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Abstract

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
outcomes between the systems.

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 
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 t 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 χ2 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. 
Figure 1 Box and whisker plots showing the distributions of chromium
type, the top and bottom of the ‘box’ represents the 75th and 25th percentile
Circles outside of the ‘whiskers’ represent outliers. The top and bottom of the
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 μg/l in the Durom and 
Birmingham groups, respectively, compared to only 
0.52 μg/l in the Pinnacle group (p < 0.001). Median Cr 
levels were 2 and 2.2 μg/l in the Durom and Birming
ham groups, respectively, compared to only 1.2 μg/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 
 and cobalt levels for all patients by implant type. For each device 
s of the data. The heavy horizontal line through the box is the median. 
 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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Table 1 Patient characteristics by implant type 

Durom Birmingham Pinnacle p valuea 

Age in years 61.7 ± 5.9 60.4 ± 11.3 56.5 ± 9.2 0.2251 
(mean ± SD) 

Female sex 31.6% 73.7% 93.8% 0.0003 

(6/19) (14/19) (15/16) 

BMI (mean ± SD) 30.2 ± 7.1 30.7 ± 7.4 28.4 ± 4.3 0.5559 

Diabetes 5.3% 5.3% 0.0% 1.0000 

(1/19) (1/19) (0/16) 

Smoking 15.8% 21.1% 12.5% 0.9011 

(3/19) (4/19) (2/16) 

SF-36 (mean ± SD) 85.6 ± 12.0 84.1 ± 12.5 79.6 ± 18.7 0.4639
 

Harris hip score 80.0 ± 15.9 76.4 ± 15.3 78.1 ± 16.9 0.7832
 
(mean ± SD)
 

UCLA activity scale 6.5 ± 1.7 7.1 ± 1.7 7.1 ± 1.3 0.4456
 
(mean ± SD)
 

WOMAC score 84.3 ± 11.8 82.2 ± 13.7 80.7 ± 13.2 0.7122
 
(mean ± SD)
 

Cobalt (μg/l) 2.8 3.3 0.5 <0.001
 
median (25th,
 

(1.5,3.6) (1.4,4.1) (0.4,0.7)75th percentile) 

Chromium (μg/l) 2.0 2.2 1.2 <0.001 
median (25th, 

(1.5,2.5) (1.5,2.7) (1.0,1.4)75th percentile) 

Head size (mm) 48.0 48.0 40.0 <0.0001 
median (25th, 

(44.0,50.0) (44.0,54.0) (40.0,40.0)75th percentile) 
a p value (Pinnacle vs Durom and Birmingham implants). 
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 μg/L and a Co of 
>19 μg/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-
Figure 3 Relationship between acetabular abduction angle and 
cobalt levels by implant type. 
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 
Table 2 Effect of femoral head size on metal ion concentratio

Authors Year Study design Follow-up Metal 

Clarke et al. [29] 2003 

Daniel et al. [30] 2006 

Langton et al. [28] 2008 

Vendittoli et al. [33] 2010 

Pattyn et al. [36] 2011 

Moroni et al. [42] 2008 

Comparison of large-head 
MOM resurfacing (38 to 54) 
with 28 mm head MOM THA 

Comparison of large-head 
MOM resurfacing (50 to 54) 
with 28 mm head MOM THA 

Comparison of large-head 
MOM resurfacing (≥53 mm) 
with small-head MOM 
resurfacing (≤53 mm) 

Comparison of large-head 
MOM resurfacing (40 to 58) 
with 28 mm head MOM THA 

Comparison of large-head 
MOM resurfacing (Durom 
and BHR) with 28 mm 
head MOM THA 

Comparison of large head 
MOM resurfacing (average 
diameter 48) with 28 mm 
head MOM THA 

16 months 

12 months 

26 months 

24 months 

24 months 

24 months 

Large h
Co 38 

Small h
Co 22 

Large h
Co 2.4 

Small h
Co 1.7 

Large h
Co 1.48

Small h
Co 2.43

Large h
Co 0.67

Small h
Co 0.94

Large-h
Cr 1.07

Large-h
Cr 1.54

Small h
Co 1.79

Large h
Co 1.4 

Small h
Co 1.33

Studies evaluating MOM hip resurfacing alone or comparing MOM resurfacing with
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. 
ns 

ion levels (μg/l) p value Conclusion 

ead, Cr 53, 

ead: Cr 29,
 
(all values nmol/l)
 

ead, Cr 1.3, 

ead, Cr 1.7, 

ead, Cr 3.04, 
 

ead, Cr 4.12, 
 

ead, Cr 1.58, 
 

ead, Cr 1.62, 
 

ead Durom, 
, Co 0.79 

ead BHR, 
, Co 1.86 

ead, Cr 1.25, 
 

ead, Cr 2.3, 

ead, Cr 1.73, 
 

0.0001 for Cr 

0.0021 for Co 

0.055 for Cr 

0.28 for Co 

0.004 for Cr 

0.007 for Co 

0.819 for Cr 

0.207 for Co 

Significant only in Co 
levels (Durom vs small 
head MOM THA) 

0.06 for Cr 

0.30 for Co 

Metal ion levels higher for 
larger diameter bearings 

No difference in metal ion 
levels in small or large-head 
MOM bearings 

Metal ion levels higher for 
smaller diameter MOM 
resurfacings 

No difference in metal ion 
levels in small or large-head 
MOM bearings 

Metal ions lower in larger 
head Durom resurfacing 
as compared to small-head 
MOM THA. No difference 
between BHR and small-head 
MOM THA 

No difference in metal ion 
levels in small or large-head 
MOM bearings 

 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 (μg/l) 

Antoniou et al. [32] 2008	 Comparison of 36 mm 12 months Large head, Cr 0.4, >0.2 for Cr No difference in metal ion levels 
head MOM THA with Co 2.3 in small or large-head MOM THA 
28 mm head MOM THA 

Small head, Cr 0.6, >0.15 for Co 
Co 2.6 

Daniel et al. [31] 2008	 Comparison of large-head 12 months Large head, Cr 1.4, Not significant No difference in metal ion levels 
MOM THA (42 to 54) with Co 2.3 in small or large-head MOM THA 
28 mm head MOM THA 

Small head, Cr 1.7, 
Co 1.7 

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 2.22 in small or large-head MOM THA 
MOM (28 and 36 mm) THA 

Small head, Cr 0.78, 0.42 for Co 
Co 2.34 

Hallows et al. [35] 2011	 Comparison of large-head 12 months Large head, Cr 0.8, 0.0158 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 

Small head, Cr 2.1, 0.869 for Co (28 and 32 mm) THA	 THA. No difference in blood 
Co 0.7 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 
Table 4 Comparison of metal ion levels and clinical outcomes

Authors Study design Metal ion l

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) 

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) 

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) 

For chromiu
differences 
cobalt ion l
between th
24 months,
showing th
Biomet imp
<0.001, 0.00
24 months,

Cobalt ion 
Conserve T
Magnum (n
the last two
lower with 
No significa
between D
between Co

Metal ions 
monoblock
LDH system
Birmingham
the modula
Depuy 
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 
 in various large-head MOM THA systems 

evels	 Clinical outcomes 

m ion levels, no significant 
between four groups. For 
evels, a significant difference 
e groups at 3, 6, 12 and 
 with the Zimmer implant 
e highest levels and the 
lant the lowest (p = 0.027, 
7 and 0.001 at 3, 6, 12 and 
 respectively) 

levels significantly higher with 
otal than with Durom and M2a 
o significant difference between 
). Chromium ion levels significantly 
Durom than with Conserve Total. 
nt differences for chromium levels 
urom and M2a Magnum or 
nserve Total and M2a Magnum 

significantly higher in the two 
 head systems (Zimmer Durom 
, and Smith and Nephew 
 socket system) as compared to 
r Pinnacle socket system from 

Not evaluated 

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) 

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 
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. 
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