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Healing of fu l l - th ickness  skin defects  in pigeons is cha r ac t e r i z ed  by marked  contract ion of 
the wound followed by an inc rease  in the a r e a  of the epi thel ized sur face  of the regenera t ing  
skin. The regenera t ing  skin differs  f r o m  normal  in the same par t  of the p igeon ' s  body by 
the absence  of complex folds and of fea thers .  

Few detai led studies have been made of the healing of skin wounds in b i rds  [1, 2, 4, 5]. The work e r s  
cited cons ider  that  as a resu l t  of the healing of fu l l - th ickness  skin wounds in b i rds  a s c a r  is fo rmed,  which 
subsequently becomes  conver ted  into skin which is typical  of the skin found in that  par t  of the an ima l ' s  body. 

In an investigation on hens [3], the w r i t e r  showed that the young connective t i s sue  produced at the si te 
of the defect is conver ted  into regenera t ing  skin, in which skin folds typica l  of the no rma l  skin of that  a r e a  
subsequently appear .  In other  words ,  in this case  healing of fu l l - th ickness  skin wounds takes  place without 
a s ca r .  

Because of the cont rad ic tory  conclusions which have been r eached  concerning the comple teness  of 
regenera t ion  of the skin in b i rds ,  it was  decided to continue these invest igat ions in o rde r  to study the healing 
of skin wounds in these  warm-b looded  animals .  The object ive of the p resen t  investigation wasto  study the 
healing of fu l l - th ickness  skin wounds in pigeons.  

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

Exper imen t s  were  c a r r i e d  out on 36 pigeons (Columba livia) weighing 260-290 g. Square f laps of skin 
of full th ickness  and measur ing  1• 1 cm: were  r emoved  f r o m  all the bi rds  beneath  the right wing at i ts  base .  

Before the operat ion,  the fea thers  were  plucked f r o m  the b i rds  around the 
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Fig. 1. Graph showing 
contract ion of skin defect.  
Absc i s sa ,  a r e a  (in cm2); 
ordinate,  t ime  af ter  op- 
era t ion  (days). 

site of the future defect,  and the skin was m a r k e d  with ink to within 0.5-1 
m m  f r o m  the edge of the wound; the ink was introduced into the de rmi s  by 
two soldered needles .  The five control  pigeons were  labeled in the same 
way, but no skin defect was produced.  The a r e a s  of the defects  were  m e a -  
sured  at success ive  t imes  during healing: 0, 5, 7, 11, 18, 24, 28, 40, and 
90 days a f t e r  the operat ion.  Pieces  of t i s sue  were  taken for  histological  
analys is  f r o m  the region of the defect and the adjacent  a r e a s  of intact skin 
7, 11, 18, 24, 40, and 90 days a f te r  the operat ion.  

The ma te r i a l  was fixed in 12% formal in  solution, taken through ce l -  
loidin, and embedded in paraff in  wax; sect ions  7-9 # in th ickness  were  
stained with hematoxyl in-eos in  and with orcein .  
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Fig. 2. Vert ical  section through pigeon's  skin in 
region of wound defect 18 days after  operation. 
Formal in .  Hematoxylin-eosin,  160• 

Fig. 3. Vert ical  section through regenerat ing and normal  pigeon's  
skin: a) folds of regenerat ing skin; b, c) folds of normal  skin. Fo r -  
malin. Hematoxylin-eosin,  90• 

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

The wounds healed beneath a scab. Immediately af ter  formation of the defect the  area  of the wounds 
was on the average 1.9 cm 2. By the 7th day after  the operation the wound had contracted and the mean area  
was 1.04 cm 2. By this t ime two-thi rds  of the surface of the defect had been epithelized. By the l l t h  day 
the mean area  of the defect was 0.7 cm 2. At this time the whole surface of the defect was epithelized. By 
the 18th day the mean area  of the defect was 0.25 cm 2. At the subsequent t ime the a rea  of the epithelized 
surface of the defect gradually increased,  so that by the 40th day it averaged 1.6 cm 2, and by the 90th day 
1.8 cm 2 (Fig. 1), i.e.,  the a rea  of the epithelized surface of the defect had pract ical ly  reached the a rea  of 
the original defect (the ink marks  at these t imes were 1-1.5 mm away f rom the edge of the epithelizedwound 
surface).  However, in the control animals ,  which had not been wounded, the a rea  included between the ink 
mark averaged 2.5 cm 2. The original a rea  included between the ink marks  was 1.2 cm 2. The increase  in 
area  was thus due to growth of the animal. 
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Histological examination showed that 7 days after the operation the epithelium covering the per ipheral  
part of the defect was hypertrophied,  and consisted of 7 or  8 layers  of ceils with progress ive  keratinization 
of the successive layers .  The mean thickness of the epithelium was 62 ~. Beneath the epithelium was a 
l ayerof  loose, young connective t issue,  consisting mainly of cells and thin fibri ls .  Many thin-walled, di- 
lated vesse ls ,  filled with red blood cells ,  were seen in the young connective t issue.  The mean thickness 
of the young connective t issue was 810 ~. 

After 11 days the epithelium covering the central  part  of the defect consis ted of 8 or 9 layers  of cells,  
with a mean thickness of 67 ~. The epithelium covering the per ipheral  part  of the defect consisted of five 
or six layers  of cells  and its th icknesswas  52 p. The thickness of the young connective t issue had increased  
to  1230 #. 

By the 18th day after  the operation the epithelium covering the central  part  of the defect was hyper-  
trophied still. It consisted of 7 or  8 layers  of cells and its thickness was 65 ~,while in the per ipheral  par ts  
the epithelium consisted of three or four layers  of cells,  with a thickness of 43 p. The mean thickness of 
the young connective t issue was 1820 #. In the central ,  upper part  of the defect the connective t issue was 
still loose, but in the per ipheral  and deep par ts  of the dermis  it was denser  and consisted of thin fibrils 
and cells.  Blood vesse ls ,  a r ranged mainly ver t ical ly  relative to the surface of the defect, could be seen. 
They were fewer in number than at the preceding t imes .  

The epithelium covering the peripheral  part  of the defect 24 days af ter  the operation consisted of three 
or  four layers  of cells,  and its mean thickness was 33 #. The thickness of the young connective t issue was 
slightly smal ler ,  averaging 1350 #. For ty  days after  the operation, the epithelium was almost  normal  in 
appearance and consisted of three or  four layers  of cells,  20 ~ in thickness.  The mean thickness of the 
young connective t issue was 500 #. It was densely fibrous in consistency. The f ibers were a r ranged  mainly 
parallel  to the surface of the defect. Many cells could be seen between them. Small folds, averaging 180~ 
in height, now appeared. They consisted of outgrowths of the newly formed dermis ,  covered by epithelium. 
In other words,  regenerating skin had been formed at the site of the defect. 

Three months af ter  the operation the epithelium covering the regenera t ing  skin was indistinguishable 
f rom normal  epithelium; its mean thickness was 19 p, and it consisted of three or  four layers  of cells.  The 
cells were elongated, and their  long axis was parallel  to the surface of the defect. The mean thickness of 
the connect ive-t issue basis of the regenerat ing skin was 250 ~ (the thickness of the connective-t issue basis 
of normal  pigeon's  skin was 310 ~). An elast ic  lamina had appeared. Over the whole extent of the regen-  
erating skin, folds were now visible,  varying f rom 90 to 220 ~ in height. The s t ruc ture  of the regenerat ing 
skin was now beginning to resemble  that of the normal  skin of a pigeon of the same age. However, the nor -  
mal pigeon's skin was more  folded, and in ver t ica l  sections through it, besides the small  and single folds, 
complex branching folds could also be seen, ranging in height f rom 80 to 450 ~ (Figs. 2 and 3). Only a few 
small  single, or  sometimes double, folds were formed in the regenerat ing skin, and feathers  never were 
observed. 

Hence, regenerat ing of the skin in pigeons is s imi lar  in course to regenerat ion of the skin in hens 
[3]. The skin defect is closed mainly by contraction of the wound. At the t ime of complete epithelization 
of the defect, the wound is filled with young connective t issue,  many t imes  thicker  than the normal  corium. 
With t ime,  the thickness of the young connective t issue,  which becomes densely fibrous in appearance,  is 
reduced,and it is gradually converted into regenera ted  skin, which increases  in a rea  throughout a long period 
of observation.  The s t ructure  of the regenerat ing skin resembles  that of the skin of normal  animals of the 
same age, although it does not form the complex folds and no feathers  are present .  It can be postulated 
that these principles of healing of skin wounds in hens and pigeons also extend to other species of birds.  
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