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Exposure to a pulsed e lec t r ic  cur rent  during repara t ive  regenera t ion  of bone in rabbits  resul ted 
in st imulation of osteogenesis  so that it predominated over f ibro-  and chondrogenesis  to a g rea t -  
e r  degree than inthe control.  The degree of mineral izat ion of the m i c r o s t r u c t u r e s  was indis- 
tinguishable f rom the control.  
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Investigations have now been published in which repara t ive  osteogenests  was observed to be stimulated by 
an e lec t r ic  current .  This method of st imulation of reparat ive  regenerat ion of bone tissue, in its various modi- 
fications, has already, found pract ical  application in clinical t raumatology and orthopedics [4-6, 9]. However, 
the charac te r  of the action of this factor  on repara t ive  regenera t ion  of bone t issue is not yet c lear .  Statements 
in the l i terature on this mat ter  amount to hypotheses.  These relate to the possible accelera t ion of minera l iza-  
tion of the organic matr ix of the bony callus under the d i rec t  influence of the e lectr ic  current  [ 10, 12] and the 
action of the cur rent  on the orientation of collagen fibrils [7] and on the archi tectonics  of bone [11].  The view 
has been expressed  that the e lectr ic  current  can influence celt differentiation [8], and so on. 

The object of this investigation was to study the cha rac te r  of the st imulant action of a pulsed e lectr ic  
cur ren t  on repara t ive  regenera t ion  of bone on the basis of histological and microroentgenographic  data. 

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

A portion of the middle third of the radial  diaphysis measur ing 0.5 cm was resec ted  in rabbits.  A plat- 
inum electrode was inserted perpendicular ly  to the long axis of the bone into holes dril led in each of the f rag-  
ments. The end of one electrode was placed in the gap between the fragments.  The other ends of the e lec-  
t rodes  were exter ior ized.  Regeneration of bone was stimulated through these e lec t rodes  by means of a pulsed 
e lec t r ic  current .  The duration of the pulse was 1 sec and the interval between them 4 sec. Trea tment  was 
given five t imes a week for 3 weeks after injury, i.e., during the period of the reparat ive  reaction. Previous 
experiments  [2] had shown that the optimal strength of the cur rent  ranged f rom 6 to 15/~A. The period of ob- 
servat ion continued for 3 weeks af ter  t rauma.  

To monitor the state of regenera t ion  of the bone t issue histological and microroentgenographic  investiga- 
tions were made. By quantitative mieroroentgenography  it is possible to determine the quantity of the mineral  
component of bone (hydroxyapatite) in the mic ros t ruc tu re s  of the bone t issue in g rams  per  cubic cent imeter .  The 
method used in this investigation was descr ibed in detail previously  [1, 3 ] .  The usual teclmtque was used for 
the histological invest igat ions .  Sections were stained with hematoxyl in-eosin and with picrofuchsin by Van 
Gieson' s method. 

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

During the f i rs t  week after t r auma the histological picture of the control  and experimental  sect ions  was 
pract ical ly  indistinguishable. An organizing hematoma was present  in the gap between the fragments.  The 
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development of f ibrocel lular  tissue, with osteogenic tissue in some places, was identified. F rom the per iosteal  
surface,  prol iferat ion of the t issue of the per ios teum was observed, with the formation of primitive trabeeulae 
of woven bone t i s s u e .  F r o m  the endosteum also, primitive bony trabeculae were observed to develop. In the 
lumen of the medullary canal there  were a reas  of prol i ferat ion of f ibrocel lular  osteogenic t issue.  

The bone defect 2 w e e k s a f t e r  t r auma in the experimental  group was  half filled with spongy bone tissue, 
distr ibuted close to one of the f ragments .  The newly formed bone was represented  by t rabeculae  of fibrous 
bone tissue, with layers  of lamellar  bone on their  surface.  The other half of the defect was filled chiefly With 
hyaline cart i lage,  on the basis of which bone t issue formation could be observed. 

In the control ser ies ,  a zone of newly formed bone t issue could be detected close to one of the fragments,  
and in its cha rac te r  and matur i ty  it resembled  the newly formed bone in the experimental  group of sections.  
Areas  of endoehondral osteogenesis  were present .  Newly formed bone t issue filled up to one third of the gap 
between the fragments.  The res t  of the bony defect was filled chiefly with fibrous t issue and cart i lage,  but 
close to the newly formed bone f ibrocel lular  osteogenic t issue was present .  

The microroentgenographic  investigation showed that the degree of mineral izat ion of the bony mic ro -  
s t ruc tu res  of the newly formed bone t issue in the experimental  group was indistinguishable f rom that in the 
control,  namely 1.08 + 0.04 g / c m  3, with variat ions in the control  group f rom 1.04 * 0.04 to 1.15 * 0.04 g / c m  3. 

Three  weeks after t r auma the bone defect in the experimental  se r ies  was filled with spongy bone tissue, 
in which the fibers were mainly parallel,  and with lamel lar  bone. In some places osteons were formed. In 
some cases  small  a reas  of hyaline cart i lage were seen, chiefly at the per iphery  of the callus and on the per i -  
o s t ea l su r f ace  of the fragments ,  tn other cases  the callus contained neither car t i lage nor fibrous t issue. The 
electrode channel in the gap between the fragments  in some cases  was surrounded by a zone of h~aiine carti~l- 
lage andof  f ibrocel lular  t issue, beyond which there were extensive prol i ferat ing zones of spongy bone, whereas  
in other cases  the channel was formed by trabeculae of spongy bone tissue. 

The bone defect in the control  se r ies  was only half filled with newly formed bone tissue. In its cha rac te r  
and maturity,  the newly formed bone t issue corresponded to bone tissue of the callus in the experimental  
group. It was located close to the fragments .  At the per iphery of the newly formed bone, nearer  to the center  
ef the defect, a reas  of car t i lage were seen. Signs of endochondral osteogenesis  were observed. In the central  
part  of the bone defect there were extensive a reas  of prol i ferat ing fibrous tissue. 

On microroentgenographic  investigation during this period the bone defect in the experimental  group was 
filled with newly formed bone tissue. The degree of mineral izat ion of its mic ros t ruc tu re s  was 1.22 * 0.02 g / c m  3 
compared with between 1.18 • 0.02 and 1.27 + 0.02 g / c m  3 in the control.  

The stimulating effect of the e lectr ic  current  was thus expressed as a la rger  quantity of newly formed 
bone and a smal le r  quantity of car t i lage and fibrous t issue in the callus than in the control.  The degree of 
mineral izat ion of the mic ros t ruc tu res  of the newly formed bone tissue lay within the limits of variation of this 
index in the control and corresponded to the maturi ty of the newly formed bone tissue. This is evidence that 
the e lectr ic  cur rent  does not act d i rect ly  on the rate of mineral izat ion of the newly formed bone mic ros t ruc -  
tures .  The available evidence now points to the conclusion that by applying a pulsed e lectr ic  current  during 
reparat ive  regenera t ion of bone osteogenesis  can be stimulated and made to predominate over f ibro- and  
chondrogenesis .  As a result ,  in the experimenta ! s e r i e s  the quantity of newly formed bone t issue was grea ter  
than in the control.  The bone defect between the fragments  was thus filled fas ter  than in the control. The rate  
of maturation of the newly formed bone t issues,  however, as quantitative microroentgenography confirmed, was 
the same as in the control  ser ies .  
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R E G E N E R A T I O N  OF T H E  

M A M M A L S  
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P L A N T A R  S K I N  IN 
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Two pos t e r io r  p lantar  pads together  with the sur rounding  skin were  r emoved  f r o m  the hind l imb 
in r a t s ,  and one plantar  pad each without the surrounding skin was r emoved  f rom the hind and 
fore  l imbs  of hedgehogs. As a r e s u l t  of healing of the skin wounds in the r a t s  and hedgehogs, 
a r e a s  of r egene ra t ion  were  fo rmed  with the typical  s t r a t u m  papiUare  of p lantar  skin. In hedge-  
hogs the r egene ra t ing  skin covered  the r e s t o r e d  plantar  pad. In r a t s  the p lantar  pads were  not 
r e s t o r e d .  

KEY WORDS: plantar  pads;  r egene ra t i ng  plantar  skin; d e r m a l  papil lae.  

The s t r a t u m  papi l la te  of the d e r m i s  is well  defined in the p lantar  skin of m a m m a l i a n  l imbs,  with the r e -  
sult  that the s t r a t u m  basale  of the epi thel ium,  which u l t imate ly  f o r m s  the thick s t r a t u m  corneum,  is g rea t ly  
en la rged  in a rea .  Th is  type of s t ruc tu re  of the p lantar  skin is undoubtedly adaptive in cha rac t e r ,  for the thick 
s t r a t um eo rneum gives the skin re l iab le  protec t ion  against  the mechanica l  action to which it is often exposed 
and enables  it to cope with its i nc reased  load. 

In many m a m m a l s  p lantar  pads covered  with skin with a cha r ac t e r i s t i c  s t r a t um pap i l l a te  a re  p resen t  on 
the sole of the foot. The re  are  indications that these p lantar  pads in r a t s  can r e g e n e r a t e  comple te ly  [1] .  The 
author cited r emoved  all s ix p lantar  pads f rom the hind l imb of r a t s  together  with the surrounding skin and ob- 
s e rved  r egene ra t ion  of pads with the typical  shape. Under different  expe r imen ta l  conditions, when the pads 
were  r emoved  without the surrounding skin, they did not r e g e n e r a t e  so well. However,  this worke r  does not 
give an account of a his tological  analys is  of r egene ra t ion  of the pads in its succes s ive  s tages  and draws  his 
conclusions mainly  f rom visual  observa t ions .  

So fa r  in m a m m a l s  r egene ra t ion  of the skin with r egu l a r  r e s t o r a t i o n  of its specif ic  s t r u c t u r e s  (hair  and 
sebaceous  glands) has been observed  only a f te r  fu l l - th ickness  skin wounds on the concha aur iculae  in rabbi t s  
and on the horns of s t ags  [2-5] .  

The object  of this invest igat ion was to d i scove r  whether  r egenera t ion  of the skin with its c h a r a c t e r i s t i c  
f ea tu res  can take place on the sole in m a m m a l s  and to de te rmine  the conditions under  which r egenera t ion  of 
the p lan tar  p a d s  is poss ible .  

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

Expe r imen t s  were  c a r r i e d  out on 52 noninbred male  albino r a t s  weighing 120-150 g and on eight European  
hedgehogs (Er inaceus  europaeus)  weighing 550-720 g (two females  and six m a l e s ) .  
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