debris than

standard metal-on-polyethylene components [32, 42].

Additionally, for a given external diameter, an all-metal

acetabular component can be made thinner, allowing the

use of a larger-diameter femoral head. These large-head

MOM articulations are thought to provide increased sta-

bility and ROM compared to implants with small head

diameters [5, 20, 29, 33].

However, a major drawback to MOM articulations is the

generation of metal debris from mechanical and corrosive

wear, which has been associated with increased blood

metal ion levels in patients [4, 21, 28]. The systemic long-

term effects of elevated circulating metal ion levels in the

body remain unclear [9, 15, 36, 39]. In the local pelvic soft

tissue environment, MOM articulations have been well

described by recent literature to contribute to implant

failure through metallosis, macroscopic necrosis, large

sterile hip effusions, and corrosive osteolysis. The umbrella

term adverse reaction to metal debris (ARMD) has been

used to categorize this spectrum of findings [16, 18].

Willert et al. [41] performed a histologic examination of

periprosthetic tissue from failed implants suspected of

ARMD and described a delayed-type hypersensitivity

reaction known as an aseptic lymphocyte-dominant

vasculitis-associated lesion (ALVAL). Pandit et al. [26]

described a separate phenomenon known as a pseudotu-

mor, which can be readily identified on pelvic MRI as a

formation of periprosthetic solid and cystic masses. It is

unclear exactly how these reactions to metal debris in the

local soft tissue environment contribute to overall MOM

implant survivorship.

Many hip prosthesis manufacturers have produced THA

and hip resurfacing implants that utilize a MOM bearing.

The Articular Surface ReplacementTM (ASRTM) monobloc

acetabular component (DePuy Orthopaedics, Inc, Warsaw,

IN, USA) was released outside of the United States in

2003. It was initially designed as part of the ASRTM Hip

Resurfacing System (DePuy Orthopaedics). It was subse-

quently approved by the FDA for use in THA in 2006 as

part of the ASRTM XL Acetabular System and represents a

modern large-diameter MOM hip bearing connected to a

stem by a Morse taper. This taper can be a potential source

of fretting wear and corrosion that is not present in the hip

resurfacing system. Major concerns have been raised

relating to the early failure of the ASRTM acetabular

component and MOM articulations as a class. On August 24,

2010, DePuy Orthopaedics issued a voluntary recall of

the ASRTM acetabular component used in both THA and

hip resurfacing procedures, citing a higher than expected

revision rate of 12% in the ASRTM Hip Resurfacing System

and 13% in the ASRTM Acetabular System at 5 years [7].

On May 6, 2011, the FDA issued orders for postmarket

surveillance studies to 21 manufacturers of MOM hip

systems [37].

We therefore reported (1) revision rate, (2) blood metal

ion levels, and (3) intraoperative findings for revisions

related to ARMD in all ASRTM components used in THA

and hip resurfacing procedures by two surgeons at a single

institution.

Patients and Methods

Between October 2004 and June 2010, 192 patients

(214 hips) underwent primary THA using the ASRTM XL

MOM articulation or the ASRTM Hip Resurfacing System.

During that same time, we treated approximately 1000

patients with THA. All monoblock acetabular components

and modular femoral heads were part of the standard cobalt-

chrome DePuy ASRTM system. Tapered titanium Summit1

femoral stems (DePuy Orthopaedics) were used for all THA

procedures. Sizing of the components was determined at the

time of each procedure at the discretion of the attending

surgeon. The indications for the ASRTM THA system were

(1) young candidates for THA with long life expectancy

hoping to return to high levels of postoperative activity and

(2) ability to implant a large-diameter femoral head. The

indications for the resurfacing system were (1) 65 years old

or younger, (2) active preoperative lifestyle, and (3) good

proximal femoral bone quality and morphology. The con-

traindications for these systems were (1) known metal

sensitivity, (2) inflammatory arthritis, (3) severely altered

acetabular morphology, (4) renal insufficiency, and

(5) women of child-bearing age. Two patients had died of

unrelated causes before the study. Eighteen patients (22 hips)

were lost to followup before the minimum 1-year evaluation

required for inclusion in the analysis (mean followup,

5 months; range, 2–12 months). Thus, of the 192 patients

(214 hips), 172 (190 hips) (149 THA, 41 resurfacing) met the

criteria for inclusion in this study with complete clinical and

radiographic followup of at least 12 months or a revision

procedure within the first year (Table 1). There were 126 hips

in males and 64 hips in females, with a mean age at the time

of surgery of 50 years (range, 17–78 years). The minimum

followup for the included patients was 12 months (mean,

40 months; range, 12–74 months). No patients were recalled

specifically for this study; all data were obtained from med-

ical records and radiographs. We obtained prior institutional

review board approval for this review.
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All surgery was performed by one of two surgeons

(TPV, MPB). A posterior approach with detachment of the

short external rotators was utilized in all procedures. The

acetabulum was prepared by underreaming by 1 mm.

The desired position of the acetabular cup was 40� to 45� of

inclination and 15� to 25� of anteversion, consistent with

the manufacturer’s recommendations. The ASRTM ace-

tabular component is a CoCrMo alloy one-piece cup with

proprietary Porocoat1 porous coating. The outer surface of

the cup has this porous coating with the addition of a

hydroxyapatite coating.

As part of routine clinical followup, patients were fol-

lowed postoperatively at 2 weeks, 6 weeks, 6 months,

1 year, and then yearly thereafter. The primary outcome

was revision. The overall average time to revision was

45 months (range, 12–75 months). Clinical evaluation

performed for all patients included Harris hip score, VAS

score for pain, and physical examination. The mean Harris

hip score was 92 (range, 24–100), and the mean VAS score

for pain was 1.9 (range, 0–8). We reviewed operative

reports to obtain implant femoral head diameter for each

patient. The mean implanted femoral head diameter was

49 mm (range, 40–57 mm).

Two of us (KTH, TSW) reviewed the most current AP

pelvic radiographs for each patient and measured the ace-

tabular cup inclination angle. We performed this

measurement using the acetabular teardrop as a landmark

reference [24, 30]. Patel et al. [27] reported the intraclass

correlation coefficient (R) for this technique was 0.95 and

the mean ± SD difference between observers was

1.8� ± 2.4�. The mean acetabular cup inclination angle in

our radiographic evaluation was 46� (range, 35�–61�).

Blood metal ion levels can be used as a surrogate marker

of articular wear [8]. Blood samples for metal ion level

analysis were obtained at latest followup for 93 of the

172 patients through venous cannulation with a 21-gauge

stainless steel needle (VenflonTM; BD Biosciences,

Franklin Lakes, NJ, USA), with the first 5 mL discarded

before the definitive sample was drawn. The option of

obtaining blood samples was discussed with all of the

patients during followup as part of our routine care. The

two major reasons patients opted to obtain blood metal ion

levels were if they were experiencing negative symptoms

related to the hip arthroplasty or if they wanted to have a

baseline metal ion level recorded for future reference. All

samples were frozen and sent to the Laboratory Corpora-

tion of America1 for blinded whole-blood cobalt and

chromium analysis using inductively coupled plasma mass

spectrometry. All samples were analyzed at a minimum of

12 months after surgery to reflect steady-state ion con-

centrations from wear beyond the running-in phase [12].

The reporting limit for all samples was 1.0 lg/L and all

results were verified by repeat analysis.

Patients scheduled for revision with elevated blood metal

ion levels and suspicion for ARMD received a preoperative

pelvic MRI using a scatter reduction protocol [35]. During

revision surgery, joint fluid was sampled by inserting a

cannula through the intact joint capsule before incision and

drainage of the effusion. The fluid was analyzed for nucle-

ated cell count and differentiation. Normal joint fluid has no

or scant nucleated cellularity. Acetabular cup fixation status,

presence of osteolysis, and other signs of ARMD were

recorded intraoperatively. Soft tissue samples from three to

10 sites within the neocapsule were obtained for histologic

examination. Samples were routinely processed, embedded

in paraffin, stained with hematoxylin and eosin, and

Table 1. Patient demographics, failure rates, component details, and

metal ion concentrations

Variable Overall THA Resurfacing

Number of hips 190 149 41

Primary 143 122 41

Revision 27 27

Number of patients 172 131 41

Followup (months)* 40 (12–74) 36 (12–61) 54 (12–74)

Male:female

(number of hips)

126:64 93:56 33:08

Age (years)* 50 (17–78) 50 (17–78) 50 (33–65)

Harris hip score

(points)*

92 (24–100) 91 (24–100) 93 (56–100)

VAS pain score

(points)*

1.9 (0–8) 2.0 (0–8) 1.7 (0–8)

Cup inclination (�)* 46 (35–61) 46 (34–61) 47 (39–59)

Femoral head

diameter (mm)*

49 (40–57) 49 (40–55) 50 (45–57)

Number of patients with

known metal

ion levels

93 78 15

Cobalt (lg/L)* 13 (0–150) 14 (0–150) 12 (0–126)

Chromium (lg/L)* 6 (0–87) 5 (0–87) 7 (0–60)

Revisions

(number of hips)

24 19 5

Revision rate (%) 13 13 12

Time to revision

(months)*

45 (12–75) 43 (12–65) 49 (24–75)

Failure mode

(number of hips)

Metallosis 9 (4.7%) 9 (6.0%)

Aseptic cup

loosening

8 (4.2%) 6 (4.0%) 2 (4.9%)

Periprosthetic fracture 2 (1.1%) 2 (4.9%)

Infection 2 (1.1%) 2 (1.3%)

Cup malposition 1 (0.5%) 1 (0.7%)

Aseptic femoral

loosening

1 (0.5%) 1 (2.4%)

Heterotopic ossification 1 (0.5%) 1 (0.7%)

* Values are expressed as mean, with range in parentheses.
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examined by a single pathologist (LGD). Evaluation for the

presence of metallic tissue and ALVAL was performed in a

matter consistent with previous reports [6, 14, 16]. A diag-

nosis of ALVAL was made by the pathologist if a dense

perivascular inflammatory infiltrate (vasculitis-associated

lesion) was observed in addition to fibrinous or necrotic

exudate with an accumulation of macrophages, synovial

inflammation, and hyperplasia. A diagnosis of metallic tis-

sue was made in the presence of extensive collections of

metal-stained macrophages in the periprosthetic soft tissues

on histopathologic analysis. On MRI review, the presence of

a pseudotumor was differentiated from a fluid collection by

the presence of a well-demarcated fluid collection within a

capsule in the posterior left hip joint space without evidence

of extracapsular communication.

We conducted Kaplan-Meier survivorship analysis to

determine survival rates in both the THA and hip resur-

facing groups. Survival rates were not statistically

compared. We statistically tested differences between

revised and nonrevised groups in both THA and hip

resurfacing. Normally distributed continuous variables

(age, cup inclination, femoral head diameter) were com-

pared with independent t-tests. Variables with skewed

distributions (cobalt and chromium levels) were compared

using the Wilcoxon-Mann-Whitney test. There were no

missing data for the variables included this study among

the research subjects. All statistical analyses were per-

formed using SAS1 Enterprise Guide1 Version 4 for

Windows1 (SAS Institute Inc, Cary, NC, USA).

Results

We performed 24 revisions in 18 patients with a THA and

in five patients with a hip resurfacing. Therefore, 13% of

the 190 hips had a revision: 13% of those with THA and

12% of those with hip resurfacing. The Kaplan-Meier

survivorship rates with revision as the end point were 87%

for THA and 88% for hip resurfacing (Fig. 1). There were

nine revisions for elevated metal ion levels and pain con-

cerning for metallosis (4.7% of the 190 hips), eight for

aseptic acetabular component loosening (4.2%), two for

infection (1.1%), one for acetabular component malposi-

tion (inclination angle: 60�) (0.5%), one for aseptic femoral

component loosening (0.5%), and one for heterotopic

ossification (0.5%). There were two femoral neck fractures

in the hip resurfacing group. All other femoral components

were well fixed at the time of revision. The patients who

ultimately were revised for pain concerning for metallosis

characteristically presented with moderate to severe pain

predominantly in the groin with occasional audible

clunking.

In the 93 patients for whom blood metal ion concen-

trations were obtained, the mean blood concentrations were

13 lg/L (range, 0–150 lg/L) for cobalt and 6 lg/L (range,

0–87 lg/L) for chromium. In patients with known blood

metal ion concentrations, the mean prerevision blood metal

ion levels were higher (p \ 0.0001) in the revised group

(cobalt: 48 lg/L; chromium: 18 lg/L) than in the nonre-

vised group (cobalt: 5 lg/L; chromium: 2 lg/L) (Table 2).

For 14 of the 24 revisions, the patients presented with

elevated blood metal ion levels and suspicion for ARMD.

The findings on the preoperative MRI, intraoperative tissue

and joint fluid sampling for permanent pathology and cytol-

ogy, and intraoperative assessments of acetabular fixation

status, presence of osteolysis, and soft tissue pathology are

summarized for these patients (Table 3). The presence of

metallic tissue or ALVAL on histopathologic analysis was

pervasive, occurring in all but one of the revisions with ele-

vated blood metal ion levels suspected of ARMD.

Pseudotumor was only identified on preoperative MRI in two

of 14 revisions, but nonspecific fluid collections were iden-

tified in seven of the remaining 12 revisions. Evidence of

osteolysis was noted intraoperatively in seven of 14 revisions.

Discussion

Although MOM articulations possess numerous theoretical

advantages in implant design, concerning revision rates have

been reported in many MOM implant systems. Additionally,

patients often develop elevated blood metal ion levels, the

implications of which remain unclear. We therefore reported

(1) revision rate, (2) blood metal ion levels, and (3) intra-

operative findings for revisions related to ARMD in all

ASRTM components used in THA and hip resurfacing pro-

cedures by two surgeons at a single institution.

Fig. 1 The Kaplan-Meier cumulative probability of survival of the

ASRTM cup with an end point of revision for any reason is 0.87 for

THA and 0.88 for hip resurfacing.
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There are several limitations to our study. First, this was

a retrospective nonrandomized study. Since this study

consists of all patients who received ASRTM implants

during the study time, no learning curve is accounted for

and some differences in surgical technique between the two

surgeons must be assumed. Second, we are also limited by

the fact that blood metal ion levels were obtained for only

93 of the 172 patients. The majority of blood metal ion

levels obtained were in patients who had complaints at the

time of clinical followup. Third, this was not a consecutive

series. Although this series included every ASRTM com-

ponent implanted at our medical center, many other THA

procedures were performed during the same time period.

Candidates for ASRTM component implantation were

identified in accordance with our previously described

indications. Fourth, histopathologic data were obtained for

only ASRTM component revisions suspected of ARMD

instead of revisions for any reason.

Numerous authors and organizations have reported

increasing concern over high revision rates in MOM

implant systems. Specific to the ASRTM acetabular cup, a

large series from the National Joint Registry for England

and Wales reported a 5-year revision rate of 12% for the

hip resurfacing system and 13% for the THA system [25]

(Table 4). Similarly, Steele et al. [34] recently reported an

overall revision rate of 15% at a followup of only 1.6 years

(range, 0.2–3.4 years) in a series of 105 hips with the

ASRTM XL THA system. The joint registry data for the

ASRTM cup in hip resurfacing is comparable to our revi-

sion rate of 12% at about the same followup time. Our

revision rate with the THA system of 13% was similar to

the reported data from the joint registry and slightly lower

than the data from Steele et al. [34]. However, our reported

reasons for revision (metallosis, 4.7%; aseptic acetabular

component loosening, 4.2%; infection, 1.1%; acetabular

component malposition, 0.5%; aseptic femoral component

loosening, 0.5%) were almost identical to the data from

Steele et al. [34]. Bernthal et al. [1] reported a revision rate

in the ASRTM XL THA of 17.1% with a followup time

between 2 and 5 years.

De Smet et al. [8] demonstrated chromium ion levels of

more than 17 lg/L and cobalt levels of more than 19 lg/L

were associated with metallosis and elevated joint fluid ion

levels. They postulated these concentrations may serve as a

cutoff marker for clinical importance. We found differ-

ences in blood metal ion levels between revised and

nonrevised implants in both THA and hip resurfacing.

Furthermore, the blood metal ion levels in the revised

implant group in this study (cobalt: 48 lg/L; chromium:

18 lg/L) exceeded the threshold for concern proposed by

De Smet et al. [8]. The mechanism of production for metal

wear and the differences in wear between MOM THA and

hip resurfacing are currently highly debated topics [10, 13,

17, 19, 22, 38]. Due to the tremendous variability in metal

ion levels in different patients, we have avoided the use of

this test as a main determinant of clinical decision making

to this point. However, the frequency with which we have

been collecting metal ion levels in patients who are doing

well after MOM implantation is increasing. We suspect, on

an individual patient level, comparing steady-state

asymptomatic metal ion levels to new ion levels after onset

of symptoms may prove to be useful information. As our

understanding of the role of blood metal ion levels in

patients with MOM implants is enhanced, these tests will

continue to play increasingly important diagnostic roles.

A large portion of the failures in our study (14 of 24) can

be classified as ARMD. Pelvic metal artifact reduction

sequence MRI has been used to identify signs of ARMD in

patients with unexplained painful MOM hips [31]. In our

experience, this technology has been useful for identifying

Table 2. Results by revision status and hip procedure type

Variable* Overall THA Resurfacing

Revised Nonrevised Revised Nonrevised Revised Nonrevised

Number of hips 24 166 19 130 5 36

Male:female (number of hips) 13:11 113:53 9:10 84:46 4:1 29:7

Age (years)� 50 (34–74) 50 (17–78) 51 (42–74) 49 (17–78) 45 (34–53) 51 (33–65)

Cup inclination (�)� 47 (38–60) 46 (35–61) 47 (38–55) 46 (35–61) 48 (45–60) 47 (39–55)

Femoral head diameter (mm)� 48 (43–57) 49 (40–57) 47 (43–53) 48 (40–55) 51 (45–57) 50 (45–57)

Number of patients with known

metal ion levels

18 75 16 62 2 13

Cobalt (ng/mL)� 48 (3–150) 5 (0–56)� 45 (3–150) 6 (0–56)� 69 (11–126) 3 (0–16)§

Chromium (ng/mL)� 18 (0–87) 2 (0–18)� 16 (0–87) 2 (0–18)� 35 (10–60) 3 (0–15)k

* Values at latest prerevision followup; variables with skewed distributions (cobalt and chromium levels) were compared using the Wilcoxon-

Mann-Whitney test; normally distributed continuous variables (age, cup inclination, femoral head diameter) were compared with independent

t-tests; �values are expressed as mean, with range in parentheses; statistical difference between revised and nonrevised groups at �p \ 0.001,
§p = 0.0024, and kp = 0.0018.
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pseudotumors, fluid collections, osteolytic lesions, and

muscle atrophy in patients with painful MOM hips. This

information can confirm the presence of ARMD and can

help guide revision surgical planning. It is important to

note the ARMD process is thought to take several years to

develop [2]. Only one revision in this study took place

within the first 2 years of the index procedure. The true

incidence of ARMD in patients with MOM implants will

likely be higher than what current studies report as long-

term data become available. If ARMD is suspected during

a revision procedure, tissue samples are histologically

examined for the presence of chronic inflammation and

ALVAL. In this study, tissue samples consistent with

ALVAL were present in 13 of 14 revisions suspected for

ARMD in which tissue samples were obtained. Briefly,

ALVAL is hypothesized to be a result of an immunogenic

response to the metal ions that are slowly released from the

prosthetic bearing surfaces as a by-product of wear [40].

These wear particles can lead to hapten formation and elicit

a Type IV hypersensitivity response in the periprosthetic

tissue [11]. Our group has previously reported our experi-

ences with histologic examination of tissue samples

suspected of ALVAL [40]. Although its pathophysiology is

currently poorly understood, ALVAL is becoming

increasingly recognized by joint arthroplasty surgeons as a

major issue in patients with MOM bearings.

Numerous studies have been published in recent years

cataloging the higher-than-expected failure rates and ele-

vated blood metal ion levels associated with MOM

implants. Our study specific to the ASRTM XL THA and

ASRTM hip resurfacing systems further confirmed the poor

performance of both the ASRTM system itself and MOM

implants as a class. Furthermore, many of the failures that

we observed occurred close to the time that our study was

concluded, implying premature failure was an ongoing

process. We therefore expect our MOM implant revision

rate and the revision rates of other groups to increase in the

years to come. Even though the THA and resurfacing

groups in our study had similar overall revision rates, the

hip resurfacings were more prone to aseptic component

loosening and periprosthetic fracture. It is possible the hip

resurfacing system can fail prematurely for reasons related

to ARMD and other independent design issues, and further

investigation is warranted. Modern MOM implant systems

gained substantial initial popularity among orthopaedic

surgeons as a result of their numerous theoretical advan-

tages, including reduced volumetric wear and increased

femoral head size compared to metal-on-polyethylene

components. Although current MOM implant systems are

substantially flawed as a class, the design was well inten-

ded and the hypothetical benefits of implants with

alternative bearing surfaces still exist. Research and inno-

vation related to alternative bearing surfaces should be

encouraged despite the major oversight of the dangers of

current MOM implants. However, there is a clear and

immediate need to reevaluate the device approval process

and monitoring requirements to prevent similar predica-

ments in the future. Blood metal ion tests, MRI, and other

Table 4. Revision rates, metal ion concentrations, and followup times for the ASRTM system reported in the literature

Study Revision rate (%) Whole blood metal ion levels (lg/L)* Followup (months)*

Cobalt Chromium

THA

National Joint

Registry for England

and Wales [25]

13 60

Steele et al. [34] 15 19 (2–41)

Bernthal et al. [1] 17.1 (24–60)

Langton et al. [16] 6.0 3.26 (1.1–32) 3.71 (2.4–22) 41 (10–57)

Lavigne et al. [19] 0 1.78 (0.32–7.59) 1.78 (0.24–6.20) 24

Current study 13 14 (0–150) 5 (0–87) 36 (12–61)

Resurfacing

National Joint

Registry for England

and Wales [25]

12 60

Jameson et al. [13] 5.6 43 (30–57)

Langton et al. [16] 3.2 2.74 (0.4–271) 4.16 (1.5–69.8) 35 (8–57)

Langton et al. [17] 1.3 1.89 (0.4–228.0) 3.61 (0.6–115.0) 26 (13–44)

Current study 12 12 (0–126) 7 (0–60) 54 (12–74)

* Values are expressed as mean, with range in parentheses.

436 Hug et al. Clinical Orthopaedics and Related Research1

123



nascent diagnostic tools can all be utilized to evaluate

patients with troublesome implants and intraoperative his-

topathologic analysis and joint fluid cytology can help

confirm ARMD at the time of revision. Continued analysis

is pivotal to fully elucidate the effects of MOM hip

implantation.
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