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Abstract

Background Metal-on-metal (MOM) THA bearing tech-

nology has focused on improving the arc of motion and

stability and minimizing wear compared with traditional

metal-on-polyethylene (MOP) bearing couples. It is unclear

whether this more costly technology adds value in terms of

improved implant survival.

Questions/purposes This study evaluated Kaplan-Meier

survival, revisions for dislocation, and cost of MOM THA

compared with metal-on-cross-linked polyethylene

(MOXP) THA in a community joint registry, with subset

analysis of the recalled Depuy ASRTM implant.

Methods All MOM THAs (resurfacings excluded) per-

formed between January 2002 and December 2009 were

included (n = 1118) and compared with a control group of

MOXP THAs (n = 1286) done during the same time.

Analysis was performed to compare age, gender, cost of

implant, length of stay, year of index procedure, diagnosis,

head size (\ 32 mm versus C 32 mm), revision and revi-

sion reason for both groups. Analysis at a mean of

3.6 years was done using Wilcoxon rank sum tests,

Pearson’s chi-square tests, Kaplan Meier methods, and Cox

regression.

Results The cumulative revision rate (CRR) was higher

in MOM implants than in MOXP implants (MOM

CRR = 13%; MOXP CRR = 3%). MOM implants were

three times as likely to be revised as MOXP implants after

adjustment for age, head size, and year of procedure. The

recalled DePuy ASRTM implant was six times as likely to

be revised as other MOM THAs. After removing the

ASRTM implants from analysis, survivorship of MOM

implants was not better than that of the MOXP hips.

Conclusions During the study time, MOM THAs showed

inferior survival to MOXP THAs after adjusting for age,

head size, and year of procedure. Longer followup is

necessary to see whether MOM THAs add value in

younger patient groups.

Level of Evidence Level III, retrospective case-control

study. See Guidelines for Authors for a complete descrip-

tion of levels of evidence.
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Introduction

THA has emerged as one of the 20th century’s most common

and reliable surgical procedures [6, 15]. The aim of the

surgery is to provide a pain-free, stable, mobile, and durable

joint. Advances in THA bearing technology have focused on

improving the arc of motion and stability and minimizing

wear compared with traditional metal-on-polyethylene

(MOP) bearing couples. However, implementation of this

new technology comes at an additional cost to our patients

and the healthcare system. Implant expense traditionally has

been one of the costlier parts of the hospital bill for a THA

[15, 18, 20] and efforts continue to cut costs in an era of

dwindling Medicare reimbursements and the push for

national healthcare reform [6, 16]. Surgeons may reasonably

be expected to weigh implant cost considerations against

their desire to use new technology that may afford better

function, fewer complications, and/or improved longevity of

THA for their patients. In recent years, the most commonly

used THA bearing surfaces have been metal-on-highly

cross-linked polyethylene (MOXP) and MOM interfaces.

Although similar in function, the tribology and biologic

interaction between these two options are substantially dif-

ferent [7, 9, 19, 21, 23, 25, 26, 34]. Recently, concerns over

periprosthetic adverse reactions to metallic debris including

pseudotumors and local tissue necrosis (aseptic lymphocyte-

dominated vasculitis-associated lesion [ALVAL]; adverse

reaction to metal debris [ARMD]) have surfaced in reports

of MOM THA. The United Kingdom’s Medical products

and Healthcare Devices Regulatory Agency (MHRA), the

United Kingdom’s equivalent of the U.S. Food and Drug

Administration, issued a report based on registry experience

recommending close followup of MOM devices and mea-

surements of cobalt and chromium ions in the blood for

patients with painful prostheses [29, 31]. A second report

detailed concerns regarding a higher-than-expected revision

rate associated with a specific MOM implant, the DePuy

ASRTM (DePuy, Inc, Warsaw, IN, USA), which eventually

led to its worldwide recall [30].

MOM bearing surfaces have recently come under

increased scrutiny [14]. Bernthal et al. [2] reported their

DePuy ASRTM results and noted a high rate of implant dys-

function and failure. Of their 70 patients, 28% experienced

implant dysfunction and 17% required revision surgery

within 3 years. They did not find cup positioning to be a factor

contributing to failure, and they concluded that caution should

be used when MOM large-diameter heads are paired with a

monoblock acetabular cup design. Bolland et al. [3] similarly

reviewed the midterm results of 199 hips and found 14 with

evidence of ARMD and a revision rate of 15% at 5 years.

According to their data, there was evidence of high wear at the

trunnion-head interface and passive corrosion of stem

surfaces.

Whether the results of MOM technology in THA justify

the increased cost over MOXP implants provides an

important part of the rationale behind joint registries, as

evidenced by the DePuy ASRTM recall. In this study, we

sought to determine the following from our joint registry

database: (1) whether higher-cost MOM THA implants

were superior to MOXP THA implants in terms of implant

survival; (2) whether survival differed between the afore-

mentioned DePuy ASRTM MOM implant and other MOM

THA implants; and (3) whether revision for dislocation was

more common in MOXP or MOM THAs.

Materials and Methods

The HealthEast Joint Registry is a total joint registry that

prospectively tracks hip and knee arthroplasties performed

by 40 surgeons at six community hospitals in the St Paul,

MN, USA, metropolitan area since its inception in 1991.

Details of the data collection methods and application of

statistical analyses in the HealthEast Joint Registry have

been reported [11].

We considered all MOM and MOXP THAs from

January 1, 2002, to March 31, 2011, for inclusion in this

study. Earlier THAs performed from 1999 to 2001 were

excluded because MOM designs were not used consistently

in HealthEast Joint Registry until 2002. Other hips exclu-

ded included those in which conventional (rather than

MOXP) polyethylene liners were implanted. We did

include THAs involved in the ASRTM recall in the study.

Of the patients who had the 2404 THAs (1118 MOM,

1286 MOXP), 54% were female, the average age was

66 years (range, 21–94 years), and the minimum followup

was 0 years (average, 3.6 years; range, 0–8.5 years). We

used revision of the index THA before March 31, 2011, as

our primary end point and defined revision to be the

removal, exchange, or addition of any prosthetic compo-

nent. Revision surgery for dislocation was used as a

secondary end point. We compared MOM and MOXP

THAs using the following variables: age, sex, year of index

procedure, followup, cost of the index implant, length of

stay in the hospital for the index procedure, primary

diagnosis, head size, and reason for revision (Table 1). A

subgroup analysis was performed on the recalled ASRTM

MOM implants to determine if their inclusion had a major

effect on MOM THA survival. Of the 1118 MOM THAs,

423 used ASRTM implants, 692 used Depuy PinnacleTM

implants, and there were three other MOM devices.

We compared MOM and MOXP THAs using Wilcoxon

rank sum text for continuous variables (age, followup, cost

of the index implant, and length of stay) and Pearson’s chi-

square test for categorical variables (sex, year of the index

procedure, primary diagnosis, head size, and reason for
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revision). Cost comparisons were performed using the

contract price of each implant averaged over the years of

the study. Cumulative revision rates (CRRs) were calcu-

lated using the Kaplan-Meier survival method and

compared using the log-rank test. We calculated relative

risk of revision using Cox proportional hazards regression

and all variables mentioned previously (except reason for

revision) were considered for potential confounding. A

confounder was defined as a variable of interest that

changed the main effect estimate by greater than 10%. We

included variables meeting this definition in the final Cox

regression model.

Compared with MOXP THAs, MOM THAs on average,

were performed in younger patients who had a shorter

length of stay and a shorter followup. The MOM THAs on

average, had a higher implant cost, larger head size, and

more often the prosthesis was implanted from 2006 to 2011

(Table 1).

Results

Patients undergoing MOM THAs had a significantly higher

(p = 0.0001) overall CRRs compared with MOXP THAs

(13% versus 3%) (Fig. 1). MOM THAs were three times as

likely to be revised compared with MOXP THAs after

adjusting for age, head size, and year of the index proce-

dure (Table 2).

Subgroup analysis revealed that after removing the

recalled ASRTM implants from the MOM group, there was

no significant difference (p = 0.3) in the overall CRR

between the MOM and MOXP THAs (7% versus 3%).

After adjusting for age, head size, year of the index pro-

cedure, and ASRTM recall, there was no difference

(p = 0.3) in the risk of revision between the MOM and

MOXP THAs. ASRTM implants were six times as likely to

be revised (95% CI, 3.4–11; p = 0.0001) as other MOM

implants after adjustment for year of the index procedure

(Table 3).

Table 1. Univariate analysis

Variables MOM implant

(n = 1118)

MOXP implant

(n = 1286)

p value*

Followup (years)

– mean (SD)

3.2 (1.5) 4.3 (2.9) \ 0.001

Age (years)

– mean (SD)

62 (11.5) 68 (10.6) \ 0.001

Cost of implant

– mean (SD)

$6150 ($7654) $5480 ($733) \ 0.001

Length of stay (days)

– mean (SD)

3.3 (1.3) 3.5 (1.2) \ 0.001

Sex

Male 535 (48%) 571 (44%) 0.09

Female 583 (52%) 715 (56%)

Age categories

\ 60 years 477 (43%) 266 (21%) \ 0.001

60–69 years 337 (30%) 356 (28%)

C 70 years 304 (27%) 664 (52%)

Year of index procedure

2002–2005 269 (24%) 716 (56%) \ 0.001

2006–2009 849 (76%) 570 (40%)

Primary diagnosis

Osteoarthritis 1056 (94%) 1198 (93%) 0.28

Aseptic necrosis 35 (3%) 43 (3%)

Other 27 (2%) 45 (4%)

Head size categories

\ 36 22 (2%) 630 (52%) \ 0.001

C 36 1036 (98%) 580 (48%)

Revision

Yes 73 (7%) 29 (2 %) \ 0.0001

No 1045 (93%) 1257 (98%)

Revision reason

Dislocation 6 (8%) 17 (59%) \ 0.0001

Periprosthetic

fracture

8 (11%) 4 (14%)

Failure of bone

ingrowth

15 (20%) 4 (14%)

Aseptic loosening 9 (12%) 0 (0%)

Infection 5 (7%) 2 (8%)

Pain 16(22%) 0 (0%)

Other/unknown 3 (4%) 4 (14%)

Metal

hypersensitivity

2 (3%)

Pseudotumor 1 (1%)

Metallosis 8 (11%)

* P values were calculated using the Wilcoxon rank-sum test for

continuous variables and Pearson’s chi-square test for categorical

variables.

Fig. 1 There was a significant difference in the cumulative revision

rates between the MOXP THA and MOM THA. MOM THAs have a

higher CRR than MOXP CRRs.
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More detailed analysis of the MOM implant failures

revealed that the majority were revised for pain (22%),

with the most common intraoperative finding being failure

of bony ingrowth of the acetabular component (20%).

Notably, in this registry, there was only a 1% incidence of

pseudotumor related to metallic debris as documented by

the operative surgeons, although preoperative concern for

metallosis was cited in 11% of the MOM revisions. No

MOM THAs were revised solely on the basis of pending

litigation surrounding the implant recall.

Although a higher percentage of patients in the MOXP

group underwent revision surgery for dislocation (Table 1),

there was no difference (p = 0.06) in the dislocation CRRs

between the MOM and MOXP THAs (0.6% versus 1.7)

(Fig. 2). Finally, there was no difference in the risk of

revision for dislocation between the MOM and MOXP

THAs after adjustment for age, head size (\ 36 mm,

C 36 mm) and year of the index procedure (hazard ratio,

1.36; CI, 0.4–4.6; p = 0.6) (Table 4).

Discussion

Primary and revision total joint arthroplasties account for a

higher percentage of Medicare spending than any other

inpatient procedures and the numbers of these procedures

are expected to increase [4, 15, 18]. Implant expense is a

major portion of the total cost of the procedure [14, 16–18,

20, 27] and the HealthEast Joint Registry noted an

increased proportion of more costly MOM THAs from

16% of the procedures done in 2002 to 2005 to 70% from

2005 to 2009. Given increasing attention to MOM THA

failures including the widely publicized United Kingdom

MHRA report [29], we sought to determine whether MOM

THA could be shown to have better survival than MOXP

THA in early- to midterm followup in our community

registry.

Inherent to our study are the obvious limitations of any

implant and explant joint registry. First, revision is a crude

end point, and we are unable to identify patients who may

have had poor clinical or functional results or those who

were too medically infirm to undergo revision surgery.

Similarly, we cannot identify individuals with superior

function or activity level; therefore, registry studies cannot

be applied on an individual level. Second, there may be

patients who had revision surgery performed elsewhere

who were not included in our study; we assumed these

events occurred in an equal proportion between the MOM

and MOXP groups. However, a prior validation analysis of

our registry suggests a 94% capture rate [12], similar to

that of the Scandinavian registries. Third, our study only

Table 2. Cox proportional hazards regression model for MOXP versus MOM implants

Implant Crude hazards

regression (95% CI)

p value Adjusted hazards

regression (95% CI)*

p value Adjusted hazards

regression (95% CI)**

p value

MOXP implant 1.0 (reference) 1.0 (reference) 1.0 (reference)

MOM implant 3.5 (2.2–5.4) \ 0.001 3.0 (1.6–5.6) \ 0.001 1.5 (0.7–3.2) 0.29

* Adjusted for age, head size, and year of index procedure; **adjusted for all of the above and whether hey are part of the ASRTM recall.

Table 3. Cox proportional hazards regression model for other MOM

versus ASRTM implants

Implant Crude hazards

regression

(95% CI)

p value Adjusted hazards

regression

(95% CI)*

p value

Other MOM 1.0 (reference) 1.0 (reference)

ASR 6.1 (3.5–11) \ 0.001 6.1 (3.4–11) \ 0.001

* Adjusted for year of index procedure.

Table 4. Cox proportional hazards regression model for revision

Implant Crude hazards

regression

(95% CI)

p value Adjusted hazards

regression

(95% CI)*

p value

MOXP 1.0 (reference) 1.0 (reference)

MOM 2.4 (0.9–6.2) 0.07 1.4 (0.4–4.6) 0.6

* Adjusted for age, head size (\ 36, C 36), and year of index

procedure.

Fig. 2 There was no difference in the CRR for dislocation between

the MOM and MOXP implants.
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captured early to midterm events in the anticipated life

expectancy of total joint devices, particularly in the more

recently introduced MOM designs. Despite these limita-

tions, registries have the unique advantage of offering a

broad representation of contemporary total joint practice.

Unique to our registry is that none of the 40+ surgeons in

the HealthEast Joint Registry have major industry rela-

tionships, and we presumed implant choices were not

biased toward specific companies.

Current studies comparing MOM with MOP or MOXP

bearing surfaces have yielded mixed results [1, 22–24].

Comparison with other registry reports is difficult, because of

the varying level of detail provided in annual report summa-

ries. The Australian Orthopaedic Association National Joint

Replacement Registry has the largest data set of MOM THAs.

Data gathered from the 2009 Australian Orthopaedic Asso-

ciation annual report suggest a CRR of 4.4% in MOM THAs

and 3.3% in MOP THAs at 7 years [1]. They noted 1.2 versus

0.7 revisions per 100 observed implant years in MOM versus

MOP THAs, respectively. For the 8-year period followed by

the registry, the hazard ratio for MOM versus MOP THA CRR

was 1.4 (p \ 0.001) [1]. The New Zealand Joint Registry also

noted 0.86 MOM versus 0.60 MOP THA revisions per 100

observed implant years, consistent with the Australian regis-

try, and the CRR for MOM THAs of 2.9% compared with a

CRR of 2.6% for MOP THAs [24]. The 2011 England and

Wales registry showed MOM THAs to have a 14% CRR

compared with MOP THAs 3.4% CRR at 7 years [22]. A

matched case-control study using the hip database of the

Maurice E. Müller Institute for Evaluative Research com-

paring MOM THAs with MOXP THAs did show a slightly

lower risk of aseptic component loosening for the MOM

group, which did not reach statistical significance [23].

Additional studies looking at the risk of cancer, wear rate, and

survivability have not shown considerable benefit of MOM

over MOP THA systems in the times noted [10, 13, 28, 33, 35].

One important confounding factor in our study is the

inclusion of DePuy ASRTM acetabular cups in our MOM

analysis. A global recall for this device was issued by the

company on August 24, 2010, after reports of higher than

anticipated rates of revision by the National Joint Registry for

England and Wales. Between April 2001 and March 2010, the

registry data predicted 80 revisions and noted 130 revisions

(n = 2769). Additional analysis for cups paired with extra

large femoral heads reported a predicted 80 revisions and

found 126 (n = 3155) [32]. The MHRA subsequently issued

reports recommending close followup of patients with MOM

devices [29, 30]. The Australian Orthopaedic Association

National Joint Replacement Registry reported a hazard ratio

of 3.9 for THAs performed with the ASRTM prosthesis

compared with all conventional THAs [1]. The New Zealand

Registry also found the ASRTM to have a higher revision rate

than other MOM implants, but ASR implants alone did not

account for the higher rate of revision of MOM when com-

pared with MOXP [24]. DePuy ASRTM THA implants in our

registry were six times as likely to be revised as other MOM

implant THAs (p \ 0.0001).

We confirmed a substantially decreased (p = 0.0001)

rate of dislocation as a revision reason for MOM THA

(8%) versus MOXP THA (59%). For MOM and MOXP

THAs, head sizes less than 36 mm were most commonly

revised for dislocation (60%), whereas 36 mm or larger

heads had dislocation as the revision reason only 14% of

the time (p \ 0.0001). However, only 2% (22 of 1118) of

the MOM THAs had head sizes less than 36 mm, and head

sizes of 40 mm or greater were not uncommon in this

group. We hypothesize that our surgeons used MOM

THAs, particularly in an older age group, precisely because

of the increased arc of motion and stability associated with

larger head sizes [8]. In our registry, this perceived

advantage of MOM THA over MOXP THA disappeared at

head sizes of 36 mm or greater. This tendency toward

MOM THA may become less pronounced as higher

cumulative revision rates from this and other studies are

reported and also as larger heads for MOXP THAs become

readily available on the market. Larger head sizes in

MOXP shells clearly affect polyethylene liner thickness

and the long-term impact on wear rates with minimum

5 to 6 mm polyethylene thickness remains unknown.

Although cost-effectiveness analysis was not performed,

MOM implants were on average $700 more expensive

than MOXP implants. The shorter hospital length of

stay for patients with MOM THAs undoubtedly reflects

younger population and an increasing trend toward use of

these devices from 2005 to 2009 when rehabilitation

advances encouraged rapid discharge from the acute care

setting.

In a time of intensifying debate over healthcare reform, in

which cost-effectiveness of health care has become para-

mount, orthopaedic surgeons are in the best position to select

the appropriate implant for their patients. A review of the

Nationwide Inpatient Sample Database revealed that 35% of

a sample of 112,095 THAs performed in the United States

between October 2005 and December 2006 had a MOM

bearing surface [5]. Currently in the United States, there is

little aftermarket data directly comparing various implants,

and delayed product recalls such as that seen with the

ASRTM are only the most obvious result. Smaller registry

studies, randomized clinical trials, and formal cost-effec-

tiveness analysis will continue to allow surgeons an

evidence-based approach to implant selection for their

patients, as the national American Joint Replacement Reg-

istry gains momentum and critical mass. In the HealthEast

Registry, MOM implants did not show superior performance

when compared with MOXP implants during the time of this

study. As orthopaedic surgeons, we must remain cognizant
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that all innovation may not offer improvement, and higher

cost may not necessarily equate to higher quality.
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