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Abstract

outcomes between the systems.

Background: The purpose of the study was twofold: first, to determine whether there is a statistically significant
difference in the metal ion levels among three different large-head metal-on-metal (MOM) total hip systems. The
second objective was to assess whether position of the implanted prostheses, patient demographics or factors
such as activity levels influence overall blood metal ion levels and whether there is a difference in the functional

Methods: In a cross-sectional cohort study, three different metal-on-metal total hip systems were assessed: two
monoblock heads, the Durom socket (Zimmer, Warsaw, IN, USA) and the Birmingham socket (Smith and
Nephew, Memphis, TN, USA), and one modular metal-on-metal total hip system (Pinnacle, Depuy Orthopedics,
Warsaw, IN, USA). Fifty-four patients were recruited, with a mean age of 59.7 years and a mean follow-up time
of 41 months (12 to 60). Patients were evaluated clinically, radiologically and biochemically. Statistical analysis
was performed on all collected data to assess any differences between the three groups in terms of overall
blood metal ion levels and also to identify whether there was any other factor within the group demographics
and outcomes that could influence the mean levels of Co and Cr.

Results: Although the functional outcome scores were similar in all three groups, the blood metal ion levels in
the larger monoblock large heads (Durom, Birmingham sockets) were significantly raised compared with those
of the Pinnacle group. In addition, the metal ion levels were not found to have a statistically significant
relationship to the anteversion or abduction angles as measured on the radiographs.

Conclusions: When considering a MOM THR, the use of a monoblock large-head system leads to higher
elevations in whole blood metal ions and offers no advantage over a smaller head modular system.

Introduction

Metal on polyethylene (MOP) has traditionally been the
most frequently used bearing system in total hip arthro-
plasty (THA) [1]. However, wear-induced osteolysis con-
tinues to be a common cause of failure for this bearing
surface [1,2]. Metal-on-metal (MOM) THA has emerged
as an attractive alternative bearing surface in THA be-
cause of its potential for decreased wear and reduced
dislocation rates [3,4].
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Although the cobalt-chromium alloys used for MOM
THA have decreased volumetric wear [5], they have
been shown to release up to 500 times more particles as
compared to the MOP implants [6]. These released
metal particles can undergo oxidation, reabsorption and
eventual release in the blood [7]. The metal ion levels in
patients with MOM implants have been shown to be
higher as compared to patients with other bearing sur-
faces [8,9]. The increasing number of joint replacements
especially in younger patients who are exposed to ortho-
paedic metal alloys is raising questions as to the long-
term effects of exposure. Concerns include possible local
tissue toxicity, hypersensitivity, altered lymphocyte con-
centrations, osteolysis, irreversible chromosomal damage
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and carcinogenicity [10-15]. Arthroprosthetic cobaltism is
now a recognized serious complication characterized by
neurological, endocrine and cardiac symptoms [16-18].

Several clinical and in vitro hip simulator studies have
shown a number of factors that influence the amount of
metal ions produced in MOM bearing surfaces. These
have primarily included modularity of the prostheses
[19-23], overall position of the implanted components
[24-28] and the size of the femoral head [23,28-36].
Most of the clinical studies related to metal ion blood
levels in MOM bearing surfaces have evaluated only
MOM hip resurfacing (to see the effect of component
position) [25-28] or compared large-head MOM hip re-
surfacing with small-head MOM THA (to see the effect
of femoral head size) [23,28-30,32,33,36].

Although the bearing surface is similar in both MOM
hip resurfacing and MOM THA, the corrosion at the
head-neck junction (trunnion) in MOM THA can be an
additional source of metal ion release and this could be
dependent on the femoral head size [19-23]. A few stud-
ies have actually looked at the effect of femoral head size
[31,34,35] on the metal ion levels in MOM THA. How-
ever, these studies have mainly compared metal ion
levels in small-head (<36 mm) and large-head (=36 mm)
MOM THA. Corrosion at the head-neck junction can
be particularly problematic in large diameter MOM
THA because of higher friction, which increases rota-
tional movement at the head and neck junction [20].
This in turn can produce high metal ion levels. Whether
there could be any differences in metal ion levels due to
component size or specific implant type in large-head
MOM THA has not yet been thoroughly studied. To
our knowledge, there are only two studies [20,37] compar-
ing metal ions and clinical outcomes of different large-
head MOM total hip prostheses. However, these studies
did not evaluate the effect of femoral head size on metal
ion levels in their series of large-head MOM THA.

The primary objective of this study was to evaluate the
distribution of metal ion levels among the three different
large-head MOM total hip systems: two monoblock large-
head systems (the Durom Socket, Zimmer, Warsaw, IN,
USA and the Birmingham socket, Smith and Nephew,
Memphis, TN, USA) and one modular metal-on-metal
total hip system (Pinnacle, Depuy Orthopedics, Warsaw,
IN, USA). The secondary objectives were to assess
whether position of the implanted prostheses, patient
demographics or factors such as activity levels influ-
ence overall blood metal ion levels and whether the
short-term functional outcome differs with specific
large-head MOM implant type.

Materials and methods
This was a cross-sectional cohort study recruiting 54
patients who had received three different large-head
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MOM prostheses. The three hip systems included two
monoblock large heads (Durom or Birmingham socket)
and one modular system (Pinnacle). All the stems used
for these implants had a 12/14 taper for head-neck
junction. The exclusion criteria included diagnosis other
than osteoarthritis, infection, metal components elsewhere
in the body and renal insufficiency. The minimum time
for follow-up was selected as 1 year to allow for the fact
that metal ion levels are known to be elevated in the
initial run-in period lasting for approximately 1 year
postoperatively [3,35].

The mean age of the patients was 59.7 years with the
mean follow-up time of 41 months (range, 12 to
60 months). There were 19 patients in each of the
monoblock large head groups (Durom or Birmingham
socket) operated by a single surgeon (JP). The third
modular Pinnacle group had 16 patients operated by
another surgeon (BB). Both the surgeons used a pos-
terior approach to expose the hip and cementless fix-
ation of the components. The median head size used
in the Birmingham group was 52 mm (range 44 mm to
56 mm) and in the Durom group, 48 mm (range 42 to
54 mm). The median head size used in the modular
Pinnacle group was 40 mm (range 36 to 44 mm).

Following institutional review board approval, all the
patients were contacted by telephone and asked if they
would be interested in participating in the study. Pa-
tients agreeing to participate were invited to attend dedi-
cated clinics for clinical, radiological and biochemical
evaluation.

Clinical evaluation

This included assessment of Harris hip score, Western
Ontario and McMaster Universities (WOMAC) index,
short form 36 (SF 36), and University of California Los
Angeles (UCLA) activity score (1, ‘no physical activity,
dependent on others’ to 10, ‘regular participation in im-
pact sports’). Range of motion (ROM) was calculated as
part of the Harris hip score.

Biochemical evaluation

Venous whole blood samples were obtained for cobalt
(Co) and chromium (Cr) levels. Blood in the first 40 pa-
tients assessed was initially sent to two separate laborator-
ies, Trace elements Laboratory, London, Ontario, Canada
and Alberta Centre for Toxicology, Calgary, Alberta. Both
the laboratories utilized an octopole reaction system
(ORS) inductively coupled plasma mass spectrometer
(ICPMS) for measuring the whole blood metal ion levels.
The ORS-ICPMS method has been previously described
by Pei et al. [38]. Due to a high correlation in metal ion re-
sults between the laboratories, the final group of patients
was assessed in just one location (Calgary). All blood ion
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levels from the Calgary laboratory were used in our data
analysis.

Radiological evaluation

Standardized anteroposterior (AP) and cross table lat-
eral radiographs of the pelvis and hip were assessed.
All AP radiographs were taken with the legs in 15° of
internal rotation. The best pre- and postoperative
films were selected for each patient and assessed
using Dicom software (United Kingdom) for calcula-
tion of inclination and anteversion of the acetabular
components.

Statistical analysis

This was performed on all the collected data to assess
for any differences between the three groups in terms of
demographics, overall blood metal ion levels, acetabular
component position and clinical outcomes. As this was
an exploratory study, we did not conduct an a priori
sample size calculation. Analysis of variance or ¢ tests
were used for the comparisons of means (for continuous
variables with near symmetrical distribution) across de-
vice type. For continuous variables that did not have ap-
proximately symmetrical and normal distributions, the
medians (with the 25th percentile and 75th percentile)
were calculated. Mann—Whitney non-parametric tests
were used for comparisons of these variables across de-
vice types (large modular vs Pinnacle devices). Binary
(yes/no) and categorical variables were evaluated as per-
centages. Corrected y* tests were used to compare bin-
ary and categorical variables (calculated as percentages)
across device types. We considered two-tailed probabil-
ity values <0.05 to indicate statistical significance for all
statistical tests.
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Results

The blood metal ion levels in the larger monoblock large
heads (with a Durom or Birmingham socket) were signifi-
cantly raised compared to the Pinnacle group (Figure 1).
Median Co levels were 2.8 and 3.3 pg/l in the Durom and
Birmingham groups, respectively, compared to only
0.52 pg/l in the Pinnacle group (p <0.001). Median Cr
levels were 2 and 2.2 pg/l in the Durom and Birming-
ham groups, respectively, compared to only 1.2 pg/l in
the Pinnacle group (p < 0.001). In all the groups, however,
the whole blood metal ion levels were within an accept-
able safe range when compared to the upper safe limit of
metal ion levels as set forth by various studies [39-42].

Although there were observed differences in abduction
and anteversion angles for the different devices (Figures 2
and 3), these differences were not shown to be statisti-
cally significant. Further, the abduction and anteversion
angles were found to be within acceptable limits for
most of the patients and did not seem to correlate with
blood metal ion levels (Figures 2 and 3).

As summarized in Table 1, there were no statistically
significant differences between the three groups in terms
of age, sex, functional outcome, UCLA activity score or
follow-up time. The ROM scores (calculated as part of
the Harris Hip Scores) were also not significantly differ-
ent between the three groups. None of these factors was
found to be related to whole blood metal ion levels in the
patients. There was no dislocation in any of the patients.
The only complication reported was infection following a
dental abscess in one of the patients in the Durom group.

Discussion
Measurement of metal ion levels in the blood following
MOM arthroplasty is important as higher levels have
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Figure 1 Box and whisker plots showing the distributions of chromium and cobalt levels for all patients by implant type. For each device
type, the top and bottom of the 'box’ represents the 75th and 25th percentiles of the data. The heavy horizontal line through the box is the median.
Circles outside of the ‘whiskers' represent outliers. The top and bottom of the whiskers are the maximum and minimum values that are not outliers.
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Figure 2 Relationship between acetabular anteversion and
cobalt levels by implant type.
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been found to be associated with prosthetic failure
[21-23,37]. There have also been reports of metal ion
toxicity in a few patients [16-18]. Unfortunately with the
large numbers of different combinations of implants
[29,30,34,39] as well as different methods of analysis to
determine minute traces of metal ion levels with the
blood, it is difficult to compare published studies on this
subject. A safe level of metal ions in blood is also hard
to define [40]. A serum Cr level of >17 pg/L and a Co of
>19 pg/l is more likely to be associated with metallosis
leading to tissue damage [40-42]. The United Kingdom’s
Medicines and Healthcare Products Regulatory Agency
[42] has advised that patients with MOM implants who
have pain, prosthetic malposition or implants that are
known to have excessive failure rates should be evalu-
ated with the measurement of serum cobalt. Whilst nor-
mal serum cobalt and chromium levels are known and it
is recognized that they are elevated following metal-on-
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Figure 3 Relationship between acetabular abduction angle and
cobalt levels by implant type.
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Table 1 Patient characteristics by implant type

Durom  Birmingham Pinnacle p value®
Age in years 61.7+£59 604+11.3 565+92 0.2251
(mean £ SD)
Female sex 31.6% 73.7% 93.8% 0.0003
(6/19) (14/19) (15/16)
BMI (mean + SD) 302+7.1 307+£74 284+43 0.5559
Diabetes 5.3% 5.3% 0.0% 1.0000
(1719) (1/19) (0/16)
Smoking 15.8% 21.1% 12.5% 09011
(3/19) (4/19) (2/16)
SF-36 (mean+SD) 856+ 12.0 84.1+£125 796+187 04639
Harris hip score 800+ 159 764+153 781169 0.7832
(mean + SD)
UCLA activity scale  65+1.7 71+£17 7013 04456
(mean + SD)
WOMAC score 843+118 822+137 80.7+132 0.7122
(mean £ SD)
Cobalt (ug/l) 2.8 33 0.5 <0.001
r;;‘iﬂ';z r(cz:rfz‘ o (1536) (144.1) (0407)
Chromium (ug/l) 20 22 12 <0.001
;gfﬁ'zgrf:;tﬁe) (1525) (1527) (10,14)
Head size (mm) 480 480 40.0 <0.0001
median (25th, (440500)  (440540)  (400,400)

75th percentile)

°p value (Pinnacle vs Durom and Birmingham implants).

metal THR, toxic levels are yet to be established [40].
Every effort should be made to try and reduce these
when considering MOM arthroplasty.

The current study was primarily aimed at evaluating
blood metal ions in three commonly used larger head
MOM THA systems. These hip systems included sockets
from Zimmer (Durom), Smith and Nephew (Birmingham)
and Depuy (Pinnacle). The Durom is a one-piece metal
socket device with plasma coating. The Birmingham cup
is also a one-piece metal acetabular socket with beads on
the outer surface coated with hydroxyapatite. Both these
monoblock sockets articulate with a large metal head. The
Pinnacle, on the other hand, is a modular system with a
metal liner (Ultamet) sitting inside the metal shell. The
size of the metal head that articulates with the metal liner
in the Pinnacle system, although larger than traditional
metal on poly bearings, is smaller than the head size in
the monoblock systems (Durom or Birmingham).

The most important finding of the study was a clear
demonstration of statistically significant differences in
the metal ion levels in patients following a monoblock
large-head MOM arthroplasty system compared to a
smaller modular MOM hip arthroplasty. In our series,
the smaller head size (36 to 44 mm) appeared to
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produce less metal ions whilst at the same time was
large enough to increase hip stability and provide a
range of motion and function comparable to the larger
head size (>44 mm).

Size of the femoral head has been shown to be an im-
portant predictor of blood metal ion levels in MOM
arthroplasty [23,28-36]. Although a larger femoral head
size theoretically produces less volumetric wear [3]
(and hence lower metal ions in blood), this has not been
consistently shown to be the case in various studies on
the subject. Most of the studies evaluating the effect of
femoral head size on blood metal ion levels have specif-
ically looked for the same in hip resurfacing procedures
or compared ion levels in MOM resurfacing and MOM
total hip arthroplasty [28-30,33,36,43]. These studies
have been summarized in Table 2. However, a MOM
THA may behave differently as compared to the MOM
resurfacing as far as the amount of metal ions released is
concerned. This could be due to a higher modularity of
MOM THA systems and the presence of additional
MOM surfaces like the head-neck junction, which could
be prone to corrosion and metal ion release [19-23]. As
such, the effect of femoral head size in a MOM THA
may be different from MOM resurfacing. Only four
studies, to our knowledge, have compared the metal ion
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levels in small and large-head MOM THA [31,32,34,35].
However, none of these found metal ion levels to be
consistently dependent on the size of the femoral head.
These studies are summarized in Table 3.

There have been several reports over the last few years
suggesting a higher than anticipated failure rate of large-
head monoblock MOM prostheses. This has raised con-
cern and has led not only to the withdrawal of some de-
vices from the market but also advice from the British
Orthopaedic Association to consider carefully and pos-
sibly avoid the use of large diameter MOM bearings
[44]. These failures are related to higher circulating
levels of metal ions in the blood [37].

There are a number of implant design factors that
could potentially influence the production of metal ions
including the fluid film to surface roughness ratio
(Lambda ratio), the surface roughness of a material as
well as hardness and sphericity [45]. However, it has not
yet been clearly established if specific implant types are
related to the higher failure rate of large-head MOM
THA and if metal ion levels (which correlate with fail-
ure) differ with different large-head MOM THA implant
systems. Only two studies [20,37] prior to the current
study have actually looked at that. These studies have
been summarized in Table 4.

Table 2 Effect of femoral head size on metal ion concentrations

Authors Year Study design Follow-up Metal ion levels (ug/l) p value Conclusion

Clarke et al. [29] 2003 Comparison of large-head 16 months Large head, Cr 53, 0.0001 for Cr Metal ion levels higher for
MOM resurfacing (38 to 54) Co 38 larger diameter bearings
with 28 mm head MOM THA Small head: Cr 29, 0.0021 for Co

Co 22 (all values nmol/l)

Daniel et al. [30] 2006 Comparison of large-head 12 months Large head, Cr 1.3, 0.055 for Cr No difference in metal ion
MOM resurfacing (50 to 54) Co 24 levels in small or large-head
with 28 mm head MOM THA Srall head, Cr 17, 028 for Co MOM bearings

Co 17

Langton et al. [28] 2008 Comparison of large-head 26 months Large head, Cr 3.04, 0.004 for Cr Metal ion levels higher for
MOM resurfacing (253 mm) Co 148 smaller diameter MOM
with small-head MOM resurfacings

) Small head, Cr 4.12 0.007 for Co
< 7 ’
resurfacing (<53 mm) Co 243

Vendittoli et al. [33] 2010 Comparison of large-head 24 months Large head, Cr 1.58, 0.819 for Cr No difference in metal ion
MOM resurfacing (40 to 58) Co 067 levels in small or large-head
with 28 mm head MOM THA Srall head, Cr 162, 0207 for Co MOM bearings

Co 094

Pattyn et al. [36] 2011 Comparison of large-head 24 months  Large-head Durom, Significant only in Co  Metal ions lower in larger
MOM resurfacing (Durom Cr 1.07, Co 0.79 levels (Durom vs small  head Durom resurfacing
and BHR) with 28 mm L head BHR head MOM THA) as compared to small-head
head MOM THA Cariq‘; eca gt MOM THA. No difference

rio% ol between BHR and small-head
Small head, Cr 1.25, MOM THA
Co 1.79

Moroni et al. [42] 2008 Comparison of large head 24 months Large head, Cr 2.3, 0.06 for Cr No difference in metal ion
MOM resurfacing (average Col14 levels in small or large-head
diameter 48) with 28 mm Srall head, Cr 173, 030 for Co MOM bearings

head MOM THA

Co 133

Studies evaluating MOM hip resurfacing alone or comparing MOM resurfacing with small-head MOM THA.
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Table 3 Effect of femoral head size on metal ion concentrations

Authors Year Study design Follow-up Metal ion p value Conclusion
levels (ug/l)
Antoniou et al. [32] 2008 Comparison of 36 mm 12 months  Large head, Cr 04, >0.2 for Cr No difference in metal ion levels
head MOM THA with Co23 in small or large-head MOM THA
28 mm head MOM THA Small head, Cr 06,  >0.15 for Co
Co 26
Daniel et al. [31] 2008 Comparison of large-head 12 months Large head, Cr 14,  Not significant  No difference in metal ion levels
MOM THA (42 to 54) with Co 23 in small or large-head MOM THA
28 mm head MOM THA Srall head, Cr 17,
Co17
Bernstein et al. [34] 2011 Comparison of large-head MOM 12 months  Large head, Cr 0.51, 0.29 for Cr No difference in metal ion levels
THA (40 to 44) with small-head Co 222 in small or large-head MOM THA
MOM (28 and 36 mm) THA Small head, Cr 0.78, 042 for Co
Co 2.34
Hallows et al. [35] 2011 Comparison of large-head 12 months  Large head, Cr 08, 00158 for Cr  Chromium ion levels in blood
MOM THA (38 and larger) Co 0.7 higher for small-head MOM THA
with small-head MOM as compared to large-head MOM
(28 and 32 mm) THA g)naz)ll7head, Cr21, 0869 for Co THA. No difference in blood

Cobalt ion levels

Studies comparing small-head MOM THA with large-head MOM THA.

Several authors have looked at the effect of increasing
head diameter on the wear rates of a MOM THA
[46-49]. Unlike MOP THA, the wear rate for MOM
THA has been shown to be lower with increasing head
diameter. Liu et al. explained that this is based on the
fact that a larger diameter head increases the entrain-
ment velocity, thereby improving the lubrication and de-
creasing wear with a MOM bearing [50]. Bowsher et al.
[51] in their study showed a reduction in wear with a
size 40 mm bearing when compared to size 28 mm.
However, the authors actually found an increase in wear

with 56 mm bearings. This may be related to the clear-
ance of the couple. In a study by Leslie et al. [52], there
was actually a reduction in wear rates of larger head
MOM couples (55 mm head) as compared to smaller
heads (39 mm) with similar radial clearances. The authors
explained their results based on the reduction in inlet
pressure gradients with increasing head size. Thus, mul-
tiple factors and not just the head size may affect the wear
rate (and hence the metal ion levels) in a MOM THA.
Increasing the femoral head size in THA is beneficial
in many respects, especially with regard to joint stability

Table 4 Comparison of metal ion levels and clinical outcomes in various large-head MOM THA systems

Authors Study design

Metal ion levels

Clinical outcomes

Lavigne et al. [20]  Comparison of metal ion levels in four
different large-head MOM THA systems
(Biomet modular M2a-Magnum system,
Depuy ASR XL system, Smith and
Nephew Birmingham socket system

and Zimmer Durom LDH system)

For chromium ion levels, no significant
differences between four groups. For
cobalt ion levels, a significant difference
between the groups at 3, 6, 12 and

24 months, with the Zimmer implant
showing the highest levels and the

Not evaluated

Biomet implant the lowest (p =0.027,
<0.001, 0.007 and 0.001 at 3, 6, 12 and
24 months, respectively)

Lardanchet et al. [37] Comparison of metal ion levels in three
different large-head MOM THA systems
(Biomet modular M2a-Magnum system,
Zimmer Durom LDH system and Wright

Conserve Total system)

Cobalt ion levels significantly higher with
Conserve Total than with Durom and M2a
Magnum (no significant difference between
the last two). Chromium ion levels significantly
lower with Durom than with Conserve Total.
No significant differences for chromium levels
between Durom and M2a Magnum or

Better outcome scores in M2a
Magnum as compared to Conserve
Total (p=0.008, Wilcoxon test) with
no significant difference between
Durom and M2a Magnum (p =0.22)
or between Durom and Conserve
Total (p=0.11)

between Conserve Total and M2a Magnum

Current study Comparison of metal ion levels in three
different large-head MOM THA systems
(Two monoblock systems, Zimmer Durom
LDH system and Smith and Nephew
Birmingham socket system; one modular

system, Depuy Pinnacle socket system) Depuy

Metal ions significantly higher in the two
monoblock head systems (Zimmer Durom
LDH system, and Smith and Nephew
Birmingham socket system) as compared to
the modular Pinnacle socket system from

No significant difference in all three
systems
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and avoidance of component impingement [20]. In a
comprehensive review of the literature published by
Cross et al. [53], the authors concluded that increasing
femoral head size decreases the risk of postoperative dis-
location and improves impingement-free ROM. How-
ever, volumetric wear increases with large femoral heads
on polyethylene and increases corrosion of the stem in
large metal-on-metal modular THA. Also, the authors
found that the range of motion and impingement is not
much different once the head size goes beyond 36 mm.
This is explained by the fact that it is the component im-
pingement that restricts the ROM in small diameter
heads, while in the larger diameter heads, it is actually
the bony impingement (and not component impinge-
ment) that restricts ROM beyond one stage [53]. Thus,
there may not be any mechanical advantage (as far as
ROM/impingement is concerned) once the head size
goes beyond 36 or 40 mm.

With increasing concerns regarding the higher failure
rate of large-head MOM THAs, it is important to iden-
tify the safe upper limit for femoral head size in MOM
THA. Few reports have compared the outcomes of dif-
ferent sized bearings in MOM THR. However, none to
our knowledge has actually compared large head (36 to
44 mm) sizes to even larger (>48 mm) sizes as in our
study. Pattyn et al. [36] have published a prospective
study on comparing three metal-on-metal bearing sur-
faces, namely the Durom socket, the Birmingham socket
and the Metasul total hip system, which is a modular
total hip system. This study identified ion levels to be
lower in one of the larger head resurfacing groups which
appears to conflict with the data of the current study.
Bernstein et al. [34] compared two groups of patients,
one with head sizes of 28 and 36 mm and another group
comparing size 40 and 44 mm heads and found no sig-
nificant relationship between metal ion levels in whole
blood and the size of the femoral heads. They used a
similar design to the current study, but the maximum
head size examined was only 44 mm, which may be the
reason for their conclusion.

Although the short functional outcome scores (WOMAC,
SF-36 and Harris Hip Score) were similar in all three
MOM THA systems in the current study, metal ions were
found to be higher in the larger monoblock heads as com-
pared to the smaller head modular Pinnacle system. One
possible explanation for the difference in the blood metal
ions could be a mismatch between the head and neck size
of the monoblock head implants. A higher mismatch in the
head and neck size can lead to increased rotational move-
ment and torque at the head-neck junction [20]. This can,
in turn, lead to higher wear at the head neck-junction and
higher release of metal ion levels. In fact, some studies have
shown increased corrosion and fretting as a result of wear at
the trunnion-head interface (thereby increasing metal ion
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release in the body) as a result of large diameter MOM
THA [54,55]. However the concept of increased torque at
the head-neck junction with a larger head is just a theoret-
ical explanation and our study can in no way prove this
concept.

In the current study, age, BMI, medical comorbidities
(smoking, diabetes, etc.) and postsurgery activity levels
were not found to have an effect on blood metal ion
levels. These results were very much similar to those re-
ported previously [2,20-22,24-37]. Further, the blood
metal ion levels were not found to have a statistically
significant relationship to anteversion or abduction angle
of the acetabular component as measured on the radio-
graphs. This was clearly in contrast to the findings of
previous studies that have found higher blood metal ion
levels with decreased anteversion and increased abduc-
tion angles of the acetabular component [25-28]. One of
the potential reasons for this was the relatively smaller
number of patients and lack of sufficient power in our
study to evaluate this effect.

There were a few limitations of the current study. The
cross-sectional cohort design makes it far less ideal as
compared to a randomized control trial. Also, the num-
ber of patients enrolled in the study was small. This was
an exploratory study. A larger study population would
have increased the power of our study and enabled us to
better evaluate the effect of other factors (like compo-
nent position) on the level of metal ions in the blood.
Our strict exclusion criteria and patients inability to par-
ticipate in this call back study further reduced the num-
bers. Another potential limitation is the inability to rule
out the effect of different manufacturing techniques uti-
lized by the three companies as partly responsible for
the differences in the metal ions. Although we strongly
believe that a larger head was the major reason behind
higher metal ion levels in the Durom/Birmingham sys-
tems, we cannot really conclude that there are no other
factors contributing to this difference in the metal ion
levels in the three MOM hip systems included in our
study. Also, although there was no dislocation in any of
the patients in all the three groups, the study is under-
powered to make any analysis on this given the small
risk of dislocation following total hip arthroplasty now.

In the current series of patients, only one patient
underwent a revision procedure. This was following
haematogenous infection after a dental abscess which
happened a couple of months after our review for the
current study. The lead author (JP) actually has a series
of 41 Durom MOM THR. Eight of these patients have
now undergone revision procedures for implant failure
related to prosthetic design. These patients presented
with persistent pain and the absence of bony ingrowth
in the acetabular socket. None of them had evidence of
metallosis at the time of revision. Therefore, whilst in
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our study the short-term functional results are very simi-
lar between the monoblock systems, this may not repre-
sent the true overall long-term outcomes. Despite these
limitations, this study indicates that there are significant
differences in metal ion levels among large head devices,
and it provides valuable information that can be used for
designing more comprehensive evaluations of factors re-
lated to metal ion levels.

Conclusion

In summary, the current study is one of a few of its kind
to compare blood metal ions and short-term clinical out-
comes in large-head (36 to 44 mm) modular MOM
THA systems with even larger (>48 mm) monoblock
MOM THA systems. We have shown higher blood
metal ion levels in the larger monoblock MOM THA
systems. The Pinnacle type modular systems (with head
size in range of 36 to 44 mm) seem to be large enough
(similar to =48 mm heads) to provide advantages of joint
stability, better function and lesser impingement (as
against small diameter heads <32 mm heads). At the
same time, the modular systems have a femoral head
that is small enough so as not to cause an excessive in-
crease in metal ion levels in the blood as seen with mono-
block head designs with larger metal heads (>48 mm). We
believe that when considering a metal-on-metal THR, the
use of a monoblock large-head system offers no apparent
advantage to the smaller head modular system. In our
practice, we are no longer using this design and the safest
strategy, when considering MOM bearings, is to use a
modular system with a smaller head.

Competing interests

D. Marshall received a grant from Alberta Health and Wellness/Adhoc
consulting in health economics and outcomes research for Optum Insight. B.
Burkart is a consultant at Stryker Canada Ltd. D. Kinniburgh received a grant
from Alberta Health. The remaining authors declare that they have no
competing interests.

Authors’ contributions

JS and DL participated in the patient review, data analysis and manuscript
preparation. KB participated in the data analysis and manuscript preparation
and review. PR participated in the study design, patient review, data
collection and manuscript preparation. DK participated in the study design,
metal ion monitoring and review. PF participated in the study design,
statistical analysis and manuscript review. DM participated in the study
design and manuscript preparation. BB participated in the data review and
manuscript preparation. JP participated in the study conception, study
design, data review, manuscript preparation and review. All authors read and
approved the final manuscript.

Acknowledgements

We have no acknowledgements; all work done on this study was done by
the authors who are listed and their contributions have been outlined. The
work for this study was done at the Foothills Medical Centre, Calgary Alberta.

Author details

'Arthroplasty Section, Faculty of Medicine, University of Calgary, #0444 3134
Hospital Drive NW, Calgary AB T2N 5A1, Canada. Alberta Bone and Joint
Health Institute, 3280 Hospital Drive NW #400, Calgary AB T2N 476, Canada.
3Alberta Centre for Toxicology, Calgary AB T2N 4 N1, Canada. “Alberta Health

Page 8 of 9

Services, 10101 Southport Rd. SW, Calgary AB T2W 3 N2, Canada.
°Orthopaedic Trauma and Lower Extremity Reconstruction, University of
Calgary, #0444 3134 Hospital Drive NW, Calgary AB T2N 5A1, Canada.

Received: 29 August 2013 Accepted: 21 January 2014
Published: 28 January 2014

References

1. Pivec R, Johnson AJ, Mears SC, Mont MA: Hip arthroplasty. Lancet 2012,
380(9855):1768-1777.

2. Jacobs JJ, Roebuck KA, Archibeck M, Hallab NJ, Glant TT: Osteolysis: basic
science. Clin Orthop Relat Res 2001, 393:71-77.

3. Chan FW, Bobyn JD, Medley JB, Krygier JJ, Tanzer M: The Otto Aufranc
Award. Wear and lubrication of metal-on-metal hip implants. Clin Orthop
Relat Res 1999, 369:10-24.

4. Peters CL, McPherson E, Jackson JD, Erickson JA: Reduction in early
dislocation rate with large-diameter femoral heads in primary total hip
arthroplasty. J Arthroplasty 2007, 22(6 Suppl 2):140-144.

5. Anissian HL, Stark A, Gustafson A, Good V, Clarke IC: Metal-on-metal
bearing in hip prosthesis generates 100-fold less wear debris than
metal-on-polyethylene. Acta Orthop Scand 1999, 70(6):578-582.

6. Doorn PF, Campbell PA, Worrall J, Benya PD, McKellop HA, Amstutz HC:
Metal wear particle characterization from metal on metal total hip
replacements: transmission electron microscopy study of periprosthetic
tissues and isolated particles. J Biomed Mater Res 1998, 42(1):103-111.

7. Brodner W, Bitzan P, Meisinger V, Kaider A, Gottsauner-Wolf F, Kotz R: Serum
cobalt levels after metal-on-metal total hip arthroplasty. J Bone Joint Surg
Am 2003, 85(11):2168-2173.

8. Rasquinha VJ, Ranawat CS, Weiskopf J, Rodriguez JA, Skipor AK, Jacobs JJ:
Serum metal levels and bearing surfaces in total hip arthroplasty.

J Arthroplasty 2006, 21(6 Suppl 2):47-52.

9. Qu X, Huang X, Dai K: Metal-on-metal or metal-on-polyethylene for total
hip arthroplasty: a meta-analysis of prospective randomized studies. Arch
Orthop Trauma Surg 2011, 131(11):1573-1583.

10.  Cobb AG, Schmalzreid TP: The clinical significance of metal ion release
from cobalt-chromium metal-on-metal hip joint arthroplasty. Proc Inst
Mech Eng H 2006, 220(2):385-398.

11. Case CP, Langkamer VG, Lock RJ, Perry MJ, Palmer MR, Kemp AJ: Changes
in the proportions of peripheral blood lymphocytes in patients with
worn implants. J Bone Joint Surg Br 2000, 82(5):748-754.

12. Davies AP, Sood A, Lewis AC, Newson R, Learmonth ID, Case CP:
Metal-specific differences in levels of DNA damage caused by
synovial fluid recovered at revision arthroplasty. J Bone Joint Surg Br
2005, 87(10):1439-1444.

13. Hart AJ, Skinner JA, Winship P, Faria N, Kulinskaya E, Webster D,
Muirhead-Allwood S, Aldam CH, Anwar H, Powell JJ: Circulating levels
of cobalt and chromium from metal-on-metal hip replacement are
associated with CD8+ T-cell lymphopenia. J Bone Joint Surg Br 2009,
91(6):835-842.

14.  Dayan AD, Paine AJ: Mechanisms of chromium toxicity, carcinogenicity
and allergenicity: review of the literature from 1985 to 2000. Hum Exp
Toxicol 2001, 20(9):439-451.

15. Keegan GM, Learmonth ID, Case CP: Orthopaedic metals and their
potential toxicity in the arthroplasty patient: a review of current
knowledge and future strategies. J Bone Joint Surg Br 2007, 89(5):567-573.

16.  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(17):2847-2851.

17. Tower SS: Arthroprosthetic cobaltism associated with metal on metal hip
implants. BMJ 2012, 344:e430.

18. Machado C, Appelbe A, Wood R: Arthroprosthetic cobaltism and
cardiomyopathy. Heart Lung Circ 2012, 21(11):759-760.

19.  Jacobs JJ, Urban RM, Gilbert JL, Skipor AK, Black J, Jasty M, Galante JO: Local
and distant products from modularity. Clin Orthop Relat Res 1995,
319:94-105.

20. 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.



Smith et al. Journal of Orthopaedic Surgery and Research 2014, 9:3
http://www.josr-online.com/content/9/1/3

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32,

33.

34.

35.

36.

37.

38.

39.

40.

Gill IP, Webb J, Sloan K, Beaver RJ: Corrosion at the neck-stem junction as
a cause of metal ion release and pseudotumour formation. J Bone Joint
Surg Br 2012, 94(7):895-900.

Meyer H, Mueller T, Goldau G, Chamaon K, Ruetschi M, Lohmann CH:
Corrosion at the cone/taper interface leads to failure of large-diameter
metal-on-metal total hip arthroplasties. Clin Orthop Relat Res 2012,
470(11):3101-3108.

Garbuz DS, Tanzer M, Greidanus NV, Masri BA, Duncan CP: The John
Charnley Award: metal-on-metal hip resurfacing versus large-diameter
head metal-on-metal total hip arthroplasty: a randomized clinical trial.
Clin Orthop Relat Res 2010, 468(2):318-325.

Brodner W, Gribl A, Jankovsky R, Meisinger V, Lehr S, Gottsauner-Wolf F:
Cup inclination and serum concentration of cobalt and chromium
after metal-on-metal total hip arthroplasty. J Arthroplasty 2004,

19(8 Suppl 3):66-70.

De Haan R, Pattyn C, Gill HS, Murray DW, Campbell PA, De Smet K:
Correlation between inclination of the acetabular component and metal
ion levels in metal-on-metal hip resurfacing replacement. J Bone Joint
Surg Br 2008, 90(10):1291-1297.

Hart AJ, Buddhdev P, Winship P, Faria N, Powell JJ, Skinner JA: Cup
inclination angle of greater than 50 degrees increases whole blood
concentrations of cobalt and chromium ions after metal-on-metal hip
resurfacing. Hip Int 2008, 18(3):212-219.

Hart AJ, Skinner JA, Henckel J, Sampson B, Gordon F: Insufficient acetabular
version increases blood metal ion levels after metal-on-metal hip
resurfacing. Clin Orthop Relat Res 2011, 469(9):2590-2597.

Langton DJ, Jameson SS, Joyce TJ, Webb J, Nargol AV: The effect of
component size and orientation on the concentrations of metal ions
after resurfacing arthroplasty of the hip. J Bone Joint Surg Br 2008, 90
(9):1143-1151.

Clarke MT, Lee PT, Arora A, Villar RN: Levels of metal ions after small-and
large-diameter metal-on-metal hip arthroplasty. J Bone Joint Surg Br 2003,
85(6):913-917.

Daniel J, Ziaee H, Salama A, Pradhan C, McMinn DJ: The effect of the
diameter of metal-on-metal bearings on systemic exposure to cobalt
and chromium. J Bone Joint Surg Br 2006, 88(4):443-448.

Daniel J, Ziaee H, Pradhan C, McMinn DJ: Systemic metal exposure in
large-and small-diameter metal-on-metal total hip replacements.
Orthopedics 2008, 31(12 Suppl 2):379-390.

Antoniou J, Zukor DJ, Mwale F, Minarik W, Petit A, Huk OL: Metal ion levels
in the blood of patients after hip resurfacing: a comparison between
twenty-eight and thirty-six-millimeter-head metal-on-metal prostheses.
J Bone Joint Surg Am 2008, 90(Suppl 3):142-148.

Vendittoli PA, Roy A, Mottard S, Girard J, Lusignan D, Lavigne M: Metal ion
release from bearing wear and corrosion with 28 mm and large-diameter
metal-on-metal bearing articulations: a follow-up study. J Bone Joint Surg Br
2010, 92(1):12-19.

Bernstein M, Walsh A, Petit A, Zukor DJ, Huk OL, Antoniou J: Femoral head
size does not affect ion values in metal-on-metal total hips. Clin Orthop
Relat Res 2011, 469(6):1642-1650.

Hallows RK, Pelt CE, Erickson JA, Peters CL: Serum metal ion concentration:
comparison between small and large head metal-on-metal total hip
arthroplasty. J Arthroplasty 2011, 26(8):1176-1181.

Pattyn CA, Lauwagie SN, Verdonk RC: Whole blood metal ion
concentrations in correlation with activity level in three different
metal-on-metal bearings. J Arthroplasty 2011, 26(1):58-64.

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(3):265-274.

Pei KL, Kinniburgh DW, Butlin L, Faris P, Lee D, Marshall DA, Oliver MC,
Parker R, Powell JN, Railton P, Smith J: An ORS-ICP-MS method for
monitoring trace levels of cobalt and chromium in whole blood
samples from hip arthroplasty patients with metal-on-metal prostheses.
Clin Biochem 2012, 45(10-11):806-810.

Back DL, Young DA, Shimmin AJ: How do serum cobalt and chromium
levels change after metal-on-metal hip resurfacing? Clin Orthop Relat Res
2005, 438:177-181.

MacDonald SJ: Can a safe level for metal ions in patients with
metal-on-metal total hip arthroplasties be determined? J Arthroplasty
2004, 19(8 Suppl 3):71-77.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

Page 9 of 9

Alimonti A, Bocca B, Mannella E, Petrucci F, Zennaro F, Cotichini R,
D'lppolito C, Agresti A, Caimi S, Forte G: Assessment of reference values
for selected elements in a healthy urban population. Ann Ist Super Sanita
2005, 41(2):181-187.

De Smet K, De Haan R, Calistri A, Campbell PA, Ebramzadeh E, Pattyn C,
Gill HS: Metal ion measurement as a diagnostic tool to identify
problems with metal-on-metal hip resurfacing. J Bone Joint Surg Am
2008, 90(Suppl 4):202-208.

Moroni A, Savarino L, Cadossi M, Baldini N, Giannini S: Does ion release
differ between hip resurfacing and metal-on-metal THA? Clin Orthop
Relat Res 2008, 466(3):700-707.

Updated Guidance on Large Diameter Metal on Metal bearing Total Hip
Replacements British Orthopaedic Association advice to members. ; 2011.
Available at: http://www.britishhipsociety.com/pdfs/BHS_MOM_THR pdf.
Accessed on January 26, 2013.

Malviya A, Ramaskandhan J, Holland JP, Lingard EA: Metal-on-metal total
hip arthroplasty. J Bone Joint Surg Am 2010, 92(7):1675-1683.

Smith SL, Dowson D, Goldsmith AA: The effect of femoral head diameter
upon lubrication and wear of metal-on-metal total hip replacements.
Proc Inst Mech Eng H 2001, 215(2):161-170.

Hu XQ, Isaac GH, Fisher J: Changes in the contact area during the
bedding-in wear of different sizes of metal on metal hip prostheses.
Biomed Mater Eng 2004, 14(2):145-149.

Dowson D, Hardaker C, Flett M, Isaac GH: A hip joint simulator study of
the performance of metal-on-metal joints: part II: design. J Arthroplasty
2004, 19(8 Suppl 3):124-130.

Affatato S, Leardini W, Jedenmalm A, Ruggeri O, Toni A: Larger diameter
bearings reduce wear in metal-on-metal hip implants. Clin Orthop Relat
Res 2007, 456:153-158.

Bowsher JG, Hussain A, Williams PA, Shelton JC: Large head diameters
have the potential to reduce ion release in metal-on metal hip wear
simulations. In ORS. Washington DC; 2005.

Liu F, Jin Z, Roberts P, Grigoris P: Importance of head diameter, clearance
and cup wall thickness in elastohyrodynamic lubrication analysis of
metal-on-metal hip resurfacing prostheses. J Eng Med 2006, 220:695-704.
Leslie I, Williams S, Brown C, Isaac G, Jin Z, Ingham E, Fisher J: Effect of
bearing size on the long-term wear, wear debris, and ion levels of large
diameter metal-on-metal hip replacements-an in vitro study. J Biomed
Mater Res B Appl Biomater 2008, 87(1):163-172.

Cross MB, Nam D, Mayman DJ: Ideal femoral head size in total hip
arthroplasty balances stability and volumetric wear. HSS J 2012,
8(3):270-274.

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(5):608-615.

Dyrkacz RMR, Turgeon T, Ojo O, Brandt JM, Wyss U: Head size affects
corrosion behavior in artificial hip joints. Transactions of the 2012
Orthopaedic Research Society; 2012.

doi:10.1186/1749-799X-9-3

Cite this article as: Smith et al.: Does bearing size influence metal ion
levels in large-head metal-on-metal total hip arthroplasty? A comparison of
three total hip systems. Journal of Orthopaedic Surgery and Research 2014 9:3.

( R

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central



http://www.britishhipsociety.com/pdfs/BHS_MOM_THR.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Clinical evaluation
	Biochemical evaluation
	Radiological evaluation
	Statistical analysis

	Results
	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


