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film lubrication (8,9,21,42) – associated with metal-
on-metal (MoM) bearings, there has been rising 
concern about the long-term outcome of these 
prostheses. Large national joint registries showed 
disappointing results regarding the average revision 
rate of MoM bearings (16,39).

Besides a poor outcome of revision rates, 
concerns remain regarding the elevated cobalt 
and chromium ion levels in patients with MoM 
articulations (1,6,9,28,40). With unknown effects 
of long-term exposure and a possible correlation 
between high metal ion levels and poor outcome 
of the total hip arthroplasty (THA), measurement 
of these metal ion levels has become a hot topic 
concerning the follow-up of MoM THAs (6,35,44). 
Local soft-tissue changes are not the only reasons for 

Studies concerning Pinnacle® modular metal-on-
metal (MoM) total hip arthroplasty (THA) show 
better results than for most other MoM THAs. The 
goal of this study was to report on the revision rate, 
clinical outcome and metal ion levels regarding this 
specific prosthesis. 
Retrospectively selected patients were evaluated 
clinically, and Visual Analogue Score for pain 
(VAS), Harris Hip Score (HHS) and Hip disability 
and Osteoarthritis Outcome Score (HOOS) were 
determined. Blood metal ion levels were measured. 
195 patients were included (mean follow-up 6.4 
years). MoM related revision was performed in 5.1%. 
Clinical outcome was good, with a mean VAS of 6.7 
out of 100, HHS of 88.9 and HOOS of 80.7. Five year 
survival was 96.6%, eight year survival decreased to 
90.0%. No correlation could be found between metal 
ion levels and outcome. 
Although clinical outcome was good, overall survival 
of the Pinnacle® MoM is unacceptably low compared 
to MoP survival.

Keywords : total hip arthroplasty ; Pinnacle ; metal-on-
meta l; functional outcome.

INTRODUCTION

Metal-on-metal (MoM) total hip arthroplasty 
(THA) has been used for several decades. Despite 
theoretical advantages – larger diameter femoral 
heads, decreased dislocation and enabled full-
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concern; systemic effects regarding mutagenicity, 
teratogenicity and carcinogenicity are also thought 
to play a role in long-term exposure to elevated 
metal ion levels (10,23,34,48).

Guidelines have been issued by several national 
authorities regarding the follow-up of MoM 
articulations (14,38,46). Measurement of blood ion 
levels is advocated in certain situations as a screening 
tool for increased wear and malfunctioning of the 
THA. However, these levels are to be interpreted 
while keeping the results from other diagnostic and 
clinical tests in consideration. The Medicines & 
Healthcare products Regulatory Agency (MHRA) 
in the United Kingdom and the Federal Agency 
for Medicines and Health Products (AFMPS) 
in Belgium both recommend standard metal ion 
testing in symptomatic patients and those with a 
femoral head diameter of 36mm or larger (14,38). 
The cut-off value indicating potential soft-tissue 
reaction for both cobalt and chromium was set at 
7 µg/L. This value, however, is not supported by 
clinical studies and is only valid for unilateral hip 
replacement; guidelines considering bilateral MoM 
prostheses are not available (44).

European Consensus published reference values 
of cobalt without clinical concern at less than 2 μg/L. 
The threshold value for clinical concern is expected 
to be within the range of 2 to 7 μg/L whereas 
exact levels have still to be determined within 
this range (19). Moreover the U.S. Food and Drug 
Administration states: “The FDA believes there is 
not enough evidence in the U.S. to demonstrate 
a correlation between a metal ion level and the 
presence of localized lesions, clinical outcomes and/
or the need for revision surgery”, further advocating 
the interpretation and association of ion levels with 
clinical and radiological data to determine the status 
of the patient’s arthroplasty (46).

Previous studies reported good short- to mid-
term results regarding revision rate and clinical 
outcome of the Pinnacle® modular MoM THA 
(2,12,1324,30). The goal of this study was to report the 
clinical outcome, cobalt and chromium ion levels, 
radiographic outcome and revision rates of this 
specific prosthesis. Our data was compared with 
the previous results of this specific prosthesis and 
with the outcome of MoM THAs in general. Lastly, 

statistical analysis was performed to demonstrate a 
possible correlation between metal ion levels and 
clinical outcome.

PATIENTS AND METHODS

Reviewing all MoM THAs performed between 
May 2004 and September 2007 using the Pinnacle® 
modular MoM THA at our institution, 211 THAs 
met the inclusion criteria and were eligible to 
participate in this study. Inclusion criteria consisted 
of all patients undergoing THA for primary or 
secondary hip osteoarthritis. Reasons for exclusion 
included a history of inflammatory joint diseases, 
primary or secondary malignancy in the hip, the 
need for bone grafting, neurological disorders 
limiting normal rehabilitation and revision THA. 
All THAs were performed by the senior author 
(MM) in a single institution using an anterolateral 
approach with normal clinical and radiographic 
follow-up scheduled yearly after surgery. 
Eventually 6 patients were lost to follow-up. 10 
patients, who all met the criteria of minimum 
5-year follow-up, deceased before all technical 
and clinical data could be acquired. Reviewing the 
electronic patient files and consulting the relatives, 
we were able to conclude that none of these 10 
patients had problems regarding the prosthesis. 
195 patients (195 hips) were available for follow-
up (147 patients at the outpatient clinic). The 
mean follow-up was 6.4 (5.0–8.4) years. Primary 
indications for THA were osteoarthritis in 92.4% 
(195 hips), avascular necrosis in 4.8% (10 hips) and 
developmental dysplasia of the hip in 2.8% (6 hips). 
The population consisted of 74 men (36%) and 137 
women (64%) with a mean age of 57.6 (26.6–86.6) 
years at time of surgery.

Pinnacle® acetabular cups (DePuy, Warsaw, 
Indiana, USA) were implanted in all patients, 
with cup sizes ranging from 52mm to 66mm. 
The Pinnacle® acetabular cup is a porous-
coated titanium shell, fitted with the proprietary 
Variable Interface Prosthesis taper technology to 
accommodate polyethylene, ceramic and metal 
liners. All cup sizes were matched with Ultamet™ 
(DePuy, Warsaw, Indiana, USA) ball and liner for 
MoM articulation, which are manufactured from 
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forged high-carbon wrought alloy. All femoral 
heads had a diameter of 36 mm. For the femur, 
custom cemented IMP-stems (Advanced Custom 
Made Implants, Leuven, Belgium) made from a 
titanium aluminium vanadium preform were used (5).

We retrospectively reviewed all electronic patient 
files regarding weight, length, body-mass index, 
ASA-score (American Society of Anesthesiologists 
score), smoking and comorbidities (e.g. diabetes 
mellitus, renal failure and rheumatoid arthritis) 
at time of surgery. All patients were invited by 
telephone for follow-up with a description of study 
protocol. Clinical, radiographic and biochemical 
follow-up was performed at the outpatient clinic 
(September 2012) in 147 patients available to 
come to the hospital (PT and SC) after having 
given written consent. Harris Hip Score (HHS), 
Hip disability and Osteoarthritis Outcome Score 
(HOOS) and Visual Analogue Score (VAS) for 
pain were collected for each patient at follow-
up, together with clinical data regarding possible 
complications such as squeaking, grinding, groin 
pain, dislocation and revision (20,25,36). Patients 
were evaluated for Trendelenburg gait and sign. 
Patients who were not able to come to the hospital 
were sent a questionnaire including the previous 
mentioned scores and were also questioned if they 
suffered any problems regarding their THA. 

The radiographic evaluation of the THA on 
standing pelvic, anteroposterior and lateral views 
of the treated hip was done independently by the 
two senior authors of this article. Signs of femoral 
osteolysis were reported according to the femoral 
zones described by Gruen et al. (18). Similarly, signs 
of acetabular osteolysis were reported according 
to the acetabular zones described by DeLee and 
Charnley (7). Patients with only radiolucent lines in 
femoral zones 1 or 7 or in acetabular zone 1 were 
not reported as abnormal. MRI or ultrasound were 
not included in the study protocol.

Metal ion measurements were obtained at latest 
follow-up and processed in collaboration with the 
Centre for Medical Analyses (CMA, Herentals, 
Belgium). Blood samples were collected at follow-
up and processed the same day. An inductively 
coupled plasma-mass spectrometry (ICP-MS) 
technique was used, using the PerkinElmer 

Elan DRC II inductively coupled plasma-mass 
spectrometer and the PerkinElmer Autosampler ESI 
SC-Fast (PerkinElmer, Waltham, Massachusetts, 
USA). Detection limits were reported by the 
laboratory as being 0.1 µg/L for cobalt and 0.5 µg/L 
for chromium.

The study cohort was divided in a well- and a 
poorly-performing group according to 5 criteria: a 
HHS higher than 95, no radiographic abnormalities, 
no patient-reported hip problems, no abnormal 
clinical findings and no further surgery scheduled 
(well-performing group). These criteria are identical 
to those used by Van Der Straeten et al. (44), except 
for the contact patch to rim distance. Mean cobalt 
and chromium values were compared between 
both groups. Further statistical analysis was done, 
comparing mean clinical outcome scores in respect 
to cobalt and chromium cut-off values. The cut-off 
values used in this study consisted of the 7.0µg/L for 
cobalt and chromium, as proposed by the AFMPS 
and the MHRA (14,38), as well as the 4.0 µg/L and 
4.6 µg/L for cobalt and chromium respectively, 
found by Van Der Straeten et al. to have a 95% 
specificity in predicting poor function (44). 

Fisher’s Exact and Mann-Whitney U tests 
were used to compare categorical and continuous 
variables between groups of prostheses, respectively. 
Implant survival was estimated using Kaplan-Meier 
survival analysis. We defined failure as revision 
of the implant for any reason. Kaplan-Meier 
estimates were used to depict a survival curve for 
the percentage of patients being free of revision. 
Deceased patients and patients without revision at 
the last follow-up were censored. P-values smaller 
than 0.05 were considered statistical significant.  
All analyses were performed using the SAS System 
for Windows (version 9.2, SAS Institute Inc., Cary, 
NC, USA. Copyright© 2002 SAS Institute Inc.) 

Approval was received from the Ethical 
Committee of the University Hospitals Leuven 
(approval number B322201216037). The data 
collection and patient contacts were handled 
according to the ethical standards in the 1964 
Declaration of Helsinki.
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RESULTS

In 195 patients available for follow-up, there 
were 15 failures of THA which needed revision 
surgery, resulting in a revision rate of 7.7%. The 
most common reason for revision of the THA was 
osteolysis (7 hips, metallosis). Other reasons for 
revision surgery were periprosthetic joint infection 
(3 hips), adverse reaction to metal debris (ARMD) 
(3 hips, metallosis) and traumatic periprosthetic 
fracture (2 hips). The reason for revision was 
based on clinical data (including pre-operative 
joint aspiration, cultures and determination of 
serum infection parameters) and radiographic data 
preoperatively and was confirmed postoperatively 
using histology and cultures. Serum metal ion 
levels were not routinely measured preoperatively. 
When these MoM THAs were revised, the bearing 
surface was altered in all patients. These data 
imply that 5.1% (10/195) of THAs had to undergo 
revision arthroplasty due to MoM bearing surface 
related problems. Mean time between primary and 
revision THA was 4.6 (1.1-8.2) years. 

For the 180 non-revised hips the average VAS for 
pain was 6.7 out of 100 (95% CI, 4.9-8.6). Clinical 
outcome was further investigated using the HHS 
and HOOS with mean scores of 88.9 (95% CI, 87.0-
90.7) and 80.7 (95% CI, 78.1-83.3), respectively. 

No dislocations of the hip were reported. A 
grinding sensation was present in 2 hips (1.1%) and 3 
other patients reported audible squeaking (1.6%). All 
5 patients noted that these complications were not to 
the extent that they would consider revision surgery. 

Radiographic evaluation for osteolysis and 
fixation of the prosthesis showed 10 cases of 
femoral osteolysis (5.6%) and 4 cases of acetabular 
osteolysis (2.2%). Osteolysis per zone is summarized 
in Table I. 

Biochemical data regarding cobalt and chromium 
levels was gathered in 147 patients. Mean cobalt 
and chromium levels were 9.8 µg/L (95% CI, 5.0-
13.9 µg/L; range, <0.1-148 µg/L) and 7.0 µg/L 
(95% CI, 4.26-9.8 µg/L; range, <0.5-132 µg/L), 
respectively. Median metal ion levels were 1.5 µg/L 
for cobalt and 2.4 µg/L for chromium. No statistical 
significance could be found when comparing mean 
metal ion levels between the well- and poorly-
performing groups: mean chromium levels were 7.5 
(SD 20.8) µg/L and 6.8 (SD 14.8) µg/L, respectively 
(p=0.823). Mean cobalt levels for the good and 

Femoral 
component

N: Acetabular 
component

N:

(Gruen 1979) 
(18)

(DeLee and 
Charnley 1976) 

(7)

Zone 1 10 Zone 1 3

Zone 2 7 Zone 2 1
Zone 3 5 Zone 3 1

Zone 4 3  

Zone 5 4  

Zone 6 7  

Zone 7 10  

Table I. — Femoral and acetabular osteolysis
in the study cohort.

Group N: VAS (SD) p: HHS (SD) HOOS (SD) p:

Cr* ≥ 4.6 29 0.72 (1.46) 0.941 87.86 (14.71) 79.72 (17.22) 0.822

Cr* < 4.6 118 0.70 (1.32) 88.54 (12.71) 78.86 (18.88)

Co** ≥ 4.0 9 0.89 (1.27) 0.677 90.33 (12.69) 81.56 (12.03) 0.674

Co** < 4.0 138 0.70 (1.35) 88.28 (13.14) 78.86 (18.87)

Cr* ≥ 7.0 21 0.71 (1.38) 0.98 87.90 (13.13) 77.38 (16.90) 0.661

Cr* < 7.0 126 0.71 (1.34) 88.49 (13.12) 79.30 (18.81)

Co** ≥ 7.0 8 1.00 (1.31) 0.528 91.50 (13.04) 83.13 (11.84) 0.521

Co** < 7.0 139 0.69 (1.35) 88.23 (12.10) 78.79 (18.82)

Table II. — Statistical analysis concerning clinical outcome scores 

* Cr=Chromium; ** Co=Cobalt
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positive predictive value in predicting soft tissue 
damage (14,17,33,35,38). There are, however, some 
indications of a correlation between high levels of 
cobalt and chromium and arthroplasty performance. 
Malek et al. found a statistical significant elevation 
of mean cobalt and chromium levels in patients 
positive for soft-tissue reaction on MARS-MRI (p < 
0.001) (35). Van Der Straeten et al. found a similar 
correlation when comparing well-functioning with 
poorly-functioning patients in hip resurfacing. The 
difference in mean cobalt and chromium levels was 
statistical significant between the two groups, with 
elevated levels in the poorly-functioning group 
(p < 0.001) (44).These results, all found in hip 
resurfacing arthroplasty, were not replicated in this 
study on 36 mm MoM hip arthroplasty: no statistical 
significance was found between the mean metal ion 
levels concerning the well- and poorly-performing 
groups). MRI was not standardly performed, which 
might have confirmed the correlation with ion 
levels. Furthermore, no significant differences could 
be found between patients with low and high metal 
ion levels when comparing clinical outcome scores. 
These data support that metal ion levels alone are a 
poor diagnostic tool for the outcome of MoM THA. 
Ion levels should always be considered combined 
with clinical and radiographic data (17,46).

Following the recall of the ASR XL prosthesis, 
there was a rise in concern regarding the revision 
rate of MoM THAs in general (4,43,45). Extensive 
data regarding the average revision rate of THAs is 
available in the National Joint Registry for England 
and Wales (39). MoM THAs have the highest revision 
rate of all bearing surfaces (17.13-20.18% after 10 years, 
compared to 2.15-5.77% for all other THAs). The 10 
year revision rate of all MoM resurfacing arthroplasties 
is 12.63% (39). These data were confirmed in a recent 
meta-analysis, with a revision rate of 19 per 1000 
patient-years for MoM, and 4 per 1000 patient-years 
for ceramic-on-ceramic (29). 

The Pinnacle® MoM arthroplasty has lower 
revision rates than the MoM group as a whole 
(Table III). Our results with the Pinnacle® MoM 
are in line with these findings, with a revision rate 
of 7.7% with a mean follow-up of 6.4 years, and a 
survival of 96.6% at 5 years post-operatively, and 
90.0% 8 years after surgery.

poor-performing group were 9.2 (SD 28.9) µg/L 
and 9.6 (SD 26.9) µg/L, respectively (p=0.922). 
Similarly, when comparing mean clinical outcome 
values between the groups divided by the cut-off 
values of 7.0 µg/L and 4.6 µg/L for chromium, 
and 7.0 µg/L and 4.0 µg/L for cobalt, no statistical 
significances could be found, as summarized in 
Table II. Kaplan-Meier survival for the THA was 
calculated to be 96.6% (95% CI, 93.2-98.4%) at 
5 years post-operatively. Eight years after THA, 
Kaplan-Meier survival decreased to 90.0% (95% 
CI, 81.8-94.6%) (Figure 1).

 DISCUSSION

Second generation MoM THAs were introduced 
with the expectation of added advantages over 
metal-on-polyethylene (MoP) THA because of 
new tribological improvements (22,31,41). However, 
concerns remained regarding possible complications 
with the use of these MoM bearings. Excess wear of 
the MoM bearing surface, resulting in pathological 
soft-tissue changes due to ARMD and leading to 
the need for revision surgery has been described by 
several authors (15,26).

Regarding follow-up of MoM THA, metal ion 
level measurements are advocated by several 
authorities. The 7 µg/L cut-off value set by the 
MHRA and the AFMPS has been the subject of 
studies, all showing poor sensitivity, specificity and 

Fig. 1. —Kaplan-Meier estimates for the percentage of 
patients free from revision during the follow-up period. The 
dashed lines represent the 95% confidence interval for the 
curve
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