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R6sum& - Une cdramique d'alumine 1 gra ins  f i n s  a 6t6 t e s t 6 e  pour des appl i-  
ca t ions  orthop6diques par mesure des  propri6tds  mscaniques e t  analyse du 
comportement 1 l a  corrosion. Une nouvelle mdthode d ' a t t ache  des tE tes  f6mo- 
r a l e s  sur  l a  t i g e  mdtallique u t i l i s a n t  une f i n e  chemise en polymSre e s t  
d b c r i t e .  

Abstract - A f i n e  grained alumina ceramic has been assessed f o r  orthopaedic 
app l ica t ions  by measurements of mechanical p roper t i es  and inves t iga t ions  of 
corrosion behaviour. Anew method of at taching femoral heads t o  metal stems 
using a t h i n  polymer l i n e r  i s  described. 

I - ALUMINA CERAMIC 

The ceramic (VITOX)'~) was prepared from a high-purity f ine-particle-sized 
alumina, with a small add i t ion  of magnesia s i n t e r i n g  a id ,  by pressing,  and f i r i n g  
a t  1600°C. The r e s u l t i n g  ceramic is  of near t h e o r e t i c a l  dens i ty  (3.97 Mg m-3) 
and of f i n e  g r a i n  s i z e  ( 3  u m  mean). The microstructure revealed by thermal etching 
is  shown i n  Fig.1. Samples f o r  mechanical and chemical evaluat ion were prepared a s  
bars  3.5 X 3.5 X 35 mm, t e s t e d  i n  t h e  as-fired condition. Component t e s t i n g  was on 
f u l l  s i z e  pieces with t h e  outer  sur face  highly polished t o  a sur face  f i n i s h  of 
0.015 um. 

11 - MECHANICAL PROPERTIES 

The f i r s t  s t reng th  t e s t s  were conducted i n  t h r e e  point bending on a 26 mm span with 
a t e s t  machine crosshead speed of 1 mm min-l, under ambient condit ions and 
immersed i n  Ringer's so lu t ion  (phosphate-bicarbonate). Mean r e s u l t s  f o r  12 
specimens, with standard deviat ions ind ica ted ,  a r e  

Air 558 2 70 MPa 
Ringer's so lu t ion  503 2 55 MPa 

(1) Registered Trade Name of Morgan Matroc Ltd. 
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indicating a small but not highly significant reduction in strength in Ringer's 
solution. The strength however is well in excess of the minimum value (400 MPa) 
recommended in the International Standard/l/. It has also been demonstrated that 
radiation (at a level necessary for sterilisation) does not have a detrimental 
effect on strength. 

Fig.1 Microstructure of Alumina Ceramic 

Stress l MP01 

Fig.2 SPT Diagram for the Alumina in Ringer's solution 

Similar tests were conducted with single edge notched beams (notch depth 0.5-1.7 
mm) to measure the critical stress intensity factor. Results are 

Air 6.02 + 0.68 MN 
Ringer's solution 5.60 10.80 MN 

To predict mechanical performance under operating conditions, further experiments 
were conducted to give data for the statistical variation in strength and the time 
dependence in strength. Tests were conducted in Ringer's solution at ambient 
temperature. Batches of 20 specimens were tested in three point bending at three 
strain rates with machine crosshead speeds of 0.05, 0.5 and 5 mm min-l. These 



gave approximate f r a c t u r e  times of 400, 33 and 3 S. A four th  s e t  of specimens was 
t e s t e d  under delayed f r a c t u r e  conditions t o  give more r e l i a b i l i t y  t o  long term 
performance predict ion.  An i n i t i a l  constant s t r e s s  a t  70% of mean s t reng th  was 
applied f o r  up t o  30 min, and then a t  80% mean s t reng th  e t c  u n t i l  f r a c t u r e  
occurred. 

Data were analysed by well es tabl ished procedures/2,3/ i n  terms of an SPT (s t reng th  
probabi l i ty  time) diagram, shown i n  Fig.2. The Weibull modulus m is  8.4. The slow 
crack growth parameter n i s  50 (exponent r e l a t i n g  crack ve loc i ty  v and s t r e s s  
i n t e n s i t y  f a c t o r  K a s  v a Kn). The d a t a  has been extrapolated t o  a time of log s 
(30 y)  t h e  an t ic ipa ted  maximum l i f e t i m e  f o r  t h e  component. 

111 - CORROSION BEHAVIOUR 

A batch of 10 samples were ind iv idua l ly  wrapped i n  f i l t e r  paper and boiled f o r  2 
weeks i n  a 5wt% sea-sal t  solut ion.  After  exposure t h e  samples were washed i n  
d i s t i l l e d  water and dried.  This treatment induced a small weight gain equivalent 
t o  approximately 0.06 mg cm-2. A very t h i n  deposited surface l a y e r ,  high i n  
s i l i c a  was detected,  and t h i s  is believed t o  be due t o  d i sso lu t ion  of s i l i c a  from 
t h e  g l a s s  reac t ion  f l a s k .  No roughening or  etching was however detected on 
polished samples. 

Bend s t reng th  was measured under ambient condit ions f o r  specimens before and a f t e r  
treatment with t h e  following r e s u l t s .  

As received 545 + 73 MPa 
Boiled i n  s a l t  so lu t ion  533 + 76 MPa 

There i s  no s i g n i f i c a n t  difference.  

No penetrat ion of methylene blue dye could be detected and no spa l l ing  on heat ing 
t o  1000°C was observed, suggesting no i n t e r n a l  corrosion due t o  penetrat ion of 
s a l t  . 
Vickers micro-hardness t e s t s  (IN f o r c e )  were conducted on sur faces  following a very 
l i g h t  po l i sh  t o  give a s u f f i c i e n t l y  f l a t  sur face  and t o  remove t h e  sur face  deposi t  
l e f t  a f t e r  washing. The r e s u l t s  

As received 1891 5 78 HVO.l 
Boiled i n  s a l t  so lu t ion  1866 + 28 HVO.l 

show no s i g n i f i c a n t  e f f e c t .  Measurements a t  higher loads (25N) show l i t t l e  
v a r i a t i o n  of hardness with indentat ion load. Similar r e s u l t s  were obtained f o r  
comparable commercially-available aluminas and f o r  sapphire  s i n g l e  c rys ta l s .  

I V  - ALTERNATIVE ATTACHMENT METHOD 

The conventional method of a t t ach ing  t h e  ceramic sphere t o  a metal stem t o  form t h e  
femoral component of a t o t a l  hip replacement involves t h e  f r i c t i o n a l  locking of a 
male taper  on t h e  neck of t h e  stem i n t o  a matched female t aper  within t h e  ceramic 
sphere. The cone angle is  of ten  1 i n  10. A disadvantage i s  t h a t  a locked-in hoop 
s t r e s s  is  produced which can only increase  during component l i fe t ime .  Furthermore, 
because t h e  f i t  of t h e  male and female cones is  c r i t i c a l  expensive gr inding 
operat ions a r e  necessary. An a l t e r n a t i v e  method has thus been developed, Fig.3, 
using paral le l-s ided components with a t h i n  polymer l i n e r  t o  separa te  t h e  metal 
from the  ceramic. This system grea t ly  reduces t h e  locked-in s t r e s s e s  and gives a 
b e t t e r  load d i s t r i b u t i o n  through t h e  polymer s o  t h a t  t h e  recess  i n  t h e  ceramic can 
be i n  t h e  as-f i red s t a t e .  Po ten t ia l  problems of t h e  polymer extruding from t h e  
j o i n t  a r e  minimised by having a t h i n  sleeve. 

32 mm outside-diameter spheres of alumina with a 16 mm diameter hole  were used f o r  
t e s t s .  The s leeves were 0.5 mm t h i c k  u l t r a  high molecular weight polyethylene and 
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t h e  metal stems were t i t an ium a l l o y  with  a sand b las ted  f i n i s h .  Tes t s  were a l s o  
conducted on t h e  conventional t a p e r  design of component. 

Fig.3 Al te rna t ive  Design f o r  Femoral Head Assembly 

Fig.4 (a )  Impact t e s t  and (b)  f a t i g u e  test apparatus  

A drop tower apparatus  was used f o r  impact t e s t i n g  of simulated p ros theses ,  
Fig.4(a). The drop m a s s  was 50 kg and t h e  height  w a s  0.7 m. Taper components 
f a i l e d  a t  loads  between 54 and 93 kN (mean 74 kN) f o r  batch of 17 components. S ix  
s t r a i g h t  s ided components f a i l e d  a t  peak f o r c e s  between 90 and 106 kN (mean 100 
W). 22 o the r  s t r a i g h t  s ided components d i d  no t  f a i l ,  even a f t e r  5 impacts each 
with  mean peak f o r c e s  of 100 kN. 

Fixat ion s t r e n g t h  tests were conducted wi th  d ry  components a t  ambient temperature 
t o  determine t h e  r e l a t i o n s h i p  between t h e  degree of s l e e v e  i n t e r f e r e n c e  and 
r o t a t i o n a l  f i x a t i o n  s t r eng th .  Other t e s t s  s tud ied  t h e  e f f e c t  on r o t a t i o n a l  
f i x a t i o n  s t r e n g t h  of long term soaking i n  Ringer 's s o l u t i o n  a t  37OC. The torques  



t o  r o t a t e  t h e  heads r e l a t i v e  t o  t h e  s p i g o t s  were measured under a n  a x i a l  f o r c e  of 
1 kN. Rotat ional  s t r e n g t h  increasetl  from 10 t o  15 Nm a s  t h e  s l eeve  i n t e r f e r e n c e  
increased from 12 t o  50 pm. The soaking t e s t s  were conducted f o r  t imes of 1 day, 

1, 2 and 3 months. Unlike t h e  previous t e s t s ,  t h e s e  components were assembled 
under a f o r c e  of 10 kN. Rotat ional  torques  i n  t h e  range 40-50 Nm were obtained 
r e l a t i v e l y  independent of t h e  soaking time. 

Fat igue t e s t s ,  Fig.&(b), were conducted on a double headed r i g  with  a servo 
con t ro l l ed  hydraul ic  t e s t  machine. Data a r e  summarised below 

Two samples were t e s t e d  under each condition. The observed thinning,  measured i n  
an a x i a l  d i r e c t i o n  a t  t h e  i n t e r n a l  crown, r e s u l t s  from t h e  polymer being 
p ressur i sed  f u r t h e r  i n t o  t h e  su r face  roughness of t h e  o the r  components, o r  i n t o  any 
f r e e  space from a small imperfect f i t  of t h e  components. Most of t h e  th inn ing  
occurs  i n  t h e  i n i t i a l  s t a g e s  of t e s t i n g  (1M cycles) .  For t h e  l a s t  s e r i e s  of t e s t s  
t h e  torques  t o  produce r o t a t i o n  of t h e  heads r e l a t i v e  t o  t h e  s p i g o t s  were 55 and 
58 Nm which is  higher than one day a f t e r  assembly. Further  components a r e  
undergoing s imulator  t e s t i n g ,  and i f  success fu l ,  c l i n i c a l  t r i a l s  w i l l  follow. 

Design 

Taper 

Sleeve 

V - DISCUSSION 

The mechanical and chemical tests on t h e  new ceramic mate r i a l  show t h a t  i t  is  wel l  
wi th in  t h e  IS0 s tandard f o r  implants  f o r  surgery and could thus  be used r e l i a b l y  
with  t h e  conventional t a p e r  head design. The average impact s t r e n g t h  on t h e  t aper  
design components of 70 kN is  equivalent  t o  a hoop stress on t h e  alumina sphere  of 
320 MPa/4/. This  i s  equivalent  t o  approximately 70 X bodyweight. For a reasonable 
requirement of 12 X bodyweight (12 kN) t h e  hoop s t r e s s  i s  70 MPa/5/. The SPT d a t a  
show t h a t  t h e  mate r i a l  can withstand t h i s  s t r e s s  t o  a very high degree of 
r e l i a b i l i t y .  Any p o t e n t i a l l y  d e f e c t i v e  components could be r e a d i l y  e l iminated by a 
proof test procedure/5/. 

Condition 

Air RT 

Ringer 's 37OC 

Air RT 

9. .. 
Ringer 's  37OC 

An a l t e r n a t i v e  s t r a i g h t  s ided hole design has been evaluated. This e l imina tes  some 
of t h e  disadvantages of t h e  t a p e r  design and is cheaper t o  produce. Test 
eva lua t ions  a r e  promising and more d e t a i l e d  s t u d i e s  a r e  i n  progress.  
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Load 
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Comment 

No d e t e r i o r a t i o n  o r  
r educ t ion  i n  impact 
s t r eng th .  

No th inn ing  of s leeves .  

Both 9% thinning.  

10% and 30% thinning 


