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Large defects on movable areas  of skin in warm-blooded animals are covered mainly by 
concentr ic  contraction of their  edges and intercalated growth of the t issues around the 
wound. The central  parts  of these defects and wounds on immovable skin heal ei ther  as the 
resul t  of the development of a more  or  less perfect ly  formed regenerat ing organ, cha rac -  
ter ized by res torat ion of its principal s t ruc tures ,  or  by s c a r  formation.  The outcome of the 
repa i r  depends p r imar i ly  on the species of animal and the size of the defect, but also on its 
situation. 

The view was held for a long t ime in the l i tera ture  that in mammals  and man. post t raumat ic  r egenera -  
tion of the skin resul ts  in a s c a r  of fibrous charac ter ,  covered by epidermis and not possess ing hair  or 
glands.  However, in recent  years  evidence has been obtained that during healing of skin wounds in m a m -  
mals it is possible not only for a s ca r  to be formed, but also for a more  perfect  res torat ion to take place, 
giving a resul t  close to the charac te r i s t i c  s t ruc ture  of normal  skin [2-5, 8, 9-11, 15, 19, 21]. Studies of 
pos t t raumat ic  regenerat ion of the skin in birds (hens, ducks, pigeons) demonstrated its high power of r e -  
generat ion [7, 12, 16, 20]. Analysis of these facts conclusively proves that the conflicting views expressed 
on the outcome of healing of skin wounds in mammals  and birds can be explained by differences in the 
course  of regenerat ion depending on many factors  and, principally,  on the species and age of the animals,  
the situation of the defect, and, very  considerably,  on the size of the defect. 

The mechanism of healing of large defects on movable parts  of the skin in mammals  and birds is a 
complex problem.  Besides the concentr ic  contraction of the skin edges already famil iar  [1], Soviet and 
Western investigators [6, 17, 18, 22] have shown that skin grows around a wound defect as a rection of the 
organ to local t rauma.  In movable parts  of the skin, 80-90% of a large wound defect is covered by concen- 
t r ic  contraction of the skin edges and intercalated growth, and the healing takes place more  rapidly than it 
would for an area  of regenerat ing skin or  a s ca r  of the same size to be formed.  In such cases,  the sca r  is 
formed only in the center  of the wound. 

In immovable areas  of skin, on the outer surface of the concha auriculae of the rabbit,  for example, 
wounds heal by the formation of new tissues in the defect itself. In this case the outcome of the skin r e -  
pair  is the regenerat ion of adequate skin,* with a basic s t ruc ture  close to that of the original  (Fig. 1A); its 
connect ive- t issue basis is predominantly dermal  in s t ruc ture ,  with the charac te r i s t i c  binding of the col la-  
gen fibers ; groups of hairs of typical s t ruc ture  and sebaceous glands are  well developed in the regenerat ing 
skin. Stimulation by various means may lead to pronounced hyperregenera t ion of the hair  cover (Fig. 1B) 
[14]. This type of regenerat ion is descr ibed as adequate but atypical.  Regeneration in which the chief 
s t ruc tures  of the skin are r e s to red  in an atypical a r rangement  is found in the center  of large skin defects 

* Adequate regenerat ion is the te rm applied to regenerat ion in which the principal s t ruc tures  of the skin are  
res tored ,  but to different degrees quantitatively, i.e., the regenerat ion is incomplete.  
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Fig.  1. Format ion  of organ s t ruc tu r e s  in regenera t ing  skin in 
var ious  warm-b looded  an imals .  A) Skin complexes  in center  
of regenera t ing  a rea  on concha aur iculae  of rabbi t  (hematoxy-  
l in-eosin ,  90x); B) numerous  skin complexes  in regenera t ing  
skin on concha aur iculae  of rabbi t  a f te r  re ject ion of homograf t  
(hematoxyl in-eosin ,  90x); C) folds and e las t ic  f ibers  in pe r iph -  
e ra l  pa r t  of regenera t ing  skin on m o u s e ' s  head: 1) fold, 
2) e las t ic  f ibers  (orcein,  90x); D)spec i f i c  folds in regenera t ing  
skin below cock ' s  wing, typical  of the skin of the domes t ic  fowl; 
1) fold (hematoxyl in-eosin ,  90x). 

on the dorsum in rabbi ts  and s o m e t i m e s  in mice .  Adequate, a typical  regenera t ion  (hyper regenera t ion  of 
the sweat  glands, thinness 'of the b r i s t l e ,  coa r senes s  of the collagen binding of the newly fo rmed  dermis )  
occurs  during the healing of defects  in immovable  skin on the dorsum in young pigs [5]. 

Adequate regenera t ion  of the skin was found in mice  a f te r  the format ion  of l a rge  defects in the scalp  
[13]. In this case ,  a de rmis  of typical  s t ruc tu re  was r e s to red ,  with an abundance of e las t ic  f ibers  (Fig. 1C). 
A c l ea r  example  of adequate r~egeneration of the skin is healing of skin defects in b i rds .  The end resu l t  of 
r e p a i r  is a r egenera t ing  skin with the folds cha rac t e r i s t i c  of b i r d s '  skin (Fig. 1D). The collagen binding of 
the de rmis  of the regenera t ing  skin is ve ry  litt le different f rom the interweaving of bundles in neighboring 
a r e a s  of "old" skin [12]. Ul t imate ly  a powerful ly  developed subcutaneous e las t ic  network,  speci f ic  for  
b i rds ,  is fo rmed .  

Converse ly ,  the healing of la rge  skin defects in ra t s  is inadequate in cha rac te r :  it ends with the f o r -  
mation of a s c a r  (Fig. 2A) in the wound center .  However,  in the pe r iphe ra l  pa r t s  of this inadequately r e -  
genera t ing skin, the collagen bundles begin to in terweave with each o ther  and the f ibrous t i s sue  gradual ly  
becomes  d e r m i s - l i k e  in appearance  (Fig. 2B). Hai rs  and glands,  however ,  a re  absent .  This is followed by 
a na r row zone of adequately reg 'enera ted  skin forming an in te rmedia te  a rea  between the s c a r  and the old 
skin (Fig. 3B, k). 
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Fig.  2. Inadequate regenera t ion  of dor sa l  skin in ra t :  A) cent ra l  
pa r t  of defect ,  consis t ing of a s c a r  (hematoxyl in-eosin ,  90• 
B) pe r iphe ra l  pa r t  of defect:  1) e las t ic  f ibers  (orcein,  200• 
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Fig. 3. Schemes  of adequate regenera t ion  of skin (A) and healing by 
s c a r  fo rmat ion  a f t e r  t r auma  (B). I and 5) Skin before  wounding, 2 
and 6) f i r s t  s tage of skin regenera t ion ,  3) beginning of second s tage 
of skin regenera t ion ,  4) end of second s tage,  7) healing of skin defect  
by sca r ;  a) boundaryof  defect ,  b) ha i r  foll icle,  c) scab,  d) leukocytic 
b a r r i e r ,  e) tongue of regenera t ing  epithelium, f) rud imen ta ry  hair ,  
g) a rea  occupied by f ib rob las t s ,  dest ined to become  de rmis ,  h) f ib ro -  
b las t s  ofnonspeci f ic  nature ,  i) blood ve s se l s ,  k) newly fo rmed  ha i r s ,  
l) s ca r .  

The p r o c e s s e s  leading to the format ion of new skin in wounds on immovable  skin or  in the centra l  
a r ea s  of la rge  defects  of movable  skin can be cons idered  to take place  in accordance  withthe schemebe low.  

Pos t t r auma t i c  Regenerat ion of Skin in Warm-b looded  Animals  

Fil l ing of wound defect with t i ssue  m a t e r i a l s :  development ,  f i r s t ,  of granulat ion t i ssue  fol lowedby young, 
dense fibrous t i s sue  in it; epithelizat ion of wound su r face  - f i r s t  s tage  of regenera t ion  {Fig. 3 : 2  and 6). 

1 
t 

Prolonged reorganiza t ion  of young, dense f ibrous connective Reorganizat ion of young dense f ibrous con- 
t i ssue  into de rmi s  with specif ic  organ s t r u c t u r e  and f o r -  nect ive t i ssue  into f ibrous t i ssue  - s c a r  
mation of skin der iva t ives  de novo - second stage of r e -  format ion  (Fig. 3: 7). 
genera t ion (Fig. 3 : 3  and 4). 
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It is sugges ted  that a s c a r  fo rms  if invasion of the defect by nonspecif ic  connective t i s sue  takes place 
before  the growth of f ib rob las t s ,  dest ined to become dermal ,  beneath the regenera t ing  epi thel ium (Fig. 3: 
6). Where  such f ibroblas ts  a r e  p resen t ,  the i r  co r re l a t ive  re la t ionships  with the regenera t ing  ep ide rmis  
leads to the format ion  of ha i r s  and glands.  
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