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Q u a n t i t a t i v e  E v a l u a t i o n  of Irradiated  B o n e  Grafts  R e s o r p t i o n  Rate  by the E lec tron  Spin  R e s o n a n c e  
T e c h n i q u e  

I n  recen t  years  some d a t a  conce rn ing  the  a p p e a r a n c e  of 
s t ab le  p a r a m a g n e t i c  species in i r r ad i a t ed  bone  t issue h a v e  
been  publ ished*-5.  I t  was found  t h a t  in i r r ad i a t ed  bone  
2 types  of p a r a m a g n e t i c  species are i nvo lved  (Figure 1). 
The  f i rs t  one, a r i s ing  f rom bone  col lagen and  showing  a 
s t rong  s y m m e t r i c  doub le t  in e lec t ron  spin  r e sonance  
(ESR) ,  is u n s t a b l e  in  t h e  presence  of a i r  oxygen  and  dis- 
appea r s  comple te ly  w i t h i n  6 days  a f te r  i r rad ia t ion .  The  
second one, a r i s ing  f rom a r a d i a t i o n - i n d u c e d  s t r u c t u r a l  
defect  in bone  hydroxyapa~aite a n d  showing  an  asym-  
met r i c  s ingle t  in t he  E S R  spec t rum,  exh ib i t s  u n u s u a l  
s t ab i l i t y  in air  w h e t h e r  the  samples  are wet  or dried. 
E x a m i n a t i o n  of i r r ad ia t ed  bone  samples  a f te r  more  t h a n  
600 days  did  no t  show a n y  no t iceab le  changes  in t he  shape  
and  i n t e n s i t y  ot th i s  E S R  s p e c t r u m  s. I t  occur red  to us 
t h a t  th i s  s ignal  (Figure 1, b) m i g h t  be used to eva lua t e  the  
r a t e  of r e so rp t ion  of radios ter i l ized  bone  graf ts  in experi-  
m e n t a l  sys tems.  The  uns t ab l e  s y m m e t r i c  E S R  doub le t  
ar is ing f rom bone  collagen was no t  t a k e n  in to  accoun t  in  
t he  p resen t  s tudy .  
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Fig. 1 First derivative ESR spectra of bone irradiated at room tem- 
perature with a dose of 3.3 Mrads: a) the ESR signal consists of an 
asymmetric singlet superimposed by a symmetric doublet derived 
from bone coIlagen, recorded immediately afterirradiation; b) long- 
lived ESR singlet derived from defect structure of bone hydroxy- 
apatite, recorded after 6 to 600 days of storage in air. 

Material and method. Allogenic graf t s  of cancel lous  bone  
of ca lva r i a  were used in 16 adu l t  r abb i t s .  R e c t a n g u l a r  
(7 • 7 mm) lyophi l ized bone  f r a g m e n t s  were i r r ad i a t ed  a t  
r oom t e m p e r a t u r e  in  air  a tmosphere ,  w i th  a dose of 3.3 
• 6% Mrads  in a Cobal t  60 source. The  bone  f r a g m e n t s  
were g ra f ted  o r tho top i ca l l y  u n d e r  N e m b u t a l  anaes thes i a  
a n d  t he  whole region of i m p l a n t e d  bone  was t a k e n  for the  
E S R  m e a s u r e m e n t s  3, 6, 9, 12 and  15 weeks a f t e r  graf t ing.  
The  samples  were lyophil ized,  mechan ica l l y  powdered  
(grain size a b o u t  200 bLm) a n d  t he  c o n c e n t r a t i o n  of spins  
pe r  m g  was m e a s u r e d  in t he  X - b a n d  (9500 MHz) w i t h  an  
E P R - 2  spec t romete r ,  u n d e r  s t a n d a r d  expe r imen t a l  con- 
di t ions.  The  spin c o n c e n t r a t i o n  was measu red  in excised 
a n d  powdered  f r a g m e n t s  as welt  as in t h e  co r re spond ing  
samples  which  were no t  graf ted .  

Results and discussion. Figure  2 shows the  resul ts  of t he  
expe r imen t .  An  a lmos t  l inear  d e c r e m e n t  of spin concen t r a -  
t ion  pe r  mg  of bone  was ob ta ined .  His tological  con t ro l  of 
bone  graf t s  r e so rp t ion  was done.  A p a r t  f rom the  plani-  
metrJc  m e t h o d  used b y  CHALMERS V, no o the r  q u a n t i t a t i v e  
m e t h o d s  for e v a l u a t i o n  of bone  r e so rp t ion  exist .  Since the  
E S R  s tab le  s ignal  in i r r ad ia t ed  bone  is connec ted  w i th  
defect  h y d r o x y a p a t i t e  s t ruc ture ,  one m a y  assunle  t h a t  
d e c r e m e n t  of spin c o n c e n t r a t i o n  of samples  t a k e n  f rom 
the  regions where  i r r ad i a t ed  bone  f r a g m e n t s  were graf ted ,  
reveals  t he  effect  of bone  resorpt ion .  The  proposed  m e t h o d  
based  on the  use of t he  r a d i a t i o n - i n d u c e d  s tab le  E S R  
signal  in bone  t i ssue  as a new biologicaI label  m i g h t  be  
useful in e x p e r i m e n t a l  as well as in  cl inical  research.  The  
de ta i led  desc r ip t ion  of expe r imen t s  pe r fo rmed  on r a b b i t s  
and  dogs will be  pub l i shed  elsewhere.  

Zusammen/assung. Das d u t c h  die Bes t rah lungss te r i l i s a -  
t ion  in K n o c h e n t r a n s p l a n t a t e n  induz ie r t e  s t ab i le  E S R -  
Signal  wurde  als biologisches Merkma l  fl i t  die q u a n t i t a -  
t i ve  B e s t i m m u n g  des ze i t l ichen Ver laufs  de r  K n o c h e n -  
r e so rp t ion  beni i tz t .  A l l o t r a n s p I a n t a t e  a m  K a n i n e h e n  
Calvaria e rgaben  eJnen l inea ren  Abfal l  des Spins / rag  im 
Ze i tbe re ich  yon  0-15 \Vochen.  
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Fig. 2. Spin concentration in irradiated bone grafts removed at 
various time intervals after transplantation. 
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