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A caveat 

I am not a medical doctor 

I am not an orthopaedic surgeon 

I cannot give medical advice 

But I have 18 years of medical engineering 

experience 

And have been studying the ASR and 

other metal-on-metal hips since late 2007 



Total hip replacement (THR) 

Metal-on-metal THR and hip resurfacings 

The DePuy ASR™ hip 

Research at Newcastle University and 
clinical data from orthopaedic colleagues 

Lessons from THR history - Capital 3M and 
Sulzer hips 

 

Overview 



The Lancet 2007 

„Charnley LFA: a worldwide retrospective 

review at 15 to 20 years‟ (Older, J Arthroplasty, 

2002, 675-680).  83% survival rate at 20 years 

UK National Joint Registry (NJR) 2011 - 97% 

survival rate at 7 years (cemented hips) 
 

 



Total Hip Replacement (THR) history 

66k+ primary THR fitted in 

UK in 2009-10 

Metal-on-polyethylene 

THR fail due to wear 

Younger, more active 

patients wear their 

prosthesis out 

How to reduce the wear? 

Metal-on-metal (MOM) 

THR 

Metal is Cobalt Chromium 

(CoCr) alloy 



Modern MoM THR 

100 fold reduction in wear claimed  

Volumetric wear was reduced 

But metal wear particle size is smaller, typically 

1000x smaller than plastic wear particles 

Actual numbers of CoCr particles higher than 

UHMWPE 

Potential danger from metal particles? 

In US, 35% of THR were MoM (Bozic, 2009, 

JBJS) 



Metal-on-Metal Resurfacing THR 

Initial trials in 1990s 

Birmingham Hip 

Resurfacing (BHR) 

Aimed at younger, 

more active patients 

Claims that bone stock is preserved and 

increased range of motion provided 

Should give low wear and improved lubrication 

 



Daniel et al, 2004, JBJS (UK) 177-84 

One revision (0.02%) out of 440 hips 

Suitable „for young and active patients with arthritis‟ 



DePuy ASR™ – a history 

De Puy ASR™ introduced 2003 smaller 

diametral clearance, sub-hemispheric cup, 

compared with BHR 

Available in resurfacing (except in US) 

And in large diameter head total hip 

replacement „XL‟  

The acetabular cup is identical in both designs 

 



DePuy ASR™ – a troubled history 

2007 Australian Joint 

Registry “The ASR has 

twice the risk of 

revision compared to 

all other resurfacing 

procedures” 



2008 Australian Joint 

Registry “The three year 

cumulative percent revision 

for BHR is 2.5% and for 

ASR is 6.0%” 

2009 Australian Joint 

Registry “The eight year 

cumulative percent revision 

of the BHR is 5.0%.  The 

five year cumulative 

percent revision for the 

ASR is 8.7%” 

 

DePuy ASR™ – a troubled history 



DePuy ASR™ – a troubled history 

2009 National Joint 

Registry “The lowest 

three year revision rate 

was seen for the BHR 

(3.3%) and the highest 

for the ASR (7.5%)” 

2010 NJR “the BHR had 

a five year revision rate 

of 4.3% (3.8% to 4.9%).  

The ASR had a five year 

revision rate of 12.0% 

(9.3% to 15.4%)” 



December 2009, DePuy withdraws ASR™ from 

Australian market 

3 March 2010, New York Times article “Concerns over 

„metal-on-metal‟ hip implants” 

6 March 2010, DePuy issues warning letter to US 

surgeons about failure rates of ASR™ acetabular cups 

18 April 2010, Sunday Times article “Tumour fear over 

metal hip replacements” 

22 April 2010, UK Medicines and Healthcare products 

Regulatory Agency (MHRA) issues a Medical Device 

Alert for all MoM implants 

 

ASR™ - Recent timeline (1) 



26 Aug 2010, DePuy withdraw ASR™ worldwide, 

quoting NJR revision rates of 12% and 13% 

10 March 2011, British Orthopaedic Association and 

British Hip Society press release mentions revision 

rates of up to 49% at 6 years for the ASR™ XL 

15 March 2011, Head of DePuy Orthopaedics to step 

down 

May 2011 – TV programmes: Channel 4 Despatches; 

BBC The One Show; ABC (Australia) Four Corners 

15 Sept 2011, New York Times “Metal hips failing fast” 

(NJR 2011 data – 29% revision rate ASR™ XL) 

 

ASR™ - Recent timeline (2) 



RESEARCH AT 

NEWCASTLE UNIVERSITY/ 

UNIVERSITY HOSPITAL OF 

NORTH TEES  

Examination of failed and retrieved 

ASR™ hip prostheses 

Linked with clinical expertise at 

University Hospital of North Tees, UK 



SOME OF OUR SCIENTIFIC 

PUBLICATIONS  



JBJS (UK) Sept 2008, 1143-1151 

For DePuy ASR™ hip resurfacings ion levels linked to 

acetabular cup size and position 



J Engineering Tribology, 2009, 317-323 

Failed ASR™ resurfacing hips had roughened in the body  



JBJS (UK) 

Oct 2009 

Contact Patch to Rim (CPR) distance – ASR™ 

cups more sensitive to position than BHR.  An 

explanation for differences in clinical results 



Adverse Reaction to Metal Debris (ARMD) – an umbrella term 

to describe joint failures associated with pain, a large sterile 

effusion of the hip and/or macroscopic necrosis/metallosis 

JBJS (UK) Jan 2010 



Adverse Reaction to Metal Debris (ARMD) – 4,226 hips, 

follow up 10 to 142 months, ASR™ performs far worse than 

BHR or Conserve Plus 

JBJS Feb 2011 



Retrieved ASR™ hip prostheses, from patients who had 

groin pain, show high wear 



JBJS August 2011  



BIOENGINEERING ANALYSIS OF 

RETRIEVED HIP PROSTHESES 



Mitutoyo LEGEX322 Co-ordinate 

Measuring Machine (CMM) 

We measure wear 

Wear is a volume 

CMM recommended by 

international standards  for 

measurement of wear in hip 

prostheses (ISO14242-2) 

State-of-the-art LEGEX 322 

has an accuracy of 0.8μm 





ARMD ASR™ head late fracture 

64 yr old male, femoral fracture at 4 years 

50.5mm dia, inclination 59°, anteversion 31°  

Red area shows at least 20μm of wear, wear  

volume from head 134mm3        



Explant analysis – ASR™ cups 

Wear at edge of cups – „rim wear‟ commonly seen 



Failed ASR™ head and cup pairs 

Common 

factor – „rim 

wear‟ at edge 

of cup.   

Associated 

with cups 

fitted at high 

inclination 

and/or 

anteversion 

angles  



ARMD ASR™ XL femoral head 

Female patient, ASR™, failure at 35 months 

45.5mm diameter, inclination 60°, anteversion 31°: 

Co 32.2μg/L, Cr 22.0μg/L 

Red area shows at least 20μm of wear depth, wear 

volume from head 20.2mm3       



Case study 
Female patient, ASR™ XL 

Cup inclination good, ions low 

Revision at 21 months 

Joint effusion and severe tissue 

destruction 

Attribute failure to metal allergy? 

Total bearing surface wear <2mm3 

 



Look elsewhere on the ASR™ XL 
Wear at the taper 

junction 

We use our CMM to 

measure taper wear   

Example - 0.7mm3  

taper volume loss; 

maximum wear 

depth 39 microns 

Enough to cause 

failure and tissue 

destruction in this 

patient 

Light blue 

shows 

unworn 

areas 



Failure rates of Mr Nargol‟s cohort 

of 505 ASR™ 
418 ASR™ resurfacing: 25% revision rate at 

6 yrs 

87 ASR™ XL total hip replacement: 49% 

revision rate at 6 yrs 

Failure rates even higher if UK guidance of 

>7µg/l metal ion levels taken 

Compares with 3% revision rate at 7 yrs from 

(UK) National Joint Register 2011 for 

conventional cemented total hip replacements 

Langton et al, JBJS (UK), 2011, 93B, 8, 1011-1016 



The national picture – not just ASR 

NJR 2010 - for resurfacing 

prostheses the five year 

revision rate was 6.3% 

(5.7% to 7.0%) 

For large head metal-on-

metal (LHMoM) five year 

revision rate was 7.8% 

(6.6% to 9.3%)  

NJR 2011 – resurfacing at 

11.8% at seven years 

LHMoM 13.6% at seven 

years 



Clinical Results – Metal Ions 



Current guidelines 

MDA-2010-069 

7ppb = 7 microgrammes per litre (µg/l) 



Metal ions = wear 
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“The cobalt ladder” 
 

1µg/L  

Physiological 

2µg/L 

Patients with hip resurfacings (upper normal): 
 

 

5µg/L 

Abnormal wear 

>10µg/L 

60% show ARMD within 3 years 

20µg/L 

Metalosis 

                              



Variables influencing metal ion 

concentrations in hip 

resurfacings  

The device 

 

Bearing diameter 

 

Cup orientation 

 



Are all hip resurfacings the same? 

(multi-centre study of 4,226 hips) 
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  What explains these differences? 

158° 144° 

Conserve Plus coverage 163° 

ASR BHR 



 Failures by bearing diameter 

Bearing diameter is the diameter of the 

femoral head component 

For ASR resurfacings, small diameters fail 

more quickly (one of the reasons why more 

failures are seen in women – women tend to 

have smaller pelvises than men) 

For ASR XL THR failures occur at all 

diameters – metal wear debris arises from 

the articulating surface and/or the taper 

junction 



Factors for revision at North Tees 

1. Pain 

2. Blood chromium 

and cobalt 

3. Scan 

4. Aspiration 

– Volume of fluid 

– Hip metal ion levels  

 

 



Lessons from THR history 

Device Number 

implanted 

Impact 

Capital 3M hip 

(1998) 

5,000 Introduction of 

National Joint 

Registry 

Sulzer hip 

(2001) 

21,000 $1.2 billion – end 

of Sulzer Medica 

De Puy ASR™ 

(2010) 

96,000 ????? 
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