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The dynamics of  the ATP concentrat ion in regenera t ing  bone t issue was studied in experiments  
on rabbits after incomplete os teotomy or  resect ion of a piece of bone and also during s t imula-  
tion of repara t ive  osteogenesis  in the region of a bone defect by means of a pulsed e lec t r ic  cur -  
rent.  The ATP concentrat ion in the callus after incomplete osteotomy and during e lec t r ica l  
stimulation was found to be higher than in regenerat ing bone t issue after resect ion of the bone 
f ragment  in the absence of stimulation. It can be concluded that improvement  of the energy 
supply for f rac ture  healing is an important  factor  in the mechanisms of the stimulating effect 
of an e lectr ic  cur ren t  on repara t ive  regenerat ion of bone tissue. 
KEY WORDS: repara t ive  regenerat ion;  stimulation; healing of f ractures .  

Many studies of the stimulating effect of a weak electr ic  cur rent  on repara t ive  regenerat ion of bone 
t issue have been published in recent  years .  However, the mechanism of this effect has not previously been 
studied, and the only pronouncements on this subject are hypothetical in nature [4, 5, 8, 10, 11]. An important  
contribution to the study of this problem could be to obtain information on changes in the metabol ism of r e -  
generating bone t issue under the influence of a weak e lec t r ic  current .  However, no such observat ions have yet 
been published. 

The charac te r  of the t issues  which occupy a bone defect during repara t ive  regenera t ion is known to depend 
on the state of the local t issue metabol ism [9], which, in par t icular ,  determines  the supply of energy for the 
p rocess  of repara t ive  osteogenesis .  

The object of this investigation was to study the dynamics of the concentrat ion of ATP, the universal  
source  of biological energy,  in regenera t ing bone t issue during repara t ive  regenerat ion and changes in this in-  
dex under the influence of e lec t r ica l  stimulation. 

EXPERIMENTAL METHOD 

Incomplete osteotomy was performed in the middle third of the radius in the rabbits of one group and 
0.5 cm of the diaphysis of the radius was resected in the same region in the rabbits of another group. The last 
model also was used in the third group to study the stimulating effect of a pulsed low-frequency electric cur- 
rent with a strength of 8-10 pA, applied to electrodes inserted into the region of the fracture. Full details of 
the experimental method were given previously [1-3]. Observations on the animals continued for three weeks 
after injury. 

Tissue located in the defect between the fragments was taken for investigation. The ATP concentration 
was determined by the method described in [6, 7] and expressed in milligrams percent per gram of the test 
t issue.  

E X P E R I M E N T A L  R E S U L T S  

On the seventh day after t rauma the ATP  concentration in the animals receiving e lec t r ica l  stimulation 
after resect ion of a f ragment  of diaphysis reached 260 mg %. In experiments  in which stimulation was not 
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applied af ter  r e sec t ion  the A T P  concentra t ion var ied  between 89 and 102 m g % / g  t e s t  t i s sue ,  In the an imals  with 
incomple te  o s t eo tomy  the ATP concentra t ion reached 148 mg %. 

Two weeks a f te r  the opera t ion  the mean ATP concentra t ion in the animals  rece iv ing  e l ec t r i ca l  s t imu la -  
t ion was 69 mg %, with fluctuations f r o m  49 to 96 rag %/gca l lus  t i ssue ,  In the absence of s t imulat ion the A T P  
concentra t ion was lower,  with a mean value of 43.25 mg % and fluctuations f r o m  41 to 55 mg %. During p r i m a r y  
heal ing of the bone defect  the A T P  concentrat ion was higher ,  with a mean value of 85.3 mg % and fluctuations 
f r o m  75 to 94 mg %. In this period,  in all th ree  cases  the A T P  concentrat ion was thus lower  than the c o r r e s -  
ponding values  for  the previous  period.  

Three  weeks af ter  t r a u m a  mainly  a fu r ther  d e c r e a s e  in the A T P  concentra t ion in the bone callus was ob-  
served .  At the s a m e  t ime,  the A T P  concentrat ion st i l l  r emained  dependent on the type of injury and on the 
p r e s e n c e  o r  absence of  s t imulat ion of regenera t ion .  Fo r  instance,  af ter  incomple te  os teo tomy of the radius  the 
mean  A T P  concentra t ion was 19.5 mg % with fluctuations f r o m  17 to 22 mg %/g cal lus  t i ssue ,  although in in- 
dividual cases  i t  was as high as 70 mg %. In animals  undergoing resec t ion  of a f r agment  of the radius  the mean 
A T P  concentra t ion was 14.3 mg %, with fluctuations f r o m  13 to 15 mg %. Meanwhile, during e l ec t r i ca l  s t imula -  
t ion of r e p a r a t i v e  os teogenes i s  the ATP concentra t ion in the callus was higher  than the f igures  just  given, with 
a mean level  of  38.7 mg % and fluctuations f r o m  20 to 73 mg %. In individual expe r imen t s  the ATP concen t ra -  
tion reached  140 mg %. 

The r e su l t s  thus show that the ATP concentra t ion in r egenera t ing  bone t i s sue  depends on the c h a r a c t e r  
of heal ing of the bone wound and, consequently,  as is conf i rmed by data in the l i t e ra tu re ,  on the s ta te  of the 
local  t i s sue  metabo l i sm.  The aerobic  type of ca rbohydra te  oxidation, the mos t  efficient  type f r o m  the energe t ic  
point of  view, is  m o r e  s t rongly  r ep re sen t ed  af ter  incomple te  os teo tomy than a f te r  r esec t ion  of a f ragment  of 
bone, when bone format ion  takes  place against  the background of chondro-  and f ib rogenes i s .  As the w r i t e r s  
showed prev ious ly  [1-3], the s t imulat ing effect  of a pulsed e l ec t r i c  cu r ren t  on r e p a r a t i v e  os teogenes i s  is man-  
i fes ted  as an i nc r e a s e  in the quantity of  bone in the callus and a cor respondingly  weaker  development  of  ca r t i l age  
and f ibrous  t i ssue .  The study of the dynamics  of  the A T P  concentrat ion and i ts  compar i son  with the c h a r a c t e r  
of  heal ing of the bone wound demons t ra t e  that the ATP concentra t ion af ter  incomple te  os teo tomy is always 
h igher  than during healing of a bone defect.  The method of e l ec t r i ca l  s t imulat ion used, leading to an i n c r ea se  
in the A T P  concentra t ion in the regenera t ing  bone t i ssue ,  improves  the supply of energy  for  the healing of the 
bone wound. 

It can thus be tenta t ively  suggested that an improvemen t  in the energy  supply for  the p rocess  of f r ac tu re  
heal ing is an impor tan t  fac tor  in the m e c h a n i s m  of the s t imulat ing action of a weak e l ec t r i c  cu r ren t  on r e p a r a -  
t ive regenera t ion  of bone t issue.  
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