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ABSTRACT

Over the past decade a large body of experimental evidence has accu mulated

showing the positive influence of electric currents on bone metabolism .

it is evident that modeling , remodel ing and repair are regu la ted , through
blme ’s piezoelectr ft properties as mechanical transducers In a closed

loop system . In situa t ions where enhancement of norma l func t ion of the
t ransd ucer sy stem is desirable , viz during bone repa ir , f t would be
advan tageous to use an exogenous source of electric current .
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L i SI’ 01” FIGURES AND TABLES

~ I gurt ’  1 ‘Fop v low it I dog c r a n i u m  m d i  ca t  I ng t he  genera 1 4
:u r r ang ernen of t he e 1gb t bone de fe e t  — e l e c t  rode
p a i r  ( i m p text ’s. Each complex  cons 1st s ot  a
cen t  r~i I d e f e c t  4 mm squa re  si radd led by two
remote electrodes . The left depicts tha  b a l a n ce d
t’leetruJo system and t h e  r i g h t  t h e  u n b a la n c e d
01 oct  rode sy s t e m .  The e l ec t  r I ca l  c i r c u i t  of each
c o m p l ex  is  t’onp let  e l y  I s o lat e d  t rom the  c i r c u i
o I o t h e r  comp lexes and t rom ground , 1 m i  t i ng t h e
current I low between .u part icu lar e l e c t  rode p a i r
to a tin I form deui s I t v C t ir ough the  assoe La ted
d e f e c t  without spread to ne ighboring sites.

F i g l a r e  2 Power s u p p ly  — Schema t I c d la gr ams r~

F i gu re  1 C o m p a r i s on  i tt c ircumscr ihod  su r g t t ’a I d e l  e c ts  I l
h a  rvt’s ted .‘ 1 da vs post wound i ng. Figure IA
rt ’ce I ved I .0 m l  c roamper e 1). C. f or  21 con se—
cut Lvi’ d ay s  post w o u n d i n g .  Figure 111 was not
e l e c t r i c a l  lv  st  im u l a t e d .

I” i g u rt ’  !~ C o m p a r i s o n  of c l r c r n s cr i h e d  s u r g i c a l  i l o t  e c t s  11
I~a r ve st  ed 42 day s  post w o u n d i n g .  F I g u r e  4A
rot e i ved I . 0 ml c roampe r e 1) . (2 . 1 or 2 1 e onso—
cut  I vi’ d ay s  post wound tug. Ft gun ’ 4 B was not
e l ec tric a l l y st imul ated .

I” I go N’ ‘) ( .omlhi r i son of c I r t ’umsc r ihod sur g  I ca I do I oc t  s 18
lu ~u rves ted 84 days pus C w o u n d i n g .  E l  gore ~A
rece i veil 1 .0 m i t ’ roamp er e  I) . C. f o r  2 1 i’o nse —
cu t  I vi’ day s  post wound I ng .  F I g u r e  5B was not
e l e c t r i c a l l y s t i m u l a t e d .

F I guire 6 Se’t’ t i oiis of ca Ivar fum harves ted 21 d ,iv s po st 1 5
electrode imp lan t. Figure 6A received 1.0
mieroampere D.C. for 21 consecutive days
post electrode implant. Figure 6B was not
s t I m u l a t e d .

F I g u r e  7 Sect ions of c al var  lum ha rv e st ei 42 day s  post 22
e l e c t r o d e  implant. Fi gure 7A received 1.0
microamp er e D . C .  f o r  11 consecut ive  day s
post e l e c t r o d e  imp l a n t .  F igu re  7A was not
st linulated .
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l.ISl 01’ F I t I I R I S  AN I )  ‘FABl ES (‘ ‘out

i t  g u i l e ’ ~ Si ’ t I ions  u t  i l  l v a r  h int liii v e s t  i ’d S i  day s  I t o S~t
t’  I i i ’ t t ’d e  I m p  l.aii . F’ I go ~~~ SA t~e ’ i ’ t ’ u v~ ti I . I )
n h i i ’ro . impi ’n i ’ 1), ’ . I i t t  2 1  i i t l I S ( ’ u t I t  l v i ’ u l , I V S  p est
o I c i t  t o d t ’  imp I an t  .an d w . I s  I .ak ’n I rona til t ’  ~- i ’ f l t  a r
i i i  t h e  51s t - (m o n .  I” i g t i i o  SIt , t telu t h e  same
Sp ec I Int ’n , I S  t .lkt ’I) I rem it s I a t  er . I  I edge .

F a i~ t t t  e Contp .I ,  I se l l  01 h i ’ i t t ons  i t t  1, 1  1 v,ii iti in l ) . I I \ ’ t ’S t i ’d .‘ I
I (iS d . iv ~ pt ’s I o l e i t  r ode imp  I an t  , Set ’ t (tIn tiA

• a ~‘~-e I vod I . I ) m l  c a’ tu ,Impi ’ r e 1) . C . I i t t  2 1 t ’ t t n si ’c t a t  l v i ’

I . tvs  p es t  imp  ( . a n t  . S i t ’ I i t i t i  t) ll was not sI I anti I at ‘d

F.ah I, ’ I Bone iii ’ r e t  ton  i i i  t ’ i r cums c t ’  i he~’ sta n i ~ l i t  C d ot  Ot ’ 8
L I )  t lii ’ d og i a I var  tom under t Iu’t’e ’ 2 I t I O c t ’11 t e t a  i r e n t
I t ’V i ’ I s  i t t  t ’ I i’ i ’ t a - l i -a I st  imia  I a !  iou .Ini! I hnt ’i ’

e ’ ( c u t rode P°~ ~ t t O t ~ s.

I I (2itmp.11 j s t n  ot  d iroi -t t ’ t a r r e nt  . p u l s e d  ci ( E e i I c t a r r t ’n t
, t I i t l  ,i l t  t’ l t l . i t  I ug cu r r en t  , i t  ha t ’ I .1) H I t ,  I ’O . l I l ) l ’ t ’a ’ t ’
l e v e l .

i ’ l l ’  I -  I I I F i t  l v  v s.  I a t  a ’ .i j t p I I t a t  l i m i t i t t  III l e t ’ I t i l l  I ‘iI t It )
( I  .0 RI i c a o . a m p e ’rt ’ ’~ l i t  I r t ’ t I rn st ’ r (bed st u n g  h i 1  t l t ’I i i  t s
I n  t lie dog i i  I va a I ton .

t i l t  I t ’ IV Contp,at i son o I cur  r ou t  ~t l lp 1 I i , t t ton a t  V a t  It ’d t I no I C
I n t  e’rva I s dot’ I ng t lie t t ’p , u a  t I ye p ) o i  t ’55

f ‘l’.a I ’ l e  V Comp at - iSon 01 ~‘uri ’ ent  ap p  C I i ’ , L t i t i t i  .1  t v , i t  I i ’d t I no 1.’
Int ervals d u r i n g  tht ’ i ep5 t t ~ t t  lv i’ pro cess .

lab Ie  VI Hone’ appi1s it ion in  e I r i ’uarnse r I bed sun g I ‘a I dot  oct  ~ .‘ I
t ’ t ’ i ’ t ’ iv  lug  0.0 1 ml  i ’l’o.)mpt ’r t ’ cli t’ee’ I i ’ t t ) ’ N’flt tita n I aig

h n t ’t ’ d i st  i tic t t ime pt ’I’ I oil s o I t he’ t ’e~t .i F a t  I Vt ’
p rot ’ a ’s

‘la bI a ’  \‘ I I  Hone’ , ap j t t t s  It It ’n in  c i  r cumse ’r i be ’tI Su l r g  ( i a  I dot  i t t  .‘ I
r t ’ct’ lv  lug 0.0 1 m I t - roiirnpo I t ’ d l  ret ’ I c u r  i’~’tt t ( pu I ~~a ’ ui

dur  I atg t h r e’t.’ d i  sI t n t ’ t m e  pet’ I ods i t t  I hi ’
r t ’para t  l v i ’ p rocess .
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1.181’ OF F ICURI ’:s ANI) ‘(‘ARIES (con t . )

Pagt ’

t i m  I t ’ V C I I Bt ’iut ’ , l I ip t I s  i t  ion  in  c i a - c umsi’ r I bed so a’g l i ’j I
eli ’ t ee l  S r e ’~ - a ’ t v  I ng ( 1 .0! an t e  roamp er i ’  ~i I t  e l -n a t  l ug
e’ur rent diii’ tug t hrt ’e ii 1s t  i n e t  I (m e ’ tIer I ods i l l
I he a c;I .a r a t  lye’ pr oi ’ess

‘l’ , i t t l o  I X  hiofle ’ , a l ) p i m s I I l i l t )  i n  t ’ i t , ’iunsc ’r l b t ’d  s t aa ’g i e ’al
de f i t ’ t s ru s t ’ iv !  atg 1 . 1) 1) 1 m I t ’ l u tam l l ere  d i  I t ’ ,

t ur  con cl ear t u g  t (m oe’ d i s  t I tic ’ t t I me’ pt ’l- I tm d s  i t t
h e re ’para t I Vt’ pr oc i ’s s

tab! ’’ N Rout ’ a p p i m s  i t  ion in  c ir e ’um se-r  ihed su r g i i ’ , a l
e i t ’ t  ~‘ i ’ t s r et ’ i’ l v i  ng 0.00 1 m i c r o a m p e n t ’ d t r e e ’ t
cu r r en t  ( p u l s e d ) d u r i n g  t h r e e ’ d i s t i n c t  t ime ’
pi ’ r I t~~ 5 of t h e  l’opa r a t  lvi’ p rocess .

l a b  I c  :~ I llema ’ appos it ton In e I r cumsc  t’ i bed sung  I i -a I 28
de ’ t ce’t s  r e c e i v i n g  0.00 1 niI ’r oampe ’r e
.t It t’ruat I aig t ’ u t ’r e f l t  d u r i n g t h re e  dl st t n t ’

• t lane ’ pe ’ r lod s of  t he’ ri’()a ra t  ye’ pr oe’ OSS .
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It t ’ ’, • ( ( ‘ i l l  I t - I I  V Is I t t t a i t t l  t o  he 01 r t ’ , t t 1111110 t’ t ,ta)i ’ e i n  t h e  t ’ Of l t  t’O I i t t  l l t I l f l t ’ l ’ i l t l S

i t  i - , ’ ; -  S’S  ,aai~’ra ~ wit  a t ’ I a  a r t ’ SIS h i i i  v er s e  ltIai’Iucm m e’u~a I S :  st  inn 1 , a t  t i t a i  i t t  I h a ’
s\’u I l ie ’s i s  i l l  mac remi t  I i c ’ i i  l~’s , C i nab r e’gene r at  l ot )  , hoot ’ W ,t t I l ) d  I i e’a  I I ug , mi ’th ’ I i t ig

i t  hi t s - , I lai ’mlt ’sIs I i t r ~j~,j~ l i t O , , and i ’ ’ l  I me’nib r :aue . f i a ~~i ’ t  I t t a i s  ( 1  — i i ) .

t h i s  l i s t  i a i i ~ i s  b y  no mt ’ . a l l s  j a i ~ l t a s t \ ’ e ’ . Our c o n c e r n  li~ i i’ i~ w i t h t h e
l i i i  I I I t ’ i ) t ’e w ii  I , -h e I is’ t a i  i , t  1 i’earri ’nt s h t , I t ,’ i ’ on ht ’a I I a m p ,  bu t tie ’ w o t t u d s  . A n t u m b i ’a

, ‘ I  a ~‘p~ t r I  s t le ’an mus  I r a t~ - I is’ t r Ic  p o t e n t  1, 1 I s pr  i sell  t a n  na ,amma l I an bent ’ I i i  V I  V i ’ .
w h en  st i l t  ~i ’e ’ t i’d C e  na t ’cha u I i , a I s i  rt ’sses , ,‘xl a i lt ( I m i n i a t  e t ’ I i ’ t t  r I t ’ i t o t  i ’ l l —

I i a  is  i n  t l i ’c 1 s t ’ ge ’ i t a n a ’ t r( c - a C  i ’ t t r N ’ C a t  t i t n  C i t t h i ’ m ’ t ’ha n i c , I l  ~ , m I i i ’ s , m t  t i e - I  ‘ I —

i t ’ l l .  . \ l i i ’ t  I a t ’ a ’ c !, a s s  ol  p o t e n t  a , a  Is , t h e ’ s t a t  I i ’ o r S t  , a t i d  i t ip,  p i t t  c ut  I , i l s ,
a I ‘a’ ~~~~ I st  s t ’ ;s , ’ c a l t  ed • i t  i s  t i io tas ~iit , wit 1 a I l i e ’ l)ri~

,- e’sst ’s i t t  C hi ’ e ’ I lii I i i ’

‘ 1 t a a  ) , a ~ I ens i t t  l i i i ’  bou t ’ a s s t a i ’  ((~ 10)

h a ’ , a h i ’vi ’ i ibs t ’ r v _ a t  I isis la iv~’ p~’~~’ ide d ian p t ’t us t o  m .anv I iwt ’st i gat  o rs t a i v u m  I \ ‘ed
i n  I lii ’ st  ud v  o t  b i t t  h ; ‘Il\ ’ s to  I ogv and C hi ’ t ae ’a I i ug i t t  w o u n d s  t o  app  l v  i ’ t a l’r e ’nt  s

( a  a I t t ’ t’nat t u g  aaid d I r oct  u s i n g  a w i d e ’ r an g e  o I c u r  t ’ e ’l l  I eIeui ~ i t  \‘ I o a
r I et  v i t t  wot tud s (Il—i S ’) . \‘arv  lug  d e g r e e s  i t t  SI,at ’e’OSS have ’ been r ep o r t  i ’d

. i ~~t ’d upo n e ’ I , a s s  I c i  I b i o l o g i c a l  and c l i i i  I c ’ ,t I e’nd po in t s  wit  i c~lt In c I udt ’
‘‘ I -, re ’,ak I amp,  ,s t  re -alp, Ii ’’ , ‘‘ bend j ug st r e ’ngr h”. (tensile’ and c-empress ion  st  r en gt  im ’i
l . a  ii ’p, r,aplmic - c ’ v ’ a l t a , I t  1,1 11 ~ f t 1 l t ’  r t ’ s t a l t a u t t  ca l  I i ’ ta ~~ and lt ist i t ii tg i i , t l e’x a m i n —

1 l i l a )  ~ I t ,  I rd t I SSUO I he ’ t oust le  st re’ngt Ii el the ’ s,t— - ,a I led sc.I r , gross
spi t t I , t u ~ .uuil Ini  cr e s t -o t t  t c  e x a r n i  n a t  ion  i ’ I  I i t t ’  sc - , i t ’ C I I  Si l l  C ( I 5 5 1 1 1 ’ . Ihi’~ i’

I ’’ I ’ ‘p, a , - ,a I cli i i  pi t  i i ~~ S - a l e ’ it I eand i s  t e a t  eel v i  I t I e’  l t aa  t V t o l d  qua I i t  i t  l v i ’  or , at
hi ’~~t , ‘ d I a l — q a l - a n t  l i t  i v ~’ ne’ sca lt s whi c h do ne t  I t I r n i s t )  a ii i i ~~’~~t ; a l ) Sw e’r t o

t a t ’ a ; t i i ’ s t  1 111 ‘1 w h a t - h a i l’ 01’ n et  t h a t ’ ap p l  I i ~~I I t m ~ , t t  i ’ t a t ’ r e ’Il t cl ot ’s , a t t ’ t ’ I e ’ t ’~ i t e ’
i t t ’  t ’ l m i I , I u ) c , ’ h e t i , ’ , I p ( i i t s  I t  ( t I l l . F u r l  bier , i t  i s  I ’ e ’, I S i t I ) , l b l  0 l i t  I Sse i tHe’  t h , i t  w i t  l i t m a i t

C l i s t j i l l )  i t t  i l t a , I a l t  j t , i t  (y e ’ d , i t , t  t h a t  e ’ . an  be ’ s t l h j c ’ i ’ t e d  C i t  s t a t  1st I i ’ , l  I i a t u ~a k’ s I s
lie ’ t an d e r St , iaid I ug i ’t  t he ’ me c ’h aui  i sna liv vii i t - C t  . i i  eeli ’rat I on i’t’ e ’n iua l i e - e’nie ’n I t O

h i i ~~ l i ’ p . i i ’ , t t  IV e ’ O 1 i ’’ ’ i ’SS  r - s e I l t  lu g  I r em I i i i’  ,app l i c - a t  ion of e l e c t r  i c a l  ( ‘ l i i ’t ’ t ’ I i t

t 1  t a  I s  w a  1 1 hi ’ a an p i t a s  1 1) 1 a ’

O t a r  , ‘ - i a s  i t t  s t t a d v  i s  t he l l t a , t n t  i t , a t  ly e  t le ’mim nst rat It t n e t  i ’x i t g a ’ l l t m t I s  e’I e e t  r li
t a r n - n t  i ’ I l I i I u i ’ ( ’mt ’ut  ‘ ‘I 1to~~’ wound ime , i  I 111g .  A l t e a ’ I I was ( ‘St  ,alt l I shod I 1 u a t

t ’  1 a - r a t  eel li t’ ,a I l o p ,  i ’ i i - t a r r i ’ d  i t he ’c ’ame man I f e st  I v  Im p t t i ’ t a n t  t o  f l u e 1  ou t
s b a , a t  i ’ il ntl  i t  I i t a i  0 t e’an p I ovmi ’n w o u l d  o p t  in i ‘e he’ e t  t oc t  s i~I i’xoge’notas
c u r  r~ ’ut  ~~~. Time ’ i t t app I l i , I t ion , wave fo rms  and e I e’ e’ t r u d e ’ c e n t  i g t a t ’a t  ion wo n t ’

i ’V , i I oa t  ‘d qlaan  C i t  a t  i Vt ’ l v  and q u a i l  t a t  ive’ i v  In v i v e t  and in \ ‘itr~t .

EI~ECT~.ICAI ( 1’RREN TS I N  HARD TI SS 1 F R E P A I R  I N  \‘ i VO
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I1 V , ’ t  t i l t ’ ~~~~~ 
, I a ’caci i . a l i t  p , ’  t t , ti l~’ i l l  a ’ x i s - r  l a lai ’n t  . a l  i -v  ( t i t a n - a ’ i a , i ’ ;  , a i i ’ l a ln t a l a t  t ’d

a sp ,  l i i i ’ po’ _ t t  l v i ’ l a O  I i a i ’ u ,  i ’ i t t  e ’ l i ’ t t  i t ,  i eI t ’ l a ’Il t ea t  i s t a i t ’ l i i ’ C , a b t t ’ C  i s m
‘i i ) . I t  s ~ ‘c I i I t ’ I l I I l l - I t  f l hu l i l i ’ 1 I l i p , ,  I c ’ m a t e i t ’  I I I i ) ,~ , l l I i I  1 ( 1 1 , 1 I a  a~ i ’ r e ’gt l  1 , 1 1  t’ iI

ia  ‘ ‘ i i ’ t a  ( ‘ , ‘ a a , ’ ’ - , f t l i ’ ’ i ’ a I i - i l a a ,  I t r t t i t , ’r C I i ’ - - a s  met - h a n a , ~~ I I I  i t a ’ , i l i a , t ’ l  S I I I  a

t ‘ “ - t i  i u li qt ‘ -~~ “ I  a lIt I . 2 • ~ ‘) , I i i  i t  t I , i t  ( O i l s  w l m e ’ r a ’ u ’ I h t l , a a i u e ’an i ’ a i t  i i i  a l t t r a ma , a  C
I i l a S t l i l a )  , t t  I lao I t , a t m ’ , l t a ’ i l  s v st  i’ll) i s  cI t ’s l l , a i t I a ’ , V I i  d i al lug l t , ’t ~a ’ u e p a  ii , i t

e,- , ’u I i i  s ,a ~ lv l l t t  . i p , t ’ O ( l s h i ’ u se  , i u i  ‘ x i t p , t ’ a a i i i a .s S, ’U l t ’ t ’ , ‘t t ’h’ , t  r i i  c - t a t n i ’ u t

On e a ’ t i a - - t  k ’~’1t i n  an i nd that Chore’ is ,i d i  l- e’ c t  p it s i t  I V e ’ t ’e1~l t ’ C ,t t i ea i  l a m  a g I \ ’ i ’Im

‘ s ’ a i i ’ e r  1t i t r  I l t t t i  C h~~a t ’, ’t  h1 ’t wee~i t il t’  _ tams t can t  i t t  , , i  I t ’ I I  it’d C I ss t ae  (as  e l i -C  t ’ r m a  ned

t ’v  t ’ , ’t mi ’ a s i a  va l t a e ’s)  ,iu~1 ( t i c  i t i n l p r t ’ss i on  t t r  ‘‘ ha’ i ’, ak  log  s ni ’ugt  Ii ’’ ( 2  ,‘ _ _t 5)  . I t
I ,‘ I I , ‘e~ ; I r em l i i i  s i, ) i , a  I C ( a t ’ d~ ’ g r e ’~ 01 bent ’ iaea C m ng is  a I Si t e l I  r a ’c - I C v  no l i t  , ‘ii

1’ ’  t I n ’  i t i i . i t m t  i t  v 0! i te m - he t u p ,  I , ‘i t~iod in  l i i i ’ wound . ‘l i i i ’  F , a t  e i ’i i t t t n e ’ ~t t - , t —

do ’ t a it o  i i i )  I t t ’ d I u  i ’d I I v  e le ’ t’rm I nei l  by  C i ’t a , a , v ,  C I no 1 alto I i tig .

I a i  p I i - c  a , i aa  - - i a t a t t a . i  I a ~‘p , ’a t S w~ - h i v a ’ simowi ~ t b i . i t  I lIe’ _ t ) t ( t  I l u _ i t  t o i l  t i  i ’ \~ t F e ’ a ) i i ( l 5

, I a r I i ’ I m t  s i , -~~ u ’ I ~‘a , i t i ’s I l it ’ r 1 ’p~ i l u  i t !  waSa i l c is  In  b i t ne ’ . I l l  a c i d  i t  I on t he ’~~t ’ n i l t i t l  I S

I i , i v i ’ V i t ’ C d e ’ii c i a C  ,l S a I p , p , e ’ st  t u g  w i m , a t  c t t t i d  i t  l i t I lS  mai l g i l t  be Ine r t ’ i - I  I I , - , a , ’ io tas . 0 111

~‘ 
t- e-~ di l l  r ~‘ ‘ ‘ i t ex t  i’ll,! C l iese  jtr i ’v ioe a s , i i t s i ’ rva t  ens and t ’S t alt ! i S l a t ’S t h em

i t l a I I )  I i t  i t  1 t i ’ l v . I ~t a t ’S t l i t i ls  r t ’gaa ~~i I rig t h e ’ t ’ e’ i _ i t  i Vt ’ a d v a i m ,t p,e ’ s or d i  s , t dv _ tam t ages
‘1 e les t rode ’ c en t  i g i a r _ I t  j i l l ) , S . a V e  t i t r a n s  , i l l e i  C l In t ’ i t t  , a it i ’ l l e ’at  i on  w or e ’  s1t e’i ’ i t

c . a  I I v  t i t ’ ,i I t  v i  C l i  i n  t l i a ~ son los  i l l  e .X 1t i ’r i m e n t  s . ‘I ’(i.,’ qe a ei-a C ion  imesc i l  i l l  ( ( i i ’

t t i -v I ‘ t a ’ . 10110.1 1 l el to r  t a e g i a d  i aig petss i it i t ’ mt ’e’h,tn i sans tt~’ wi t  a t - l i  1- ella I r i ’a m h t , a n t - i ’
mt I l t  i S S  il Fu  f a t s  I l i t C  .1 Vi ’t  v i , ’ I t i a ’il I i ’  t i l t ’ q i l a n t I t , l t  i t t ’ t (‘ t i l t )  i q i a c ’s emit 1 t t v e i l

a l  I l l i - i - I l l  , h i a t  ,i p a , t i t i t s , a  I fi t s  ht ’ t ’ ui . i i l t ’~a a a ~-~’d ( C  b i t s  v ( ’ l r  ‘ S i i t l i l  r . a t ’I  Ft ’uhe ’W,i I
a l , ’ - I I m e ’ n  t ‘I t o e 1 eac I t i _ i  I ‘ ii eta l i t  a t  Ve ’ I v  I l l  , a se’r i _ i  I s i , - r a t  I c ’ t ’ st  uci V C hi ’ Ii i s  I i ’—

I i - S t  e ’pS e a a c c t i a l l  t i ’ i i’ii I l l  l i t ’,) I I ng s i t  C’S t i- i t  I uonc ’t’d 1~\’ e’ x c lg e ah et a S e’ I O e ~t t  t e a
ec a l  r e l i C  s.  ~~ u l e a , a a l t  i t  i t  ly e ’ d,t t , t , hae t wt ’ve ’r , v i  1 1 .i  Iw,ivs stipt ’rse’di’ i n  h i ’ ’ 1 , ‘g I c ~ i l

a a ’ tp , ’~ I , a n c ’ e ’ I h i t ’ q t t . i  I i t  , i t  lvi ’ I l Ilt1 tugs lt t ’ C ’ l u t t s t ’ t h t ’ t u u d a l n~’al C a 1 , pra c  C i c - a l  q t a t ’s
I I , ’ i a - - h i t  It o , I  ulswe ’ I O il  , i r e ’ : ‘‘Wha t a ci ’ t i l e ’ r,i t i ’S a C wh t e ’hi hc m it e I c ’a ’ms clot h i p ,

I l a m p ,  p I i l , t ’sS ( m o r a n _ a  C and , a l m n t t r m a  C ’) 
~~

‘ ant i , I i i r t h m t ’r , ‘‘ ‘ u t e ’s t i l e ’ e’l t ’c ’t  1 l , ’ , a I
t a l l  t ’ a l t  ~Sl lt l t  I i t ’d c l a , a a i g a ’ C l l e ’Si ’ F , l (  05 5 1  p , t t i t  L i ’ , t a a t  11’ ’’’ ‘i I flt ’, I I ) ’ i  i t t  lalt ’, i S t l i  l I m p ,

I n t t i e ’  i , ,  l a O  j e l l  l i t  i -s w a i l  a l w a y s  it t ’ l l a ’ i t ’ SS , %FV in  or d er  t o  ~-a I j d , a t e  ~. i i h V

i t l ’ ~ ,i - l  ti , I q t l a I i t  i t  I V 1 ’ t F~ ’i i ’ ’ ; S , ,; , i s s i a u l m a ’ c t  t o  i t t ’ l l l S t ) ’il lUe ’ l I t  I l  I l l  C I i i ~ l~- t ’ e ’ l i ’r , I t a t t n
I i t t  t a l l ’ t i ’ ( t I t t  . O tt o  , a l a  I i , t l i  tattl  s I  he’ i ’ X i ’ a - , I SOi l ii i l l  I up,  I l i t ’ l i l t  t i t l e ’ t at l i ’l l  i t t

I a t  a~ I V i ’ s t u d  a t ’s n et  t t t  t ’Of lt  l i sa ’ bell e’ l- e’ lt , i r , a t  I V i ’ pa ’Oi ’ t ’ s s t ’S w i t h  l a ’m l t i l t ’i  l u g

‘ ‘ I  l ’ t ’t l t ’

l~’~- i i , i  t i ’ i t ’ l l  C I l l i u t ’ci , aS I i )  t i le ’ p a st  • t il  L I S t ’ r ael I ea~ r. a ph I c ’ and h i s t  e l  i tg i ,  ii a t  a
moai i t  or t is’ pro s nt ’ss i t t  t i i e ~ ox t er im t ’nt . Par ,i  I t o  I i  ng t h e  quail  t it ~a I I ye

hone ’ a , ,  I i ’ t I oa t s t  tad I t ’s ( w i t  Ii t e’ t  1 , ic ’ V t ’ 1 i t i e ’ 1 abe’ 1 tu g )  , a _ a t  j a m  v i v o  anel pm ’ m a t  o
I i t t i , ,l t l i s t  t t s s t I i ’ and c ’ e’ C l  c u l t  c a r e ’ l a m  v i t r o  st  t ad i t ’s I s O l t ’ c o n d u c t  ~el t o  i n s p c ’i
u t ’ ! t  .i l ul , tS l t t ’ c ’ t  5 01 e t a n t t ’tl t l o V e ’ 1 , Wa ’,’ e’ I u t r m  and e l e c t  l’ , t , i e ’ m a t e ’!’ i a l s  _ i s  vol  1
is  t , ’ i ’xpi ’d t I e ’ fi ’a’uibat -k i t t  in t ’t trma t ion I t t t he  e’Xpt ’ r m onte ’ )- .

ili ’ l , ’ts ’ i s  ,a de’t ,a I l O u  , I c c ’ , t a l l i t  , t I  ,‘t ar  Jc ’t  i v  i t  I i ’s r h l r t ’a Ig ) I .in n e 1 Q~’~~ •
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a , ’ u m e - t  h a l  t v - i t t  I l a u d , l ep ,~~, I l l — C . ’ m ,tai tti s , t t  , a ~s’ , wt’ a g ) a l a l g  ‘ ‘ t I t  iii ’ ,. t ’ I i i
i i ,  ‘J S t  i 1 ’ 1 a I w~ a , - u t  i I a ‘ i d  i a a  I b i t  - i a i  V i V i  i 

~t a .ii~ I i t  a I vi ’  at , ’ , I ‘i l l I i ’l~~, ‘ I a  I i t t

i i  ~ iu a i t a ’ t  i t t ’ t  i I a t ’p i  a t  _ ( ‘ a id e r s t  a~l~~t _ a s t a ’ l t t  I i  C a ’t l l I i ! t i a a t ’’, c.’ tt ia C I a , -  t t l  t , a , t I

I i i  I t a t ’ pr h u t ’ 1, is  IC t e a l  , ‘ i ’ t i ,  - i I , t l l , ’s l i t ’  I t  c., a i-i adn i i a i  I s (  a’ I t ’ , I - a l i t 1  1 l i t ’ ‘ a ? ’  I i  - I ‘ I

‘ l i i ’ , iS~ a , - I a i l - i l  I i l l  i i , ’ t a  a I n I c i  1 ( a l t ’  I au I s l o a m  e x I t ’ t id ( a t e , I r t t la a t ( a t ’  , , a t a  t a  I
~l i  C i l i l a ’ t I I I ,  0 ~I I , ‘i i  t bat ’ I t ’l l , ’ I I t , t t  I l i e ’ s , a p ,  i t  a - i C i l a S I

( “ , i a~ , a u  , a tad Inusc  C e ’S W t ’ l t ’ st ’C t .ar ,a t t’d i v s i a . a r p  d i  a , s o c C  i t ’ll  and a -
~ ’t r ac - t e ’d I , a t i ’r , i  I I v

i to - i , ~ii ~~i t l t ’ , t ’ xp i t s i n g  I hi ’ j t ,in a~ - t . t l  bent ’s , i-’tmi ar c i r e - na n sca  I i t i ’cl d c l  ,‘~ ts , - ‘ mImi

a~~- , c.’ t ’ i i ’ i ’ U t  I t t t , i t a p ,~ a I a i c  ~~~~~ t a , - , e l  ,t i i c !  s~te n gv  i tc in t ’ I a i t  ‘~ t i l t ’ I a a , i l t S ’ c . ’  , t~~ t ’ ,a, la

iti ’a i a ’ i t s  n a p ,  a t t e ’ l l t , t  1 h l _ a u i e i i l  I t ’ , t ’ v i  t h i  a t eu ) i ’t a r l ’ a ’n t  I l u a ’ ; h i i r i g  ~~~~ I l ie ’ , i l e ’ , i  ci i t h i
i l l  p, i ’ to 1 tune ’S i t t  p it t ’ s ~~ I , t p ,  i u , i i s I  I t  Sc ’ I i t t  t o i l . l le ’imi c ’s ta~ S 1.515 ma a Ill ,i I al t ’tl I l l

i ,  ‘l i l t ’ , I i t s  j i g  ~:, 1 t , i ,ia aa i, $‘) ‘rha ’ t ’aci e’d s t , )  a n t  i ’SS  St  e ’ e ’ I i ’ !  i ’, t r i t c ie ’s , —
, anna t a t

el t , i ~ a, ’ l  i t  • c. a C i i  ~~ — g u a , a g ~ ’ , i t t  l t ’ f l — , , ’ , a t t ’ cl ( S ’t * s t - a  a a i l t ’ss s t e e l  w a r t ’ .111 a,- i it ’ti

a , I, I j a m  C l i e ’  ,- - 1 S t  si  t h e ’  h t a l , a l l ¼ t’d e I  t’ i ’ t  I odi ’ S V S  t e ’ilt , t iii~’ 1 _ a n t  eel $ mm I I

l i t ’ i da )  C i t  i t  , ‘, a c l a  u l t ’ t  c i  I . iu id (,‘
~~ 

I l l  t i l t ’  cast ’ et t  C h i t ’  uul t ,t 1, ance d ~~C t ’ , t  , t j e

- v - _ I  -~‘a , i ’ l l t ’ ~‘I t ’ , t i , ’t l i ’ w ,is imp C a n t  i ’d . Inn I rem t i l t ’ ie ’ nt ei’ t I t i m e  , ( e ’ t  i t t  ~ l m t  i i-

C a t ’ ‘1 t a t - I c., t l nmp I ,tal C i” .! S 111111 I i’ c lIn C hi’ c i ’ll C or o l  t li e ’ ~i ~~ t ~~ , C ( Fe ’ I t ’ r t o  F i  .

- c. a ri ’s we I ~
- i t r , t t t gb a  I I I_ t i m C hit ’ a ’ l  e’ e’ t l it t l e’ s i t e ’ I h i a - ctti g ha C hi t ’ InC iSe ’ 10 1 1 1 , 1

l a s ,  I i  ,ancl I in ,il lv  t ’x j ’ , t s i ’c! t lm ~~tttp,Ii a s m a l l  s k i n  j O e ’ 1 8 1 0 1 1  Ofl l i l t ’ c l i ’ I  s , t l  , iS i s - ’ t
, ‘t  1 ( i i ’  a i , - , k  ‘ ‘I  l i i i ’  ,t l l  in i , i I , i t  t i m e  t c t ttt’ t l m  e’orv i c , t l  ~‘ e ’r t e ’l-tr .t . l’ t ’a i mt m s t a t  m c
n m _ a t e ’n i _ i  I w, i - ; t’i’ailt lV e ’eI • 

, a la c i  hi ’ i’ll C I l e ’ , I  r t ’, i c.’,i s . a p, , a  111 a i useSl W i t  ii 1.1)- 50 t i ’ I dUSt

01 s, u I  a ime ~ I ~ ‘ 1 i ’lli, t V i  cit ’it t i s.  Mus e I c ’ ,talei  I a se’ Ia WeI ’ e’ , I i t l m t’ e t X m a t  eel , iu ui u ’I  i t 5 a ’t I
t a - . a I s  , l l l 5 , i a i t , l f l  I ’  , - - I 1k , ( l i t  t ’ i r c a i m t  cci s e a t  t i r e ’s. A saim. i i 1 ,‘ , i n s t  , i t i t  t t t ’ real t

It u ’ I l a , a t  I t a p ,  ill pt a  I s e t I  e l f  a e ’ , t  t - c a r r t ’a i t  ft i ’a. ’ e ’z ~ S t app l V ( i t ’ I  t ’F l i t  F i g  . ‘)  v t ’ ,

_ at , I i  I tt - il I 0 I i i ~ - ~i ) t 1 t t i ’ 1 t l  i t t , ’ t ’ It ’t t  t~ite ie ’ i m t i a ~~ ~~~ t i l t ’ t , l~,S’ , ’ I 1 1 1 1 1 1  c. i t  I a I b a a ’ , a d i l  i t  on a

i i ’ , I t u e i ’ , t~~~ I t ’ , 5 , 1 ’ ;  W r , a i t t i , i t  i l l  1 s t  e ’t ’ I I~~
, ti t t ~ ss t r i p ,  ; a a ’ t ’ t int i  C i i i ’ t i i i k  ~‘t C l i i ’

1 1 1 1 1 1  . 1 1 1 1 5  e l l i ’SS I t t g  c, , a ’~ i* t ’i’ led I c ’ ,i C It ’ l t ’ln ,t t ’ t ’cl , I i i i i  r~’~t 1 ,i~~’d l i t i ’ I a _ l a l g e ’ i _ l u ’ , —

reel , ’ ~ I a  ‘ , t h u  I i ii  1 out  l i l t ’ I f lSpt ’c t ion . Eta ii v c h a t  god it t i we ’ I’ Se l t u  I’ci ’S a t - t ’

i l l  I I a ‘ t ’ ,I I ‘ ‘a t ’ i , • i i  he ,t  I I u i g  ~fl t ca c’ . i  I rile ’ cii i’ !‘t ’tl t e ta  I p u t  ol  t ’.lc ii It owe ’r supp  i v
S ant ’,a s ia i i’ ,I  pt ii ’u Ii ’ i t s  m t s ~ ’ ,i net cape m il i t s  renit tv_ i C I Fi lEl l C lIt ’ .II Ia1I, a I , I n  t ilt ’ i , u i ,

a II’~ I a l l , i ’ ‘ I  i h i , i I t  t i l l ,  I I i ’ i t  t l i t ’ ei , i t a I roan C l ie ’ ho,t I ing ilot o t t  lov e  C v e ’c i I s  coos t t i e ’ t t ’ui

i a i i sia it  it’ I t - I eu ,all.i C - - t

lii t i a e a l i t  a l  - , , ‘ i  j , ’~, t~~ i ’\iti ’a Imt ’IICS , ,i ,,t 5~~ )lt cI~~ l e ’d t  ce a rrt ’alt I l’t ’fl ,l h:a C C t ’ t v

1 . 1 1  i i i  ‘‘ al - - I lilt i t t !  I t ’ l l t  liic.’ e ’t a-a ta pp l v  i t t  0 . h O  an I c ’ i’o,inlpe i’a ’ ~~~~~ , i 1 , 1 t  I at ’e! C i ’ ,t

t a i l , - a ’ li ’, t  i ’ , i , - 11 .1 a I I or a ’a c ii  ,m t t tm l e ’ t’ c’oam st ’c’il t t v t ’ i i— ,I,a t’ iie,i l t m i g  laO ~‘a\’ ,a i s ,

Eta  i s  s ,  a t t ’ ’~ W a s  ri ’1’ t ’,l I i ’ d ( iS  j u p ,  I . ft .ial ui 10,0 an Ic rt t.anlpe -nt ’S . Otat’ a rip, t ilt ’ it eta a c ’ui

, t~ , iaa ’ m e n t  ,itlnmi n i sta- .tt Ion , , I , ij  I t -  1m li c ’ s i i - , u l  t’x;lmina t l i t 1)  , int l  wt ’t ’k l v  Iia ’Ill;I t c ’l ,’p,Ic,i l

,it lcl s, ’r a l rn  t ’ i i a ’iIl I s l a v  t’v,a i,iat ions wt ’re re ’lt o r t  i’d t Ill e’~i~’l i an a lma I to p r e t c’ t i l t ’ s pa ’~ a t  a

i ’V I ci d l i i i’ 01 t l ie ’ C I ant ’ c e l tI  1 s t ’ i ’I St-St i’m I t ’ In t l  i t ’ t ’ S 01 l i t ’,i I i i Ip,  , i t id I ,‘ l ie ’ I p Cci  i ’ll t I t  V

al it1 Iv I t iu , l  I _thal t trm*I 1 it It’s . i’e’ t V t ,  VI ~ i i  a lt ’ hvd rc l t’lt I or I d e ~ ( id ’t , , t  1 abc ’ 1 o I I’i ’tli ’

l i ’ l S ’ s I C  it ~u t 1 1)  , was ,ielanlnis tt’r e’el m t  r a vt ’nous lv  (It) mg kg ti l t _ a l both ’ we a g ia t
a t  C , I ,anel t c.i’~~ks 1t , t~~i t op era  l v i i v

On t ’etun il l i t  jOt) ‘ ‘a t ilt ’ a ’ xpe ’r mn i o i lt  . i l  jtret ec i t 1 , C h i t ’ -, .‘ncI pttst tt lt t’t i t  I V a ’ day , I he

,in ia n i I  w,ls 5, Ii ’ a I t  i c t - ,l .111th , a cttnip to C e ’ a i t t  t tps v  t.’,is  pert ,t t l ’S ’ ,( , W i t  ii S~ ’ u ’ i i a  I
, I  ( C  , ‘ I I  C a ~I i  ha ’ I t ig g I Vt’ll li t ,l Ii I ,le ’ I el’s I li,i t ~a l’i’ It ’ l~at i’d t , t C hit ’ Fell _ i r a  I a V t ’
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V I i c .  , t I  ,I~’g S t , l t \  t u r n  i aid t e’ -i C i n b ’, t lii ’ 5e’ne’r~t I , ir r itl ge ’nl e ’a m t i t t  t ilt’ oh gilt

hi oni ’ ~~~ e, t’lt ’c’t t’ O t i t ’ ;‘ ,a i m ceImp l t ’\t’S . Eac ’ll e’t,ttnp lox e’ t t r iS  1 St  S et ,t c e nt  t- , a I

iii ’! ~~~ ‘ ~~~ ~~~~ ~
‘ ‘ ~~ ~~~~~~~ 1~~d by t1.’c ’ t’ e’Inet C e ’ e ’ I~~’ c t  Vt t di ’S . Fta ~’ h i ’t t dt ’p i i ’

C ha ’ ‘ I  I , t i m t a ’iI 01 i ’s C r , td t sv st e’m ,tam ,I the ri ght t h i e ’ t anba 1 an~’t’u1 c i e’5 t
S v o l  i ’ll) . E h i ’ a - l a ’ c’t  I I u ’ , I  1 c I I’ c ’ eal t c ’ f e’ae’)l t ’ iMimp 1 t ’X i S  c c ’Ulp 1 ‘_ ‘C e’ 1 V 1 Sc ’ 1 i1  eel
1 1 ‘s  t i l t ’ e’ irc ’C a i t  i t t  o I l I e r  e’cnfl P lt ’xi’s , ) l l e I  t r c t m  gr i ’iand , limit tog, C he c t i t n t ’nt
Ii ow lI e’ wa’en ,i part te ta t i n  e I t’e’ t re I c h ’  p,a t r C,’ a ( l I m i t  , t r n m dells i t  V t b)i’ctlttZil t i l t ,

1 - ;  s, ’, l, i t t ’cl tie ’ I deC wit lIon C op t ea~I t o  iii’ I p , h htt r  lug sit c’S

— 

~~~~~~~~ 

____ i_
~ ~~. 

_- -— —

~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 

j



- - 
~~~~~~~~~~~

p

F I I ; l ’ 4 1  ‘

i i i  ,st ( u r u c u i t I ’~~W i r  ~ , a i t i h !c’

I vu - a  , ‘, a d v  I 7”
a’ t i l t  ‘a

6

is ili aC h i l t

I - _ Si ’ I c c  t ~‘d t , ‘ n,i t i l a  l a id a v  I~iaa ,a I
I n (~ C ,‘ v I t ’ l t I  c i t ’S I l t ’ i  ;s’c.~ - a , ‘ t a  t ‘ta

I C ‘‘ l i ~~ I I I ) i ’ ,talel i’l l !  5 e’ ei Clarrt ’IlI ‘ , ‘ 5 i t  Sc a i’j t C v

1

I !

HE: 
~~~~~~~~~~~~~~~~~~~~ 

, l N ’~~ t ’  ~~~~~

r~~ lt ~~ I i  ‘

~~~~~~~~~~~ 

- 
_ _ _

On t ~~~ C

~‘i ’ I t ’ i ’ t  t ’d t ,~ lsiC i’ll iriti i v  idO l I
2’l , t t ~ 1 C t t ‘s It ’ i d  e l i ’S 1 i’OiI j t u t1.’t ’F t O i l  ~t i a t

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~



- -~~~~~~ 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _

I

p r o c ess .  I’arie ’ta l plates including the defects were removed , rad iographod
‘-111(1 fixed i i i  acetone from which ground sections were preparc’d for tetracycline
I haetrt -se e’nt I ,’ahe l ing anal ysis of the appositional hone growth. The experi—
mint ;a C st’r los were designed to provide both his tohogl i-a l examination and
I t a a o r e sce ’ n t  ; i f l i l lV S t S  of  two distinct specimens from t- ’nt’h defect. Each an i ma l
affords a t o t ; I I  of 8 defects as depicted in Fig. 1. Four of these were
t-hose’n at random as the test specimens , and the rema in i n g 4 wer e ~-ontro 1s ,
ore’paared in exactl y the same manner as the other 4; but the subsequent admin-
i stration of ciarre’nt was deleted . Additiona l controls inc l uded animals
wi ti a defects h u t lacking imp lanted electrodes in order to  d e t e r m i n e  the
pote’nt ta t effect of the  presence of stainless steel electrodes, and animals
having both defects and electrodes hut lacking current administration at any
site in  order to evaluate the effects of current spread from a test defect
to the contro l sites.

Ana l ysis of 100—150 micron—thick , ground , undecalcified , calvariuan sections
was ;v-t’itmplished utilizing a Leitz fluorescent microscope and an eyepiece
mi crometer (Bausch and Lomb). The mean of 12 micrometer measurements was
recorded for each defect , test and control (31).

D a i l y physical examinatioais including body temperature , pulse rate and ~i

description of the general state of health were maintained on each anima l
S 

throughou t the experiment.

A l l  animals showed a minor temperature elevation (less than 1
0 F . )  f o r  1 — 2

d ;ay, s  p o st o p e r a t i v e ly wi th a r e t u r n  to normal by the  t h i r d  d ay .  Pulse  rate
showed no s i g n i f ic a n t  c h a n g e .  A l l  a n i m a l s  were desc r ibed  as a p p e a r i n g  in
e t C h e r  p,ood or excel I ent h e a l  th  on the  f i r s t  p o s t o p e r a t i v e  day  w i t h )  t h e
e’xi’e’I)t ion of t i l  roe t h a t  showed m l  Ed t o  marked  edema In  t h e  r eg i o n  of t h e
head ;ind n e c k .  Th i s  was immed ia t e l y a l l evia ted by loosening the hancl;age
around  the neck of each animal to allow adequate venous return. These a n i ma l s
were  then described as appearing In good or excellent health on the following
mor n i n g .

At sacrifice , all anim als were described as fully—developed , adult dogs
i n  apparent good to excellent hea l th , each showing a completel y heal ed inc i-
sion extend ing anterior from the ‘iccipital protuberance along the entire

• le ngth of the sagittal crest.

The autopsies performed through a standard Y incision showed all organs of
the thorax and abdominal cavities to appear within norma l limits in the dogs
examined, On gross examination , all the def ects of the animals tha t had
received current were in a more advanced state of repair than those animals

- 
that had not received currealt. Also by gross examination it appears tha t
those defects having directly received current in the earlier stages of the
reparative process show slightly more advanced repairs than both those
receiving current in the later stages of ‘repair and those defects in time
same anima l having received no current. This gross observation was confirmed
by examination of the post—mortem radiographs.
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l i i i  i - i ’  i i i  ri-i -I to rrent el ec t roth ’ cain i Igia ra t Ions have  b een - x a m l n t - d  a t  1
i i i  I I a -  r i - ia  I a a l i c i a  t I i ’ve I s. Th i t ’  r e s u l t s  t f t lie ii  fo r e m en  I i i ’Iae ( i  s t a i d  I i ’ s  • r t

- i a m n a .  a r I ;‘ -d I i ,  ‘I’ . a b l e  I . l.’i -  Iaa v a  - ext ena l  oil t hi ’ r t ’ i l ’n  i work t o h it’ I a u l t ’  t~~’na—

par  I t a t  i i  t t ’ r n a t  I am ~ , d l  roi l and pai l aa’d d l  ri’i’ t t-i lrr t .ia( i ’ll c t - C Ivi’iai’s ~
I i i  i ’ii h , i nc  I aag I l i e ’  rate t a t  imimni ’  wound boa I I ng . Ih t ’s i ’  ( ‘ ( a m p . a r  I St)flS tca vt~ l ) i ’ t ’ l l

i i i . i t l i -  a t  t w i ~ t o r r e n t  it -vo l s , 1.0  m i cr o a m p a ’ r e  and 0. 1 m l c r t a ; a m p i ’ i ’ i’ . Tha ’sa-
I i  n il logs a rt’ pr e’sa’n t ed in  T a b l e ’ 1 1  . The e ffect o I t In c  t a t  a pp  i i  u - a t  Ion
h a s  bee n re I i  ned and d;a a t - ompa red I rem t Iare’o C I mc lot erv,i Is (I — 

~~ wk
• 1— ’e wk and —6 wk . ) it C I I  I ~‘, I us d i  rt ’c - t • a I t erna t log and pta C sOil d i  rec I

cu t’ r e n t  s ( ‘l ab  h & ’~ i l l  and I V )  . Q a aan t  I f  i ca t  i ens  of d;a t a from a I I t he s t a i d  I t ’s
e l ia l t I f la i ’ ra C t ’t i  . t l ~t m v i ’  ~~ pre ’se ’n t i’d i am tan i t 5 01 bone ace -r et  l a i n  ( m I t ’ r ons)  over f lit ’
e’xoe’r im t ’n t : i  I p e r i o d

Effec t c at E I e i ’t r ode Coot i~~u r i a t  loam and C u r r en t  l evel  s & ‘ im t lad ’  Ra I t ’  t a t

Ilone Flea I i  n~ ( T a b l e  I

Ha I aoi’ e ’d e l  i s - I  i s i t l i ’ i t O h  I gu r a C 1 oais a t  t w o  i-in— rent I eve I s , (1 . 1 m C e-ro;impa ’rt ’
and I na i t’ roana pt ’ rt’ show an a p p r o x i m a t e  I v  t w o — f o l d  j o t ’ roast ’ i n  C i i i’  ar n t ’ i a n  I

b t mau e ’  ~ t t ~~t~ r e t  ion  dii r i ng t ha’ pe’ r Cod of exper  im e ’n t a I St  [mu I at ion . Hot Ia
e - u r r e a m t I i’ve’  Is , I ca t  h e r m o r e  , under t h i ’st ’ c t m n d  i t  ions a F e ’  n ot  si  t~n i t ’ i t ’.an  t i v
d i f  fi ’r en  i n  the ’ C r  ah i l i l t  v C e  e’ i f e c  t r a e ’ changes .  I n s p e c t  Co n  t ’  I I l ao

a I m h e  w i  I C ,a C so shmo w a r&’ma rk ah  Ic ,‘~~‘ , ~ ‘ rsa I o f of I es t s a t  t h e ’ pr ox  I ma t  e
a node ’ he’ twt’en t h i ’ I) . I mic ra -ca napore I ‘Vi ’ I ( I I  I + 70 ~ a ) ;u im d t I m e  10 m l - r o —

.a n a ~n- r e’ I i Vt ’ I (I C im .’ + II I ,,a t )  . The ci i  t hod e p 1 at ’ e’meim t p ni x i ma C e t o t Ii i ’
t i e - I  o ct  sl m t wt’d an i a m i ’r e ’a s( ’ u u a i l f o r m i v  i n  act ’ ret  ion r.-at i’S a t  I l it ’ I i a r ( ’ i ’
t - u r r e n t  I i’ve’ is t ’mp l e v i - t i .

1 t a - I  o l  A It a ’r n a l  i nfl, J ) i r t ’ i ’ t  and P u l s e d  I ) i _r,c’_t :t ~‘~u,r_r_a’ n t  t in  C li _c’ R a te  tO

Chi ne (lea I Iai ~ ( T a b le  I I )

S C - a t ed s I a iij m I v  , i I I w a v i -  I’ orms emp I t~vt ’ d a r t -  e’apah I c  of s I go II I i-aalt S C i n u t —

I a t  I on t a t  b t in i ’  ci e l i - c t  ht ’;i I i n g  . l a id  l v i  dua ; a I e t mmpar  I sons oi ’ AC t ti DC , or
• AC t o  DC pi a I s a ’il , or DC t i m  DC pu l s i ’c I  f a i  It ’d C i i  sh t mw s i g a i i I i t -a n t  d i l l

hi ’ t W e’ i ’ i i  h e m,

I . E l i  i -ct of Apjm l i c a t  l o a m  T ime  and Wave Form on Bone Ile~a l  l u g  with Eit ’’ tr _ i t ’
(: u l r r ( ’n t s  (Tab I t ’s  1 1 1  , I V  and V ’I

lam a prey b u s  ri’por t (Tab I t ’ I l l )  we noted a s i g n  i f  i caii C e’nh iani ’ emen i i i

h e a l i n g  w h e n  an early t [me’ per Cod (1—3 wks . ) was C hosi’n I or i ’ui r ren I
a p p !  i ca t  ion versus  norma I r at e s  when t he e-u r re nt  w i t s  app  I led i n  a I a t  ci-
t irne pe r iod  (4—6 wks . ) f o l  lowing w o u n d i n g .  Our ret-out I v— t ’t )mp l e t  e l
st a id  ies (Tab! l’s IV and V) have d em o n s t r a t e d  !ia t app !  i ~‘a I ion at two i-a r 1 v
l o t  e-rva I s  • name 1 v 1—2 wks . and i~~/I wks . . show si gn i i i  t a  n t  I n c  reases
ot bone act’ ru’ t ion  wit ha d [rec t (pu l sed ) ca t  r r en  t anti  a It i’rim~a I 1 ng -u ar rem
A f a s c  I n at  i ng  add I t bona 1 Ii aid iaig is t h a  t wheam i i i  t a’rua t ~ng t ’UI’  r en t  a

onap I t ved lam t h e’ r a _ Im wk . [alto rva I , a sigai I t I can C c ’nhant ’ omen C of  l m t a i ~ a ’

forma t ion  tm t ’&’urred . Thm Is f i n d i n g  i s  r at  he ’r uan exp ea - t eti i n  v low i i i
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C~’_r~~ _m,p,~’ra , ~~~~~~~~~~~~ C u r r e n t  vs . ( : o r a t r t )  1

864 4- 4 15  &a 47 ( 1 + 2 1 8  ;a

t = 7 . 4 1 0
I’~~ 0.001
am = 47

ly,,r m,py ~~~~~~~~~~~~~~~~~~~~~~~ vi-a . Coot  r a i l

877 + 495 j a 470 + 218  p

t = 3 .7 7 8
P 1~ 0.001
n = 51

I M i t ’ roampert’ I Microampere
A l t  er n a t i nj~~~ur r e n t  vs .  P ir e ct  Cur ren t  (Pul sed )

864 + 4 15 u 876 + 495 p

t = 0. 2/ iS
P~~ Not Si g .
o = 4R

I N i t ’ r i aampe no I Mit ’ ruampert’
C) I ret ’ t Cur  n t - n t  vs . Di roe ’ C Current (Pu I sed

C 106 + 6S~ ,p ~77 + 495 p

t = 1 . 1 5 5
P Ne-at Sig .
0 = 37

I M i c’ reampenc I M Ic remampt’re -
A h t t n n a t i n ~ Cur ren t  vs. D ir e c t  C u r r e n t

864 ÷ 415 p 1106 + 682 p

t = 1.276
P ~ Not Sig.
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‘l /t hI i.E 11 1

i-1 arlv v~~. h U t ’ App ! i c at  ion of I)int’ct Ccarrent (1.1) Mit ’roampene)

t o  C I ri ’iamsi ’ a’ I he’d Surgical Defe cts in t h e Dog Cal var lum

BONE AC CRE ’l’ ION l) flR IN C
l ’f ~EA I’~’hi - ’N ’i ’ PER1 01): TUE EX PER T M FN’i ’Al .  PER 101) :

(‘.in I  r u t  I ‘~S8 + .‘8~ ;a

~ ( , a  r C v  A p p  C l i - a t  I on  $t )()  + ~‘)~a p

a’~*1,~a t ( .  A p p I  h a t  Ion  37 1 + ~“ :~ ,~

t Test C o n t r o l  vs. Early A p p l i c a t i o n
am = 48 , t = 4 , 54 , S i g n I f i can t  a t  P~~~0 .0 I

F ‘l’ e’st Con t r o l  vs. Late Appli e-ation
am = 6$ , t = 1, 37 , Ne a t S i g n i f i c a n t

*F ar I v  app I I c _ a t  ion per h o d  = 1st 3—wk . ra~ r h od  (t4ks . I — 3 )
**i .at t ~ app I t c a t  [on p e r  i emd = 2nd ‘l—wk . per led (Wk s .
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pra v I otis work I i i  t hi Is 1 a h t m r ~a t or\ ’ w h a l e ’ h a showed on iv cu r I v per h eel Il 01
ap p  I I c~a t I a a a a s  . I  I a - a t I y e

Wh ea t  e— x , an n h a ; I n a ~ t h at ’  I I m a -  a a a ’ r  ho d ~ ( l — _’ , 1—4 l and  5—h wk s. ) - u a m p a r t ’ul I t ’

e- , a u ’ ha  t a t  her  at I m t e ’ro am p er t ’ d i r e - c t ( p u l s e d ) t - a a r r t ’ n t  . I t  I s  e v l a t a ’ii t
ha a he’ two ear I i cr  t ime - p er I o d  ( I  — _ ‘ l ana - i  1 — 4  wk s  - 

) da m nai l st a e w  a

pa r t i  c-u h a  r ad v a am I :agt ’ one’ over t he e t ha ’ r (, M~~(~ + 350 ~ a vs . t))4 + ‘I I) / A l >

hut  t h ey  b o t h  V I e ’ Id  a s ign  ( 1 i c , a o t  a d van t a g e  over c l ar r en t s  app i l a d
In  t h e  L a t e - s t  pe’ rleel (‘—6 wks. , 4-~ ) +

i n  cons Ide-r a t  ion a - i t t he d a t  .a from t h e  I m icroamper e’ At s t idy , i t  i s
cqua l i v  e v i den t  t baa enh an ce-u i  hea I l a i g  pat  t t ’r a us  e xi s t wit ii .i 1 1  , I c  a - a c —

I ion  r a t e ’S in  t hac - t h r e e ’ in  F e’rvia Is ci eva ted eve r a- ’oam tr ial s - I t  is
fur t he’r cv [dent  t h a , a  t - a t  t h e  m idd i t ’  t i m e  per I oct ( 1—4 wks - ) l ae ’ .a I i  tig
r~i Fe ’s a re’ s I I gb at l v  more’ i ’ I e - v , a  t e’d t hot agh nea t t o  a s i g n  i t  i c’,aam t de g a  i

_ c-

over t h e  I irst interv al (I —~~ wks - ) but are’ s igam i I l e a n t  l v  ci  e - v , a t  eel
over t he  third t ime’ period ( S — h  wks . )

I n  five- animals we’ created e’ igh t surg l e a  I d e f e c t s  hea I no ci  e’e t roda ’s nor
current were Ut 111 ~e’d . In an add i t  lonal f ive animals c i  g u t  d e t i ’a- ’ t s and
I hue -i a’ as sea-’ t a t  eel e t c -ct  rocles wer(’ p 1 aced hut curr t-n t w .as ale I ~u p p  i i  c~i . ‘flit ’

h~ rit ’ ap p o s i t  h a n  r a t a - t ron -a these  d e ’ t e a -’ t s  d i d  not d i f te r sig n i f i~’.ant lv t’rona
ceamparab Ic cent ro l  s I t i ’S I n  an Ima I s  wh i  c- h i  d i d  r c a -- c’ ly e  a- - c u r r e n t  app i i  ca t  ta - a i m
in tes t sites.

A l  1 ( h a t  a r ep or t e d  i n  t he t ab  I t ’s wer e- & ‘X ; afla I ned u s i n g  a st eaclen t t t a-s t wit ha

the  kn ow I e’d ge’ t h a t  t h ey  I a !  led to  meet  ;u 11 iii the  1tssunt ap t  ion s  ri -qu a  I r ee l
for pa rame- t r I a - aima I vs Is. This  method was ta t  1 1 1  ze’el for ‘einvc al I c~iii ’ c. and i t  w ,a -
assumed t h a t t t a e ’ reported s [go l f  I c - l a n c e ’  levels wou lii he I ower wit hi I t s ease

Iaaaa w i t h  t lie ’ use ’ ef nonp ar ame Fr Ic - an~u Iv s i s  . Por t  ions a- a f I hue  c hI t  I a We’Ft

seat’seqiaen t I v ~n~u 1 yze’d uas I ng nonp aram e ’ t r h a - - ana l vs is  and In ,a i i  c,is~’s I h a ’
ic -v a - -i t a t si gum i t  I l ance ’ proved to  h~’ more si g n i f i c a n t  t h a n  when exam ! a’ae’el 1~’
p a r ; am e- ’t r i c  a n a ly s i s .

E~ pe’ r iment s c’onduc ted fre im OK’ t oher  I a-) 7 (~ t hr e -aug h A pr i i  I t )  77  u t i l l  ‘a ’d t il t ’
sa ma -- f und l am c ’n  t a  1 ap p r o a ch m  as th o se’ repo r t i ~a-I above- l und We’ re ’ cle’s I gne ’d I
expan d  the - a- - a l  var  iun mode’ I ol woeand h e - a l t  ng to  in c  ludi ’  an n dep t  I~ h i  st c a

Itag ia ’ l al t’xaminat ton of the ’ c’f t  i - c t  a - a t t h e  lapp i i c -a t ion  0 ?  e .xe a ge~nt a u a s  a — I cc - I  r i .
c -tar re-al t eve -r an  ex t  end ed t e m p o r a l  p er I o d  (Expe-r ime-nt  1) and t a- ’ lnve-s t a g~a I e
t hìe ’ ~, I  I i - a - ’ Is ca f lower c-ur r e’n t dens  I t  I c ’S on th ue  r ep lur a  t i Vt ’  ~i) ’ t i a - ’ e’ ;  s in h m ar a - I
ti ss u e (Experiment -‘) .

EXPER IME N ’l ’  1

~1A ’rFRlAl , s ANI )  Mi-: I’HOlm S
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II I 1 1  1 ~ I ng liii’ expe r ime ’nta I model  d t - scr  ibt ’a-I ,al aac vt ’ (page’ 1 , m;arlagr;a plas I 1und )
lay ta i l I aiw I a a :t we’re exam Inc-el lii st a ’ I e a g t el l I I  v

I . C I rt-umsc-r I bed sur g  id -Il l d e f e c t s  ret- c- lvi ng I • 
1) rn Ic relampe-r e’ pia l se-d eli re-ct

e l la -  ri- a lt c ’ot ms I an t  ly I ea’ 21 daYs po st  — w t m u n d  I ng ci t  i i i  z I og C t a t ’ unbl a I .an , ’ t ’d
e ’ Ie ’ e’ t rc ide  sy st em  (e - , a th o d e  proximate - to d ’f~- a-’t ) were- c-tamparcel a. a ’ sinm i i - ui ’
ai~~t c c ’ s t h a t  had i’c’c ’e’ I ved no st irnca I S l t  ~0fl in ,a sequent I 111 5cr i es .e t I -

I 2 , li ne1 _‘4 weeks peast—wemune l t u g.

~~i ’ c I t e e n s  c a t  a- -a I vIa r t u r n  (n o s u a r g  I c a l  a- It ’ t e e  t I  re- c- i’ Iv i l l s  1 . 0 itt i  -
- r a c l a m p a - r e

piu l Si’ei d I r t - c -I t- u rre-nt l am ~ua m e h e - c’t reide ’ svst caaa of lilt-n t Ie ’ a I geonact  r Ii- d im e’nsion
U,Sa ’i h ;ahtave b r  a pe’r hod of 21 days post —Sd arg i a -~l u I e’ Ice- t riade- imp ! a n t  Wt’ t i ’

a - tanap a rt-d t o  ana I ogeus Sa-’t~ I Ions in  t he same’ seqcaen I I ;u 1 ser ia-s dese r I bed Iii
Ceiiitl  It ! on I .

I . C a r eum si ’ r il-ted scarg I ca l d~-f ~‘a- ’ t s Iron spec Irnc-ns hay t u g no a- Ice -u rode-s were ’
eva I iaated ,a t he  c-nd of tiae 6 month pt’r led -

-~ . C i  ri’ulflsc a. i heed scar g Ic lii do f e - a- ’ Is  f rem spec linens lilly t og  e’l ect  red -s Imp I ~an I
- -~ ta c t I hay  i ns  r i ’a- - e-1  ved no ci a-’a-- t r I e~i 1 st [mu la t ion were c’V.i 1 uI-i t e-d l i t  t lie cii’.! a- a t

• t he 6 mon tia p r [tad

S - S, -~ louis  of I ’l l !  vlu r turn  f t - cain spec- imens  hi lly i l-a g r e- d-e ivi -e l t - I i ’e t  r ode’ liaa 1a t a u t  s
taci t no starg i c’.l I el e~ t e ’a- t s and amo St imu Ia t i aiim we’re— examined l i t  t ItO end a- ’ t~ t he ’
t m o n t h  per 1 cad .

Ceat a - l  i t  i on s  j  an

A t a c t  .ì  I tat I xt ecu an ima I s We’rc operated and st Imu i ,u t &-cl for I we-am F \‘~~‘aae c ac ti—

• I si-cia? I ye a- IIIVS p o s t — s u r g e r Y  wi tim 1 .0 m it- reil umpa-re pu I sect cli re - a-- t .‘urrent a i t  I 1 h , I
- - th ai- ciambl u I lane K_cl 0 led rode’ svs tern ( ll t hiade priax Ima te t a - a  d e f e a - - a. I

I-o ea r lin I ma Is we-re s:ua --r It Iced at time camel of I he t w e n t y — o n e - a - I I l \ ~ tat-r i Oct , I a ati l
we-re’ sac -r i I ieee! ;a I t he’ end of ;a six wi— c-k per [eel post —scua’gorv • t’eflar a I £ luc
i’ileh a t twe’ i vi- wve’k~ laa il t lac rern,u t iming four at t hi’ end e a t  twent v—femur we-c--ks
‘l ’htis prey Ld -d .1 ta a t ui t a t  e-igha t s i l t ’s ~er expe-rimental - ic amch It Ion ,‘ana1 p e r i o d

bai’a I ing I or Ii Is t e ’ log ic -a l exanatnIl t limit .

flue I est and e’oflt ro 1 s [ti- s f rom a l l  autma Is hllv ins starg It ’ll 1 d e f e c t s  consist
t at .a ri -a --I an g u l a r  area of hiane ext end lumg I . (1 in il l m eter he~ye a~ d the’ i l l  I era I

• htarde’rs of t hat- siirg lea  1 cle fa ’c I land 2 . 0  mill imeters beyond c-ll chu etc-c t roda- -
The test and c-tint rim I si rd ’S ci f spec linens having no sairg i a- ’i  1 ci t f e e t  s e a- ’ns 1st
at  ~1 r i -ct  an g u l a r  ara- .u of bent- ex t en d i n g  2.0 mi i i  frni-ti -r s laevond c- I t t -l i  eia ’c— a

I rod e ’ pa hr and 3,0 mli i Imete—rs I l i t  t-ra l iv f r o m  an imag m ary 1 t O e ’ connea-’ I i rag
t h ue two e - l  e’c’ t rodes (this II rca represents the ’ same- ar c- l u  tha t is  examined in
t iuose si t e ’s h a v i ng  su r gi c ’al  de t ’e’e- t s l
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I l a a w l a a g  a l a - c a I t ’ l l  h a l a t  lai n I l i a d  l a , a r ’ l a I  I i i i  e- mhi—clnat ’n (  • t f ~i’ f-a - l I e ’ S  We - r e ’  ~ c ’a t I a c a t i ’ t S
l i t  Ia n ah  a- n ai l s pa r .a I Ic- I I ng t h a i -  1) 1 l an e ’  a- onn e-a - -  t ing the’ two e’ h e - c t  rode’s. A l  I
S i a -  a. I O l t s  w a- r i ’  re-I l l  I iaed • t a a a wa,’ve’r , sc Ic-a ’ I t ’ d Si c’ t I i)nS we ’re- s t1 i l  nod w i  thu
h ae ’ma t a - a  xv [in ;and c-os l a m land noun ted f tar in ii- r o sca -a  p Ic exam I n at  Ion .

O l a d ’ ~;ec ’ F i a - a l l  pe ’ r c - l a d - lu  o a i e — ha  I t  ml I l ime -  t er of the  s i  F e were ’  examined ( l u p p r i a x —
ima t a ’ l v  I !  Si’ t’t ions pe ’r siC c )

Cou c h i t  ions 1—5

V ~-; i uig t h e Sh ine c ’ a  I var  i ian heal i aig mode I , t l u r c - c ’ add i• I io na - a  I dogs we’re’
s&a b j ,- c t a’d to ~c a a r g i a - ’ a  1 I n t c r v e n t  ion at the beginning of t lie ex p e r i m e n t
( 11 

~~~~ lava i I . uh  I t ’ s i te ’s , e I g h t  we’re r andomly  Si ’ I e - a - ’ t ed for t - ;a eh - i t t he  f i t  1 1  aaw i am g
t ’ t a u i ih  i t i c a l m s :  su rg  I c za  I di ’ I c- a t w i t  Ia  no c - I  i-ct rodes , c- lee’ t rode’s w i t h  n et  s iarg i t ’;a l
lI L t e ’e ’ t  s ,u im c l surg ic -a I d e f t - c is w i t h  e la - ’ e’t , rodes - A l  1 animals were slac ri I iced
. a t  I fae ’ c-nd of .a 24 we-c-k per led . S pec - i me-ns we- re’ process ed in I he same m annc-  r
a - I i S a -  r I bed I ea r  Cond I t ions I and 2 .

EXPERIMEI~T 1

RESULTS AND DiSCUSS ION

III Stat i a - a g Ica 1 e’xaum a 111111 i t ch a - i f t h&ase ’ c’i  r eu mse-r Ibed def ects having re-ce ived 1 .0
u t a l t ’ r a camp e ’  r i ’ l i la !  sed d i aec t f o r  ~a pc-ri od of 21 days  pest wound lu g  11111 t wi -r i-
h ar v e s t e d  t a l l  t h e ’ 2 l i-c t post wtaua d lu-a g shmowed more act lye’ I-cone fe a rm a  I i i an t h a t a
I at t tui~ tins t inca  L i t  i’d co n  t r i a l s i te ’s .  Tb is Is e’vidc’nc’ed by a greater aa ntadu n t ta t
Wa e v a - al h a a a u t e  in l I l t -  e~ lc ’ct  r lt’ ll l i v  st  [mu I at e’d r e-g ions as we’] I as lim e’ r c’la sc-d

a t aa a a a l i i - r s  a ’ t  hone- f o r m i n g  s i t e s  t o g e t h e r  w i t h  incr ehased  s i  zi- t a r  l e n g t h  of
‘ I c a  r 1 at ’ i ’ I ova ’ I v a-i! in new h o am e - a p p o s i t I o n .  The c’e I l s  I nv ia 1 ved l ire-  a l so  I arge ’ r
ma c re ’  c - t a l ~a a id , a  I w i  t h  p r o m i n e n t  cv t o p  I asm i t ’ h a st aph 11111 in  t i l e ’ sI m u l a t  ed s i t  c-s
I l l  c a ’at t r l l s t  t a t  i~e tn t  te l  s i t e - s where f r e q u e n t ly  t h e  cel l s a rc ’ I I ; a t  t e r  1 issumin g

-a  I t ’,~~ . a , ’ t I ye Ia 1st e log I t ’ l l  I h u p p e a r l u n ( - e  w i tim smaller amitun I 5 a - i f  e v ( t ip  I 115th ,

I” i g a a r a -  h\ i and  113 . T h e ’ c l i i  fe-re-ni- c’s b e t w e e n  pos i t,  lvi ’ and ne-g l u t  lv i’ p ole ’s We-ri’

pr I mar i Iv in t he degree- at  in I I hu ilunhi t o ry  in f l i t  r a t  le an l a fl e l  hone ’ form .i  I l a m
l a h a e a l a t  t lie’ re-sp ec- t [ye pt a I es.  Ceum s i St ent ly  there Was gr e - Itt  -r h i t  I amma t I can
,alaoa. at the- anede t h a n  ~-ar ou am d thc ’ ca thode .  Also c-v ident  was f t  ale ’ l i l ac - k
gra l l e l  l ar  an a t e n ia  I strongly sugge stive of metal part id e’s in the’ region of
the ’ e’Ie- c t r ode  but  p r i m a r il y in th e reg ion  of the  anode ’ . The i n f l a m m a t or y
I u t l i t  r at Ion entered into n e a r by  marr ow spac ’ c’s as w e l  1 115 a l o ng  the
sia pc- r b r  pc- F i acS team Ia t er a I l y f o r  semi- c o n s i d e r a b le d i  St llitc ’e’ in the 21 dIm y
s e r  it ’s e af . inimal s  . A l s o  noted was ox tensiv e per testea 1 hone’ f o r m a t  ion jam
I lao juxt I l — c’ le’c t rodc reg ions  pr iniari Iv about the cathode - r’tca cla of Fl i t s  beau’
was in Flat’ form a I I ~ime’ 11 I i ’ bet a. i l - a  I Itc a l-i t ’ 110 [ma is W I t h  more’ ac t  iv i t  v st I mu—

- a t  ~~ ~as t e-a a ge- a i s  i s tha i - re  I s  he forma t ion tat t r ah e a-u I lui- in a. he con I i  gcaa ’ :a t i ea m
a c t  a ‘‘1” e’x t a-n d ing pe’rpend I e’u I ar l v  from thti - pc- r i ‘.ast c’hl I scar f~aa - ’ e - ‘rhe se h~av e
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ba ’i ’n dt -sa -r  I hi - it by I ,, a a - ro lx ( 1 2 )  a--i I rid ia - at I ng t ’xce’ ’d I ng I v ,ae t I ye’ ha ine ’ fo r m a t f a a - t i .
a ’ N a - re ’si’(’,aa’a ’s ot hone- I bus I u i-med by e l e c t  r I d  i-it m u  l I l t  I a - t im  st r ohmg I y r e-s i -mb 1

e - x a a s t  , aS  i s .  A - , ca ne’ i-X IlhtlIne’d thae Ih at a - - r h a I sec- I lens  (t  laei-a-&- cut I r aa m t h a t -  l a t  e - r l a  I
~Isf aee t ca t a - , aa - i a  i l e - f e ’ a t  p a r s  I l i - I t a t  an Imag in ar y  I h nc’ cemle’d I  I n g  the ’  anode ’ ;and
c a t  lu c de ’ ) I lie I aa I I ow I amg i -llla nge’ s Wt’ r e’ no ted : t h ere was bone fo rma t ,  ion aa ll tha t-

I I s such t a - am p l i - I t - t v ~ac ’ ro ss I la a - - I I our a - a t h it’ del or t a - c t i ic ci r si’ gr e -I l ti- n l a m
, a n a a c u a a a t  I t )  l i c e -  St imea i l a t e ’ d  s i t  a ’s - In  scen e st  I r n u i l a t c -d  s i t e s  hone ’ forma t la - m um li - a
liii- a- ealle’ r a - a l t h e’ d e - t e c’t li a -~i ctll1lV w a s  in  e’xce -ss t a f t h a t  can t h u e ’ p e r I p h e r y  [sat
I a ra aea s F [u s I , a a a c - e-s I he’ t ’ e’u I r a  1 a rc’as showed bone f o r m a t  ion wh Ic  h i 1 aggc- d sli gh a. I v
lie - i a la id  t h i t  cafl the  l a t c ’r~i 1 w a l l s .

I n  th ose ’ CIlSOS wh ere t h ere’ was per b r a t  ion a - a l bo th  inner  and o u ter  t , ab  les
t i t t  i t ’ car  ~ea h ane was femmc -d in th e  are -a  of p e r f o r a t i o n  even when c i e a - I ‘ i t , l  I i  v
si laud l a t  e’ci though bone was formed a - ’ am a d j a c e n t  areas where l i l t ’ l~ loor of  t h e
a - lc ’ t e ’ c’ t was i a t t ~ a c - L ,  A lso  no ted was t h e  t e n d e n c y  f o r  excess hone  fo rma t ion
aim the i n n e r  t a b l e - when the e l e c t r o d e  was placed r a t h e r  closer to the innc’ r
lab  I i ’ st ir  t , a c c ’ •

Sp i a r l a c i  i a - , a  1 ly  , d i p [o i  c spite-es and vas -u l a r  c h a n n e l s  showed a p po s i t  ion  a - i f
1 1tme I 1 .ar hone a-in a. be bony walls of t i l l-so spat-cs wh Ida prod eaced time i p p e h a r ~i a mce -

c c l  o s t eo se  l er o s i s .  in seine i n s tin c t - s the formation was situated oat tlae wIl l I~
ea t t tue -se’ space’s and in c’on tac  t w i t h  cdec trode ’s in a manner  su gg& ’st  lu g  th .a  a.
c-earr ent flow un :ay have f o l l o w e d  v a s c ul a r  p a t h w a y s .

D~- l ca - t s  b.a v iu ~g ro de’ iv e -d c u r re n t  f o r  21 days  tha t were 511c r i i - I ced ;at 42 cl~ vs
l a c as  t wt tua nd lug were- more advanced or m a t u r e  In the’ I r hel l 11mg t hat these- at  2 I
d a y s .  Th e- I r h a b e d l a  Ille a re  broader  hind initfl~ are e-omposed of lame’ l i a r  a. \‘pc
be c ame i nst  ~~~ a - c f the woven hone prom! ne’nt in  t he e’lar 11cr pe ’ r la -ads of he’ll I i  rig
Pe- r i a c s t t - a l  bone Es s t i l l  b e i n g  laid down particularly abou t the ? c’lectra cd i ’s.

t)Ste’ehllls tlc activity, heawever , Is leveling off. There arc- fewer and amaller
areas et hone ’ forma t ton w i t h  the  presence of less ac t i v e  a p p e a r i n g  o s t e -o b I h I s t s  -

Ti me la m I l an - amatory r e a c t i o n  aro und some of the e lec t rodes  h aa s dlluase ’d ex t ens I cc’
h eaa l t ’ tl~ -strcac t Lam L am these site’s. The lnf iltr 1ate is p o ] vm or p h o u s  c o n ta i n i n g  -

adm I x t  cares e at n eu t r e ip h  i is , macr opl m ages , lymphocyt c_ s aa’ad p lasmlm c’c’l i s .  The-
a r t - a s  ot  e-emp ie t c -  e- h a l v a r i u m  p er t o r a t i on  as in the 2 1 d~iv an imals  showed [ i t t  h c ’
t c ’tici t ’ a c a - ’v t a t  c lose , Figure 4A zand 4B

l h ’t c ’a- ’ t , ’i h a v in g  re ’a ’c’ived I ~1) microamper e  pulsed d i r e c t  e’u r ren t  t a r  a perle i d
cal 21  days post wound ing tha t were harves ted  on the  84th day post wounding
showed bony d e ’f e ct s  nea r l y f i l l e d  wi th  mature  lamella r  hone , This was tr cae-
c a l  trc -ated at-ad non—treated sites. Almost all the  defects showed a slight
c’ e- r l t r a i  depr ession w h i c h  was deeper , in some ins tanc es significant ly so , in
the c o n t r o l  sit es .  The control defects also were more poro cus and still

j compose- cl of thick trabs of bone while stimulated sites were- denser having
smaller vascular spaces and showed conversion to osteona l bone . Consider able
in f l a r a u u a a t i o n  was oresen t about many of the anodes in which  c u r r e n t  had he-en
app l i e d , Fi gure SA and 5B.

A t  lbS  days s,ae ’ r i f  i e ’c’ the  d e f e c t s  t r eat ed  d u r i n g  the first 21 d ay s  w i t l m  1.0)1
amp eres pulsed direct current showed conversion of the trahecular bone- in 
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FIGURE 3

• ~: ~- -~.“-‘~f r-~-v ‘:

A

Comparison ~a l  c i ra -- eamscr ihed surgical defects harves ted  2 1  day s  pcast
wounding . FIgure ’ 3A rece ive 1 1 .0 mlcroamper e D.C . f ear 2 1 co nse c u t i v e
days post wounding . Figure 38 was not electricall y stimul a ted .

F IC.U RF 4

Comparison of cir cum scribed searg ia --a l defe cts hlla rvi ’st i’d 42 days pos t
wounding. Figure 4A n- ee’e ly e -cl 1.0 mic rtaampe re D . C .  f o r  21 dciflse’cut lye
days post wound ing • Fi gure 48 was not e l e c ’t r l e’ al l v  s t i m u l a t e d .
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FIGURE 5
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A

Comparis on of circumscribed surgical defects harvested 84 days post
wound ing . Fi gur e 5A received 1.0 microampere D .C . for 21 consecutive

days pos t wounding . Figure 5B was not e lectri c - a1l ~- stimul ated.

FIGURE 6
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A B

Sections of calvar iu tn harvested 21 days post electrode implant. Fi gure
6A received 1.0 microamper e D.C. for 21 consecu t ive days post electrode
implan t. ~igure bB was no t stimulated .
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t t i c - a - l a ’ t  a - a -  a. I ‘a  wa I ‘rd, r,’ ci lanai- 1 l,a r [acute antic ’ h a a - a t ~ l a I a - h i  ~- ,a - - ari 1 Ia - - I e ’r nc  at

a- O i l -  a - i l l  r h i I ~s’ i.ji ’ - r  a a i-j ~~a- ’ a a n , a J  h a t t i e ’ . ‘i’ r~- ; a I  a - a - i  a t t a - l  a c ’ lal a - I  a-a-  5 i i 5, a ’ a-j _ I  t~ ’~~t
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, - i s  ia- - a ’ - atta - ’ at I I l a - a . I
a t i c  a -va - I ‘r I t i e ’ 5—a c h _ a ~ a , ’t  I ‘a - i
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a Ini ‘t’r a a - ’a - l — a -  - j ’lac ~~;c ’ ,a r a - ’ , a- ~ wa - i a - a- ’ t e a m  d i  t t i a - t a  I t  a. a- a- d i Sa - ’ t ’l ’ri lat ’a uus i ’ lie-
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_ i c l a - - a - l c a _ a t a -- t I S a -  W I t S  av,e i l a b  I c ’ t a- a - i -  a. ii e-s~ a-~~’ I  I s  t a- a- i a - S ave niacl e- t h e ’ a r  I ’ t c ’Si ’~~ a - e ’,

a - I  a- a t  lie d a. se a r a- ’ last a- ’ a c t  t V  1 ‘a- h ilt! d i  s_ ipp e ’at’ e—d t a - c t  a- a -re’ a- a -Ns a- ’ i’v ,a I i a - a - i t a- o i i  l a - i
ic c i h , I a - l , ’ . O ra - ha - ama r l lv  a- a- a - a - t a - - c a - - l a s t  t a - - a c t i v i t y  during r e -n -at ad i-1 i a l g  is a mu a--h  

. - r ap  i a - i  a - r c a - c c - i-a-S I ha s  [i a - a t c’ , a ~a - ’,a- a- a -s i t  i a - a - t i . The -r i ’ i t i_ l \ ’  be _ i t  l e ’ , ai- a - t , a n  a- ir a - la -t -

a- i t  na _ a g o  i t  c i a - l a -- d i  t I,. t i a - i i a - d  i n  t h e - j r  r~i c’s

I l l  si a- a- l a - a a -~ a a-’a I i-x.u tniiua I a a - s a  a - t  ~- a - a- a- a. ia - ’i ls a - a l  a-~~~t I V , I I  a t a u t  a. Its  I t e - a ’ i’ Vt ’cl L i)  m a  a- - t a - a -—

Snipe - t i ’ pu Isa - - a - i d i  rt’a-- I c’d a r r e -rt t t aut  d l  ci not have- ci a- ’ u inisc’ r I i’ a- - a - h d e - t t ’c  t s t a - c t ’ a
~‘ a- ’~~ a a- ad a- a m  2 d a - ’U S c ’ a - a - a  I i V e- d , a v s  

~
a a - ’’-

~ t su r g i  c’ a  I I u t t ’rvc ’aa t lot -a ti - a - c a- a- ’ tue -I  ha - ad s S i c ’
p _ a ,a-I c - 7 ~a-~a - r a g r a p ht a-’C) t ha- t i we’re - h a r v e ’st t’d up can a - a - S S a - i t  i a - a - t i  a- a - I  t i m e ’ a-- u r r c - am t S t i a - ”,a- a - d

lI a - a- Ialta - l — I a k ’  a- - a - a- a-
- r a - ’ sa- - c - t a  a- i’S a- a - I  l’c a - a i m t’ I a- a-ra tted , ab a - iu t  t h e ’ _~~ t, h a -ia - l i - a- at-a a. lao pet’ i ca st  a- ’,a I

su r a  ia - - a- - s  - j ’ t t a - se rt’se-mbl e’d t Xa- a S t  c ’S i S  a- a ca -’as jct aihi liv I a-aut cl a- i t-a hte’ Tier ia - a - S t  i’~i I
a -- a - ar I a a - - a- -s a t  ia, a t t a -- i ii a- e t l i c ’r w i S c - -~a- a- rtli ,l I pi ’r sc a I t s  out  i e - - i t e ’a- i l a - v  a - i a -’ a - t r t a - s l  a - ur n -u t -

I t  a a-- u s Scant -e l a i m  t b a a ’ Sc I a t  t e a ’  i nsa. S u i c  c’S I list ge-ne - t I a- ’ m l  I na-- t ic  a- a - S art - ,a t v e in  k
ha m - ~elet i t t a - ’ t t  t a - a t h a-’ -; a- - n I l  I l ie ’ r ~ I r a - ’ umsc t I t a e ’e! ~i r c~ , i  i-i I h e r a -- I s , a md i r e i l l !  t~~ a-a - i ’

a ac t a- ’ , i a - - e ’ l a m t h a t - r .c  L a - - t a t  per i c a - S t  e,i I ha - t a me- t a- irma t l a - a -ti . gt ’e-a a. c’ t ’ t i e-ar  t. itt’ a- ~l I h a u t e ’

a - a a t e i  g r a a - l u ,u  I l v  d i n t  a I sh a t c g  i t ~a I i t t  eats I t  ia-’ ~a s thae anode’ is ,upprt a ,ic ’htec i - Aba - au t
— 

I t i c  , l  ia - ad a- ’ t b a t -i’ a- - a- a - I I en appe ’sl’ s ~u a -’ a. t ia 1 a- i  int l nu t  lo am cal  bone’ g rowl  Ii -and - a- at - I r a t -uk
e le ’st r u a a - - t i a -n i .

iia a - a l t  I t t ’ i t i a -~ l a i d  dcawn a- ’ t t  L i i i ’ taut e-r t a - t b  I a - - pt-ri a- ’st ea -l  1 s t a r t  a a - a- - c a - a  a- a t ’s ia - a  a- - I t a - a r s a - ’ I en
I ‘ i l )  r _ a h i i dl I v  I c a r f l t i I t ~ I r ab e- e - t a  l a - i r  it a- a n a - ’ t a - a  slowl y Ia- ’rnt i atg a - i  ac -u n t  er e nt  i _ a l I am a -’l l a c .
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I _ u  a- - r a  [ I v  t rout t h e a - i r SI a Ia - a - t  b r  us~a e d t  - i~ita - -sa -- t h e - n t use  W~ ti m t h t a -i sc - a- i t  ne- .ii’hv
I r a Nt - a- - t a  l , i c  Slid .1  t l a - ’W i~ ’t L O S t  i’ l l !  sti l’ I _ a c t ’ i s  a- i’a- ’ , a t a - ’a - I - ‘l’he altarrt’av sp~aa --es I a - a - i S a -a- a - i
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We -r e  tltIi~~ i f e a - i - a - t . Nu t  c x a s  F i t s  i _ s  or b o n y  cxc rese-( ’ne’es were-  ta - a hat ’ st-en in
l i n t  u t - a  It’d S i t  (‘S , l ana - i  a ’ at a m c i ) m I t taci t lv , there was lit t h e  c a r  no i n  f I ;ammat I u ~ i

~abi ut I the -  i’Ii ~i ’t rode. I n  Ii I tivas I e’ve’ry ins tana --e- time- i-a -e ’n ;i t for m s of the ’ sc n w
a - l e a - a .  n i l e a ’ a a u u  I el ha - - i l l  H a ’ i’ r t a a - d  . Ot- a- -as I ona I i n f l  anmma t o r y  a ’ e ’ I l s  a -oct Id h sc-c-n
l i t  salin e ’ a - a _ s t _s p re- _ sa -a l l i n  t h a t ’  pe- r Ics leia l c a t n tme c - t  ly e’ t i s s u e - . T h i s  wa -us a - an
;a dv -n t  i t  I o t a _ s  I h o d  f o g  a - and  w a_ s I a - ar f ron t  a - - tat -a _ s  1st  ont  —

I- : x am b o a - I t  i a - an  c i t I lie ’ sc - a - I  i o t t _ s  in 1 Iie ~ r e - g l en  of the ’ nega t ly e  e’ lee - t rod e- sht twed
b a - a - i t  t ia a e- i’f e’ a t  w , a -~ a- c a r r i e - c l  to  t h e  an a - i r g i n s  of r e - s i - c t  i on  of t im e ’ spec imen  si  t o ,

a -  . b c i a me ’ learns t i t a n  v i a_ s  d i t  f u se  a- l y e  r t la o e -xp e -r  lme n La - ,  I s i t t’ b e i n g  CVII 1 ua t ed
lati a. c a - a - t i c a - t a t  r ;t t a - e l  w i t h a l  it r I c e -  Sp a - I c e -  a-) I 2 mm. or so f r o m  I lao o h - c t  r t d e  ; wh I I a -

I lie’ r a - g i  a - iuia - ;  mit re -  p r a - t x  Ins t a’ to tim e p a - c s  I ive  t ’ Iea t rou te - _sIiowa -’cI d Int l nlshae- d ha - t m -
• I e c raa i a - t t  j a c t a  a - a - a  ; a a - Itt ; u l c h e s t  m e t  i a a t  In  t he- Itc - r I— e- l a - a - a - ’tra -a d c’ r e - g i a a a i  a - a s s o c - i , a t e d  w i t  ic -~

a - i  r a t l a u s t  m l  i a m m a t o r c -  r e ’ s p e a a t S e -  a- ar i d a - i p p a - t : a - - n t  d i s i t i t e ’gr a - a t  ion  of t h e  t - i e a - - t r o d e a - .
l a t r c  i go g r l a a m u a  I ar  m-i I c’r Ia I • hca-wc-ver , v i a_ s  n et  a - as  cv [dent  in those ’ se-i - I  ions
a - as  in those I r ea m [at t -r  t inc p c - r i  c a ds .

~:x,1na i a i a - a t  l e tu  a - c f  t h e -  s e a - a -- I  j ot i s  a - a l a ’ a - a l v a r i u m  t h a t  were cu t l a t e r a l  I a - i  t h t e
i nua - ig I n a r y  I [ne- c’can nea-- lb ng time two electrodes demons Ira ted that maximum hone
I orma t ion  wa -u s iae - c -u r r  lug in t h a c - r e-g ien d i r e c t ly  between t h e -  e l c - a ’ trod es  in
t lie sa.  imu I a t e - d  sc-c ’ t (cans a - inch r evea l ed  no inord i n a t e -  da ’gr E-c -  c a - f p e r i o s t e a - i  I
bone- I - ‘ tiia t i a - u n  in  t I m e  uns t imu La t  ed C ont  ro is .  Fl gore ’ bA (s t i mu i a ted ) ari d
Fi gt ar c - 611 (control) illustrate time above observations.

ia -ito- - a c - sec t it us of ca - u iv a r  ium re- c-c ivin g current for 21 c o n s e c u tiv e  days post
(- I c- a -- Ira - a -d o implant and harvested 42 days post imp lant showed a-i c’onvers ion  of
w av a --a m t r a - i hc - a - - i a lar ba - -a t te - (ca-i l 1 us) se-en at 21 days to a m ua r c ’  ma - a lure’ I ama-’ I I a - a r  Na m e
w i t  ii  t h a l  i ki - r a. r a - ih s  a- int l  th u -  -onv er s  ion at f t r ahe c -u  I a - a r  p er  l o t - i t t - a l  hone ta - i
a - I  r a - a a n a l e ’ r - , a I  Ia - a l I a - a m a - ’  I b a - a t ’  t an  a. h at’ p e r i os te a - al starf ac - wh aeu m i-ompa red t u a tl ae -
a - i c i a t  r , c  1 sva--t b ras h a a - a rv t- st a - ’d u t  th e ’  42 d a - a y  in t e ’rv a  I . H I  c - i t a - a I a - a g i i a - a  I d l  ffere’ni’ -s 

-

l ie - I w ee-a m t he’ i s _ s  i t  I ye. a - a n d  na - -g u t I Vt- c- h e-a - - t ra-idt—s I n c  I wied ;a 5 i l Si l u l  I a gr c ’a - a t er
d e g r e e ’  of  haoute dc-st m c I  i o n  ~ind In f I a-amnaa t I a-rn a - ahoua t t h a t -  a’ I ( ‘a- - I r a - t i l e ’ s  v i  t i m  t u acr i ’
e x t  re-me- 1 a n-a- s at 1 Na m e- ;ah ou a  t t h e  a - n - i a - i d c~s.

a- I a - a t  c- a- a - a I a - a s p e c -  I s  ‘. a I a. h u e ’ sI (mu I~i I e-d se-c-i  t i m _s slt u aw e ’d ex t  c-tm _ s l ean  of t h a t ’  c - I  f e - c t _ s
I c c  t tat’ ho rd i r s  a - if  thai ’  c-xp e- r imet -t t ~u 1 s I t o  - Ef f & a - ’ t s  gr adua -t  I I  y d im in !  sit t owar d s
I In - e -a - i ga- - s  , laa -)we ’ve ’r , and a - are-  most  prem I nent  f o r  2 mms - a - ar Sca - f r an i  a. me anode-

wha t- i t  c - ta mpa -tr od to  that ’  same’ a -area  in  the  c o n t r o l  sect  ions  - Figur e 7A (St i m e a l a t e d )
and 711 ( c o n t r o l )  i l l u s t r a t e  the  above o b s e r v a t i o n s.

Se -e ’t  ions of spec imens  t l a st  were st im u t a - a t e d  f o r  21 days following the ele -c’t ra -idc’
l anp ia -m a i t a-and ha-urvested on t he  84th  day showed t o t a l  c o n v e n s i o n  a - if hone’ formed

i a - a -  a - a  e-onsequ enc e  of ej e c t r it - s t i m u l a t i o n  to l a m el l a r  t y p e ’  hone .  There  is
sarn a- ’ t -n d e - n - y  f o r  re- c o n t o u r i n g  of t-he per ios tea l s u r f a c e  w i t h - a  s l i g h t  d i m i n u —
t io n  cii tile’ p e a -n jostea l h no excrescences while the ’ i r  rospti -c F i v e  c o n t  r c a - i s
were eat i re- l y devoid of d i sc on t  i n ul  t it- s and bony exostoses .

Ex a -arn i n a-u i ton of time- nega-t live el  a t-  t rode  showed a_ s  ia -c t h e -  a - a tit(’r sc-r ic_ s i t t  f l a m —
rn-i t I a-to alaou I t ha - - cat  heath ’ b r a t  i t ’s_ s in 1 1 ~amma--m t ic - cu t ha - a n  a-i n i t t a n i l  t h e ’  a - anc tdc ’ .
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a- a - a t  i c u a t ’ - I c  , a c c ;  ( i c c -  I , a t  , - r , a -  I a S -~~a - c a -  i - - a ’ I  e l i - I t a t  cc a- a - i i t a w t - a - t  ia i-c ~u i  a- I a a i ’ t a - c t ’ e I  l a - a - t a t , -  wI i i Ia - -
l i t  I u - a- a- I -  t a c a l i a - ’ v- i s  a a_ ’ I c h i a a t  h a t c c a - ; a t  i c ’ i  a--a -o c t t i u c i s .  F h g a a i a - ~ \ ( c a - a - I c h i h a  a- a - a - a - a- I l a i n )

- li tc i ~a - t (_ h a t  i’r , a  I _ si’ct i c a t i ) I 1 h a - a _ s t  ?‘ a - I t O e l  I haa ’_sc~ cait se-rv a -’d c l ii I a - i a - t a  c c a - , .

I \ , i f l~ a- a l a - i t  I c ’aa a- a - f  a - a - i a- ’ I i t ’ t l a - ,  a - a - I  a - i  1 c m  I a - m a  i atia m I _ i t i ’d l a i r  ,~ I a l _ a u , ’ ;, t a- - I h a - a ’  l a c e  t ’ i c ’ a - i  I a- a - b , ’

j a n 11 l a a a t  iu ma - i  i t _ ua ~~c ’a - ; t a- _ a - i a - a - a c  t i le ’ Ii a�- ~t I a a - i , i u ,  l i l a _ s t  i i t a 1 a l , u a i t  sh t c awe e i  sI  i gl at a a a c g c c l a - u a ’  i t  ~ a- ’

‘ a - f  ( b a a - ’ b a a ’ a I a- a ; ;  a- ’ _ i I s ua -  t t - a- a- a - -  c i~ i c ’ t a - a  t I e ~W ht c ail i ’ I a - a l i t - a l l  t I c i a - a  _ a h a - a u i  t t h a t ’ c - _ i t  ha - ach e a- a-’ i t  Ic
a - \ t a - a - c- - a- a- a -au t a- a -c a-’ . i t a - b  I hu e  a - c c a -  a- c i a ’ . ‘ l i t  I -a -  l ac ‘ra e a-; I snat ’ I I - ia h a t a  t t ‘‘ a - i ’ i a --  a- ’’, i c l i i i ,  a- ’ a- a - I

a- - a- - a - - a - a - t a - a - t a -  a - a - c~ S t t a - b  l a - a - a - a - a - a -a- ’ a - l I  a-~t l w i t  ha t h a c  l in e -st - n a - - a - - c a - f  t a - a - c i a - ,  i a - a - a - l a -  I a- ’i b a a - i t  c - a- - I  l a - a - .

a- 
‘I b t i ’  i i  a- a- ’ a - ,~

a- a - a -  t i a-a- ’ a- - a- - a- a - l i t  a a- a- I — a -  a-a- c a -~ _ s a  - a - b  ca - a cha t aige ’s I Uc tIal a- i e ’a-,’ a a- a - ui _ s I I itu e 1tt ’ a i a - t a - I ; ;  . ii - -

a - , a - a - i ’ I _ ma - a - a - — a t  c - - t t a - a - ’ a - c  t h a —

— I ) a -- a - a i a a a t . i  I I ,a -c a - a - a - I  t b a t ’ cia - i a - a - I t  ic’ a- - i _ I a - - a- I I ’ c c a - l a  a - ; I a ’ shi iwe ’a - I  t t t c u i  a- h a - a l a - , - .a 1 u 1 uaa _ s it a ,a a - a- 11, - i t

a- 
I a - a - a- _ t t i a - u a - 1 e  — F l a t t a - ’ I ;  a - a - a -a - c a - t a -- t a - i a _ i t  h~~’ a - ; a - a -  ( i t t  is a a a a ca - it l a i n  a. tmsat b i t  a - a~~ ’ a -a- ’ cactus I a- ItIa ~ Icc -i i a - c a i , _

baa - it t li e - a a- - ia - a - a - a - i i I I a - a -aaia a- - 1aa - a’ s 1st a- cu t a- - c u t  .aa m I r a t  I ; aa t tnaa - a t l i - a g  ra - . a e - t l e a - a -a ,u ba - a- u a - a - I t h a t ’

c ’ I a a- c ’ l  a~~u a - I~~- a - ;  , i a m a - i  i’v i e l e - t t a -’ i a- a - I  ht l i a - k gu ’. a u m a - a l a r I a- ’ r i ’ i g i a  n a _ a t  a- a - a . is I in t h a t -a - a - i- i- -g t a - ’ ; c - -

a- a - ; ; a - 1 a , a -  a a- sc u ll c u t  a. h o s t - a- a - it i’s c a - i t  hi a - l a- ’ a-~ t a a- a che - _ s  I la st  ha - id  a l a - a t  la i - e - i t s t  I at_ s i l i l a - a - I  , t a - a -  a - a - a -’ , - -

I i t  t I~ ’ a - a - u ’ t i l l  h a t  Iaaiu aii a t a - a r ’ ’,’ a ’ c ’a a - t  i a - a n _ s  al ic i a - ut t h e  a - l t ~c t  m a - t a - I a --s a - a r i a - b  I I I I h e  a - u i  l a o

- a - o w l ,t at t e - 1 I i i  I aa - a i m e  I c a t u u i e l  a - a im l-c a- .r b i t _ st e’aI sor t  ac t- s - F i g u a a - - a - a - \  (~~l la n ai  1 i 1  o i l )  , i t t e l

a - a - t a -  c a - c i a - ;  I la n a - a h a b  i~a - i )  cdc at t l t a r t  I hi ’ _ s a -  a’ c a - _ s p . ,~a- t i Va t ’ I e a - ’t n a - a che ’ ;, b — a- a t  ha pc ’s It i Va - ’ i a - t a b
a - a - , c , c  I i y e ’ - I’~x.a ama i a a , u t  i a - a i m  a - c t  S c a - ’ t I a - i r i s t , a k a - -a ~ I m — etm u t i to I - i t  a- ’r . a I Na t a a - b a  t a--a- ,‘ I a - a - I a fla il
l , a t ea-I a - a -p a -— a - ’ i a mit ’am _ s shaca w e-a- I -xl eat_ s h a - r i  c a t  a- - I  I ea- t _ s  l i i ’ a - l a ” ! v ta - u that ’ ba a - mr - a - la - a - c a t  a ’a ’a-; ,~ I a- ott

v i t a - -am c- a - c am ib aa - ureel wi t ha t ha t ’ i n  nc — sp i ’c- t lvi ’ a- - c a - ama. na- i  I_ s-

ib  a - a - ; t c a- I a - a -g i a - ’ . i  I a- -x , i i m a l o a - i t  h a - a l a  a - i t  st a t ’ g i a ’ a - i  I c ia - I  c ’ c t  _s I a ~a-a nt a - h u gs  t la s t i’ e c a - ’ i u c a s t  it , -

~- t e a - t i  ic ~~I b cI t i a_sea i _ a t  l e an i a , a a v c s t  eu a-ill t in- lt a - S~ N a-i~a ’,’ 1iam s t  w t u a - a i i a - l  h a g  a - ; iaa -al.’a ’,I t a - a l

c ia , a a k t c b i i t c i c ’ , c ’ , a  b a a  that _ iia -aaa iln t c a t  ate -w l a - i a - i ’  It t _ s t a - -a -t i , c i  re ’a - i t t t t a - t ’ i t t t h a l  Li a t t a - ’]  l~ i i
i a - - a - a m a - - ca - a - a -a a- c a n ’ t a a - - a- a- i a - a - egta l . a a ’  I t  l i - a - a -  a - I i u c  ta - c ex ci st  t a _ s i _ s  I etmn t .tt ia - a ct - ‘l’l a t - r - v _ I _ s

t a - a -a a - c ;, i i a - c a t  a- a t  h a a - aa te in t h a t ’  e l c ’ I  i’ c, • t s wi t  i a - - h i w a - i _ s  a - ac a (  _ i t l i i i  s st  ~a g c - ci a _ a i k e - a - I  Iv
a - h i t  I c n t ’ai t i i i  a-~ai ,i I i t  ‘a- - ,i amci a - l I l a - l o t  ~~ u, f i a - m aci _ s t  in_ s t t a t  t~el a-; it c ’ s .

Wh au - a - a  a - a -caci l_s ul a - - ch t e a -  t b _ s-  a- ’atait ta-a l d e ’t e - c ’ t s h a-irm a t hat ’  I tt8 cia - i ’, ’  I a ’ O t  a-I a- ag_ s • a ma - i  h a l  a - a - I a- a-

t a u t , t a - i  I I i t  t a - - i ’ i ’ue - o _ s  c a - a - a - a -’ i - ac a t e d .

‘b a a -  , a t a , ’ \ a  a - l a - - I O c t  a - ; I FOil t a i l s  I I ta-all I d  ia- a- h a - i l - a  I t_ sI t i a - a - , w i - a t - i - a  c- cat m t h a a - a n i ’cb t a - u I hat - a - a - I l actic l i t  ~ ‘I
a - h i - I a - a - I s  I t _ t i  v a - a - i t  oil _ u (  168 aISVa - ;  it a - u s t  w a - a a - ma - I  a - a - i a - a -a- sh a-iwe ’eh h i t  I c  a - b a t  I e-r a- ra a - e l i l a - a - I  a- u -

i a - a c  i t ’s I l a -a- ’ a- - i t  ba ct a-as ta - a t i c a , i  I i t  V c a t  i l i a l u t m t I t  v c u t  h ic a i t e ’ I a- a-t itle -el a ’Xc ’e -I i  ( i i i  C l a o_ so
c c t i _ s  am i a t c~d jm r -v I a- a ct s l a -a- in wh ia -’li t l- a e’i’c’ Was cc ai m t p I i’t a- Ia - c _ i . t a a r ,i t (ecu .

l~am ;; t l it_s i l i t  i _ a -I S iul ’ g t a - , a  I a - h a t ea, ’t  5 its’, j u g  c - l t ’c’t lc ie!e’s t i_sIt I a - a n t e -a-i whe ’it a- ’ a - u a - t a l a - a a a e l

I a - u  t h t ’ t  ea t ;; la~a~ iU~ I-act a -I c’e’ a. t ’a - aa -t e ’ s  In -ala I _ i t - a t  i_ il _sItowt’ c! flea t’_s_ si’alt t , uI a - b a t  I a - a  t a - a - a - c ’ ;
— t c - _ alit a u i t a -  _ aima u t bit ’ I ’

l a - ac ;; t I am_ s i I _ at e - LI ;-I a - i ’e i iiia - ’o_ s a- a - I  a - a - a l \‘a i a eat_s I a a-am bt’twi — eai t ulip l a - a t i t t a- c! a- ’ l a - a - I i a - m a - b e - _ s  ‘ia-a - b c e - a t

, a - ’ fl a - 1 a -.a - l ’ i ’ a - h t a - u tu l sa .  i ctaut I . a t  i’d seit-g ic.i I clot oa - t _ s I’ n m  si t  a lias i_ s t’ a-’c’e’ a v i aug ~~a a c e l i - i ’ ac ’ i i (

I I a - - a t  w a - i a -’ a - a - i a - i ~t j a - o c i  a - u t - a  l i i i ’ l t a $ t  it a-h~~\ bt~~~t sot- ga--a V via - r c a- , i t a - - i a -u ~utt i I _ a r ’  a - t i
(Itt - u i a s ; a - a -’l a t  i i i  a -l e t ~a a I a --a - t a - c - , a - ’i  at -s a i m  t h u e ’ tat’ e - e t’el itaa -~ a. ca -- a- a- I a _ a u  , ag t - ,i~ahs
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B

Sect leans a- a 1 C S  Iva-ar [urn l a .arv~’sted 42 d .uv s  pa - a _ s t  e- i e - ct r o d e  i m p l a n t .  F i g u re
7A received 1.0 mi ercaampere I). C. fea r 21 a o tl_ se’c c i t  lye day s  b a - ea s t  e’ l e - c’t t oc he ’
i m p l a n t .  F igure  lB was not stimulat ed.

FICIIRE 8
-a-

A B 
‘

a-

Sec tions ca-f  c a i v ar i um  harvested 84 day s post electrode imp lan t. Figure
8A received 1.0 mi crea-impere D.C. for 21 consecu tive days peast electrode
implant and was taken from the center of  thme specimen . Figure SB , f r c ~nm
the same specimen , is taken from its lateral edge.
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FIGURE 9

I ,ca- a-

a- , - 
- 

•
, - -

A

Comparison of sec tions of calvarium harvested 168 days post electrode
implan t, Section 9A received 1.0 microampere D .C. for 21 consecutive
days pos t implant . Section 98 was not stimulated ,,
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I ) i _ s c a - i s a - - u i t a i t : I i i  I _ s e a - c l  a - i l  roe -a. a- - u r a -’ e ’ aa t a - a t  t he ’ 1. 1) m l c r o ~i m p o r c - li -vt -I m g i  i a i

iletuaeaa_ s a. i- a to d  i t s  a -al a II it v t i m  st  (mu I l u t e ’ ha -uric’ fa- arn aa -a t ion . The ma - a c - a l t  I u, pe’ m l  tm rimti-d

qeia l i t a t  ive , l a [ s t o l a - a g i c ’a -a I i rmvt ’ sa .  i g a i t  I a - a t m  a- ’ cu ~~f trms pr i- v l a - m t a _ s (Id a - u - a t it a - t t lvi ’
_ s t  itc h I i ’s  a - m t  bone’ de l e a - I  Itt-a - ct _ s  in g  p re-i ’ i so t o t  t a - l i ’ va - blame ’ l a - a ha-’ Ii ia -ag I e’e- Ian I a - l I a e~_s
Urine’ pra-mda-ac - c’d under rho I rul ’ I uene - a - a - m t  a- - I  c’c’ t r i t - a- ’ ur r e a -n t var t c ’_ s I n  a - t t a - ta -’m’i a n t  ma m a - h

c e mf lm j mt tc i  I t  loa m i t _ s  ~u I u n ct  i a - a tm of I, (me’ ta - u I l o w i n g  51)1) 1 1a,’a- mt ion . Eat’ I u,’ lit I hi ’ a- ’ a - a a l a a - ; c ’

a-i f wa-aund hmo~a I I tug t Nt ’ new boric’ Is  rap  l a - I l v grew 11mg ‘‘ t I b r a - au _s ’1 a- a r t I
wa-)ye-fl

a a 
boric’

c a- ai l a pa - c _ s e-e l  a - u t a. lm jam t r,ul-cec -u I _ li- I)imsses_s I rig a - a mat  r lx  a - u t l i i i  e’rwove’n i - at  1 1 ; m g m - i m  I i h - rs
M i a s l  a - c t thai-se’ I r sbe ’a--u Ia - ti’ l i r e - m l  I is I b y  a - u r r a - u i m g a - ’ d  a - i t  r i g h i t  a n g l es  t a - a  t l t o  a-le t a - a - I

sia u ’ I , n a - ’ . As i m p re s s iv e  a-as new l u c a i m e ’ t cimma t ta -in i s  I n  t h e ’  d e a - f c ’e ’t  t I n -  g r a c w t  Ii
a c t  t r she ’c a - a 1 Se- I roan t ba - a - ’ Ia c ’r jut _ st a -al re-g (tan a - u h i emc i t t h e- c a - a t  Iu a -u d e’ i_ s re—ma -u rk a -a lt he ’ .
I i i  t h a t -sc- s I t e s  I I c ’  I a-arti st a. i a - a n  ca l ‘‘‘I’’’ _ s I t a - u pod t t’ a - i he ’eu la - ic  l a t ch I a ’s t o _ s  a - an ext  r ’ oit aa- I V

— 
a i l a i c h  g r a - a w t b a  ra t a-- l a m  t h e  l n i t  Ia - i l i~ c i a - tv  a - a h a _ s e r v a - i t  lean p er i o d . Twa -a- a _ s i l l  Lan i ’t a - a  a- :

a - r  S a m  b r oan t lie ’ c’ l e a - ’t  a’a - t t h e’ t I - a l _ s  n a - c a r p l u i m  la - ag I a - - si gat eat rap la - h growl N _ sIataw s ci [nato—
a - it i c_ s i . lal eh gr a-aela -is Ii u,a ~ r i  b a c c u l  .i r b a a - m i m e ’ i _ s  a- ’ ctnve’t’ tea-cl in te a-  bea’ae’ i,- l m a - a r l a e  I t ’  r isa. I a - ’

• a - a t  a- ; I ccv grc u wt  b a , i . a - - . a- 1 a a - ’ i am t  c - r c a - i t t  t a - i  I I a - a m t-  I 1 _ l a - - ox t ea - c a d I rig t owa--m rd t i m e -  in a - u r g  i n _ s
c a t  a - ;a - a r g i e a - i  I r’ c ’_ s a -a- i I  ia - m it in t ha t ’  e - xp e -r  ( t i m e - a m a .  a 1 s i t e ’ . I’cr i~ a s t e - ,i I ta-c u t e I i ir a m ua - u t i a - a i m

ca - a. i _ si am Ia - at e - i l liv a- ’ l e ’ e’ t n j a - - a- ’ c u r r a - ’ a a t ma - a t  e’r 1 s t  I ~ - e ’ X a - ’ c ’c ’c h _ s  I lit ’ a’ a- ’g I a - a rm s I a - aa - a- -e l o i a - i t t a - a i m

p hc ’tao me ’ria (R - A. P. ) a- - J  I a-’a ’t of ca -ac-r e I v r’, a I _ s i  rig t lao pe ’r l e a _ s t  c - t i m .  A la - a g ic ’,t I
c l i ’ a - l i i c t Ia - a - a t  ,ic ’ a- ’ a - a a - aam t  i ng  I a - a r  t h o s e ’  d i  I I a- - r a - ’ t a a - - c -_ s In growth h),at Icr - n  is t h a I  t h e’
t a t  a - -  . a c t a - h  iy l) a -’ i ) I  hem aic ’ I e art a - ma -’ c l i - a- depe’ncle’nt t ea-  a - a a- ’ a-a fl_ s ide’ra-ah to cbogne’c’ cuti c a - I t  r e - c a t

ele - ams i t ’ , ’

Fr em i ii  a - cu r  i m t m s c ’r v , i t  i a - c a - i a -— a - a t  t I - a c’ s a l t -s c a t  ~m c ’ i’ Ide a-n ia - i l p e - r f a - m a - ’ s t  i a - a i m s  a - a t  t i l e ’ c— ,i l v . m n  la n ai
a - h id I lie- I r r e - I a - a t  l v i ’ I ,a c ’k ca - f tm a -’ a- a I b r i g  i t  he’c’,ame- ehv i a - i t t _ s  I l ma - i I I he ’ I t t ’  r i c c _ s t  a - ’ t tn i

a - ut t lie ’ a - t i l t  e-’ r ta-tb h e ’  I ,u a ’ c x c ’ a - - c - a - I _ s  a. h e’ . i b a  1 1  I t  mp f c a r  ha-a-nc’ faa - c -m a - i a. Ia - aim a - al t h a - a - u t _ s t  c’aa-—
ha L i _ s t  i a- ’ a - i ’ l l _ s  I la m I 1mg t h a t ’  s ur t  , t a -  a - -  a- a l  t ha i - I naac ’ r ta - a la  I c .  L’la is a -n a - tv Nc ’ eRi e ’ C a’

l iii ’ neanmhe’r a - i f  c t _ s t  o cmprc a ge ’ n i t  a - c r  c’ i’ I I _ s  :uv , i  11  a - a b l e ’  la -ar rc a - a- - ru li na c- itt t a - a  I eatm e t i a - a r i a - i  I
ca;; t a - -c a b t l ; is ts a-ar may lie’ a - a  a- omb-m t i i , i t  i a - a i m  c a - I  t h m f _ s  and goame’I i c c-lu a- u t - a - ue - e - r l sl Ic ’s ol

a - a -’ I I a--a- ta n t l i e - _ s e’ surf li’ e ’_ s (ta- air in s  L a - ’ a-aba I I i t  u, to fa-urm hta-ni’ ) a-tn va -ar L it ,  t a - m a t s  E n
a - c i lia - ’ r a- ’xogt-ntaul_s st I nata l i e a t  ba -true ’ I a - a rm a - u  t ia - al - a (p 1 a- ’-,~a-ac’ he— a-’ t r i t ’ , I u c a  mm a - m ri .a  I , tin tr I —

a. I a - a a m , m  I a- t’m la -ta -me l sa -app l v ,  C’t c’ - ) . We~ cIa -a n a - u t vi a- i kam a-iw Clii’ c ’x ,ia - t ci If li-re-i - at - c-_ s i n
h at aw I~ot~~ h a t  ia - m a t s a - a l am _ s t a - ’a -m l t l a -- as t i c - i S a-’ I Is lit-i’ fa -mrnm th e- ii ’ t a - i t _ s - I  Ia - un_ s in  v - t m  j a - aua-a-
_sPc’c (li t - a- in st  a - manic- I cu a - ’a - ut t a - cia_s , v i z . ,  a- ma - a a. ha -’ a - alit c-r pa- ’r l a - u _ st c~ il a tmie’e lia II a - ai’ v a- a - a _ s t  a- a u ata - i I
a - a r  c ’ri a-b a_ s  I a- ’ a- i  I s i a m l a - i c c ’s a- i f  l a - t r ig ha - mi - ac -_s  - N a - a n n a - a  I l v  t lmi a - _ s c’ s i t  t a- a- -a - a - i r a - -  I a - ia - ad hn ’ a - i  r ’ a ng
i nch St i u m m a - i L a t e - e l  Nv me ’ Lit ivea - Iv hi igbtor h e - y e a - I s  a - a t  h ) l t ’l’ c l i ’ I oa - ’ t  r ~ a- a - a a - a. i v t t v  . 1’Iae ’_sea-

sits I a - a l m a - i a -- c h i t  I e a - r e— i m c t - _ s  l a m  r at  c’s cat l m e a - a  I lu g  cand ea -r I he h u t  I ue ’n e ’o a - a l  a-’lc ’ct r i o
a- tam ac -am a. s t, int o l a - u t  i t a ru  ne’ecl I t im t ht- r a - - I  t ic ’ I d a - i t  Ia - a -n  e ’xpa -’r It _ se a -n t  ~i i i  ‘a-a-’ -

t im e ’ a- a - a - ’ i a r _ s a - ’  a - i f he-a [l o g  in t hai ’ l a - a t  or I I me- per loch_ s h at - va -an d 4.~ da -av s f it  II a-aw l rig

stir got v _slaamwe’d ,t l e a - _ s _ s i - a - a c - c l  I
’ earma - u t, i ca - am ra - u Ii ’ and ia -via-t i sa-ame’ nc-gre -_ s a-; i a - ma - a  caf a

pt - r i a - a _ s t  e’a- l I bone a-as _ so c ta - a t eel wit Ii re’mcmde It rig a - c 1  t h e —  _s i t  ca -_ s cal exuhera-int la-a - t ime’
lacrama s t (ciii i n  the’ ‘‘ex eisa. am_ sa - ’_ s’’. One ca-an cmlv  spc’cuLtt 0 a - at t b a is a. l ana,’ a-ab a -aol

that’ pi-rm.atme’nI c-f l ce’ t a- a- of a - a sha - a r  I —t  e’rm cu a r r c ’Il t app I i s - a - i t ta - a i m a - i t  I he’ pet- l a - a _ s t  a - h i  I

_ s aar la - ia --a - - a-aria -I thea- pe)S_s lb ii i  ty  c a - f  ma ’tn t a - a I n  t r ig  t ime’ bony a-a-it t growt  h_ s  lay t a- ’~’ I a - a - a - l i ,

cur re-i l l a-app I I ca -u t lean _ s t ii t but’ pa-- r Iris teum in a-arch or ta -a- ma- a tot a- i in t he’ Love- 1 a- al a

hm a nta - ’ ate-w i V fearme a-l by t ho in i t i a - a I e’urri ’nt aja-p ii  c-at (el m a- If tb - a l _ s  i-ac-v I u, I carma --el
ha -m i me ’ a - a - ma -a I~J lat’ ma-i i tit ,a l rut,’d Ia - in mitre ’ t h m ; a n  the- l(aS cl;av pi’r i a -m c i t hul _s I ec’Ilo i a-Id e’

ml gli t hi’ au _ se a - tu b la-ar ha-a-ne augme-nt a - i t lea-ru in a- i numh e’r of a- - 1 i n  i a a - a  I s It us a. i a - a i m s
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inc 1 ud ing bouue a-uugm entat i a - a - r i  over L’deaitu I eu_s r tdge’a--a- a- i i i  p or i a - c a - l a - a n t  t a - a l
ia - a t’ ra- iha -mn y pa -m e ke’t s re-_s ta-ira a. lot -a c a - f  f ac [a 1 ba-a-ne’ coamt ciur s in a. ra -uc inm a -ut i a- ’~u 1 1 y
indeuced do li - i ’ t s , I - o . combat wocands a-it - ad a - -a - a r - a l a - i tnme’nt of ha-a-mate ’  I a - a s s  In

ca _st a-’opc)ros I s .

Aniath ea-r t m p i m r  t :tafl a -t h se ’rv a t  ion descry  lug c- ca awlmet i t I s  the pt~ta-_ sena-’c’ cm l I u I  la-ant—

ma-i ll a-aim a - uba -ma a t the ~Ia - a- a- I redo_s par a. I cci i sri y a-a-bc_ sit thai’ aima -ac le tuce -unr Ing a-i a- in la -ag
a-ia -ad fair extea-nde-d per (ci a - I_ s (up tea 14—7 day_ s  ) ta - al I ow i a m g  t l i i -  a - i p p  I I a - - a - a t  loam a - a f ’

c- or re-nt . ‘l’ha- - pas sa -uge  a - m I  C e ar r e i t t  is ap p a -a r en t  I y a - a a - a - sc m ;’ l a - u t  eel v i l l a  La r e ’a -ukda -aw n
ca l  t I m e  na t-ta -il I I c  e- l e a - c t  roche _ s a - as  a-—v I d e a - i a - ’  ea -d by t h a t ’ a - m a -- a- iamca I a - i t Ia - a - i ’m c al hul , ia --k

gran t 1 ar f o r e ’ I gn mat ea-r Ia 1 a-th ea -at c- I c-c t nodes . ‘I ’lac ’ lm r c ’a - i k a - Ie aw n e’rifl I i  n a - i a - a - s  c - y e - a m

.m l a . a - ’  r I baa - -  en rrt ’n a. app lit - a - it ia - t n h a - i _ s  i ’e a - i_ se ’d a- law r e - a - a _ s i n g  a - h amaa - a a - i um t a - a -  caf  t’a - are ’  I gii
ca - a t  or ta -- a l be i I d _ s  u im In  tht eiea-c t rodc’ r-g Ion over I he- pa -ia - It —a -- uarr oam t a-app lie - a - ut ia - c at

t m e-r ia -md (cait ta-i 147 days) and is a-assoc’lated wi tEa inf la--amnu a-aa. ia - ar - a and Iton e l a - a s _ s  -
TI -a l_ s change can be a-i_ sa--rlht ’d to Iontop ha-a-resls and c-an he’ mit igatc-d by Ilm ea-

, - use’ ca-I more- biologica ll y compatible ehi a --t rode systems ,

EXPERIMENT II

MATER1AI a- S AND METHODS

A teu t a-a 1 a - a - f ten a - ta - a lm a - u f_ s fca- r each c-uamr c ’aa t leve l (0. 01 ~nid 0.00 1 mi -roa-amp i-rea-s)

a-art’ he’ [rig e’xa-ana inca-cl u_ s I ng time’ hard  t i _ s _ s u e -  in v I v a - u  system (st-c’ pa-age’ I pa-Ira—

gr,ap bms I & 2) . Ea -ac ha a - tat  [m a -a l ha- rev ides a-a ta - ut a-a I ca -f c-I gumt expea-r l a m m e - r i t a l  s I t  c’s
wIt ic - la a - ar c- a-a_ sod a - at random lit the’ lea II a-mw ia’m g ma-inner. 1)1 ra - ’a- ’ a. e-aarr a -’n I a - ia m cl

h a-ti I _ s a - a t tri g d h re-i’ I c’urr e-n t a- at tIme ’ same’ a--carr et-u t I eve I arc’ a - app l i e d  ta - a a - ia - a
‘‘ a - i a m l u a - t I a-acac a --c I’’ e-xhae’r im ea - nt ; i  I site’ (a - -a - mt Imode’ prox h ma-a I ta - a dc l  a - _ c ’ a. ) se-c- F I ga-are’ 1 ,
a--a- la t in I t  a - in e ’ a - ua - Is  I v la - ar t ha t ’  pe’ r la -m el a - c f  cane we-ok I nunmed i a - itt- I u,a fa -m I l a - mw I a m g  S a l  r gc ’ c - V

- inch  ( l ie-ri  d i s a - - a - a n t  I rtu ccl . The same- wave ’ la -arms and a--current levi- 1 s ar c ’ a- i h a p  l i e - c l
t e a  two a-a dd I t I c n a h  S I t t ’s _s imu I lane-otis ly during wa-a-ok twa - u  a - c f  I he ’ rc a - h a - a - I r a - a t  I va--

a- l a r a - t a -ess and d l  see-fl t I t ine -cl . This  is r e -pea -u ted a - a _ s i n g  twa -a new _s i te ’s dii  r I rig a. baa --
a- t h i  r d wee-k a - a l  t I-at ’ r e - pa - i r a - u t  ive p ra - ac e ’ss  - Tb-at- twa-a re-ma li-a tug s it e ’s serve ~ms

a- ’ia n a. ret is a- The- a-ihe vea- p me toe - ca l was fia t I o~~ea-d on f iv e’ a-un I ma- a l  s a - m t  t h ai ’ ‘ca r tc ’n a.
Leve l emf 0.01 microampere  a-and f i v e  a n i m a l_ s  at the- a- ’car re ’nt i t -v t - b cal 0 ,00 1

m i c -r oa-tmpe ’rc -

In cuddi t .  ion , a - u prca-tcacol design ed te a -  compare’ a-alternating e-urre’nt with - a cli i’ c ’ a- ’ t

a- - a- c- urr e-nt was followed . The eight exper imental _ s it e ’s on e’a-te ’ hm a n i m a l we’ra-’ u i _ s e a -cl

in tiuc following manater: dire-c- t c u r r e n t  (“unbalanc ed” e- i i ’a - ’t r u de a - a - v_st i’m ,
c ath o de’ pne a-xinma --i I to defect) and a-’ti tertiating cur r en t (“ h a - a - l a n a --c- ti ” ta -I  c-ct rc a - a - ha --
_svste-m ) see’ r igure I at time same- current level was a- app l i e d  _ s t n - a a - u l t , a n a - - a - u u _ s I u , ’
t im two of the’ e i g h t ,  electrod e sites se-lected a - i t  randc a-m t e a r t h e a- t i r s t  we-ia-k

ja- a - i a - ; a. —surgery a- a - f the reparative proc- c-s_ s . a aud t hen  d i_ scoti a. ina - ic ’d . C a a n n c ’nt a - a t

the’ saute- wavefo rm and level  wa_ s app i led to a sec-rind p a i r  of n a - u n a - l e a m l  u, _ s o I a - a -’ t a - a- a- I
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si t e -s during thern second week of the reparative process and d i s c o n t i n u e d .
‘I’bti s wa-as rc-pe’a-ated a-ut two a d d i t i o n a l  s i tes  d u r i n g  the t h i r d  week.  The
r a - ’ m a - u l n i n g  e- I c ’ct r o de  s i t e s  serve as cont rol s .  The above protocol  was followed
can five ’ a-uat ima ls each at the c u r r e n t  levels of 0.01 and 0.001 micr oamperes .

Ona a-’a-ump l e’t jean cat the- oxper imenta-i I protocol , the 22nd post—operative day ,
the’ a-anima l was sa-u crif iced and a comp lete autopsy was performed , with
sh uc ’a-~ta -m I a-ut tent ion being given to a- all factors that were related to the
rep-ara t I Vt ’ process -

Pa-mr i t - l a - i  I l i l a - a t e - s inc 1 tad I rug t ho d e f e c t s  we-re re-moved , ma - me l I a - a - gr a p ha -e a -d and 1 i xe-il
In  ac-d eane- I r a - t n t  w l i l c - h  ground sea --t ion_s were’ prepared fea r te -tr a-ae’vc I In c
11 a - i a -mr c-s c-en t I a-abel I ha g anal ysis a-a l the’ a - apja o_ s it tona l heat -at- growtb~

Analysis ia -f 100—150 micron thick , ground , undecalcified , calvariurn sections
• 

- wa_s accomplished utilizing a Leitz fluorescent microscope at-ad an eye piece’
micrometer (Bausch and Lomb), The mean of 12 micrometer measurements was
ree- ea-rded la-ar cacti defect , test and control. Bone accretion was also
measured in numerous sites remote from surgical defects and from area_ s of
current application in an attempt to normalize time large variance antici pa ted
be tween  a n i m a l s,

In addition to the above , daily physical examinations including body temper-
ature , pulse rate and a description of the general state of health were
maia’it;atned (ifl each anima l throughout the experiment.

EXPERIMENT I T

RESULTS ANT) DISCUSSION

The- d ;t t a - t  c e ’I t s  fra -a m Experiment II are not complete at this writing, ha-a-weve-r ,

staffi a -’ie nt mate-r E al ha-as been analyzed to suggest that the selected current
deaa-sitl es proved to be too low to promote repair at least in the Sites
e-xam ined thus far. Individual data cells are tabulated in Tables Six through
Eleven .

Examination a-a-f the  following data suggests that the current supp l ied at the
— 0.01 and 0.001 micro anmper e level had little effect on the repair of circum—

scribed surgical defects in the dog calvarium . Upon completion of the data -a
a--el is , statistical comparisons will be made between time three peri od_ s af

- - current app lication , the three types of current applied and the two current
lev els.
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‘I’ABLE VI

0.01 Microampe’re’ Dire- t- t Current

lnterv a-u 1 of C u rr en t
App I ie’a -a t iOn (Days 1—14 15 28 29 42 C a - t i - a t  ra - a l

I’ost Wound haag) 
________________ _________________

[h unt’ Ae cretion* 547 + 232  498 + 236 480 + 298 638 + ‘%

in ~h ie -rons n = 3 at 2 n 2 n 6

TABLE V I I

0.01 Mhcr caampere- Direct Current (Pulsed)

I tat e’rva-a I a - ct Curre-nI
A l- a l t  I i  a- - a- ut icaa a (l)a-av_s 1—14 1 5—28 29—42 Ce-nt  rea l

I’o_ st Wa-a-ca-nd ing) 
____________________

Bone Ae .cretie)n * 352 ± 189 46 1  ± 226 547 + 301 456 + 2 72

in t a l i a --renis n = 2 a-a = 3 n = 2 n =

TABLE V I I !

(1.01 Mu -r ca-ampere Al tern ating Cu r r e n t

Intc-rv a - uI of Current 
F

Ap~a l ia - a - ut tciaa (Days 1—1 4 15—28 29~ 6? Ccaimtro I

Post Wa-aund jag)

-. Ba-ant’ Acerea-t ion ’~ 
428 ± 196 398 ± 159 412 + 282 484 ± 282

• in Mhcroam s n = 2 n = 3 a = 4 n =

* Mean of twelve mea-usturements + standa-trd deviation
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TABLE IX

0,001 Mlcroampere Direc t Current

Interva l of Current
Appl ication (Days 1—14 15—28 29—42 Control

Post Wounding)

Bone Accretion* 477 + 194 253 506 
~ 

312 489 ± 237
in Microns n = 3 a = I n = 3 a = 3

TABLE X

0.001 Microampere Direct Current (Pulsed)

in t e r v a l  a - a - f Current
Applica -uthon (Days 1—14 15—28 29—42 Control

Pa -u_ st Wounding)

Bone Accretion* 488 ± 207 470 ± 201 502 469 ± 203
in Microns n 2 n =  3 n I n 4

TABLE XI

0.001 Micr oampere Alternati ng Current

Interval of Current
Application (Days 1—14 15—28 • 29—42 - Contro l
Post Wounding) - 

-

Bone Accretion* 708 436 ± 198 373 496 
~ 

282
in Microns n = 1 n = 3 n = 1 n = 4

* Mean of twelve measurements ± standard deviation

28
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SUMMARY

i ? u m i  I t  it a - at lvi’ h i s t u a l e a g i c a - a l  e v a - a l a - i a - a t  i a - u n  a - a l  t i - a c - a _ s e -  obse-rvat iot a_ s reported In
p r e ’v i a - t a - I s  V e ’, iEs  by t h i s  l ahearateary w a - us  pursued d u r i n g  t h i s  a- - cun t r a c t  vc .ir
Oh_sc’ rva - a t I a - a n _ s  I t ic 1 a-ade’d

1 . Enl aa -aa ai-ed hean c fe a - rm a -u t lea-am s t m u  la - a t e’d h~ 1 .0 mit -  rca -amper e -  di  re ’c t p a -al sod

~- urrent for 2 1  days a - a - a -- a- a-a rre - cl in h u e - a l  jag boa-ac defects produced in the
cia-ag ca-ilv a -arj eatu. T h i s  a-a -hs e’rva-utio n wa -us canf i rmed h is to l a - u g i c a - ul lv at 21
da-uys , 42 days , 84 da -av s and 168 days post wounding .

1. M a x i m u m  c’t  Ic -c t _ s ca- e- -eurred in the iti i t ia-i l t line per l ea-d a - u t 21 clay_ s. Bone’
— 

- preuduced in  t h e  de ft -c t_ s a-ta-ad a- a -n t h e  p e r io s t e al  su r f a - u - e-_ s in b a a X t a - t P O s l t  lean
t ea- the e-lc c -tr a-ad e’ (cathode) wa-us es_sent lall y wea-ven or t ihar oa -ma-a - hone .

I .  E l i  c a - I _ s  v ,u r  t ed w i t h  c a - a r r e a m t  d e n s i ty  arid were a-as _ sea - a -- ia-ated wit l diff eren ce- s
ita the tv ha-e of hone deposite-d, Highly act ive forma -at ion was c’t ua - ara - a c-ter i -i e-d
by trabee- ular bone whu ile more slca-wly forming bone wa-as composed of c-o m—
pa -ac- t lame’ 11 a-mr heane -

- I 4 .  Priumine-nt enhane-e’ment caf bcan e’ aplaos It lean ctccurred a-at per l e a - s t  ca- a l _ s u r f m c e -s
- at-ad shma-uwed two ha - a - a _ sic pa -utterns ; t- lr e’umscribe-d eutcr cajaplng s a - t i hone-
re’se-mbling exostosis car diffuse inc-rca_sos in circumferent ia - a l lana -c- i I t o .

5. Ceamplete’ perfea-rat ion of the ca-alvarium in local ized area_s a - a l  t h e  d~~fee ’t _ s
harcaduc ed wound_s showing only limited tendency to he- a -ui . Healing was
e a - a - a f i n t ’ d  te a r e g ions  of time defect In which boa-ac wa_s still present a-a-n

the  in f e ’r [or s u r f a c e  -

6. Prcum [nent Iaf l amma-ut tea-n wa-us evident a-about the  ci ee-troelc _ s pa -art lea -a l a-ar I v  t b a - ’
a- aneade . This was a- al _ s o associated with black granular la-are-ign material
lure sumablv produced at the’ electrode. The apparent hre’akda-wn a - a - f  t he
c-Iec trade was progressive with foreign material seen eveai at the latest
t ime per iod of observation (168 days).

Add itiona l studies we’re performed to further evaluate the effects of l eaver
density electric current on the reparative process In ha-urd tlssa-ae in vivea - .
D.at~i cells are incomplete in this study , however , it wea -u ld appear f rom
pre l iminary data tha t the lower current densities were ineffective In time -

c.ilv .arjum model.
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u a - u a -I a- ia .utag c s wE a - ha ag I am g aa - ua - I  atm e-c’ u I a - i a - i t  i a - a -ta - a - a -  t a - -a - a - a -f lue Inc t ha - ca - e l s I a- a - r  us~ i - a a - n  I a - s

I t s  n u i n e - r ~u I  c o n t e n t ,  i - Ba - ti me- i t .  S e a r g .  (Aane r ) 35: .‘S~~— .’~~S_

‘ a- a- . h ’ b ua - ’ l i t  l a - a - I a - f l  ( ‘ a- a -m 1a - , a t a v  , Ka -u I ant .a ’a- ’o , N a - c - l i t g i n  —

Ia - ) . let u _ c a - - ~au ( a - c’ t raa - \‘c 1 Et te ’  ira- a-I a~a -ta -- hu l a - a - a - ia - ic ’) I’ t a ze r  a- I n u c - . , Ne -a , \‘a - a - r k  -

i i .  N i l Ic ’t’ , R _ A .  , Ra-a l 1 , D. P .  a - ca mel Ta- a -la-v , J . 1-’ . ( l 9 S f l  . B a - a - a - t a -’ I a - a- a - _ e l i .~ a - t  i a - a - a - i

a - a t  a - h u e’ t e ’t t ’ a - u a - ? V a -  I l a t e ’S. J . Na - at - C.e tu a --er  l a m _ s t  . 14 :  S~’ -
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b’Ra - a- .~ l: a- S I M M,-\R \’
l ’~ ‘2  — l a - a - H

h a -  i e -sa -- . u u a - I a  e~t t a -’t~t c a - a t  i t l a - a - I  ‘‘ ! l a - ’ a- ’t  a- i a - a -  I h’ athi.aaa - e ea -ia -e-tmt a - a - I  l ie- a - a - I  ~ a - u~~ t n t  C a - a na - t aa -~t
i n  ca - a’ i a - -s t a - a- t ha t - a -I a a - i a - i  S. ’ a- a- i _ s  a-~e ca - - _ s ’’ t a _ s  re -_ se a i t  a- - a - I l i i  t li e- a- a - I  I a-a-a - .’ i a - a g :

C a - a - i t t  ~ _ i a - t i t - a - a - U  l a - a - ’.’ - - a- a - ’

I - Il a - V c’ 1 a- a -pme ’a a t a- a - I  _ u t m a- ’ ~-,~ a- a- ’ I’ i a - n a -- a - i t  , a -  a - a - a -’ a - [ a- h a - i  ‘a l a -  I a- ’ a- a - I  a-j, a - a - in t  a t  t i v a - - a- - v . a - i  ua -i t i a - a - a - I

- a -  a - I a - a -’ a-’ a- a- a- ’ a-~t s a- a - I  I h a - - app  1 i a - at l a - a- i t  a- ’ I e \ a - ’)~t a - Ia - a - a - t _ s a- ’ I c a -  I t ’ I a - ’ a- - a - it - a - e’Ftt t a - a- a
h a - ’ , a -  I i a - ta - c, a- i i  a- a - a - a - n _ sa -  i’ 1ia ’d a - I c~ t~a- ’ a - t  ~ t t  t ia t ~ a- .i a - a-g a - a  t v _ a r  I cant .

- ‘ - [ h a - ’ a- ’ _ s t a h I  a- ‘-hn a- , ’ i i t a- a - I  . a l  _ s i a - t g i a - ’ . c l  , - c u m c - s t h a c ’t I a -’ a - an t i ra - - a- - a- a - va -- r v  t a- ’a - h i fl i qcu~’_ s

a- a- ’a - ; a - u a- a , ’.! l a -at Ia I s a-na-a- a - I ,’ I u, a - ’ r a - ’ a - l a -’’a - e ’  l a - a - h a - o c t .

- 1 m~’ l , i a -a a -  a - a - I  e l e a -- a -  t a - a - a - I c’s wa -- t a -  a - ic’s I gate-a-I .ina-i p ra - a d u a-’o ci

-, , a- ’ a- ’ u_ s t .atu t a- - l i t r e - n t  pe a- wa-’ r su~a-p 1 L’s we’ a e ’ etc ’s i gne’d a-and 1a-a’a- ada-ac c’eI -

-
‘ - Fa-a-a-at te - a --a - t , a - i u  i na-a-a I a--a- , t a-a -tm c’XIa- e’ r i a -macnt a-a 1 a - a - m a - I I c-a- a -cr a - a -a -t m t rca- 1 • we’r e- ca -h a c- r a  t c a - I

c a - t a - I c - a - i t t ’ a a - - a -I I a - mt  a- a- a- b a a -’ st ead~

a - a - , .\ lila-a-a-It, I t o t ’ I li e ’ a - a - ’  a let _ c t L O a ’ a- a - a - I h a t ’ ~ pp1  Ira - ut i a - a -na cat t~- 1 (‘a- _ I r I a- ’ a - a - ar tc’t ut I a-

t u a - - u  I Eitg wa-a-aanets in  sa- a- I a- a- I 5_seuc ’ t a - a  v i v a - -’ w .u_s d ov e - I  a- aped -

\ a- ia -a - aa -li- I t a - a - i’ t lie’ a-’v~u I c a - a t  t a -a- u - a a- a - i a - ia - c’ app I ta -- ,at l a - atm a- u t  e io c’ t r  I a - - t - e ua ’rc ’aa t t a- ’

a - a -  I I a- t a - I t  a - ul ’c’s in  ‘a- ’ l a - I a -a- w , a _ s  a - Ie ’S ig iua- ’ e I  i tm a-i clove la -a - I a - ca- a-i i n a -  l a -ia - l i am g a - a - n iqa - a c’
a- - a- ’ L I  a- - a - a [t a -art ’ a--ha ,umha -’t- s t ha - a t  at - a- ’ pt a--sc -nt lv  in  casa -’ l a m _ sc’vc’t’~ a- 1 la - i ia - oa - ’ a - ut a -’r Ia - a - ’  -

S . -i a- Is a- at ’ a-’a-q a- t a - a n t  a - a - i l  t t i t a - ’ a - a - V _ s t  a- ’ttt wa -as a - I a -’va-’lctpt ’ei ta - a- I n r a -b et - a- a - v~ t l e a , a t  c ’ t he ’
I a- ’ . ‘a- ‘

a- I t i l e ’ a- - a- a- l i t  t a - a 11 e’ei _ai a - ia- I I e u  I ia - a -a -- a a - ut’ a- ’ l e a- a-~ t a  L a -- c-ct r r etu 1 a- a - t I _ s _ s u a --
a- a - a -  I t a - i r a -’ .

a - ) h a - _ se - I lame ’ c a  l a - i a --_ s we ’re ’ a- - a- a - l i e ’’- t ea-I a- a - t a  ha -a t  it a - mniina - a - I h a - a -d c ’ i _ s  a - la - i a - I  a- a -u - a I l i t _sue’
a- ta It a - a - t a -’ a-tae’d t a - a .

10. rhe - t a - a l l  a- a-w i a - mg a - arc ’ ca t  t e’re’a-a-l a-us sunu an a-crv a - i a - i a - i  a- - a- a - a m a -’ I a - a _ s  i a - a - a - i s  I or t lii a-a- a-- a- a-i - at r , ac  I
c’e’.ur

‘‘EX I’ a- ’r inc -al t a - c 1 la-ra -a -g ra -utlas ~uz- e’ uamde’r dc ’ve ’ l a - a- Iaflat.’fla - t a - a- _ s t  a- a d v t h e ’ f~’ a _ s i  h i  I i t  ~
- a- a - I  a-

a- a- a--a- t a -u g a - l a -- a- ’ tr i a - . u  I e-tarrents to t a - a - a - a t  inc’lv ei’ahane’e t he  rc ’I a -a - m it  ca- f h m a - ur a - I a - in t l

Sa - ’ I a- a- a- Si-a -a - i c_ s . Ra-alt id a - cai d c I  I i a- I e’t l t  .ussessme’nt a-i c’ja-e’t-u ds a-a -n a-mi -a t n t e -gr at  ed
,l 1a - la -ra- a -a - a c’ h i itava -a- iv ins tEa -rot’ a-list i a -ma -’ I a - r a -a-gr am s . l i _ s t  eel ha -’ i a -a-v , vim ia --h a ba- a-vt’
he-en a-ctmde.’r a-lOVe’ lea-pmt’nt and a-ar e’ aaetw tut u _ s t  I y .. a - I a e a - t ’ ,u a- i a -a- ama -i l a- ia - ma - I pi ’ca a - ia - a a -- I I c a - ’

.a -~ F l a - ’ a- - t ri cai cca rr e-taa -a--i ia -a it~ard t a _ s _ s u e’s i tt va - V a -’

h a a E la - - c’ a- r i a - - a - a l  c-curr ents i ta  sa- a - t t a- I _ s _ sa - ac’_s ia - a - a-’ ivo
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• a- - )  E I a - . a -’ i r l a - - a - i  c u r r e n t s  in a-- i’ll au-ad tissue’ culture’s ~n v i t r o .  
/

The- a - a pp I L a - a - u t  La - un t a - I’ d I roe- t - aa - r r e - n  a - _ s has bet-n f a-anna -i to I n il aae ne-e’ wocaamd
re-ia-a I r lam la -a- a t Ii pa - usia - Eve ’ and ne’ga t I ye. ma-anne - r_ s ha-u sed aa -po n t ha -’ ia - r o ll nul nary

a- Ia - a L a-i t ea -  d a - c t a - ’ ,

a - a - ) N~1~ a t [ v a - ’  l a u t  l t a - c ’ a - aa -- e - _ s  - These in I I ut-nc-c’s a- ire- re- _ st r I a - ’ a- a-’a-l t o  t he  a - ar e ,-a
of t h e ;mna-ude - and ;appea-ur ta - u he ’ c a-a -agul a- it Ion phenomenoua , pr oh at a ly  of
l)rotoina-uc- Ions m.-m te- rIal

h) Posit iveu tnt lue - n ace s .  In vivo s tu d i e s  of hard and soft tissue’ shia-aw
more rapid orga-anization of reparative elements a-and related v a s cu l ar
phenomena , enimanced production of ossified tissue , and increase’s i n
the a- magnItude ca- I- sys temic  Ind ices  a-t f healing. The’ re_stilts of
ini tia - u l culture steadies suggest clectrica ll ’ a- ependent ea ha-uncement
of m i t o th -  a - a c t  I v i t y .

‘rime I t o _ s i t  lye m I  lea-enic -e s a- a - f a - - I ce - a - rh-a l  currents on -,~a-a -und l i e-a l  Ing gre - a -mt l a-a-
“ ca-u a-we’ igla a-lit ’ ne-ga-it ive iaa f I ut-ne-es in  e f f i c a c y  of e f f e c t  , in  t h a -  r e - I a - i t  I on—

shu l it t a-a spec - If Ia-’ a-’ lcme’aa t s of hiea -u l Ing a-af deemed the-rapeut Ic Im p o r t  ~‘u ntc-t- ,
a-anti heca-ucasc’ sue-hi n e g a t i v e  Inf I ue’nces could pa-a-tent fall y be remca-v (-ei by
ia - i a - a - c - I amg a - a -n o d a I c-i a-’c tra -ud -s at rena-a- a-c hoe-at Ions and In a-- l e e - a - r i  ca-a I ge’a-amc ’t r It’s
cat l a-aw e-carrent dt’ams I ty  .

C o n t r a - a a -’t  Yea -ar 1973— 1974

I . The’ f I r _ s t qu a-intl ta-at lvi- e-vide-nce a - a - I ti te ’ e l e c t rI c a l  cnlmance’me’nt c a - f (itt-

rc a -pa - i ra - a t  lvi- process in Im a - ard tIssue was repcarted .

2.  ‘limo f e - a_ s i  h a - i l  I t y  a - a -f  t he case a - a -f  elcctri e c u r r e n t  to a - ut-ce 1 c’ra-ate th e’

lie - a -a -i ing of ha-a-rd tissue defects was c_sLab ] Ished for the fir _ st time
cu_ sing qutantita -a t ive me thods tha t were worthy of stati stic-a -u i analysis.

3. ‘[‘itt ’ re a - a t  I vi ’ lull ue’nce a - a - f  a-unoda I and ca-i thoda 1 current to t ia e
re-pa -ira -at Lvi’ l u r a - m  c a - _ s _ s  in hm a - ard  t i ssue was quLant i a - a t  l y e - t v  e’Va lcaa -ated atmei
ane’a-a_sured .

4. The effect Eve’ period a-t f c u r r e n t  a p p l i c a t i o n  was determ ii aed  and r e ’p a - a - r t  eel .

5. The- effects of three currents densities were measured In the c-a - a l va - i ri e a nm
model ana-l reported .

6. The’ q c a a - m n t i t a t i v c  da ta - i  reported from tIme hard tissue studle-s wa_s
cea-nllrmed qual itativel y in soft tissue’ In vivo  steadies a--and reported .

7. That’ re- i a- at lye of ft-ct_ s atf time anode a--and cathode- were’ oxa-um i iaoel h a  mona-a--
lay er c c l  I c u l t u r e  and reported .
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8 . l iii -  t a - a l  Ia - a - win g a - a - h _ s c - rc a - I  ( c a - n a - - a -  we’re’ st u t eel la - u t ha - - -.au n mr n m a - ir a - - a - a - I  I l a - l a - a -  a- - i a -n - a t  i a - a - - I
v a - _ a - ,

‘‘ i ’ l ic -  . u 1 a 1a I I a -  .uI ia - ia n a - a - (  c• l i - a - - t a l e - a- ’cI r ra - ’ aa - f  doa -’ _ s - I a - a- - c - i a - - r a t a - ’  t ) a a - -  a- c a - p a - i r a - I  Iva--

l a a - a - a - a - a- ’ i - a - a - _  I n  Ia.u ra - I I I _ s _ s i t e ’  •

‘‘‘tu e a- apt (a-lila I t t a - a - ta - ’  t a - a u -  ( t i e ’ a -u p ja- 1 1c , ut ta - t am a- a- t t l a - I  a--a- a- c a l - t a - - a - u t t a - a -  m i  I lie - i - a - in’  Iv
a - i t  a - a ge ’s a - tI tt ’ic ’ re-pa -ira -ut I V a - ’ i a - t a - a - a -- c’s_s .

t a - ’a - u I  a- a - a - - I  \‘ c’ . a - a -  l a - l i ’ . —  l a -- I / a -

the ’ I a -’ I low ta -m g wa -c a -a - p re ’_ s c ’ai t eei ta - ta - - Ia-a-thu h a -a- a - i a -  t a - a - t i  a- i s  I a - a - ut  I a - a -I- I lie’ a - a - nna - a ; a -  I s ta m ina - a - ta -
n - a- - I a - c a - u - I  t a - a - a - -  a- - a- a - a - - a t  ra - ic t yea-ar l a - l i e _ i c )  ;~ t _

W a - a -u k a- - i a - i a - a - i a - i a -- I  i-ct i a - a - ’ a - a - t i a - ’  I :a - h a t a r a - a -  t a - a - l a-’ f i t  a- ha-’ a-; I a - a - a - i a - ’  a - a - I t h e ’ a -’ 1 c ’ a- ’ ( a - ’ i a - a - al ea -ml ia -inca-’nuc’a -i I
a - a l I l a - a - ’ n c ’~a- u r a - a  Ia - ’,’ pa-’a - a - a - a- ’a --a - _ s c a - I  ha - a - u r ci a- f_ si-un ’  l a - a - i _ s  ra-’_ suI ted la m Il - ac ’ I c a - I  l e a - w I n g :

I - l i i i ’ a - l a - _ a - _i ’ I c a - l a -ll i a-’ a - ’a - t  a - a t  a - u a- - a - u r e a - t a - u i ha - ’ e’a-a - im l rca- I I e’ci c’xpea ’ inc-a -m t a - a - I  n a - ca - tic ’ I i at ’ Oe i t ic ’t I a - ’ c ’
a- ’ I a - l i a a - a - a - i t  i t  a - a t  ( y e ’ a - l a - i  I a - u a- ha - a - i t e~a- cn la-ca- sca -h a -~ ca - c t  e’ei t a - a- i-i  g la - I  a- -a- t a - i t  i _ s t  l a - - a -a - I a - t a - a- I a-’ a - a - i a-a-

- SI .a - I l a - a - i 1 a- ’ .u 1 1 ‘a- ’ i-a- I go I t  I a - a - i n t a - i a - a - t a - u  ele ’a - ii a - a - i m _ s t rat Lag t lc ’ Ia - a - a - si t lye’ e’ I t
_

c- a- - I  a-a- a - a - i I lii ’
, a l a l a  I i ‘- ~u Ia - a - ri a - a - I i a - a -  a- ’x c a - g ( ’ i a - a - a t ls  eIa -’e a - a I a- a- c u r r e n t  a- t a - a -  a- ha- ’ he - a - u I m u g  wa - a -a - ia -me l L at

l a - a - a - a - if t I a - a -  a - - a - i a- c ’

a - n  I - - I t e a  I I  a-- a - a - I g u l l  i e - . i n i t da - t  I a - u  a - Ie ’ma- a n s I t a - a -  I I amg a - lie’ a- ’ t 1  a - a -c t  i t t  c’ I e ’a - ’ a , a -a - I ,’

a- a - a - r u t  (ga - i a - a I (c a -It when  d i  r e - a -- t c a - u t  t e’a -t t I s a - i a -tm I n tl _ s t a - a - a - a - a -a - I t a - a  a - a - la - c ’a - c I I a - m g wa - a -a - ia -ma - f
i n )a , a - a a - i I I _ s i - a - t ic’ —

e . ~~t . i t  t o t  t i - a - a - I  I a - -  s l g n i l t  I a - a - u n i t  a - I _ a - t a - a -  da -’nua -a -n a --a - I r a t i n g  c i i i  i t ’rc- n a - - c’s i n I l - a - a -- a - I  I a - ’ a- ’ t a--a-

a- ’ I a-_ a- a- ’ Ia- ’a- j e- a - a - ra - ’a- ’a-i( ci a-a -a - a _ sit I a-’s wluea -m a - a -i a - l a -I l ea-I ta - a a- h i’ l a - t a - a - a - I I nm g wa - t cun mc l  in h ;ur c l
I I a - ; a - ; a - a a -’ —

a- . Si g a - a -  ( I  l a - - a - a - n - a t  a - i a - t a - a -  a - I a --ma - a ims a- ta - i  [ m ug a- ha - a - a- a - ae i m l i - a t _ s t  t a -  t I c a - I t  a - a - I  a- ’x c a- gc - a - ma - a a -u a--a- a- - a nt re - ni t
c ’~ i t  I a- f a a -  I ha - c’ tic ’a - u I t o g  l a -1 ’ a - ia -’ c ’i~_s i _ s  ha -c a - i a- ’ a- ’ t  I t ca -ic’l e a - a-as I ha -in l a - u t  ca - r a - aetna - i a - i l  ia-I v a - m t  i a - a -nm .

a - a — St. it ( a - a - I  I a - i  I I a-- s a - a - n , t a - a - t  a - I . a - t . i  a - len a - a a - a a - is  I r .u t I a ig na- a -  s i g n  i t  i a -~ia - n - a t i - I  I a - - a- ’ I l a - c t  w a- — c a - i l

Ia - i ’ . i 1 a - 1 a - I t a - a - il ta - a - a - a a- ’I i ’ a - u  I a - a - e d  li l a- c - i ’ t a- - a - a - n’  r e - l a - I  a - ia - i a - I  a I t  a- ’a - ’ nm a - a - t I tag c ’c u F r t ’a m I ~i

I lii ’ I . il nit  c rc a -a - impa -’rc ’ I c ’Ve’ I -

/ - St a - i t  t a - a - I  t a - ; u l i a -  s c a - c i t i a - a - l  a - L i t~~i ei a - ’a - i ic a- i ia - i t  a- - a - it t u g n a - a - s t g a - u 1 t Ic ’a - a - imt c ’ I I c ’e - t  l a -c ’ t w a - ’a-’ iu
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produc t ion of perloateal hard tissue excrescences in fields of high
current density; d) alternation in rates of bone apposition in sites
remote from stimulated areas .

-

‘ 
C o n t r a c t  Year 1975—1976 (This contract year due to delays In funding extends

into 1977•)

Qual itative histological evaluation of those observations reported in
previous years by a-his laboratory was pursued during this contract year.
Observations included :

1. Enhanced bone formation stimulated by 1.0 microan a-pere direct puls ed
- cur ren t  for 21 days occurred in healing bone defects produced in the

dog calvarium. This observation was confirmed histologically at 2l~
a- 

day s, 42 days , 84 days and 168 days post wounding .

- 
2.  Maximum effects occurred in the initial time period of 21 days. Bone

• produced in the defects and on the periosteal surfaces in juxtaposition
to the electrode (cathode) was essentially woven or fibrous bone ,

- 3. Effects varied with current density and were associated with differences
in the type of bone deposited . Highly active formation was characterized
by trabecular bone while more slowly forming bone was composed of compact

- lamellar bone ,

- 
- 

4. Prominent enhancement of bone apposition occurred at periosteal surface s
and showed two basic patterns ; circum scribed outcroppings of hone

- resembling exosa-osis or diffuse increases in circumferential lame line.

5. Complete perforation of the calvarium in localized areas of the defects
produced wound s showing only limited tendency to heal. Healing wa_ s

-~ confined to regions of the defect in which bone was still present tan
the inferior surface.

6. Prominent inflammation was evident about the electrodes particularly tIme
anode. This was also associated with black granular foreign material
presumably produced at the electrode. The apparent breakdown of the

• electrode was progressive with foreign material seen even at the latest
t ime period of observation (168 days) .

Additional studies were performed to further eva luate the effects of lower
- density electric current on the reparative process in hard tissue in vive a.

Data cells are incomplete in this study, however , it would appear from
preliminary data that the lower current densities were ineffective in the
calvariu an model. 
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DEPARTMENT OF THE ARMY
US ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMAND

FORT DETRICK, FREDERICK. MD 2I7O~ Mrs. Idoine/Jkp/30 1 663—7325

ATTRITION OFt

SGRD—RMS 21 August 1981

SUBJECT : Change to AD #A055531

H
Defense Technical Information Center
ATTN: DTIC—DDA, Mrs. Crunibacker
Cameron Station
Alexandria, VA 22314

1. Reference is to the report with AD #A055531.

2. In checking our records we find that this report is dated “20 May 1978”
on the DD Form 1473 and “20 May 1977” on the cover page. Request that you
change the date on the cover page to “20 May 1978;” as this is the date
recorded in the DTIC technical report data base. We have made this change
on our file copies.

3. If there are questions concerning this matter please contact Mrs. Jane
Idoine of this office at Area Code (301) 663—7325.

1’) 7 )

(Mrs.) PATRICIA A. MADIG
Technical Review Group
Scientific and Technical
Information Division


