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Second-Set Reaction Favouring Incorporation of 

The  re j ec t ion  of t i ssues  a n d  o rgan  a l lograf ts  is k n o w n  
to occur  more  r ap id ly  in a second-se t  t h a n  in a f i r s t - se t  
r eac t ion  1. Moreover ,  in  o r t h o t o p i c  cor t ica l  bone  graf t s  
w i t h o u t  r ig id  i n t e r n a l  f i xa t ion  a h igh  r a t e  of surface  
r e so rp t ion  was r epo r t ed  2. The  p a t t e r n  of bone  hea l ing  
seems m a r k e d l y  in f luenced  b y  re l a t ive  m o t i o n  of t he  bone  
gra f t  3. Therefore ,  t he  i n c o r p o r a t i o n  of cor t ica l  bone  
graf t s  was  s tud ied  w i t h  r igid i n t e r n a l  f i xa t ion  u n d e r  
second-se t  condi t ions .  

F o u r t e e n  h o m e - b r e d  m o u n t a i n  sheep were used;  t h e  
o b s e r v a t i o n  t i m e  was 16 weeks. D o n o r  a n d  hos t  were 
chosen  for i n c o m p a t i b i l i t y  w i t h  respec t  to  an t igens  pre-  
sen t  on  l y m h o c y t e s  (Ly+, Ly- ) ,  to  b lood  groups  (R/- ,  
r /r)  4, a n d  to  sex (male  donors  a n d  female  hosts)~. 3 to  4 
weeks  before  t r a n s p l a n t a t i o n ,  t he  r ec ip ien t  was  presen-  
s i t ized 6 b y  a n  i.v. i n j ec t ion  of 6 - - 8  • 109 donor  l y m p h o -  
cytes  suspended  in  S 199 t i ssue  cu l tu re  med ium.  

t t u m o r a l  an t ibod ie s  were m e a s u r e d  b y  c y t o t o x i c i t y  
t e s t s  w i t h  t r y p a n  b lue  7. The  re jec t ion  t i m e  of a Th ie r sch  
skin  g ra f t  on  t he  inside of t h e  ear  was  d e t e r m i n e d  to  
d e m o n s t r a t e  ce l l -media ted  i m m u n i t y .  

The  g ra f t  cons i s ted  of a s egmen t  i cm in l e n g t h  w i t h  
p l ane  para l l e l  surfaces  a n d  was t a k e n  f rom the  midd le  
of t h e  m e t a t a r s a l  d i aphys i s  of t he  d o n o r  us ing  a two-  
b l a d e  saw. A co r r e spond ing  s egmen t  was  r e m o v e d  f rom 
the  m e t a t a r s u s  of t h e  hos t  us ing  t he  s ame  saw. The  defect  

Fig. 1. a) Rigid fixation of the allogeneie cortical graft by two self- 
compressing plates" (DCP's). The load cells incorporated in the plates 
permit to monitor continuously the meehanicaI forces acting on the 
graft. 

b) Microscopical appearance of the bone with the graft after sacrifice. 
The host had been presensitized by clonor lymphocytes. 

Bone Allografts 

was i m m e d i a t e l y  rep laced  b y  t h e  f resh al logeneic g ra f t  
f rom wh ich  t h e  p e r i o s t e u m  h a d  been  s t r i pped  whi le  t h e  
bone  m a r r o w  r e m a i n e d  u n t o u c h e d .  Two D CP gauge 
p la tes  s were used for r igid f i xa t ion  of t h e  g ra f t  b y  longi- 
t u d i n a l  compress ion .  These  gauge p la tes  served  to  moni-  
to r  changes  in t h e  in i t i a l ly  appl ied  l o n g i t u d i n a l  compres-  
s ion a n d  t h u s  to  d e t e r m i n e  m i n i m a l  a m o u n t s  of bone  
surface  r e so rp t ion  in areas  of c o n t a c t  b e t w e e n  hos t  a n d  
al logeneic  graf t .  To min imize  f u n c t i o n a l  load  a t  t h e  
t r a n s p l a n t a t i o n  s i te  a n  ankle  a r th rodes i s  in  r e c t a n g u l a r  
pos i t ion  was ach ieved  b y  m e a n s  of 2 screws. 

T h e  t o t a l  a m o u n t  of H a v e r s i a n  r emode l l ing  in t h e  
g ra f t  itself, in  areas  of c o n t a c t  a n d  in t h e  a d j a c e n t  bone  
was q u a n t i t a t e d  b y  mic ro rad iog raphy% Fresh ,  undeca l -  
cified as well  as m e t h a c r y l a t e  e m b e d d e d  his to logical  
sect ions  were used. 

On X - r a y s  t h e  o s t e o t o m y  l ines d i s ap p ea red  b e t w e e n  
t h e  6 th  an d  t h e  10 th  week. T h e  radio logica l  e x a m i n a t i o n  
a t  weekly  i n t e rva l s  d id  n o t  revea l  cal lus fo rmat ion .  
Macroscopica l  o b s e r v a t i o n  a t  16 weeks  showed  t h e  f resh  
al logeneic g r a f t  to  be  u n i t e d  w i t h  t h e  hos t  cor t ical is  
(Figure  1). T h e  p la tes  were l ined  w i t h  a t h i n  shee t  of new 
bone  especial ly  a t  b o t h  ends, in  t h e  screw holes  a n d  on  
t h e  p a r t  of t h e  load cell facing t h e  cor tex.  I n  mic rorad io -  
g raphies  large q u a n t i t i e s  of new bone  due  to  H a v e r s i a n  
r emode l l ing  were obse rved  (Figure  2). 

B o t h  t h e  h is to logica l  resu l t s  a n d  t h e  pressure  record-  
ings showed  no ev idence  of surface  r e so rp t ion  in t h e  
c o n t a c t  areas  b e t w e e n  hos t  cor tex  a n d  graf t .  T h e  in i t i a l  
compress ion  of 73.3 kp  (:t: 4.8 SE) decreased  g radua l ly  
a n d  v e r y  slowly r each ing  29.2 k p  (~: 4.5 SE) a f t e r  
16 weeks (kp = k i l o g r a m m e  force = 9.81 Newton) .  

The  c y t o t o x i c i t y  t e s t  i nd i ca t ed  a low t i t e r  of an t ibod ie s  
in t h e  hos t  s e rum a f t e r  sens i t i za t ion  w i t h  donor  l y m p h o -  
cytes  a n d  t h e  s u b s e q u e n t  al logeneic bone  graf t ing.  Cell- 
m e d i a t e d  i m m u n i t y  ( th i rd -se t  response)  was  d e m o n s t r a t -  
ed b y  t h e  s h o r t e n e d  m e a n  su rv iva l  t i m e  of 6.9 days  
2.13 SE of t h e  Th ie r sch  sk in  gra f t  in  t h e  rec ip ien t s  as 
c o m p a r e d  to 9.0 days  -4- 1.84 SE  in non-sens i t i zed  con t ro l  
sheep ( P  < 0.01). 

Our  e x p e r i m e n t s  h a v e  s h o w n  t h a t  u n d e r  second-se t  
cond i t ions  a cor t ica l  bone  g ra f t  was  found  to  he  incor-  
p o r a t e d  w i t h o u t  bone  surface  resorp t ion .  T h e  gra f t  was  
i n co rp o ra t ed  b y  m e a n s  of a n  in t ense  r emode l l ing  of t h e  
H a v e r s i a n  sys tem.  Thus ,  in t h e  g ra f t  i tself  a s i m u l t a n e o u s  
process  of bone  r e so rp t ion  a n d  bone  depos i t ion  occurred,  
p re se rv ing  a t  all  t i m e s  t h e  shape  an d  m e c h a n i c a l  func t ion  
of t h e  g ra f ted  bone.  

I n  order  to  o b t a i n  these  resu l t s  two  i m p o r t a n t  experi-  
m e n t a l  cond i t ions  m u s t  be  fulf i l led:  one is r igid f i xa t ion  
w i t h  i n t e r f r a g m e n t a r y  compress ion  an d  t h e  o the r  is 
g ra f t ing  u n d e r  cond i t ion  of a second-se t  reac t ion .  Rig id  
f i xa t ion  of o r tho top i c  cor t ical  bone  graf t s  has  two  effects : 
t h e  f i rs t  is g ra f t  s t ab i l i za t ion  p r e v e n t i n g  a n y  re la t ive  
m o t i o n  b e t w e e n  t h e  c o n t a c t  surfaces.  Th i s  is a prere-  
quis i te  for d i rec t  i nvas ion  of t h e  g ra f t  b y  H a v e r s i a n  
s y s t e m  of t h e  host .  T h e  second is ear l ier  load t r a n s m i s s i o n  
t h r o u g h  t h e  compressed  cor t ica l  bone  of donor  a n d  
rec ip ient .  T h e  l a t t e r  is r educed  to some e x t e n t  b y  pa r t i -  
c ipa t ion  of t h e  p la t e  in  s t ress  t r an s mi s s i o n  1% 
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Fig. 2. Microradiographic appearance: The right side shows the graft and the 1eft the donor eortiealis. The osteotomy line can be seen in 
the upper third of the picture. The white areas indicate old bone and the grey areas new bone formation. 

W e  wish  to  consider  now the  s ignif icance of t he  ar t i -  
f icially induced  second-se t  r eac t ion  for  t h e  h igher  remod-  
el l ing r a t e  in  t he  t r a n s p l a n t e d  bone  graft .  An ear l ier  bone  
f o r m a t i o n  n a n d  a n  in tens i f ied  i n f l a m m a t o r y  response  
a f te r  p resens i t i za t ion  w i t h  bone  2 h a v e  been  descr ibed  
previous ly .  I n  our  e x p e r i m e n t s  t h e  al logeneic  cor t ica l  
g ra f t  w i t h  bone  m a r r o w  was i m p l a n t e d  in to  a n  a n i m a l  
which  h a d  been  s t i m u l a t e d  to p roduce  cy to tox ic  an t ibo -  
dies. The  h igher  t i t e r  of cy to tox ic  an t ibod ie s  a f t e r  
i m p l a n t a t i o n  shows t h a t  a s econda ry  immuno log ica l  re- 
sponse  is p resen t .  The  o b s e r v a t i o n  of hos t  cells such  as 
l ymphocy tes ,  p l a s m a  cells, eosinophi les  a n d  h i s tocy te s  
in  t he  g ra f t  has  been  exp la ined  as a n  earl ier  s econda ry  
immuno log i ca l  response3,11,12. I t  has  been  a s sumed  t h a t  
r ap id  de s t ruc t i on  of t he  donor  cells is ob ta ined ,  t h e  e m p t y  
H a v e r s i a n  canals  1, be ing  refi l led b y  newly  fo rmed  vessels. 
The  l a t t e r  process  is b o u n d  to  a mechan i ca l l y  s t ab le  
s u p p o r t i n g  a p a t i t e  s t ruc tu re .  

T h e  ne t  effect  of t he  m e c h a n i c a l  s t ab i l i za t ion  seems to 
be  t h e  d i rec t  invas ion  of t h e  g ra f t  b y  H a v e r s i a n  sys t em 
of t h e  hos t  a p p e a r i n g  as ' p r i m a r y  gra f t  hea l ing '  s imi la r  
to  t h a t  of t h e  p r i m a r y  bone  healing14. The  ne t  effect  of 
t he  second-se t  response  is m o s t  l ikely a fas te r  de s t ruc t i o n  
of t he  bone  a l lograf t  wh ich  on  our  e x p e r i m e n t  is para l -  
leled b y  a s i m u l t a n e o u s  r ap id  bone  depos i t ion  w i t h  h o s t ' s  
own  tissue. The  fas t  r e jec t ion  of t he  Th ie r sch  graf ts  seems 
to exclude  a n  a l t e r n a t i v e  immuno log i ca l  e x p l a n a t i o n  
based  on  the  e n h a n c e m e n t  p h e n o m e n o n .  

' P r i m a r y  g ra f t  hea l ing '  in  cor t ica l  bone  u n d e r  t h e  
cond i t ion  of a second-se t  r eac t ion  has  n o t  been  obse rved  
before.  Our  u n e x p e c t e d  f ind ings  are m o s t  l ikely due  in 
p a r t  to  t he  app l i ca t i on  of t he  r igid f i xa t ion  and  in p a r t  
to  t h e  more  r ap id  de s t ruc t i on  of t he  a l lograf t  a n d  i ts  

r ap id  r e p l a c e m e n t  b y  h o s t ' s  own e lements .  The  second-  
set  p h e n o m e n o n  in a cor t ica l  bone  a l lograf t  con t r a s t s  
w i t h  t h a t  of m o s t  o the r  t i ssues  because  i t  leads to  a 'bene-  
ficial '  sequence  of events .  This  fac t  could be  of p o t e n t i a l  
cl inical  va lue  in bone  an d  jo in t  t r a n s p l a n t a t i o n .  

Zusammen]assung. ] )as  d u t c h  Os teosyn these  abso lu t  
s tab i l i s ie r te  al logene K o m p a k t a - T r a n s p l a n t a t  zeigt bei  
d e m  d u r c h  S p e n d e r l y m p h o z y t e n  sens ib i l i s ie r ten  E m p -  
f~nger  wider  E r w a r t e n  e inen  K n o c h e n u m b a u ,  der  wesent -  
l ich gr6sser is t  als be im  E r s t t r a n s p l a n t a t  u n d  d e m  eines 
A u t o t r a n s p l a n t a t e s  p r a k t i s c h  g l e i chkommt .  
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