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ABSTRACT

Information on periprosthetic acetabular bone density is lacking for metal-on-metal total hip 
arthroplasties. These bearings use cobalt-chromium instead of titanium acetabular components, 
which could lead to stress shielding and hence periprosthetic bone loss. Cobalt and chromium 
ions have detrimental effects on bone. It is unknown whether serum metal ion levels affect bone 
density clinically. We compared cementless large femoral head (mean 48 mm) metal-on-metal 
total hip arthroplasties (M2a-Magnum, Biomet) to cementless 28 mm metal-on-polyethylene 
total hip arthroplasties (Mallory-Head, Biomet) in a randomised clinical trial. We evaluated 
periprosthetic acetabular bone density and serum metal ion levels at 1 year postoperatively. 
Acetabular bone density was analyzed with dual energy x-ray absorptiometry in four horizontal 
regions of interest in 70 patients. After one year, acetabular bone density decreased (-3.5% to 
-7.8%) in three of four regions of interest in metal-on-polyethylene patients, but was retained 
in metal-on-metal patients. Bone density preservation was most pronounced superior to the 
metal- on-metal cup (+1% versus -3.7%). Serum cobalt, chromium and titanium ion levels were 
not related to bone density, nor to acetabular inclination or femoral head size. Oxford and Harris 
hip scores were similar in both groups. Contrary to our hypothesis, acetabular bone density 
was retained with metal-on-metal total hip arthroplasty, compared to metal-on-polyethylene 
arthroplasty. Bone preservation was most pronounced in the area superior to the cup. This could 
be a benefit during future revision surgery. 

INTRODUCTION

Total hip arthroplasty (THA) is a successful treatment for end-stage osteoarthritis of the hip. THA 
longevity is hampered by polyethylene wear and subsequent periprosthetic osteolysis, generally 
leading to failure of the acetabular component first [1]. Metal-on-metal (MoM) THA was designed 
as an alternative to overcome polyethylene wear related pros- thetic failure. Proposed benefits 
are reduction of wear and greater range of motion and stability through large femoral heads 
[2-4]. Acetabular components of MoM bearings are generally made of cobalt-chromium instead 
of titanium and are more rigid than press-fit components for metal-on-polyethylene (MoP) 
bearings. 

These stiffer implants can give rise to stress shielding and could therefore lead to localized 
bone loss. Little is known however about acetabular bone density changes around MoM 
implants. Acetabular bone density has been described around MoP bearings [5, 6], alumina-
on-poly- ethylene and alumina-on-alumina bearings [7]. MoM THA may lead to elevated 
cobalt and chromium serum ion levels [2,8-10]. Elevated ion levels have been linked to early 
osteolysis, pseudotumours and high failure rates [10-12]. Whether serum metal ion levels affect 
periprosthetic bone density is currently unknown. However, from clinical observations and in-
vitro studies show reduced osteoblast proliferation, RANKL/OPG changes and oxidative stress in 
the presence of these ions [10,13].

The aim of the present study was to set up a randomised clinical trial to evaluate periprosthetic 
acetabular bone density and serum metal ion levels in MoM cementless THA, compared to MoP 
cementless THA. We hypothesised that bone density loss would be greater around the MoM 
acetabular components. 

CH
A

PT
ER

  4
CH

A
PTER  4



5958

MATERIALS AND METHODS

We conducted a randomised controlled trial using concealed allocation: sequentially numbered 
opaque sealed envelopes. Our institutional review board approved the study. The study was 
registered in the Dutch Trial Registry (NTR1399) and the study design has been published 
elsewhere [14]. 

Patients
We included consecutive patients suffering from non-inflammatory degenerative hip joint 
disease including osteoarthritis, avascular necrosis and traumatic arthritis, aged between 45 and 
75 years. We excluded patients with active infection, revision arthroplasty, marked bone loss, and 
unwillingness or inability to follow instruction. Participation was voluntary and informed consent 
was obtained. 

Implants
Patients in the MoM group received a cementless titanium plasma-sprayed porous coated cobalt-
chromium-molybdenum alloy acetabular component (M2a-MagnumTM, Biomet, Warsaw, IN, 
USA) and a cobalt-chromium-molybdenum femoral head with a carbon concentration between 
0.23% and 0.28%. Diametrical clearances were 150-300 μm. Head sizes could vary from 38 to 
60 mm, depending on the shell sizes which ranged from 44 to 66 mm. Patients in the MoP 
group received a cementless plasma-sprayed porous coated titanium alloy (Ti6Al4V) acetabular 
component (Mallory-Head®, Biomet) with a polyethylene liner (ArComTM, Biomet) and a 28 mm 
cobalt-chromium-molybdenum femoral head. In both groups the same cementless stem was 
used: a proximally plasma-sprayed porous coated titanium alloy (Ti6Al4V) stem (Mallory-Head®, 
Biomet). 

Operative technique 
We used a posterolateral or straight lateral surgical approach in the lateral decubitus position. 
Seven orthopaedic surgeons performed the operations. Implant choice was determined by 
opening a sealed envelope. All patients followed a standardised protocol for analgesia, antibiotic 
prophylaxis and mobilisation. Weight bearing was progressively increased as tolerated, crutches 
were used for six weeks. Low molecular weight heparin was given during six weeks. 

Bone density 
Bone mineral density (BMD) was acquired using a Discovery C (S/N 70141) dual energy x-ray 
absorptiometry (DEXA) bone densitometer (Hologic Inc, Bedford, MA, USA). The patient’s leg 
was fixed to control rotation. Baseline BMD was measured at the contralateral hip (provided 
no hip prosthesis was present) (Figure 1). These values were compared to the manufacturer’s 
database so that T and Z values were obtained and presence of osteopenia or osteoporosis was 

noted. Periprosthetic BMD was analysed using the manufacturer’s metal exclusion software with 
a template to create four periprosthetic acetabular regions of interest (ROI 1 to 4) according 
to Wilkinson [5] (Figure 2). We created an extra region at the os ilium ipsilaterally (ROI-6). The 
regions were manually adjusted to match the anatomy of each patient. The manufacturer’s scan 
comparison software enabled the transfer of the follow-up ROIs onto the baseline ROIs for each 
patient. Calibration was performed regularly with a phantom; the coefficient of variation was 1%. 

Figure 1. Femoral neck, trochanter, intertrochanteric, total hip and Ward’s triangle bone mass density (BMD) 
measurements with dual energy x-ray absorptiometry (DEXA) of the contralateral hip, serving as baseline 
measurements six weeks postoperatively.

Figure 2. Periprosthetic acetabular regions of interest (ROI) according to Wilkinson [5], used for BMD 
measurements with DEXA. 

Serum metal ions 
Serum cobalt and titanium ion levels were acquired by inductively coupled plasma mass 
spectrometry (ICP- MS; Agilent 7500 series, Agilent Technologies, Lexington, MA, USA). Chromium 
ion concentration was measured by graphite furnace atomic absorption spectrometry with 
Zeeman correction (GFAAS; Varian 220Z, Varian Inc., Lexington, MA, USA). 
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Clinical scores 
Oxford hip score (OHS) [15] and Harris hip scores (HHS) [16] were obtained by orthopaedic 
surgeons and orthopaedic residents. Assessors and patients were not blinded. 

Radiographic evaluation 
Supine anteroposterior pelvic radiographs were taken preoperatively and postoperatively. The 
one-year postoperative radiographs were reviewed by an orthopaedic registrar (MJMZ) and 
a senior orthopaedic surgeon (JJAMVR). We analysed the Gruen [17] and De Lee & Charnley 
[18] zones for signs of bone resorption, subsidence, osteolysis, interface deterioration, cysts, 
radiolucencies, reactive line formation, bone densifications, cortical hypertrophy, tip sclerosis 
and pedestal formation [19]. Acetabular abduction angle (inclination) was measured and 
periarticular ossifications were noted. 

All measurements took place preoperatively and postoperatively at six weeks and one year. 
DEXA at six weeks served as baseline. 

Sample size calculation 
To detect the smallest clinical relevant difference of 0.25 g/cm2 in BMD, with a standard deviation 
of 0.4, 41 patients were needed in each group (alpha 0.05, power 0.80). We expected drop-out 
and conversion to cemented cups if adequate cementless fixation would fail. We therefore aimed 
to include 50 patients per group. To detect a clinical difference of 2.5 μg/liter in serum metal ion 
concentration with a standard deviation of 1.8, 8 patients per group were needed (alpha 0.05, 
power 0.80). To compensate for patients withdrawn from the study, (the first) 15 patients were 
aimed for in each group. 

Statistical analysis 
We used SPSS for windows (Chicago, IL, USA). Patient characteristics and outcome measures 
are presented as means and standard deviations (SD) or in numbers; serum metal ion 
concentrations are presented as medians with ranges. We tested differences between the two 
groups with independent T-tests for continuous variables with normal a distribution and Mann 
Whitney U tests in cases of non-normal distribution. Normative distribution was tested with 
one- sample Kolmogorov-Smirnov tests. Fishers Exact test was used for dichotomous variable 
differences. Comparisons of two means within groups were tested with paired samples T-tests 
for continuous variables with normal distribution and with Wilcoxon’s Signed Ranks tests (two 
groups) or Friedman tests (three groups) in case of non-normal distributions. Prosthetic survival 
was calculated by Kaplan-Meier time series (Mantel-Cox log rank test). A p-value of <0.05 was 
considered to be statistically significant. 

RESULTS

Patients 
We included and randomized 126 patients. Of these, 12 patients were converted intraoperatively 
to a cemented polyethylene socket because of inability to fully seat the cementless shell. In the 
Netherlands, conversion to a cemented acetabulum is preferred over augmentation with screws. 
Five patients decided to postpone or cancel the surgery and three did not want to cooperate 
anymore. Two patients were excluded on the basis of bone deformity. Therefore, 104 patients 
remained: 54 patients received a MoP THA and 50 patients a MoM THA. Patients were comparable 
regarding gender, age at operation (mean 60 years in both groups), and surgical approach (MoM 
32/18, MoP 32/22 posterolateral/straight lateral, p = .689). Mean femoral head size in the MoM 
group was 48.3 mm (range 42-56). Surgical complications were encountered in three patients: 
two conservatively treated intraoperative fractures (one MoM, one MoP) and one superficial 
infection (MoM). There were no dislocations. 

Bone density 
Baseline BMD comparison (using the native contralateral hip) of the two prosthetic groups 
revealed no significant differences (Table 1). As another control measure, we analyzed BMD above 
the prosthetic hip in ROI-6, in the os ilium, distant to the acetabular component. BMD in ROI-6 did 
not differ between the two prosthetic groups at baseline. BMD in the MoM patients was higher 
than in the MoP patients in the medial regions (2 and 3) at six weeks postoperatively (Table 2). 
After one year, BMD had decreased in the superior region (1: -3.7%) and in the two medial regions 
(2: -7.8%; 3: -4.6%) in the MoP patients. In contrast, in the MoM patients, BMD did not decrease 
significantly over time in any region (although numerically in medial regions 2 (-5.4%; p = .057) 
and 3 (-4.5%; p = .069)). At one year postoperatively, BMD in the MoM patients was higher than 
in the MoP patients in all regions except the caudal region 4. Bone density preservation at one 
year was most pronounced superior to the cup (region 1): bone density changed +1% with MoM 
compared to -3.7% with MoP (p = .036). 
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Serum metal ions 
Cobalt concentration increased postoperatively in both prosthetic groups. Chromium values did 
not change in the MoP group, but in the MoM group they did (Table 3). At 6 weeks and one year, 
cobalt and chromium concentrations were significantly higher in the MoM group. Titanium levels 
increased from preoperatively to postoperatively in both prosthetic groups and were highest 
at six weeks, but did not differ between the groups. We did not find a statistically significant 
correlation between the one year serum metal ion levels and BMD. We could not find a relation 
between the femoral head size or inclination of the MoM acetabular component (mean 52°, SD 
7°, range 38-63°) and serum metal ion levels. Patients with steep cups (55° and over) did not show 
increased ion levels. 
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Table 1. Baseline bone mass density (BMD) characteristics in the MoP and MoM groups

 MoP  MoM  P-value

 N=32 N=28

 

BMD femoral neck, mean (SD), g/cm2 0.76 (0.12) 0.81 (0.13) .181

BMD hip total, mean (SD), g/cm2 0.92 (0.12) 0.94 (0.25) .720

T-score neck, mean (SD) -1.02 (0.95) -0. 63 (1.09) .148

T-score hip total, mean (SD) -0.48 (0.86) -0.12 (1.24) .196

Z-score neck, mean (SD) 0.14 (0.98) 0.55 (1.13) .136

Z-score hip total, mean (SD) 0.36 (0.97) 0. 66 (1.27) .313

WHO classification

(N = normal, O = osteopenia, OP = osteoporosis) 26 N, 5 O, 1 OP 22 N, 6 O .559

BMD ROI-6, mean (SD), g/cm2 0. 67 (0.24) 0. 64 (0.26) .716

All BMD measurements were performed on the contralateral, native hip at six weeks postoperatively. BMD in 
ROI-6 was measured in the os ilium of the ipsilateral, prosthetic hip. P-values were calculated by independent 
samples T-tests, except for WHO classification, which was calculated by Chi-Square test.

Table 2. Bone mass density (BMD) in the regions of interest (ROI) surrounding the acetabular component of 
MoM and MoP total hip arthroplasties at six weeks and one year postoperatively.

  Mean (SD) P-value‡ Mean (SD) P-value‡ 

     

 ROI-1, 6 wks, g/cm2 1.31 (0.22)  1.43 (0.27)  .051

 ROI-1, 1 yr,  g/cm2 1.25 (0.22) .035 1.45 (0.35) .373 .007

 % change -3.68 (11)  +1.04 (8)  .036

     

 ROI-2, 6 wks, g/cm2 1.15 (0.23)  1.29 (0.30)  .035

 ROI-2, 1 yr,  g/cm2 1.06 (0.27) .011 1.22 (0.36) .057 .038

 % change -7.79 (17)  -5.42 (17)  .569

     

 ROI-3, 6 wks, g/cm2 0.88 (0.19)  1.08 (0.34)  .004

 ROI-3, 1 yr,  g/cm2 0.83 (0.19) .005 1.03 (0.37) .069 .008

 % change -4.57 (10)  -4.48 (13)  .975

     

 ROI-4, 6 wks, g/cm2 0.72 (0.15)  0.79 (0.23)  .152

 ROI-4, 1 yr,  g/cm2 0.70 (0.16) .102 0.78 (0.24) .684 .090

 % change -3.54 (14)  +0.04 (18)  .365

† P-values between groups were calculated by independent samples T-tests. 
‡ P-values within groups were calculated by paired samples T-tests and reflect the 6 weeks to 1 year change in BMD.

 MoP MoM  P-value†

 N=35 N=35 

Table 3. Serum cobalt, chromium and titanium concentrations (µg/L) in the MoP and MoM groups, 
preoperatively and at follow-up.

  Median Range Median Range 

     

 Cobalt, preoperatively 0.30 0.10-0.50 0.30 0.30-0.60 .114

 Cobalt, 6 wks 0.40 0.20-1.10 1.20 0.60-2.70 .000

 Cobalt, 1 yr 0.40 0.20-3.71 1.70 0.20-8.51 .002

     

 Chromium, preoperatively 0.50 0.50-0.52 0.50 0.50-0.50 .747

 Chromium, 6 wks 0.50 0.50-0.50 0.80 0.50-3.00 .026

 Chromium, 1 yr 0.50 0.50-0.80 2.10 0.70-7.09 .000

     

 Titanium, preoperatively 0.96 0.96-4.79 0.96 0.96-6.22 .477

 Titanium, 6 wks 8.62 3.83-15.3 9.09 5.27-15.8 .450

 Titanium, 1 yr 5.27 0.96-7.66 5.74 3.35-13.4 .145

 

 Cobalt, P-value ‡ .042  .001  

 Chromium, P-value ‡ .368  .000  

 Titanium, P-value ‡ .000  .000  

 MoP MoM  P-value†

 N=15 N=14 

†P-values between groups were calculated by Mann-Whitney tests.
‡ P-values within groups were calculated by Friedman tests (preoperatively versus 6 wks versus 1 yr).
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Clinical scores 
In both the MoM and the MoP group, the HHS and OHS improved significantly from preoperatively 
to one year postoperatively (Table 4). At the one-year postoperative review, there was no 
difference between the two groups. 

Radiographic evaluation 
Radiological analysis at one year postoperatively revealed no subsidence, pedestal formation, 
bone densification, periprosthetic osteolysis, interface deterioration or reactive line formation. 
Two patients (one MoM, one MoP) showed cortical hypertrophy, one (MoP) stem tip sclerosis. 
Two patients displayed bone resorption (2 MoP, Gruen 7). One cyst was present in DeLee & 
Charnley zone 3 (MoM) and one radiolucency in Gruen zone 6 (MoP). Periarticular ossifications 
were seen in 16 patients (grade I: 4 MoM, 5 MoP; grade II: 2 MoM, 5 MoP). 

Analysis of revisions 
We revised three patients (all MoM) within the follow-up period. The first patient experienced 
a clinically unacceptable leg lengthening postoperatively. This was surgically corrected by 
repositioning the (same) femoral component. In the second MoM patient, we noted a head-cup 
mismatch on the postoperative x-ray. The femoral head measured 56 mm but the acetabular 
component could only receive a 50 mm head in its 56 mm shell. We performed the re-operation 
two days later and exchanged the femoral head and taper for the correct size (50 mm head). A 
third MoM patient was revised after two years and three months. The cup was loose. There was 
no metallosis, and no pseudotumour. Infection was ruled out. An Avantage cup (Biomet, Warsaw, 
USA) was placed, accepting a 58 mm polyethylene bipolar head over a 28 mm femoral head. 

Survival 
Cumulative survival at one year, with revision for any reason as the endpoint, was 100% for the 
MoP THA (54 patients at risk) and 96% for the metal-on-metal THAs (95%-confidence interval 
(CI) 90.5-100%; 48 patients at risk). At three years, these rates were 100% (24 patients at risk) 
and 94% (95%-CI 87-100%; 28 patients at risk), respectively. The two survival curves were not 
statistically different (Mantel-Cox log rank test, p = .069). If the third MoM revision as described 
above is regarded as aseptic loosening, then one-year MoM survivorship based on aseptic 
loosening calculates as 100% and three-year survivorship as 98% (95%-CI 94-100%; 29 patients 
at risk; Mantel-Cox log rank test, p = .299). At three years follow-up, one revision is pending, for 
pseudotumour around a metal-on-metal THA. 
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Table 4. Mean and standard deviation of the Harris Hip (HHS) and Oxford Hip Scores in the MoP and MoM 
groups, preoperatively and one year postoperatively

 HHS Oxford HHS Oxford HHS Oxford

 N=49* N=47* N=44* N=43*

Preoperatively 52 (12) 43 (7) 50 (12) 43 (9) .325 .407

1 yr 88 (11) 28 (15) 89 (7) 26 (13) .923 .752

P-value‡ .000 .000 .000 .000  

 M0P MOM P-value †

* N is the number of patients at the 1 year follow-up
† P-values between groups were calculated by Mann-Whitney tests.
‡ P-values within groups were calculated by Wilcoxon’s Signed Rank tests (preoperatively versus 1 yr).



DISCUSSION

Our study evaluated periprosthetic acetabular bone density and serum metal ion levels in MoM 
THA, as compared to MoP THA, by means of a randomised clinical trial. We found that after one 
year, bone density in the MoP patients had decreased in 3/4 regions of interest. In contrast, 
acetabular bone density was retained in the MoM patients, although the two medial regions 
did show a statistical trend towards bone loss. Bone density preservation in the MoM patients 
was most pronounced superior to the cup. We found no relationship between bone density and 
serum metal ion levels, in spite of elevated cobalt and chromium levels with the MoM bearings. 

Stress-shielding is a major reason for periprosthetic bone loss after cementless THA. Finite element 
analysis predicted bone loss medially and bone gain near the prosthetic rim of cementless cups 
[20]. This has been confirmed clinically with DEXA studies [5-7]. We also found the largest losses 
medially (regions 2 and 3), with both prostheses. Based on Wolff ’s law, material properties of 
the shell and bearing, i.e. elasticity and thickness, can be expected to affect acetabular bone 
loading and hence bone density. Titanium alloy (MoP shell) is less stiff than cobalt-chromium-
molybdenum alloy (modulus of elasticity 114, resp. 214 GPa) and hence we expected that the 
Co-Cr-Mo MoM shell would show more bone loss. We found the opposite however: the MoM 
bearings preserved acetabular bone better, especially superior to the cup. The thicknesses of the 
MoM and MoP shells were comparable, although the MoM pole was thicker (6 mm, rim 3 mm; 
MoP 3-4 mm depending on size). The coating of both shells was identical. We do not have a clear 
explanation for our findings. Possibly, the larger diameter of the MoM shell resulted in better 
bone loading, despite the difference in material stiffness. This requires further study. Our results 
are supported by a DEXA study that also described preservation of cranial acetabular bone with 
a large MoM bearing up to two years follow-up [21]. This group compared hip resurfacing with 
a cobalt-chromium shell to conventional THA with a titanium cup and a MoP bearing. On the 
other hand, another group recently did not find significant acetabular BMD differences between 
hip resurfacing and ceramic-on-polyethylene cementless THA [22]. Their study may have been 
underpowered (19 vs. 19 patients). It is known that most periprosthetic acetabular DEXA changes 
occur in the first three months to one year postoperatively, after which a steady state ensues 
with minor changes up to two to three years [6,21,23]. Long- term prospective DEXA studies 
are absent, but CT based bone densitometry suggests that no more changes occur between 
three and ten years [24]. Therefore, one-year BMD values have merit as early and possibly lasting 
indicators of bone remodelling around press-fit cups. 

High concentrations of cobalt and chromium ions associated with MoM bearings have been 
linked to early osteolysis, pseudotumours and high failure rates [10-12]. 

Whether serum metal ions negatively affect bone density is uncertain, but this may be assumed 
from in-vitro studies showing reduced osteoblast proliferation and RANKL/OPG changes 

consistent with osteolysis [10,13]. In our study we found no detrimental effects of metal ions on 
BMD. This may be due to relatively low median ion levels or to an insufficient number of samples. 
The elevated cobalt and chromium levels with MoM bearings in our study were in line with the 
literature [2,8,9] and maximum values were less than mentioned as a risk for metallosis [25]; one 
patient had cobalt and chromium levels higher than 7 μg/L [12]. Titanium levels did not differ 
between bearings, and were actually higher than cobalt and chromium levels; the highest values 
seen at six weeks possibly reflect that the stem had not established bony ingrowth yet. 

Clinically, both prosthetic groups improved significantly from preoperatively to postoperatively 
as judged by HHS and OHS scores. At the one-year review, there was no difference between 
the two groups clinically, nor radiographically. There were no dislocations in either group. The 
number of early failures with the MoM THA was high: 3/50: One leg length discrepancy, one 
head-cup mismatch, one cup loosening. All cases were early in the learning curve (first, second 
and fourth case) of three operating surgeons. Up to three years follow-up, we have had no more 
revisions. Survival for any reason thus calculates as 100% for MoP and 94% for MoM, with no 
significant difference. One revision is pending though, for pseudotumour around a MoM THA. 

Our study has limitations. First of all, we performed DEXA scans only preoperatively, six weeks 
postoperatively (baseline) and after one year, so our follow-up is short. Efforts are underway to 
study these patients over the long term to understand if and when differences in acetabular 
bone density become more or less pronounced. Secondly, we included less than the powered 
41 × 2 patients for the BMD measurements. SD however was less than expected (0.3 versus 0.4), 
meaning that 35 patients in each group render more than 90% power to detect a 0.25 g/cm2 

difference. Thirdly, the MoP cup differed from the MoM cup with respect to three instead of one 
variable: shell alloy, bearing type and head size. This confounds the interpretation of the BMD 
results, but does represent clinical reality and comparison to a THA with an established track 
record. Lastly, the patients and reviewing surgeons were not blinded. Despite its shortcomings, 
this is the first randomised trial to our knowledge to report on acetabular bone density after 
large head MoM THA. 

Acetabular fixation and preservation of bone stock remain of vital importance in THA, especially 
during revision surgery. Given the known high failure rates of stemmed large head MoM THA, 
it is likely that a cup or bearing exchange will be necessary in the future. With this in mind, 
it is reassuring to note that acetabular bone stock was less compromised than expected by 
stress shielding and presence of metal ions. If indeed BMD is retained with these MoM cups, this 
should be a benefit during revision surgery. One could even consider leaving the acetabular 
component in place, and change the bearing to a bipolar MoP system (in our case to an 
Avantage system; Biomet, Warsaw, USA). Nonetheless, the long-term results of such a policy are 
as yet unknown. 
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Contrary to our hypothesis, acetabular bone density was retained with large head MoM THA, 
compared to 28 mm MoP THA at one year postoperatively. Bone preservation was most 
pronounced in the area superior to the cup. This could be of benefit during future revision 
surgery. We closely monitor our patients with large head metal-on-metal bearings and we will 
report on the mid-term results in the future. 

FINANCIAL SUPPORT

 The authors did not receive any financial support; the DEXA and metal ion measurements were 
supported by Biomet Netherlands. 

CONFLICT OF INTEREST

The authors report no conflict of interest. 

REFERENCES

1. Purdue PE, Koulouvaris P, Nestor BJ, et al. The central role of wear debris in periprosthetic osteolysis. 
HSS J 2006;2:102-113.  

2. Dumbleton JH, Manley MT. Metal-on-metal total hip arthroplasty: what does the literature say? J 
Arthroplasty 2005;20:174-188.  

3. Zijlstra WP, Van den Akker-Scheek I, Zee MJ, et al. No clinical difference between large metal-on-
metal total hip arthroplasty and 28-mm-head total hip arthroplasty? Int Orthop 2011;35:1771-1776.  

4. Conroy JL, Whitehouse SL, Graves SE, et al. Risk factors for revision for early dislocation in total hip 
arthroplasty. J Arthroplasty 2008;23:867-872.  

5. Wilkinson JM, Peel NFA, Elson RA, et al. Measuring bone mineral density of the pelvis and proximal 
femur after total hip arthroplasty. J Bone Joint Surg Br 2001;83:283-288.  

6. Laursen MB, Nielsen PT, Søballe K. Bone remodelling around HA-coated acetabular cups: a DEXA 
study with a 3-year follow-up in a randomised trial. Int Orthop 2007:31:199-204.  

7. Kim YH, Yoon SH, Kim JS. Changes in the bone mineral density in the acetabulum and proximal femur 
after ce- mentless total hip replacement. Alumina-on-alumina versus alumina-on-polyethylene 
articulation. J Bone Joint Surg Br 2007;89:174-179.

8. Zijlstra WP, Van Raay JJ, Bulstra SK, et al. No superiority of cemented metal-on-metal over metal-
on-polyethylene total hip arthroplasty in a randomized controlled trial at 10 years follow-up. 
Orthopedics 2010;33:154-161.  

9. Grübl A, Marker M, Brodner W, et al. Long-term follow-up of metal-on-metal total hip replacement. 
J Orthop Res 2007;25:841-848. 

10. Mabilleau G, Kwon YM, Pandit H, et al. Metal-on-metal hip resurfacing arthroplasty: a review of 
periprosthetic biological reactions. Acta Orthop 2008;79:734-747. 

11. Park YS, Moon YW, Lim SJ, et al. Early osteolysis following second-generation metal-on-metal hip 
replacement. J Bone Joint Surg Am 2005;87:1515-1521. 

12. Bolland BJ, Culliford DJ, Langton DJ, et al. 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. 

13. Zijlstra WP, Bulstra SK, Van Raay JJ, et al. Cobalt and chromium ions reduce osteoblast-like cell activity 
in vitro, reduce the OPG to RANKL ratio and induce oxidative stress. J Orthop Res 2012;30:740-747. 

14. Zijlstra WP, Bos N, Van Raay JJ. Large head metal-on-metal cementless total hip arthroplasty versus 
28 mm metal- on-polyethylene cementless total hip arthroplasty; design of a randomized controlled 
trial. BMC Musculoskelet Disord 2008;9:136. 

15. Gosens T, Hoefnagels NH, de Vet RC, et al. The ‘Oxford Heup Score’: the translation and validation of a 
questionnaire into Dutch to evaluate the results of total hip arthroplasty. Acta Orthop 2005;76:204-211. 

16. Harris WH. Traumatic arthritis of the hip after dislocation in acetabular fratures: treatment by mold 
arthroplasty. J Bone Joint Surg Am 1969;51:737-755. 

17. Gruen TA, McNeice GM, Amstutz HC. Modes of failure of cemented stem-type femoral components: 
a radiographic analysis of loosening. Clin Orthop Relat Res 1979;141:17-27.  

18. DeLee JG, Charnley J. Radiological demarcation of cemented sockets in total hip replacement. Clin 
Orthop Relat Res 1976;121:20-32.  

19. Gosens T, Sluimer JC, Kester AD, et al. Femoral fit predicts radiologic changes, but not clinical results, 
in Mallory-Head total hip arthroplasties. Clin Orthop Relat Res 2005;432:138-147.  

20. Levenston ME, Beaupre GS, Schurman DJ, et al. Computer simulations of stress related bone 
remodelling around noncemented acetabular components. J Arthroplasty 1993;8:595-605.  

CH
A

PT
ER

  4
CH

A
PTER  4

6968



21. Smolders JM, Pakvis DF, Hendrickx BW, et al. Periacetabular bone mineral density changes after 
resurfacing hip arthroplasty versus conventional total hip arthroplasty. A randomized controlled 
DEXA study. J Arthroplasty 2013:28;1177-1184.  

22. Penny JO, Brixen K, Varmarken JE, et al. Changes in bone mineral density of the acetabulum, femoral 
neck and femoral shaft, after hip resurfacing and total hip replacement, two year results from a 
randomised study. J Bone Joint Surg Br 2012;94:1036-1044. 

23. Digas G, Kärrholm J, Thanner J. Different loss of BMD using uncemented press-fit and whole 
polyethylene cups fixed with cement: repeated DXA studies in 96 hips randomized to 3 types of 
fixation. Acta Orthop 2006;77:218-226. 

24. Kress AM, Schmidt R, Vogel T, et al. Quantitative computed tomography-assisted osteodensitometry 
of the pelvis after press-fit cup fixation: a prospective ten-year follow-up. J Bone Joint Surg Am 
2011;93:1152-1157. 

25. De Smet K, De Haan R, Calistri A, et al. 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.

7170


	Chapter 4



