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The sp in- la t t i ce  (T I) and spin-spin(T 2) re laxat ion t imes  and the bound wate r  content were  in- 
ves t iga ted  by the nuc lea r  magnet ic  resonance  (spin echo) method in human cadaver ic  cor t i ca l  
bone t i s sue  p r e s e r v e d  for  var ious  per iods  a t -  25~ The total  wa te r  content was de te rmined .  
The p a r a m e t e r s  invest igated undergo changes during bone conservat ion .  During s to rage  for  
up to 4 months the value of T 1 co r r e sponds  to the values  for  f resh  bone, with an i nc rea se  in 
the content of total  wa t e r  and bound wate r .  During m o r e  prolonged s to rage  the changes a r e  
qual i ta t ively  different  in c h a r a c t e r  and by the twelfth month,  in conjunction with some drying 
of the bone, the value of T 2 is increased .  The content of bound wa te r  is reduced.  These  r e -  
sults  suggest  substant ia l  d i s turbances  of the wa te r  balance of bone t i s sue  and par t ia l  d e s t r u c -  
tion of the complexes  of  bound in t r ace l lu l a r  water .  

In invest igat ions of the viabi l i ty  of conse rved  bone [1-6, 8] the invest igat ion of the s ta te  of the i n t r a -  
ce l lu l a r  wa te r  has been neglected.  

The object  of this investigation was to study the dynamics  of the proton re laxat ion  t imes  and the wa te r  
content in conserved  human bone by means  of the sp in-echo method,  one of the nuc lea r  magnet ic  resonance  
(NMR) techniques.  

E X P E R I M E N T A L  M E T H O D  

Altogether  303 spec imens  of human cadaver i c  cor t ica l  bone t i ssue ,  p r e s e r v e d  by f reez ing  at -25~  
f o r  different  per iods  (1-2, 3-4,  6, and 12 months) were  studied. F r e s h  bone f rom the s a m e  segment  (the 
t ib ia l  diaphysis)  was used  as the control .  The bone was ground in a porce la in  m o r t a r  to a pa r t i c le  s ize  of 
about 1 m m  and packed f i rm l y  into spec ia l  g lass  tubes (samples  weighing 3-4 g) which, a f t e r  weighing, were  
placed in the measu r ing  cel l  of an NMR appara tus .  The spin echo s ignals  were  r eco rded  by Hahn 's  method 
[7]. The values of the sp in - la t t i ce  (T 1) and sp in-sp in  (T 2) re laxat ion  t imes  were  deterrnined.  

The contents of the tubes were  dr ied to constant  weight and the to ta l  wa te r  content in the spec imen  
de te rmined .  The quantity of bound wa te r  was calcula ted by the equation of Solomon and Blombergen .  

E X P E R I M E N T A L  RESULTS 

F r e s h  human cor t i ca l  bone f rom a midd le -aged  individual contains 152 ~-5 mg  w a t e r / g  d ry  substance .  
The sp in- la t t i ce  re laxat ion  t ime  (T 1) was 103 ~-2 m s e c  and the sp in-sp in  re laxat ion  t i m e  (W 2) 28•  m s e c .  
The content of bound in t r ace l lu la r  and in t raf ibrous  wa te r  in the bone was 15 m g / g  dry  substance.  
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Bone p rese rved  for up to 4 months showed an increase  in the total water  content. At the same t ime 
the value of T 1 corresponded to that for f resh  bone, as a result  of an increase  in the content of bound water  
to 16 m g / g  dry substance. These indices are  evidence that the bone p r e s e r v e s  its biological proper t ies  
for  this t ime. 

The increase  in the total water  and bound water  content, associated with a stable value of T1, indi- 
cates  the preserva t ion  of that part  of the water  which is hydrated around the bone ions and b iomacromole -  
eules, as a resul t  of the preceding freezing.  

At la te r  periods of conservat ion the changes observed in the bone were qualitatively different. A 
sharp  decrease  in the total water  content, compared  both with the previous per iods  of conservat ion and 
with the corresponding pa rame te r s  of f resh  bone, was found. The decrease  in the total water  content dur -  
ing conservat ion of the bone for  6 months was accompanied by a l inear shortening in the value of T i to 
90 =~3 msec ,  following the change in the water  content, while T 2 remained at the cha rac te r i s t i c  level for 
f resh  bone. The bound water  content was considerably reduced to 12 m g / g  dry  substance.  The c loseness  
of T 2 to the corresponding pa rame te r  for f resh  bone, in conjunction with the reduced total  water and bound 
water  content, indicates the onset of changes in the biological proper t ies  of the conserved  bone. Mean- 
while, the more  marked shortening of T 1 than at the previous t imes,  corresponding to the decrease  in the 
total and bound water  content, together  with the ratio between the bound and total water  content, indicate 
that the changes developing in the bone at this period of conservat ion are  still  not regardable  as severe  
dis turbances.  

The total water  content in bone conserved for 12 months also was lower than initially, namely 123 =e 
4 m g / g  dry  substance.  The spin-spin relaxation t ime T 2 was increased to 36 ~:0.7 msec .  The increase  in 
duration of T 2 in conjunction with some degree of drying of the mate r ia l  was due, presumably,  to the marked 
decrease  in the content of bound water  to 10 m g / g  dry  substance.  Despite the appreciable  decrease  in the 
total  water  content, the content of bound water  expressed as a relat ive percentage was sma l l e r  than in 
f resh  bone. This fact is evidence of substantial  changes in the mobil i ty of some of the water,  in the water  
balance of the bone t issue,  and in the bound water  both within the cells and in the fibrous s t ruc tures  and 
ref lects  a disturbance of the biological proper t ies  of bone conserved for 12 months.  Freez ing  to - 25~ 
does not completely suppress  metabol ism in the conserved bone. Th e unceasing the rma l  movement  g r ad -  
ually des t roys  the ice s t ruc tures  and with the course  of t ime a deficiency of the ice s t ruc ture  develops. 
The connection between water  and the biomolecules becomes less close and the holding of water by the 
biocolloids less s trong.  The balance between hydration and dehydration shifts toward dehydration of the 
biomolecules .  

These investigations of conserved bone at the molecu la r  level by means of the nuc lear  magnetic r e s -  
onance (spin echo} method, now undertaken for the f i rs t  time, give a deeper  insight than other  methods 
into the biological state of the bone t issue.  The method used gives information on the behavior  of proton 
spins in relation to surrounding molecules  and on the bound water  which is an inseparable  part  of the s y s -  
t em of b iomacromolecules  and ions in the t issue fluids. 
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