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Vitreous and pyro' lyt ic forms of carbon have been
used ex tens ive ly  as  syn the t ic  b iomater ja ls  fo r  the
rep lacement  o f ,  augmenta t ion  o f ,  and a t tachment  to
b i o l o g i c a l  t i s s u e s .  L 2  O n e  s u c h  d e v i c e  i n v o i v i n g
the  in tegra ted  use  o f  carbon and meta l l i c  a l loys ,
the vi t reous carbon tooth root replacement system,
j s  s c h e m a t i c a l l y  i l l u s t r a t e d  j n  F i g u r e  l .  T h e
b iocarbons ,  in  genera l ,  have demonst ra ted  very
acceptabl e bi  ocompat ' i  b i  l  i  ty and the prognosi s for
e x p a n d i n g  c l i n i c a l  a p p l i c a t i o n s  i s  q u i t e  g o o d .

B iomater ia l  Ana lyses

Vi t reous  and pyro ly t i c  carbon spec imens rece ived
for  l ' ím i ted  c l in ica l  t r ia ls  were  sub jec ted  to  labo-
ra to ry  examinat ion .  A  number  o f  the  v i t reous
carbon dev ices , *  when examjned s te reomjcroscop ica l  1y
and rad iograph ica l l y ,  showed i r regu la r  sur face  and
internal features. Many of these features appeared
as cracks wjth some extending from the external
carbon sur face  to  the  s ta in less  s tee l  core .
Meta l lograph ic  ana lyses  o f  t ransverse  and long i -
tudjnal sect ions showed surface to core ' interconnect-

e d  f e a t u r e s . '

To  es tab l  j sh  bas ic  da ta  on  poss ib le  e lec t ro -
chemica l  in f luences  o f  co-exposure  o f  carbon and
meta l l i c  a11oy  mater ia ls  to  b io log ica l  env i ronments ,
in vi t ro laboratory corrosion experiments were
l-niTTá-ated. q Mjxed-potent ial  corrosjon theory and
accompanying potent iostat ic polar izat ' ion data wefg
used io áetérmine coirosion rates of carbon-metal  

* '

couples, and then compare these corrosion rates with
t h o s e  o f  t h e  i n d i v i d u a l  a l l o y s .  A n o d j c  a n d  c a t h o d i c
po la r iza t ion  curves  were  genera ted  in  j so ton ic  sa l jne
(0 .9% NaCl )  so lu t ion  a t  a  pH o f  7 .0  and a  tempera ture
o f  3 7 . 0 0 C .  T h e  a n o d i c  d i s s o l u t i o n  c u r v e s  o f
s t a i n l e s s  s t e e l  ( S l O l - )  a n d  T j v a n i u m  ( T i - 6 A l - 4 V )
a11oys  were  measured in  n i t rogen-sa tura ted  so lu t ion .
The ca thod ic  po la r iza t ion  curves  o f  the  two a l1oys
and pyrolyt ic carbon were determined in oxygen-
sa tura ted  so lu t ion .  Ex t rapo la t ion  o f  the  Tafe l
reg ions  o f  the  ca thod ic  po la r iza t ion  curves  to  the i r
re ipec t ive  in te rsec t ions  w i th  the  anod ic  d isso lu t ion
curves  a l lowed cor ros ion  ra tes  to  be  graph ica ' l1y
de te rmi ned .

Resu l ts  and D iscuss ion

The number of v i t reous carbon devices examined
and the ' i r regular features found are summarized jn
Tab le  I .  The f i rs t  th ree  groups  were  examined pr io r
to  the  genera i  re lease o f  th is  imp lan t  sys tem.  The
las t  g roup examined s te reomicroscop ica l l y ,  Group 10
showed no s ign i f i can t  i r requ la r  fea tures .  In  our
opi ni  on, thi  s number of i  r regul ar features
represents  a  s ign i f i can t  s ta t i s t i c .  I t  was
prbviously propósed3 that these type features could
in f luence e lec t rochemica l  (b iodegradat jon)  and
mechan ica l  (s t rength  and f rac tu re)  p roper t ies .

The po ten t ios ta t i c  po la r iza t ion  curves  fo r
p a s s i v a t e d  T i - 6 A l - 4 V  a n d  3 1 6 L  s t a i n l e s s  s t e e l  w i t h
pyrolyt ic carbon are shown in Figures 2 and 3
respec t ive ly .  Wi th  these resu l ts  and by  app l ica t ion
of  mixed-poten t ia l  theory ,  the  e f fec t  o f  carbon- to -
meta l  a rea  ra t io  on  cor ros ion  ra te  was eva lua ted .

The inves t iga t ion  ind ica ted  tha t  the  T i -6A1-4V
a1' loy in a pyro' lyt i  c carbon-meta l  couple woul d not
undergo cor ros ion  a t  a  s ign i f i can t iy  more  rap id  ra te
than the  a11oy a lone in  s imu la ted  body  f lu jds ,  even
i f  the  carbon- to -meta l  a rea  ra t jo  was qu i te  1arge .
Th is  resu l t  i s  taken f rom inspec t ion  o f  F igure  2
where  i t  i s  no ted  tha t  a l l  curve  in te rsec t ions  are
loca ted  fa r  be low the  apparent  t ranspass ive  po ten t ia l
o f  T i -6A l -4V.  In  the  case o f  s ta jn less  s tee ' I ,
hov' lever,  the results jndicate that the presence of
pyrolyt ic carbon would accelerate the corrosion rate
th rough the  p i t t ing  cor ros ion  mechan ism,  and tha t
the detr imental  ef fect of  carbon would grow worse as
the  carbon- to -meta l  a rea  ra t io  inc reased.  Th is
resu l t  i s  d rawn f rom inspec t ion  o f  F igure  3  where  i t
js noted that the curve intersect ' ions are very close
to  o r  jn  the  t ranspass ive  reg ion  o f  316L s ta in less
s tee l .  Fur thermore '  p ' i t t ing  cor ros ion  was observed on
the  samole  sur faces  a t  nob le  po ten t ia ls  as  low as
+ 0 . . l  v o l t .

The oos t  c l in ica l  imp lan ta t ion  v ' i t reous  carbon
s tereomicroscop jc  eva lua t ions ,  Group 11  o f  Tab le  I ,
showed two devices with i rregular features. One
device had fractured in vivo and showed pi t t ' ing
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c o r r o s i o n  o f  t h e  s t a i n l e s s  s t e e l  c o r e .  T h e  r e l a t i v e
a r e a  r a t j o  o f  c a r b o n  t o  m e t a l  w a s  h i g h  i n  t h i s
s i t u a t i o n .  I n  o u r  o p i n i o n ,  t h i s  e x a m p l e  p r o v i d e s
some suppo r t  f o r  p rev ious  p red i c t i ons  t ha t  ce r ta in
t y p e s  o f  c a r b o n - t o - m e t a l  a l l o y  c o u p l e s  i n  b i o l o q i c a l
env i ronmen ts  can  compromise  b jocompa t j b j l i t y  c r i t e r i a ,
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