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Poisonous	
  hip	
  implants	
  
'puUng	
  thousands	
  of	
  
Bri>sh	
  pa>ents	
  at	
  risk'	
  as	
  
medical	
  watchdog	
  
launches	
  inves>ga>on	
  

Dispatches:	
  The	
  Truth	
  
About	
  Going	
  Under	
  The	
  
Knife	
  

Fears	
  Over	
  Hip	
  
Replacement	
  ‘Poisoning’	
  

'Toxic'	
  hip	
  replacement	
  
fears	
  

Australians	
  hit	
  by	
  hip	
  
replacement	
  recall	
  

Recall	
  sparks	
  hunt	
  for	
  
hip	
  pa>ents	
  

F.D.A.	
  Plans	
  a	
  New	
  Review	
  
of	
  Metal-­‐on-­‐Metal	
  Hip	
  
Implants	
  

Metal	
  scare	
  over	
  hip	
  
replacement	
  joints	
  

Metal	
  hip	
  pa>ents	
  to	
  
be	
  monitored	
  

Media	
  Coverage	
  



Interna>onal	
  significance	
  

ASTM	
  Symposium	
  on	
  Metal-­‐On-­‐Metal	
  Total	
  Hip	
  
Replacement	
  Devices,	
  Phoenix,	
  08	
  May	
  2012	
  

•  >750,000	
  MoM	
  in	
  US.	
  
•  Bearing	
  surface	
  measurement	
  important.	
  
•  Currently	
  no	
  consensus	
  on	
  procedure,	
  strategy	
  etc.	
  
•  Need	
  for	
  further	
  development	
  of	
  standards	
  and	
  standardised	
  

prac>ces.	
  



Head	
  Neck	
  
Taper	
  

The	
  taper	
  junc>on	
  interface	
  

NJR,	
  9th	
  Annual	
  Report,	
  2012	
  

MoP	
  
Resurfacing	
  

MoM	
  

•  31,171	
  modular	
  MoM	
  implanted	
  in	
  UK	
  
2003-­‐2011	
  [Smith	
  et	
  al	
  2012].	
  

•  29%	
  failure	
  in	
  some	
  LHMoM	
  at	
  6	
  years	
  
[NJR	
  2011].	
  



Goldberg	
  et	
  al,	
  2002	
   Langton	
  et	
  al,	
  2012	
  

Evidence	
  of	
  material	
  loss	
  

Maehies	
  et	
  al,	
  2012	
  

•  Clear	
  delinea>on	
  of	
  wear	
  
•  “Imprint”	
  of	
  stem	
  taper	
  texture	
  onto	
  female	
  taper.	
  



Taper Measurement Setup 

•  Taylor	
  Hobson	
  Talyrond	
  365	
  Roundness	
  Machine	
  

•  Head/stem	
  mounted	
  on	
  a	
  rota>ng	
  table,	
  stylus	
  measures	
  devia>ons	
  in	
  profile.	
  

•  Ver>cal	
  straightness	
  profiles	
  and	
  construc>on	
  of	
  cylinder	
  maps.	
  

•  Gauge	
  resolu>on	
  30	
  nm,	
  spindle	
  run	
  out	
  20	
  nm.	
  	
  

	
  

Stylus

Head

Gauge

Turntable

Diamond
Stylus Tip



Effect of Stylus Size 

•  Talyrond	
  uses	
  5	
  µm	
  diamond	
  	
  stylus,	
  CMM	
  typically	
  1	
  mm	
  ruby	
  or	
  bigger.	
  
•  Ability	
  to	
  accurately	
  measure	
  texture/structure	
  determined	
  by	
  size	
  of	
  stylus.	
  
•  Small	
  stylus	
  allows	
  for	
  fine	
  texture	
  to	
  be	
  recorded.	
  

 

 

Original Profile 

Traced Profile 

Tracing Stylus Tip 

CMM	
  
Ruby	
  
Ball	
  

Talyrond	
  
Diamond	
  
Stylus	
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Wear Scar 

Vertical trace 
measurement 

Two stage 
form removal 

Identification 
of worn 
regions 

Removal of 
debris 

Material loss 
calculation 



Taper Surface Mapping 

Ver=cal	
  Straightness	
  Measurement	
  

•  Ver>cal	
  plots	
  along	
  taper	
  

•  Two-­‐stage	
  form	
  removal	
  

•  Plot	
  “rolled	
  out”	
  to	
  map	
  

•  Iden>fica>on	
  of	
  worn	
  regions	
  

•  Removal	
  of	
  debris	
   

Wear Scar 



 The	
  surface	
  map	
  consists	
  of:	
  

360	
  ver>cal	
  profiles,	
  	
  angular	
  spacing	
  of	
  1o,	
  	
  

Each	
  profile	
  7000	
  points	
  with	
  spacing	
  2	
  µm	
  

Total	
  number	
  of	
  data	
  points	
  2.5	
  million	
  

Deposits at 
top of taper 

‘Worn’ region 

‘Unworn’ region 
at base of taper 

Taper	
  geometry	
  mapping	
  



Form	
  removal	
  

Two	
  stage	
  form	
  removal	
  process	
  ~	
  35%	
  of	
  female	
  tapers	
  had	
  
secondary	
  form	
  component	
  (quadra>c)	
  	
  

Primary:	
  conic	
   Secondary:	
  quadra>c	
  

Can	
  give	
  fiUng	
  error	
  of	
  
up	
  to	
  5µm	
  



FiUng	
  process	
  

Average	
  fiUng	
  
Material	
  loss:	
  13.69	
  mm3	
  

Linear	
  fiUng	
  
Material	
  loss	
  12.36	
  mm3	
  

	
  

Parabolic	
  fiUng	
  
Material	
  loss	
  10.76	
  mm3	
  



14	
  

Ø 	
  Conical	
  form	
  è	
  Cylindrical	
  coordinates	
  

Ø 	
  Applica>on	
  :	
  

General	
  expression	
  of	
  a	
  volume	
  :	
  

Material	
  loss	
  calcula>on	
  



Material	
  loss	
  analysis	
  

Composite	
  bearing	
  curve	
  delineates	
  
wear	
  scar	
  limit	
  

Lost	
  volume	
  of	
  metal	
  



Goldberg	
  :	
  3	
  
Material	
  lost:	
  	
  6.21mm3	
  

Goldberg:	
  2	
  
Material	
  lost:	
  	
  1.06mm3	
  

Goldberg:	
  4	
  
Material	
  lost:	
  	
  25.19mm3	
  

Head	
  Taper	
  Results	
  	
  
Goldberg	
  vs	
  Quan>ta>ve	
  Metrology	
  



Material	
  loss	
  =	
  17.031	
  mm3	
  

?	
  

Taper	
  interface	
  



•  Clear	
  delinea>on	
  of	
  wear	
  area	
  in	
  head	
  taper	
  
•  Stem	
  trunnion	
  100%	
  of	
  area	
  in	
  contact.	
  
•  Retrieval	
  tends	
  to	
  damage	
  trunnion	
  surface.	
  
•  No	
  clear	
  datum	
  from	
  which	
  to	
  measure	
  
material	
  loss	
  

Challenges	
  for	
  stem	
  characteriza>on	
  



Effect	
  of	
  extrac>on	
  damage	
  



Debris	
  delinea>on	
  

Analysis	
  with	
  debris	
  
Material	
  volume	
  associated	
  
with	
  defects	
  43.553	
  mm3	
  

Analysis	
  auer	
  debris	
  removal	
  
Material	
  volume	
  associated	
  
with	
  defects	
  loss	
  3.183	
  mm3	
  

	
  



Defect	
  removal	
  

Analysis	
  with	
  defect	
  and	
  debris	
  
Material	
  loss	
  151.442	
  mm3	
  

	
  

Analysis	
  with	
  defect	
  
Material	
  loss	
  6.084	
  mm3	
  

	
  

Analysis	
  	
  
Material	
  loss	
  0.441	
  mm3	
  

	
  



Accuracy	
  statement	
  

•  Method	
  assessed	
  by	
  Taylor	
  Hobson	
  and	
  found	
  to	
  be	
  accurate	
  
to	
  within	
  1%	
  (volume)	
  using	
  NPL	
  derived	
  algorithm	
  and	
  
reference	
  datasets.	
  

•  Further	
  method	
  trialling	
  using	
  retrieval	
  components	
  for	
  case	
  
studies.	
  

•  Hardware	
  integra>on	
  and	
  uncertainty	
  mapping	
  are	
  in	
  
development.	
  



Conclusions	
  

•  Essen>al	
   to	
  measure	
   tapers	
   to	
   understand	
   failure	
   and	
  
in-­‐vivo	
  	
  behaviour.	
  

•  Quan>fica>on	
  of	
  stem	
  material	
  loss	
  shows	
  that	
  minimal	
  
material	
  lost	
  from	
  stem.	
  

•  Extrac>on	
  damage	
  can	
  be	
  discounted	
  from	
  analysis.	
  
•  Taper	
  form	
  devia>on	
  must	
  be	
  accounted	
  for.	
  
•  Determina>on	
   of	
   unworn	
   geometry	
   key	
   THE	
   factor	
   in	
  

accuracy	
  of	
  measurement	
  method	
  
•  Material	
   loss	
   on	
   stem	
   not	
   quan>ta>vely	
   possible	
   (no	
  

datum),	
  local	
  varia>ons	
  only	
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