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Abstract

Background Use of large-diameter metal-on-metal
(MoM) articulations in THA increased, at least in part,
because of the possibility of achieving improved joint
stability and excellent wear characteristics in vitro. How-
ever, there have been subsequent concerning reports with
adverse reactions to metal debris (ARMD), pseudotumors,
and systemic complications related to metal ions.
Questions/purposes  The purpose of this study was to
determine at a minimum of 2 years’ followup (1) the
proportion of patients who experienced a dislocation; (2)
the short-term survivorship obtained with these implants;
(3) the causes of failure and the proportion of patients who
developed ARMD; and (4) whether there were any iden-
tifiable risk factors for revision.
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Methods We reviewed the results of 1235 patients who
underwent 1440 large-diameter MoM primary THAs at our
institution using two acetabular devices from a single
manufacturer with minimum 2-year followup. Large-
diameter MoM devices were used in 48% (1695 of 3567)
of primary THAs during the study period. We generally
used these implants in younger, more active, higher-
demand patients, in patients considered at higher risk of
instability, and in patients with adequate bone stock to
achieve stable fixation without use of screws. Clinical
records and radiographs were reviewed to determine the
incidence and etiology of revision. Patients whose hips
were revised were compared with those not revised to
identify risk factors; Kaplan-Meier survivorship analysis
was performed as was multivariate analysis to account for
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potential confounding variables when evaluating risk fac-
tors. Minimum followup was 2 years (average, 7 years;
range, 2—12 years); complete followup was available in
85% of hips (1440 of 1695).

Results  Dislocation occurred in one hip overall (< 1%;
one of 1440). Kaplan-Meier analysis revealed survival free
of component revision was 87% at 12 years (95% confi-
dence interval, 84%-90%). The two most common
indications for revision were ARMD (48%; 47 of 108 hips
revised) and loosening or failure of ingrowth (31%; 34 of
108). Risk factors for component revision were younger
age at surgery (relative risk [RR] 0.98 per each increased
year; p = 0.02), higher cup angle of inclination (RR 1.03
per each increased degree; p = 0.04), and female sex (RR
1.67; p = 0.03).

Conclusions Large-diameter MoM THAs are associated
with a very low dislocation rate, but failure secondary to
ARMD and loosening or lack of ingrowth occur frequently.
Patients with MoM THA should be encouraged to return
for clinical and radiographic followup, and clinicians
should maintain a low threshold to perform a systematic
evaluation. Early diagnosis and appropriate treatment are
recommended to prevent the damaging effects of advanced
ARMD.

Level of Evidence Level 1V, Therapeutic study.

Introduction

Use of large-diameter metal-on-metal (MoM) articulations
in THA increased, at least in part, because of the possibility
of achieving improved joint stability and excellent wear
characteristics in vitro [11, 12, 28, 39, 55, 57]. Enhanced
stability is afforded by greater ROM to impingement and
increased jump distance, that is the distance required for
the head to pull out from the acetabular shell to subluxate
[39, 52]. Previous studies from our center with a MoM
device with a 38-mm fixed-diameter head and cobalt-
chromium (CoCr) monoblock shell reported no disloca-
tions in the early 3-month postoperative period compared
with an early incidence of 3% with 28-mm heads in a MoM
device [12, 57]. More recently we reported on dislocation
rates in primary THA with large heads, > 36 mm in
diameter, in several material combinations, including 1635
large-diameter MoM THAs [39]. With a mean followup of
3 years, only one dislocation occurred. Recently there have
been concerning reports of adverse reactions to metal
debris (ARMD), pseudotumors, and systemic complica-
tions to metal ions [1, 9, 15, 19, 20, 35, 46, 47, 53, 54, 56,
63, 65]. Three large-diameter MoM devices have been
voluntarily recalled by the manufacturers [64]. However,
reports indicate considerable variation in ARMD frequency
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and outcomes between different devices and sometimes
even for the same device [9, 16, 26, 29, 32, 34, 44, 46, 47,
60]. For example, although some researchers have reported
good survival and a low incidence of ARMD with the
MagnumTM device in THA (Biomet, Inc, Warsaw, IN,
USA) [29, 44, 60], two studies have reported a high
incidence of ARMD with pseudotumor formation when a
comprehensive intensive screening protocol was imple-
mented, revealing rates of 39% at 3.6 years in one study [9]
and 54% definite, probable, or possible ARMD at a mean
followup of 6 years [46].

There is much debate about and several unresolved
issues with respect to large-diameter MoM THAs, includ-
ing the appropriate indications for these devices, whether
any large-diameter MoM THA devices are safe to use in
some patient populations, what risk factors are for ARMD
and device failure, what the long-term patient-reported
outcomes and survival are of large-diameter MoM bearings
in THA, and what is the best practice for monitoring
patients who have these devices. It is estimated that more
than 1,000,000 MoM bearings were used worldwide since
1996, and national registry data have indicated failure rates
two to three times higher with these devices in THA
compared with non-MoM bearings [30]. Likewise, our
center reported a nearly twofold higher failure rate with
MoM bearings in THA compared with metal-on-improved
polyethylene bearings (4% versus 2%, respectively) [48].
Our early experience with MoM THA was very promising,
and we became confident that we were providing the most
durable, functional articulation possible for our patients.
Then we began seeing some puzzling failures with unex-
plained pain, normal radiographic appearance, well-fixed
components at the time of revision, and in some cases
alarming soft tissue changes. Failures became more fre-
quent and we learned more about ARMD as well as other
modes of failure with these devices. We ceased using all
metal-on-metal bearings several years ago but must con-
tinue to treat and care for our patients who have had MoM
THA. Certainly further study of these devices and contin-
ued monitoring of patients with these devices are warranted
to determine what the frequency of failure is for our center
and determine how best to manage our patients who have
large-head MoM THA.

This study therefore attempts to determine at a mini-
mum of 2 years’ followup (1) the proportion of patients
who experienced a dislocation in a large series of large-
diameter MoM THAs involving two designs by a single
manufacturer; (2) the short-term survivorship obtained with
these implants; (3) the causes of failure and the proportion
of patients who developed ARMD in this series; and (4)
whether there were any identifiable risk factors for revision
such as sex, disease profile, procedure type, age, height,
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Fig. 1 The M2a-38 design (Biomet, Inc, Warsaw, IN, USA) was
introduced at our center in October 2001. It is a monoblock CoCr
acetabular component with a fixed 38-mm inner diameter, increasing
outer diameter, and applied Ti-PPS fixation surface.

weight, body mass index (BMI), preoperative clinical
scores, cup diameter, cup angle, or stem diameter.

Patients and Methods
Study Design and Setting

We identified all patients who underwent THA at our
center and reviewed those performed with MoM articula-
tions with head diameters > 38 mm and having minimum
2-year followup. All available clinical records and radio-
graphs were reviewed to determine the frequency of
dislocation and failure and the reason for failure. Patients
who underwent revision of the acetabular component for
any reason were compared with patients who were not
revised to determine risk factors for failure.

Between October 2001 and February 2010, 1451 patients
(1695 hips) underwent large-diameter MoM primary THA at
our institution by two surgeons (AVL, KRB) using two devices
from a single manufacturer (Biomet, Inc), which represents
48% (1695 of 3567) of the primary THAs performed during
that period. Of the 1695 hips, 55 nonrevised hips were in 51
patients who either died within 2 years of surgery or had not
returned for 2-year followup before their death. In addition,
200 nonrevised hips were in 180 patients who have been lost to
contact before completing 2-year followup, leaving a cohort of
1440 hips (85%) in 1235 patients with minimum 2-year fol-
lowup available for review. A monoblock CoCr acetabular
component with a fixed 38-mm inner diameter, increasing
outer diameter, and applied porous plasma-sprayed titanium
(Ti-PPS) fixation surface, the M2a-38 (Biomet, Inc) (Fig. 1),
was used until September 2005 in 636 THAs. A resurfacing

Fig. 2 The Magnum™ design (Biomet, Inc, Warsaw, IN, USA) was
used in our center beginning in November 2004 through February
2010. It is a resurfacing style monoblock CoCr acetabular component
coated with Ti-PPS and features a 3-mm fixed shell thickness, inner
diameters up to 60 mm, and outer diameters up to 66 mm. It
articulates with a modular CoCr head component that is effectively
6 mm smaller in diameter than the cup, which is mated with a
titanium insert taper adapter.

style monoblock CoCr acetabular component coated with
Ti-PPS, the MagnumTM (Biomet, Inc) (Fig. 2), features a 3-
mm fixed shell thickness, inner diameters up to 60 mm, and
articulates with a modular CoCr head component, 6 mm
smaller in diameter than the cup, that mates with a titanium
insert taper adapter, and was used beginning in November
2004 in 804 THAs. Clinical records and radiographs were
reviewed to determine incidence and etiology of acetabular
revision. Patients whose THAs were revised were compared
with patients with surviving THAs to identify risk factors.

Participants/Study Subjects

The main indications for the use of large-diameter MoM THAs
during the study period were THAs in patients who were
younger, more active, and more high demand, and who were
perceived to have the potential for benefit from an alternate
bearing. We also used them in patients who were considered at
a higher risk of instability and dislocation postoperatively and
in patients with adequate bone stock to achieve stable fixation
without the use of adjunct screw fixation. A contraindication
for the use of large-diameter MoM devices was in patients with
a known history of renal insufficiency.

Description of Experiment, Treatment, or Surgery

The surgical approach for the majority of patients was
direct lateral, used in 94% of hips (1351 of 1440). Of those,
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a less invasive modification introduced in 2003 was used in
902 hips. A muscle-sparing anterior supine intermuscular
approach was used in 6% (88 of 1440), and a less invasive
posterior approach was used in one. All femoral compo-
nents implanted were made by the same manufacturer as
the MoM acetabular components used (Biomet, Inc): two
were cemented, CoCr primary components and two were
cementless, titanium revision components; all others were
cementless, titanium primary stems with 78% Mallory-
Head Porous (1121 of 1440), 21% TaperLoc Microplasty
(301 of 1440), and 14 TaperLoc. All devices used in this
study were cleared by the US Food and Drug Adminis-
tration and were used according to labeling provided.

Aftercare

Patients were allowed immediate full weightbearing with
the assistance of ambulatory aids. Ambulatory aids were
discontinued because the patient walked with a minimal or
no limp and without pain. All patients were instructed to
use the same postoperative hip precautions for 6 weeks,
including to sleep on their back, use an elevated toilet seat,
use a cushion in all low chairs, not to flex at the waist past
90°, and to avoid excessive adduction such as crossing one
leg over the other.

Variables, Outcome Measures, Data Sources, and Bias

Patients returned to our clinic for followup in the imme-
diate postoperative period at approximately 6 weeks and
then were instructed to return yearly thereafter or sooner if
a problem arose. Patients were assessed at each followup
time using the Harris hip score (HHS) [18] and, beginning
in 2011, the UCLA activity score [3]. Patients presenting
postoperatively with a painful THA were evaluated in a
similar fashion to patients with painful THA of any bearing
type including clinical history, physical examination,
radiographs, and laboratory testing for infection, searching
for possible extrinsic as well as intrinsic causes. Using a
risk stratification process, if the THA is suspicious for
ARMD, further testing may be performed including hip
aspiration with manual cell count, whole body bone scan,
electromyography, serum metal ion testing, ultrasound, CT
scan, and/or magnetic artifact reduction sequence (MARS)
MRI studies [30, 36]. Postoperative records were reviewed
to determine the frequency of dislocation and the frequency
and reasons for component revision. Our understanding of
ARMD evolved over the course of the study and continues
to evolve. In five patients revised before 2007 for unex-
plained pain, determination of ARMD was based mainly on
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intraoperative findings. Since that time, as better means of
diagnosis have become more widely available, ARMD has
been better identified before revision. Patients with com-
ponents that were revised for any reason were compared
with patients not revised in terms of preoperative demo-
graphics including age at surgery, sex, underlying disease
profile, height, weight, BMI, preoperative HHS, and peri-
operative factors including procedure type, surgical
approach, cup outer diameter, head diameter, neck length,
and stem diameter. Radiographic assessment was per-
formed to measure the inclination (abduction) angle of the
acetabular component on the AP pelvis view at 6 weeks
postoperatively. Measurements were done by a blinded
observer (JBA) on digital radiographs using Intelerad
software (Montreal, Quebec, Canada). The angle between
the inferior aspect of the ischium and the face of the ace-
tabular component was measured using a Cobb angle tool.

Statistical Analysis and Study Size

Analysis of device survival/failure times were displayed
using Kaplan-Meier curves and significance testing was
done using proportional hazards models. An initial
exploratory analysis was performed looking at several
potential risk factors (gender, BMI, activity level, stem
diameter, age, etc) individually. Those factors that were
associated with p values < 0.2 were used in a multivariable
proportional hazards regression model and significance was
assessed at the 0.05 level. Adjusted risk ratios and their
95% confidence intervals (Cls) are reported for significant
factors. All analyses were carried out using JMP/11 Pro ®
software (SAS Institute, Cary, NC, USA).

Demographics and Description of Study Population

Diagnosis by hip for the majority of patients was osteoar-
thritis (81% [1161 of 1440]), mean patient age at surgery
was 58 years (SD 10), and 55% of patients were males
(677 of 1235, 787 of 1440 hips) (Table 1). Activity level
was categorized as light labor for the majority of patients
(51%; 740 of 1440) followed by moderate manual labor in
28% (401 of 1440).

Accounting for All Patients and Study Subjects

All patients had minimum 2-year followup (mean, 7 years;
range, 2—12 years). No patients were recalled specifically
for this study; all data were obtained from medical records
and radiographs.
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Table 1. Demographic and perioperative variables for all patients
with minimum 2-year followup

Characteristic Overall Range
Number of hips 1440
Sex by hip
Male 787 (55%)
Female 653 (45%)
Mean age (years) 58 (10) 19-91
Mean height (inches) 68 (4) 53-80
Mean weight (pounds) 205 (50) 103488
Mean body mass index (kg/mz) 31 (7) 17-69
Mean preoperative Harris hip 51 (11) 2-90
score
Diagnosis for primary THA
Osteoarthritis 1161 (81%)
Avascular necrosis 132 (9%)
Developmental dysplasia 60 (4%)
Posttraumatic arthritis 23 2%)
Rheumatoid arthritis 18 (1%)
Legg-Calvé-Perthes 19 (1%)
Slipped capital femoral epiphysis 12 (1%)
Acute fracture 11 (1%)
Psoriatic arthritis 1 (< 1%)
Ankylosing spondylitis 1 (< 1%)
Osteopetrosis 1 (< 1%)
Paget’s disease 1 (< 1%)
Activity level
Sedentary 56 (4%)
Semisedentary 153 (11%)
Light labor 740 (51%)
Moderate manual labor 402 (28%)
Heavy manual labor 89 (6%)
Surgical approach
Direct lateral 1351 (94%)
Anterior supine intermuscular 88 (6%)
Posterior 1 (< 1%)
Acetabular component
M2a-38 (Biomet, Inc, Warsaw, 636 (44%)
IN, USA)
Magnum™ (Biomet, Inc) 804 (56%)
Femoral component type
Cemented cobalt-chromium 2 (< 1%)
Standard titanium porous 1135 (79%)
plasma-sprayed taper
Short titanium porous plasma- 301 (21%)
sprayed taper
Revision titanium porous 2 (<1%)
plasma-sprayed
Mean cup diameter (mm) 55 @) 46-66
Mean cup angle of inclination 44 (6) 24-70
(degrees)
Mean stem diameter (mm) 12 (3) 5-20

Table 1. continued

Characteristic Overall Range

Mean followup (years) 7 3) 2-12

Mean postoperative Harris hip 84 (16) 26-100
score

Mean postoperative UCLA score 5(2) 1-10

In parentheses are SDs for mean values and percentages for counted
values.
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Fig. 3 Kaplan-Meier analysis revealed survival free of component
revision was 87% at 12 years for the 1235 patients with 1440 large-
diameter MoM THA in our study.

Results

Dislocation occurred in one hip of 1440 (< 1%) 2 years
after primary THA, and the patient was treated with
acetabular revision because of recurrent dislocation after
closed reduction and cast-bracing. Unfortunately, the
patient, although initially alert and oriented after the
operative procedure, experienced a cerebrovascular acci-
dent in the afternoon on the day of surgery and died a few
days later.

Kaplan-Meier analysis revealed survival free of com-
ponent revision was 87% at 12 years (95% CI, 84%-90%)
(Fig. 3). There was no difference in survival between the
two acetabular devices used (Fig. 4). A total of 108 hips in
102 patients have been revised at a mean time of 4 years
postoperative (range, same day to 11 years; SD 3). Ninety-
six of these revisions have been the result of aseptic causes.

Indications for revision were dislocation in 1% (one of
108), acetabular aseptic loosening or failure of ingrowth in
31% (34 of 108) of revised hips, well-fixed acetabular
components revised unrelated to the articulation in 9% (10 of
108), infection treated with two-stage exchange in 11% (12
of 108), acetabular malposition revised the same day in one
hip, periprosthetic femoral fracture treated with stem
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exchange only in 3% (three of 108), and ARMD with ele-
vated serum metal ions, pseudotumor formation, and/or soft
tissue damage present on revision in 44% (47 of 108).
Complete revision operative records were available for 45 of
47 patients revised for ARMD. Corrosion at the neck/head
junction was present in 40% (18 of 45) and pseudotumor was
noted in 49% (22 of 45) of ARMD revised patients.

Age at surgery, cup angle of inclination, and sex were all
risk factors for component revision after controlling for
potentially confounding variables (Table 2). Increasing cup
angle and female sex were associated with poor survivorship,
whereas older patients had better outcomes. Height, weight,
BMI, underlying diagnosis, preoperative HHS, activity
level, surgical approach, cup type and diameter, and stem
type and diameter were not risk factors for revision.

Discussion

MoM bearings were reintroduced in THAs in the 1990 s in
response to the shortcoming of articulations with

107 m
0.8 1
— M’a-38: 87% at 12 years
Do e Magnum: 88% at 10 years
2
I
@ 04-
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Fig. 4 Kaplan-Meier analysis for the two acetabular devices in our
study showed no significant difference in survival, with 87% survival
at 12 years for the M2a-38 (Biomet, Inc, Warsaw, IN, USA) and 88%
survival at 10 years for the Magnum™ (Biomet, Inc).

Table 2. Risk factors for component failure

polyethylene, namely osteolysis and loosening secondary
to polyethylene wear, and high rates of dislocation. Early
results with MoM bearings certainly were promising [14,
37, 38]. Based on the success of large-diameter MoM
bearings in hip resurfacing arthroplasty and a desire for
enhanced stability and durability, MoM designs for THA
evolved to larger diameter head sizes. Although dislocation
rates have decreased with the move to larger head diame-
ters, failure rates have increased (Table 3). Amid numerous
reports of high failure rates and concerning reports with
ARMD, pseudotumors, and systemic complications to
metal ions [1, 6, 9, 16, 19, 20, 24, 31, 35, 40, 46, 47, 53, 54,
56, 63, 65], three large-diameter MoM devices have been
voluntarily recalled by the manufacturers: the Articular
Surface Replacement (ASR) by DePuy (Warsaw, IN,
USA), the Durom by Zimmer (Warsaw, IN, USA), and the
R3 by Smith & Nephew (Memphis, TN, USA) [64]. Pub-
lished studies have reported considerable variation in
frequency of ARMD and failure for large-diameter devices
[9, 16, 26, 29, 32, 34, 44, 46, 47, 60]. Our center previously
reported a higher frequency of revision in patients with
MoM THA compared with metal-on-improved polyethyl-
ene THA [48]. In an effort to monitor the results of the
treatments we perform and strive for the best possible care
of our patients, continued followup of our patients with
MoM THA is necessary. The present study therefore
sought to evaluate a large group of these patients at a
minimum followup of 2 years, specifically with respect to
dislocation, implant survivorship, the causes of failure (and
the frequency of ARMD), and risk factors for revision.
The first limitation of our study is that it was retro-
spective and therefore may be subject to selection bias. We
tended to use large-diameter MoM devices in our younger,
more active, more high-demand patients, and perhaps the
higher activity levels in these patients resulted in higher
rates of wear. Another limitation resulting from the retro-
spective nature is that 104 patients (126 hips) died during
the study period, and 51 of those patients (55 hips) had not
been seen for a 2-year clinical followup visit. Only 13 of
the patients (14 hips) died before reaching 2 years

Characteristic Proportion or mean Proportion or mean
in failures (n = 108) in nonfailures

(n = 1332)

Risk ratio

Lower 95% CI Upper 95% CI p value

Mean age (years) 56 (11, 34-78) 58 (10, 19-91)

Mean cup angle (degrees) 45 (7, 24-70) 44 (6, 25-66)
Sex
Male 45 (42%) 742 (56%)
Female 63 (58%) 590 (44%)

0.98 per each increased year  0.9602 0.9966 0.0213

1.03 per each increased degree 1.0017 1.0673 0.0390
0.0315

0.5996 0.3740 0.9557

1.6678 1.0463 2.6741

In parentheses are SDs and ranges for mean values and percentages for counted values; CI = confidence interval.
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= g% g postoperative. We know that eight of the patients (nine
3 S &z hips) had revisions before death. The other 96 patients (117
%) . . . .
« g % i E hips) had no known complications or revisions at the time
02
g : Vo R = of last followup. Another weakness of the study is that in
— O — = .. . . .
T s =3 B = addition to the 51 patients (55 hips) who died before a
22 SLEL .. .
asle S~ ~~88 FU<S 2-year clinical assessment, minimum followup was not
> gl = S e 58T 2= EQ available for 200 hips in 180 presumed living patients. The
~ ~ = (=} . . .
<58 N I S ﬁ S = cg Social Security Death Index was searched for all patients.
=] . . .
<5 3 gz Attempts were made to contact the patient at their last
G g g known address and phone numbers, by contacting referring
é ZE 3;06 and family physicians listed, and by searching available
El g g § & Z% i free Internet services. However, minimum 2-year clinical
Z oA < wn - . .
zE T&*g <° i followup was available for 85% of patients.
=3 o A . . .
Z s ENE) ~ £854 Previous studies from our center with the M2a-38
§ e = g g é g8 ¢§_§D reported no dislocations in the early followup period
~ . . .
@ é Z = |a E :5% & compared with an early proportion of 3% with 28-mm
L:_f 4 §9 g heads in a MoM device [12, 57]. We have reported on
£= é o § g dislocation rates at our center in primary THA with large
<|f § ":% é E heads, > 36 mm in diameter, in several material combi-
25 T:> 23 nations, including 1635 large-diameter MoM THAs [39].
o S5 . . .
v < £ g e g With mean followup of 3 years, only one dislocation
= o O = .
S % Z cf g occurred for a frequency of 0.06% compared with an ear-
< ~ o~ | = = g . . . . . .
3 P S %i % =8 lier experience involving a primary direct lateral approach
=% S 2 > s ‘= . . . . .
& > Z STk £ é g THA with small heads (< 32 mm) in which the dislocation
= % ol g S rate was 1% (12 of 1518) [41]. Likewise, in a report on
] 5 . . .
§* 83 §~ iog s 5B 8059 cementless THAs with large-diameter MoM articu-
= = . . . .
2 82 = 72 S° 8~ lations from the Finnish Arthroplasty Register, the authors
o - A= .. . . .
Ta Z2 g 3 é Z3 e report 11 revisions resulting from dislocation for a rate of
=] oo S . . . . .
§ § %ﬂ ° A ; g g 8 D 0.1% compared with 175 dislocations in a series of 16,798
& ® v 8 ﬁé g & cemented metal-on-polyethylene THAs for a rate of 1%
PR 5 -g‘ g [47]. In another report from the Finnish Arthroplasty
= B . . . .. . .
% @ & E, £ g Register assessing risk of revision for dislocation by head
= = § E CZ diameter, the risk with head diameters > 36 mm (10,444
= < - . . . .
= 2 5 5 E o) hips) was 0.09 compared with 28-mm-sized implants [28].
=) . . .
3 S S The Kaplan-Meier survival of 87% at 12 years in the
— = .o . . .
E 3 Szelezgx|gh Yok current series of large-diameter MoM THAs with these
“ = - Y e Qo - v Rl gs S = B components is somewhat lower than rates reported in
- - v < . .
. 2 Eﬁ @ = combined data from Australia, England and Wales, and
%\ EE _% gé)” s New Zealand [16], data from the Finnish Arthroplasty
g 5 g ﬁ‘ 3 g s =, Register [47], and three independent series (Table 3) [29,
Q o . .
2 % éﬁb % =g Z = 44, 60]. Component survival in the current study was lower
.g = " = z |& gQH = than our earlier reported experience with 779 primary
o 2 s 5 é’“ o E = g £ 8 THAs with metal-on-improved polyethylene in which we
Q 2 A= Bl < & . . . .
% é £ g @- & % E & §n -§ =g § A observed 98% survival at 4 years [48]. Likewise, in the
o~ o — Q o . . .
A ~ CoO<=2k@az== 2 é)g 5 2 2013 report of the National Joint Registry for England,
§ § % 5 2 Wales, and Northern Ireland, the effect of the bearing with
S, E $ O E S a single widely used cup/stem combination, the Pinnacle/
2 =+ §N§ g ]z Corail (DePuy), was analyzed [49]. They observed that at
é & 533 5 8 years postoperatively, the chance of a first revision with a
= _° > = = QO o, . . . .
S = El g % BS5Z MoM bearing was 11% compared with 2% with a ceramic-
e e z 0 2= o8 on-polyethylene bearing.
@ | > =} 5 EE 5 E = . T . . .
=2 g E SEEES The predominant indications for component revision in
=13 a O . =2Ca= the current series were ARMD, observed in 48% of hips
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revised (47 of 108), and aseptic loosening or failure of
ingrowth, observed in 35% (38 of 108). There is consid-
erable variation in published reports as to the risk of
revision and ARMD incidence between different large-
diameter MoM THA devices as well as for the devices used
in the current study (Table 3) [9, 16, 26, 29, 32, 34, 44, 46,
47, 60]. Several studies have reported good survival and a
low incidence of ARMD with the devices we used in this
report [12, 29, 32, 34, 44, 47, 51, 57, 60, 61]. Two con-
cerning studies involving the Magnum™ device in large-
diameter MoM THA have reported a high incidence of
ARMD with pseudotumor formation when a comprehen-
sive screening protocol was implemented [9, 46]. Bosker
et al. [9] performed CT scans in patients with Magnum™
THA and verified pseudotumors in 39% at mean 4-year
followup. They observed a fourfold increased risk of
pseudotumor formation when serum cobalt levels were
> 5 pg/L and recommended close monitoring of all
patients with MoM hip arthroplasty. Mokka et al. [46]
conducted MARS MRI screening and serum metal ion
testing of a group of patients with Magnum™ THA with
mean 6-year followup and identified a 54% incidence of
definite, probable, or possible ARMD. In a recent report
involving patients with modular Pinnacle MoM THA
(DePuy), screening with MARS MRI confirmed a 31%
incidence of ARMD asymptomatic patients, raising con-
cern that the need for routine cross-sectional imaging for
all asymptomatic patients with MoM implants warrants
further study [15].

We previously reported on our experience with all MoM
articulations in primary THA through 2006 at our center
and observed a higher incidence of failure in females than
males [33]. In the current study with additional patients and
further followup, we again observed a greater frequency of
component failure in females than males (Table 2). Reg-
ister data from Australia have shown higher risk revision
for females than males who have undergone primary MoM
THA with head sizes > 32 mm [4]. However, there was no
appreciable difference in revision risk between males and
females with head sizes < 32 mm. Younger age in our
study was a risk factor for revision (Table 2) with risk
multiplied by 0.978 (decreased by approximately 2%) for
each increased year of age at surgery. The Australian
National Joint Replacement Registry also reported poorer
results in younger patients with a cumulative percent
revision for primary MoM THA of 21.8 at 12 years in
patients < 55 years old and 12.1 in patients > 75 years old
[4]. Increased cup angle of inclination was a risk factor
revision in the current study (Table 2) with an increased
risk of 3% for each increase of one degree. Several studies
of MoM resurfacing hip arthroplasty have correlated
excessive angle of inclination with elevated serum and
joint fluid levels of metal ions and increased wear

@ Springer

secondary to edge loading [30]. However, in our study only
3% of cups overall (41 of 1440) and only 5% of cups (five
of 108) in patients who underwent component revision had
an angle of inclination > 55°. Height, weight, BMI,
underlying diagnosis, preoperative HHS, activity level,
surgical approach, cup type and diameter, and stem type
and diameter did not correlate with risk of revision in the
current study.

Large-diameter MoM THAs are associated with a very
low dislocation rate. However, the revision rate with these
devices was higher than expected. Failure secondary to
ARMD or lack of ingrowth has been frequent. Taper cor-
rosion may represent an additional source of metal debris.
Risk factors for revision were younger age, female sex, and
increased angle of cup inclination. In our practice we have
discontinued the use of MoM devices. Patients with MoM
devices, like all patients with total joint arthroplasties,
should be encouraged to return for clinical and radio-
graphic followup. Closer monitoring of patients with MoM
implants has been recommended by several regulatory
agencies and consensus groups of physicians [2, 16, 17, 21,
30, 36, 43, 62]. As we have previously stated, there should
be a low threshold to perform a systematic evaluation of
patients with MoM THA because early recognition and
diagnosis will facilitate the initiation of appropriate treat-
ment before significant adverse biological reactions occur
[30, 36].

Acknowledgments We thank Gerald R. Hobbs PhD, for his assis-
tance in performing statistical analysis for this study. Additionally, we
thank Keri L. Satterwhite and Shem Opolot BS, for their assistance in
gathering data for this study.

References

1. Althuizen MN, V Hooff ML, v d Berg-v Erp SH, V Limbeek J,
Nijhof MW. Early failures in large head metal-on-metal total hip
arthroplasty. Hip Int. 2012;22:641-647.

2. American Association of Orthopaedic Surgeons: metal-on-metal
hip replacement. Orthopaedic surgeons provide awareness and
information to patients, medical community at-large. October 29,
2010. Available at: wwwo6.aaos.org/news/pemr/releases/release.
cfm?releasenum=934. Accessed November 8, 2010.

3. Amstutz HC, Thomas BJ, Jinnah R, Kim W, Grogan T, Yale C.
Treatment of primary osteoarthritis of the hip. A comparison of
total joint and surface replacement arthroplasty. J Bone Joint
Surg Am. 1984;66:228-241.

4. Australian Orthopaedic Association National Joint Replacement
Registry. Metal on metal total conventional hip arthroplasty,
Supplementary Report 2013. Available at: https://aoanjrr.dmac.
adelaide.edu.au/documents/10180/127369/Metal %200n%20Metal %
20Total%20Conventional %20Hip%20Arthroplasty. Accessed
February 18, 2014.

5. Barrett WP, Kindsfater KA, Lesko JP. Large-diameter modular
metal-on-metal total hip arthroplasty: incidence of revision for
adverse reaction to metallic debris. J Arthroplasty. 2012;27:976—
983.el.


http://www6.aaos.org/news/pemr/releases/release.cfm?releasenum=934
http://www6.aaos.org/news/pemr/releases/release.cfm?releasenum=934
https://aoanjrr.dmac.adelaide.edu.au/documents/10180/127369/Metal%20on%20Metal%20Total%20Conventional%20Hip%20Arthroplasty
https://aoanjrr.dmac.adelaide.edu.au/documents/10180/127369/Metal%20on%20Metal%20Total%20Conventional%20Hip%20Arthroplasty
https://aoanjrr.dmac.adelaide.edu.au/documents/10180/127369/Metal%20on%20Metal%20Total%20Conventional%20Hip%20Arthroplasty

Volume 473, Number 2, February 2015

Large-diameter Metal-on-metal THA 519

6.

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

Bernthal NM, Celestre PC, Stavrakis Al, Ludington JC, Oakes
DA. Disappointing short-term results with the DePuy ASR XL
metal-on-metal total hip arthroplasty. J Arthroplasty.
2012;27:539-544.

. Berton C, Girard J, Krantz N, Migaud H. The Durom large

diameter head acetabular component: early results with a large-
diameter metal-on-metal bearing. J Bone Joint Surg Br.
2010;92:202-208.

. Bolland BJ, Culliford DJ, Langton DJ, Millington JP, Arden NK,

Latham JM. High failure rates with a large-diameter hybrid
metal-on-metal total hip replacement: clinical, radiological and
retrieval analysis. J Bone Joint Surg Br. 2011;93:608-615.

. Bosker BH, Ettema HB, Boomsma MF, Kollen BJ, Maas M,

Verheyen CC. High incidence of pseudotumour formation after
large-diameter metal-on-metal total hip replacement: a prospec-
tive cohort study. J Bone Joint Surg Br. 2012;94:755-761.
Cicek H, Kilicarslan K, Yalcin N, Arslan E, Dogramaci Y,
Yildirim H. Primary metal-on-metal total hip arthroplasty with
large-diameter femoral heads: a clinical trial of 59 hips. Acta
Orthop Belg. 2010;76:758-765.

Cross MB, Nam D, Mayman DJ. Ideal femoral head size in total
hip arthroplasty balances stability and volumetric wear. HSS J.
2012;8:270-274.

Cuckler JM, Moore KD, Lombardi AV Jr, McPherson E, Emer-
son R. Large versus small femoral heads in metal-on-metal total
hip arthroplasty. J Arthroplasty. 2004;19(Suppl 3):41-44.

de Steiger RN, Hang JR, Miller LN, Graves SE, Davidson DC.
Five-year results of the ASR XL Acetabular System and the ASR
Hip Resurfacing System: an analysis from the Australian
Orthopaedic Association National Joint Replacement Registry. J
Bone Joint Surg Am. 2011;93:2287-2293.

Dorr LD, Long WT, Sirianni L, Campana M, Wan Z. The
argument for the use of Metasul as an articulation surface in total
hip replacement. Clin Orthop Relat Res. 2004;429:80-85.
Fehring TK, Odum S, Sproul R, Weathersbee J. High frequency
of adverse local tissue reactions in asymptomatic patients with
metal-on-metal THA. Clin Orthop Relat Res. 2014;472:517-522.
Graves SE, Rothwell A, Tucker K, Jacobs JJ, Sedrakyan A. A
multinational assessment of metal-on-metal bearings in hip
replacement. J Bone Joint Surg Am. 2011;93(Suppl 3):43-47.

. Hannemann F, Hartmann A, Schmitt J, Liitzner J, Seidler A,

Campbell P, Delaunay CP, Drexler H, Ettema HB, Garcia-Ci-
mbrelo E, Huberti H, Knahr K, Kunze J, Langton DJ, Lauer W,
Learmonth I, Lohmann CH, Morlock M, Wimmer MA, Zagra L,
Giinther KP. European multidisciplinary consensus statement on
the use and monitoring of metal-on-metal bearings for total hip
replacement and hip resurfacing. Orthop Traumatol Surg Res.
2013;99:263-271.

Harris WH. Traumatic arthritis of the hip after dislocation and
acetabular fractures: treatment by mold arthroplasty. An end-
result study using a new method of result evaluation. J Bone Joint
Surg Am. 1969;51:737-755.

Hasegawa M, Yoshida K, Wakabayashi H, Sudo A. Cobalt and
chromium ion release after large-diameter metal-on-metal total
hip arthroplasty. J Arthroplasty. 2012;27:990-996.

Hasegawa M, Yoshida K, Wakabayashi H, Sudo A. Prevalence of
adverse reactions to metal debris following metal-on-metal THA.
Orthopedics. 2013;36:e606—-612.

Health Canada: metal-on-metal hip implants—information for
orthopaedic surgeons regarding patient management following
surgery—for health professionals (RA-15835). Issued May 9,
2012. Available at: www.healthycanadians.gc.ca/recall-alert-
rappel-avis/hc-sc/2012/15835a-eng.php. Accessed February 18,
2014.

Hosny HA, Srinivasan SC, Keenan J, Fekry H. Midterm results
with Birmingham Hip Resurfacing/Synergy stem modular

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

metal-on-metal total hip arthroplasty. Acta Orthop Belg.
2013;79:386-391.

Hutt J, Dodd M, Briffa N, Bourke H, Hazlerigg A, Ward D. The
Durom acetabular component. A concise follow-up of early
revision rates at a minimum of 2 years. Hip Int. 2012;22:
562-565.

Illgen RL 2nd, Heiner JP, Squire MW, Conrad DN. Large-head
metal-on-metal total hip arthroplasty using the Durom acetabular
component at minimum l-year interval. J Arthroplasty.
2010;25(Suppl):26-30.

Jack CM, Walter WL, Shimmin AJ, Cashman K, de Steiger RN.
Large diameter metal on metal articulations. Comparison of total
hip arthroplasty and hip resurfacing arthroplasty. J Arthroplasty.
2013;28:650-653.

Junnila M, Kostensalo I, Virolainen P, Remes V, Matilainen M,
Vahlberg T, Pulkkinen P, Eskelinen A, Itild A, Mikeld K. Hip
resurfacing arthroplasty versus large-diameter head metal-on-
metal total hip arthroplasty: comparison of three designs from the
Finnish Arthroplasty Register. Scand J Surg. 2014;103:54-9.
Kindsfater KA, Sychterz Terefenko CJ, Gruen TA, Sherman CM.
Minimum 5-year results of modular metal-on-metal total hip
arthroplasty. J Arthroplasty. 2012;27:545-550.

Kostensalo I, Junnila M, Virolainen P, Remes V, Matilainen M,
Vahlberg T, Pulkkinen P, Eskelinen A, Mikeld KT. Effect of
femoral head size on risk of revision for dislocation after total hip
arthroplasty: a population-based analysis of 42,379 primary
procedures from the Finnish Arthroplasty Register. Acta Orthop.
2013;84:342-347.

Kostensalo I, Seppianen M, Mikeld K, Mokka J, Virolainen P,
Hirviniemi J. Early results of large head metal-on-metal hip
arthroplasties. Scand J Surg. 2012;101:62-65.

Kwon YM, Lombardi AV, Jacobs JJ, Fehring TK, Lewis CG,
Cabanela ME. Risk stratification algorithm for management of
patients with metal-on-metal hip arthroplasty: consensus state-
ment of the American Association of Hip and Knee Surgeons, the
American Academy of Orthopaedic Surgeons, and the Hip
Society. J Bone Joint Surg Am. 2014;96:e4.

Langton DJ, Jameson SS, Joyce TJ, Gandhi JN, Sidaginamale R,
Mereddy P, Lord J, Nargol AV. Accelerating failure rate of the
ASR total hip replacement. J Bone Joint Surg Br. 2011;93:
1011-1016.

Lardanchet JF, Taviaux J, Arnalsteen D, Gabrion A, Mertl P.
One-year prospective comparative study of three large-diameter
metal-on-metal total hip prostheses: serum metal ion levels and
clinical outcomes. Orthop Traumatol Surg Res. 2012;98:
265-274.

Latteier MJ, Berend KR, Lombardi AV Jr, Ajluni AF, Seng BE,
Adams JB. Gender is a significant factor for failure of metal-on-
metal total hip arthroplasty. J Arthroplasty. 2011;26(Suppl):
19-23.

Lavigne M, Belzile EL, Roy A, Morin F, Amzica T, Vendittoli
PA. Comparison of whole-blood metal ion levels in four types of
metal-on-metal large-diameter femoral head total hip
arthroplasty: the potential influence of the adapter sleeve. J Bone
Joint Surg Am. 2011;93(Suppl 2):128-136.

Levy YD, Ezzet KA. Poor short term outcome with a metal-on-
metal total hip arthroplasty. J Arthroplasty. 2013;28:1212-1217.
Lombardi AV Jr, Barrack RL, Berend KR, Cuckler JM, Jacobs JJ,
Mont MA, Schmalzried TP. The Hip Society: algorithmic
approach to diagnosis and management of metal-on-metal
arthroplasty. J Bone Joint Surg Br. 2012;94(Suppl A):14-18.
Lombardi AV Jr, Mallory TH, Alexiades MM, Cuckler JM, Faris
PM, Jaffe KA, Keating EM, Nelson CL Jr, Ranawat CS, Williams
J, Wixson R, Hartman JF, Capps SG, Kefauver CA. Short-term
results of the M2a-taper metal-on-metal articulation. J Arthro-
plasty. 2001;16(Suppl 1):122-128.

@ Springer


http://www.�healthycanadians.gc.ca/recall-alert-rappel-avis/hc-sc/2012/15835a-eng.php
http://www.�healthycanadians.gc.ca/recall-alert-rappel-avis/hc-sc/2012/15835a-eng.php

520

Lombardi et al.

Clinical Orthopaedics and Related Research®

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Lombardi AV Jr, Mallory TH, Cuckler JM, Williams J, Berend
KR, Smith TM. Mid-term results of a polyethylene-free metal-on-
metal articulation. J Arthroplasty. 2004;19(Suppl 2):42-47.
Lombardi AV Jr, Skeels MD, Berend KR, Adams JB, Franchi OJ.
Do large heads enhance stability and restore native anatomy in
primary total hip arthroplasty? Clin Orthop Relat Res.
2011;469:1547-1553.

Long WT, Dastane M, Harris MJ, Wan Z, Dorr LD. Failure of the
Durom Metasul acetabular component. Clin Orthop Relat Res.
2010;468:400—405.

Mallory TH, Lombardi AV Jr, Fada RA, Herrington SM,
Eberle RW. Dislocation after total hip arthroplasty using the
anterolateral abductor split approach. Clin Orthop Relat Res.
1999;358:166-172.

Malviya A, Ramaskandhan JR, Bowman R, Hashmi M, Holland
JP, Kometa S, Lingard E. What advantage is there to be gained
using large modular metal-on-metal bearings in routine primary
hip replacement? A preliminary report of a prospective
randomised controlled trial. J Bone Joint Surg Br. 2011;93:
1602-1609.

Medicines and Healthcare products Regulatory Agency (MHRA):
medical device alert: all metal-on-metal (MoM) hip replacements
(MDA/2012/036). Issued June 25, 2012. Available at: www.
mhra.gov.uk/home/groups/dts-bs/documents/medicaldevicealert/
conl155767.pdf. Accessed February 18, 2014.

Meding JB, Meding LK, Keating EM, Berend ME. Low inci-
dence of groin pain and early failure with large metal articulation
total hip arthroplasty. Clin Orthop Relat Res. 2012;470:388-394.
Mertl P, Boughebri O, Havet E, Triclot P, Lardanchet JF, Gabrion A.
Large diameter head metal-on-metal bearings total hip arthroplasty:
preliminary results. Orthop Traumatol Surg Res. 2010;96:14-20.
Mokka J, Junnila M, Seppidnen M, Virolainen P, Polonen T,
Vahlberg T, Mattila K, Tuominen EK, Rantakokko J, Adrimaa V,
Kukkonen J, Mikeld KT. Adverse reaction to metal debris after
ReCap-M2A-Magnum large-diameter-head metal-on-metal total
hip arthroplasty. Acta Orthop. 2013;84:549-554.

Mokka J, Mikela KT, Virolainen P, Remes V, Pulkkinen P, Esk-
elinen A. Cementless total hip arthroplasty with large diameter
metal-on-metal heads: short-term survivorship of 8059 hips from the
Finnish Arthroplasty Register. Scand J Surg. 2013;102:117-123.
Molli RG, Lombardi AV Jr, Berend KR, Adams JB, Sneller MA.
Metal-on-metal vs metal-on-improved polyethylene bearings in
total hip arthroplasty. J Arthroplasty. 2011;26(Suppl):8—13.
National Joint Registry for England, Wales and Northern Ireland.
10™ Annual Report, 2013. Available at: http://njrcentre.org.uk.
Accessed February 16, 2014.

Park KS, Seon JK, Lee KB, Yoon TR. Total hip arthroplasty
using large-diameter metal-on-metal articulation in patients with
neuromuscular weakness. J Arthroplasty. 2014;29:797-801.
Parmaksizoglu AS, Ozkaya U, Bilgili F, Basilgan S, Kabukcuo-
glu Y. Large diameter metal-on-metal total hip arthroplasty for
Crowe IV developmental dysplasia of the hip. Hip Int.
2009;19:309-314.

Plate JF, Seyler TM, Stroh DA, Issa K, Akbar M, Mont MA. Risk
of dislocation using large- vs small-diameter femoral heads in
total hip arthroplasty. BMC Res Notes. 2012;5:553.

@ Springer

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Reito A, Puolakka T, Elo P, Pajamiki J, Eskelinen A. High
prevalence of adverse reactions to metal debris in small-headed
ASR™ hips. Clin Orthop Relat Res. 2013;471:2954-2961.
Shahrdar C. Pseudotumor in large-diameter metal-on-metal total
hip articulation. J Arthroplasty. 2011;26:665.e21-23.

Singh G, Meyer H, Ruetschi M, Chamaon K, Feuerstein B, Loh-
mann CH. Large-diameter metal-on-metal total hip arthroplasties:
a page in orthopedic history? J Biomed Mater Res A.
2013;101:3320-3326.

Smith J, Lee D, Bali K, Railton P, Kinniburgh D, Faris P, Mar-
shall D, Burkart B, Powell J. Does bearing size influence metal
ion levels in large-head metal-on-metal total hip arthroplasty? A
comparison of three total hip systems. J Orthop Surg Res.
2014;9:3.

Smith TM, Berend KR, Lombardi AV Jr, Emerson RH Jr, Mal-
lory TH. Metal-on-metal total hip arthroplasty with large heads
may prevent early dislocation. Clin Orthop Relat Res.
2005;441:137-142.

Steele GD, Fehring TK, Odum SM, Dennos AC, Nadaud MC.
Early failure of articular surface replacement XL total hip
arthroplasty. J Arthroplasty. 2011;26(Suppl):14-18.

Stuchin SA. Anatomic diameter femoral heads in total hip
arthroplasty: a preliminary report. J Bone Joint Surg Am.
2008;90(Suppl 3):52-56.

Stiirup J, Dahl LB, Jensen KE, Larsen AB, Gebuhr P. Few
adverse reactions to metal on metal articulation in total hip
arthroplasty in a review study on 358 consecutive cases with 1 to
5 years follow-up. Open Orthop J. 2012;6:366-370.

Sugano N, Iida H, Akiyama H, Takatori Y, Nagoya S, Hasegawa
M, Kabata T, Hachiya Y, Yasunaga Y. Nationwide investigation
into adverse tissue reactions to metal debris after metal-on-metal
total hip arthroplasty in Japan. J Orthop Sci. 2014;19:85-89.
Therapeutic Goods Administration of Australia: metal-on-metal
hip replacement implants. Information for general practitioners,
orthopaedic surgeons and other health professionals. Issued
September 20, 2012. Available at: www.tga.gov.au/hp/
information-devices-mom-hip-implants.htm. Accessed February
18, 2014.

Tower SS. Arthroprosthetic cobaltism: neurological and cardiac
manifestations in two patients with metal-on-metal arthroplasty: a
case report. J Bone Joint Surg Am. 2010;92:2847-2851.

US Food and Drug Administration (FDA): recalls specific to
metal-on-metal hip implants. Available at: www.fda.gov/Medical
Devices/ProductsandMedicalProcedures/ImplantsandProsthetics/
MetalonMetalHipImplants/ucm241770.htm#1. Accessed February
18, 2014.

Wynn-Jones H, Macnair R, Wimhurst J, Chirodian N, Derbyshire
B, Toms A, Cahir J. Silent soft tissue pathology is common with a
modern metal-on-metal hip arthroplasty. Acta Orthop. 2011,
82:301-307.

Yalcin N, Kilicarslan K, Cicek H, Kayaalp C, Yildirim H. Crowe
Type I and II DDH managed by large diameter metal-on-metal
total hip arthroplasty. Hip Int. 2011;21:168-175.

Zhang X, Xu W, Li J, Fang Z, Chen K. Large-diameter metal-on-
metal cementless total hip arthroplasty in the elderly. Orthope-
dics. 2010;33:872.


http://www.mhra.gov.uk/home/groups/dts-bs/documents/medicaldevicealert/con155767.pdf
http://www.mhra.gov.uk/home/groups/dts-bs/documents/medicaldevicealert/con155767.pdf
http://www.mhra.gov.uk/home/groups/dts-bs/documents/medicaldevicealert/con155767.pdf
http://njrcentre.org.uk
http://www.tga.gov.au/hp/information-devices-mom-hip-implants.htm
http://www.tga.gov.au/hp/information-devices-mom-hip-implants.htm
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/ImplantsandProsthetics/MetalonMetalHipImplants/ucm241770.htm#1
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/ImplantsandProsthetics/MetalonMetalHipImplants/ucm241770.htm#1
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/ImplantsandProsthetics/MetalonMetalHipImplants/ucm241770.htm#1

	Large-diameter Metal-on-metal Total Hip Arthroplasty: Dislocation Infrequent but Survivorship Poor
	Abstract
	Background
	Questions/purposes 
	Methods
	Results
	Conclusions
	Level of Evidence

	Introduction
	Patients and Methods
	Study Design and Setting
	Participants/Study Subjects
	Description of Experiment, Treatment, or Surgery
	Aftercare
	Variables, Outcome Measures, Data Sources, and Bias
	Statistical Analysis and Study Size
	Demographics and Description of Study Population
	Accounting for All Patients and Study Subjects

	Results
	Discussion
	Acknowledgments
	References


