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Biocompatible carbon, both in the forn of
vitreous carbon (VC) and as low temperature iso-
t rop ic  (LTI )  (Pyro ly t i c )  carbon vapor  depos i ted
on a graphite substrate, have been used with
hunan subjects and patients at Rancho Los Amigos
Hospital for f ive years. Two general configura-
t ions have been enployed; vis, percutaneous
e lec t rodes  in  a  fo rm s imi la r  to  co l la r  bu t tons
and as  co l la rs  fo r  d i rec t  ske le ta l  a t tachnents  a t
the point of exposure through the skin.

Percutaneous El,ectrodes

Since Decenber  1972,  127 percu taneous e lec-
trodes have been placed in volunteers and patients
in the Contracture Prevention, Chronic Pain Relief
and Sensory Feedback programs. Three materials
have been eva lua ted ;  v iz ;  v i t reous  carbon (VC) ,
low temperature isotropic carbon (LTI) and t i tanium
(TI ) .  C l in ica l  resu l ts  have been near ly  the  same
wi th  a l l  th ree  mater ia ls .  E lec t r i ca l  impedance is
rernarkably stable fol lowing insert ion and is
general ly between 200-400 ohns, depending upon the
spac ing  be tween e lec t rodes .  L i t t Ie  po la r iza t ion
is seen with the carbon electrodes, so the irnpe-
dance is  a l rnos t  pure ly  res is t i ve .

0f the I27 electrodes used, 40 (58e") had to
be re¡noved because of infect ion or excessive skin
irr i tat ion around the electr.ode and surrounding
t issue.  I t  has  been an t ic ipa ted  tha t  nechan ica l
trauma wil l  be reduced considerably, with a cor-
responding decrease in the fai lure rate, with the
introduction of the magnetic connector shown in
Figure 1 Twenty-three buttons with rnagnetic
connectors have been used. Only two of these
f a i l e d .

RANCHO LOS AMIGOS HOSPITAL

,  P h . D .  a n d  M .  Q u i g l e y ,  C . P . 0 .

lr

f,i |.8

R q

7

1 9

')^

"il'"*':*; l

Nu¡nber
Successful

2 I

24

33

Avg.  Mos.
Success ful

8 . 4

8 . 3

5 . 9

Avg.  Mos.
Unti l  Fai lure

. l i

Success
Rate

5 / 4

Mater ia l

Titaniun

LTI

Category

Volunteer

Pa in  Re l ie f

Contracture
Correction

Sensory
Feedback

Fig. I  Percutaneous Electrode with Connector

Intraneural electrodes which exit  the skin
through carbon buttons (Figure 2) have been fabri-
cated for use in the Sensory Feedback Prosthesis
progran. In this case the carbon is insulated from
the wire and the magnetic connector, and i t  is used
only to provide percutaneous passage. The indif-
ferent electrode (also shown in Figure 2) is
identical except that a small  carbon t ip is attached
to  the  co i led  w i re .  The carbon t ip  i s  p laced ou t -
side the nerve, but in close proxi¡nity to i t .

Cl inical experience at Rancho Los funigos Hos-
pital through 1976 is surnmarized in Tables I and II .
Table I shows 127 buttons organized by type of
material,  and Table II  shows these sar¡¡e buttons
organized by category of appl icat ion. An
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Fig. 2 Intraneural Electrode

Skeletgl Attachnent of Prosthesis

Through a unique col laboration anong Rancho
Los funigos Hospital Rehabil i tat ion Engineering
Center, Kennedy Space Center of NASA, and General
Atonic Company in San Diego, Cali fornia, a systen
for direct ly attaching a l i rnb prosthesis to the
bone of the anputated l inb of the stunp of the
amputee has  been deve loped (F igure  3) .  A  ho l low
metal intramedullary pin is cenented with rnethyl-
netacrylate into the anputeers bone. The netal
unit  is provided wi-th a col lar coated with 1ow-
tenperature isotropic carbon. The skin closes
around the carbon col lar, creating a bacterio-
logical seal and leaving the internal bore of the
rne ta l  un í t  exposed to  the  ou ts ide .  A  qu ick-
disconnect rod derived from Space applications
is  bu i l t  in to  the  pros thes is  so  tha t  i t  can  be
inserted into the bore of the intrarnedullary unit
for attaching the prosthesis. A norrnal stump
socket  on  the  pros thes is  i s  used to  absorb  most
of the l inb load and to orovi.de torsional
s t a b i l i t y .

This unit  was inplanted in one patient, who
tolerated the implant for over a year. The ski-n
around the carbon co1lar f inal ly pulted away and
becane infected due to the nechanical forces
exerted by the prosthesis necessitat ing removal
o f  the  dev ice .

A new des ign  (ye t  to  be  imp lan ted)  us ing  a
f lexible element beth/een the carbon and the intra-
medu l la ry  rod  has  been fabr ica ted .  I t  i s  hoped
tha t  th is  dev ice  w i l l  reduce the  s t resses  be tween
the  sk in  and the  carbon.  I t  w i l l  be  used on  an
upper extrenity where skin stresses are expected
to  be  less  than on  a  lower  ex t ren i ty .
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Fig .  3  B-K Pros thes is  A t tachnent
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