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The results of the study of reparative regeneration after repeated trauma have shown that the stimu- 

lation of regeneration after preliminary traumatic injury bears the character of a regular biological proc- 

ess [1-4, 6-8]. However, the mechanism of this phenomenon is not clear, because no objective quantita- 

tive data concerning metabolism in the conditions of primary and repeated posttraumatic regeneration 

are available. 

The  objec t  of th i s  i n v e s t i g a t i o n  was  to study the changes  in m i n e r a l  m e t a b o l i s m  a f t e r  p r i m a r y  and 
r e p e a t e d ,  s t r i c t l y  g r a d e d  bone t r a u m a  a c c o m p a n i e d  by a r e l i a b l e  b io log i ca l  con t ro l .  

EXPERIMENTAL METHOD 

Experiments were carried out on 47 female Wistar rats weighing 110-130 g. Trauma was inflicted 

to the middle third of the right femur of the group of animals in the form of two cuts with a No. 3 drill as 

far as the medullary cavity, and 38 days later the identical trauma was repeated. The wound was sutured 

after primary and repeated injury. 

For comparison, an identical injury was inflicted on the femur of another group of rats. As con- 

trois animals undergoing single or double mock operation was used (incision of the skin and separation 
of the muscles followed by suture). 

On the 3rd, 7th, and 15th days of the experiment the rats received an injection of Ca45C12 solution 
into the left femoral vein in a dose of 0.I mg calcium/100 g body weight, and 30 rnin later (measured by 
a seconds counter) they were decapitated. The concentration of potassium and sodium in the blood serum 
was determined by flame photometry. The total and radioactive calcium of the blood serum and the cal- 

cified tissues was estimated. The specific activity of the serum and bone tissue were expressed in pulses 
/min/rng calcium in relation to i0/)00 pulses/min radioactive isotope injected per gram body weight. 

Concentration of Sodium, Potassium and Calcium Ions 

dn mg %) in Blood Serum after Primary and Repeated 

Bone Trauma (M~-m) 

Day of 
expt. Group Calcium 

3 -th 

7.th 

15~th 

Control 
Primary trauma 

Control 
Repeated trauma 

Control 
Primary trauma 
Control 

Repeated trauma 

Control 
Primary trauma 

Control 
~epeated trauma 

i . i Sodium Potassium 

320-+ 1( 25,4-+0,8 
300-+5 26,2+ l, 2 
P=0,2 P----0,5 
346_+K 22,5_+_0,5 
254-+4 34,2• 
P=O,O P:O,O1 
315_+K 33,6-+1,6 
353-+8 30,6+1,0 
P=0,0 P=0,2 
3[0-+2( 31,8_+4,9 
206• 38,3-+4,0 
P<0,0: P=0,4 
334-+5 28,0-+3,0 
320-+8 26,1-+1,4 
P=0,2 P=0,6 
3344-7 29,04-0,8 
332-+6 31,2-+0,8 
P=0,8 P=0,1 

I0,81+1,05 
7,284-0,50 

P<0,02 
9,50--+0,54 
9,90--+0,38 
P=0,5 
11,84-+0,44 
9,31-+0,27 
P=0,002 
9,86-+0,83 
9,62-+O, 18 
P=0,8 
8,30-+0,57 

10, t2-+0,26 
P<O,02 
8,36-+0,43 
8,56-+0,42 

P :0 ,7  
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Metabo l i sm of Ca 45 during p r i m a r y  and r epea ted  pos t t r auma t i c  
r egene ra t i on .  I) Blood; II) in jured  bone; III) intact  bone; along 
the axis  of absc i s sa s )  days of exper imen t s ;  along the axis of 
ord ina tes)  speci f ic  ac t iv i ty  (in %) ; 1) p r i m a r y  t r a um a ;  2) r e -  
pea ted  t r a u m a .  

EXPERIMENTAL RESULTS 

The results given in the table show that the concentration of sodium and potassium in the blood serum 
was essentially unchanged after primary bone trauma: the difference between the experimental and con- 

trol values was not statistically significant. After repeated trauma, on the other hand, the concentration 

of sodium in the blood fell on the third day (64.9% of the control level, P < 0.01) and on the 7th day (66.7%, 

P <0.02). On the 15th day the sodium level had returned to normal. The potassium concentration in the 
rats' blood after repeated bone trauma showed a significant increase on the third day of the experiment 

(152%) but subsequent ly  was indis t inguishable  f rom the control  level .  

The to ta l  ca lc ium concentra t ion  in the blood s e r u m  changed in a different  manner .  Whe r e a s  af te r  
p r i m a r y  bone t r a u m a  it fe l l  sha rp ly  (on the 3rd day, 67.4% of the control  value,  P < 0.02), and then in-  
c r e a s e d  on the  15th day of the exper imen t  (122.3%, P < 0.02), af ter  r epea ted  t r a u m a  the f luctuat ions in 
the blood ca lc ium concent ra t ion  were  v e r y  smal l  and the d i f ference  between the values  in the e x p e r i -  
menta l  and cont ro l  groups was not s t a t i s t i c a l l y  s ignif icant .  

The s ta te  of the ca lc ium me tabo l i sm was r e f l ec t ed  more  accura te ly  by the va lues  of the speci f ic  
ac t iv i ty  (see the f igure) .  The spec i f ic  ac t iv i ty  of the blood se rum r o s e  sha rp ly  on the 3rd day af te r  p r i m a r y  
bone t r a u m a  (141.8 % compared  with the cont ro l  value) and then fel l  gradual ly ,  to 77.5% of the cont ro l  value 
on the 15th day (the d i f fe rence  is s ignif icant ,  P <0.05). After  r epea ted  bone t r a u m a  the speci f ic  ac t iv i ty  
of the blood on the 3rd and 7th days was indis t inguishable  f rom the control  level ,  and on the 15th day of 
the exper imen t  it showed a s l ight  d e c r e a s e ,  although at this  t ime  also the d i f ference  was not s ignif icant .  

The changes in me tabo l i sm of Ca 45 in the f emur  were  s t i l l  more  marked .  The spec i f ic  ac t iv i ty  of 
the bone t i s s u e  af te r  p r i m a r y  t r a u m a  showed i ts  g r e a t e s t  i n c r e a s e  af ter  15 days (192.5% of the cont ro l  
level ,  P < 0.001). Af te r  r e p e a t e d  t r a u m a  the r a t e  of ca lc ium me tabo l i sm in the femur  i n c r e a s e d  sooner  
(on the 7th day 156.5% of the cont ro l  level ,  P < 0.001) and more  in tens ively  than af te r  p r i m a r y  t r a u m a  (on 
the 15th day 231.5%, P <0.001). 

The d i f ference  in ca lc ium me tabo l i sm in the opposi te  uninjured f e m o r a  in r e s p o n s e  to p r i m a r y  and 
r epea t ed  t r a u m a  was in te res t ing .  Whereas  af ter  p r i m a r y  t r a u m a  the speci f ic  ac t iv i ty  of the opposi te ,  
intact  f e m o r a  developed r e g u l a r  phas ic  changes,  as the au thor ' s  e a r l i e r  expe r imen t s  [5] showed, a f te r  
r e p e a t e d  t r a u m a  the r a t e  of ca lc ium me tabo l i sm in the intact  bones was s igni f icant ly  i n c r e a s e d  by the 
7th day (125%, P < 0.05) and the 15th day of the exper iment  (134.4% of the cont ro l  level ,  P <0.02). 

Object ive  evidence was thus obtained for the f i r s t  t ime  showing that  during r epea ted  pos t t r auma t i c  
r egene ra t ion  of bone a complex r eo rgan iza t ion  of the m e c ha n i s m s  of regula t ion  of m i n e r a l  me tabo l i sm  
takes  place  in the animal  body: whe reas  the f luctuat ions in the concent ra t ion  of po ta s s ium and sodium 
in the blood af ter  r e p e a t e d  bone t r a u m a  were  m o r e  m a r k e d  than af ter  p r i m a r y  t r auma ,  the ca lc ium level ,  
on the con t ra ry ,  was m o r e  s tab le .  The r a t e  of e l imina t ion  of Ca 45 f rom the blood during the 30 rain f rom 
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the time of administration of the isotope until the time of sacrifice of the animal likewise was indistinguish- 
able from its values in the control series (P > 0.05). Meanwhile, both in the injured and in the uninjured 
opposite femur, following repeated trauma the rate of calcium metabolism increased by comparison with 
that after primary trauma. 
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