
8. R . O .  Becker  and D, G. Murray ,  T rans .  N. Y. Acad. Sci., 29, 606 (1967). 
9. T . E .  Jorgensen ,  Acta  Orthop. Scand., 43, 412 (1972). 

10. R. Justus  and H. Luff, Calcif .  T i s sue  Res . ,  5, 222 (1970). 
11. L . S .  Lavine,  I. Lust r in ,  M. H. Shamos,  et  al. ,  Science, 175, 1118 (1972). 
12. M . H .  Shamos and L. S. Lavine,  Clin. Orthop.,  35, 177 (1964). 

R E G E N E R A T I O N  OF T H E  

M A M M A L S  

E .  A. E f i m o v  

P L A N T A R  S K I N  IN 

UDC 612.6.03:612.79-019:599 

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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Fig. 1. Vertical section through area  of wound defect in rat  10 days after 
operation: 1) projections of young epithelium. Hematoxylin--eosin, 120• 

Two pos ter ior  plantar pads together with the surrounding skin were removed f rom the left hind limb of 
the rats .  The edges of the wound defect were marked with ink. One plantar pad, without the surrounding skin, 
was removed f rom the left hind limb and one from the right forel imb of the hedgehogs. The areas  of the wound 
defects in the rats  were measured immediately after the operation and at success ive  t imes during healing (on 
the 5th, 10th, 24th, 30th, 60th, and 105th days), and in the hedgehogs on the 5th, 10th, and 30th days. Pieces  of 
t issue were taken for histological analysis f rom the region of the defect and the adjacent a reas  of intact skin 
of the rats  on the 5th, 10th, 24th, 30th, 60th, and 105th days after the operation, and in hedgehogs on the 10th 
and 30th days. The mater ia l  was fixed in 12% formalin, taken through eelloidin, and embedded in paraffin wax. 
Histological sections 7-9 ~ thick were stained with hematoxyiin-eosin.  

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

In all the animals the wounds healed beneath a scab. Immediately after infliction the mean area  of the 
wounds in the ra t s  was 0.76 cm 2. Epithelization of the defect was complete on the 10th-12th day, by which time 
the a rea  of the epithelized surface of the wound defect averaged 0.72 cm 2, i.e., it was virtually unchanged. By 
the 30th day after the operation the a rea  of the epithelized surface of the defect was 0.59 cm 2, after which no 
further  reduction took place. At this time the wound surface was nodular and projected above the surface of 
the surrounding skin. This projection resembled  visually a plantar pad. On the 60th day after the operation 
the nodular appearance in the region of the defect disappeared and the epithelized surface of the wound defect 
no longer projected above the surface of the surrounding skin. Restorat ion of the plantar pads was not ob- 
served in this experiment.  

In hedgehogs the mean area  of the initial defect of the forel imb was 0.26 cm 2 and on the hind limb 0.35 
cm 2. Complete epithelization of the wound defect occurred  on the 10th day after  the operation. No decrease  in 
area  of the wounds was observed. Regenerat ion of the plantar pads was found 30 days after the operation, and 
their  original shape (rectangular,  c i rcular ,  etc.) was r e s to red  in every  case. However, the regenerat ing pads 
differed from the intact in their lighter color,  which was evidently due to the fact that the new pads contained 
fewer pigment cells. 

Histological investigation showed that in ra ts  5 days after wounding about one third of the surface of the 
defect was already covered by young epithelium. It formed long project ions into the underlying young connec- 
tive tissue, which consisted mainly of cells and thin fibrils. The epithelial project ions varied in shape and 
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Fig. 2. Vert ical  section through region of intact skin (a) and through a rea  of regenera t ing skin of 
ra t  105 days after  operation (b). 1) connect ive- t issue papillai 2) s t ra tum corneum of epithelium. 
Hematoxylin-eosin,  120• 

size and they grew la rge r  as the distance increased f rom the wedge of growth of the epithelium. A large part 
of the epithelial layer was covered by s t ra tum corneum. In most  animals epithetization of the defect was com- 
plete 10 days after the operation. Young epithelium formed projections into the underlying young connective 
t issue. The epithelial project ions attained a length of 660 # and most of them lay at a cer tain angle to the su r -  
face of the defect (Fig. 1). At the site of the wound defect an area  of regenera t ion  in which a s t ra tum papillare 
was observed had formed 24 h after the operation. The mean length of the connect ive- t issue papillae was 32 
and the thickness of the epithelium between the connect ive- t i ssue  papillae was 103 g. In the intact epithelium 
at this time the mean length of the connect ive- t issue papillae was 36 ~ and the thickness of the epithelium be- 
tween the papillae was 82 ~. The connect ive- t issue basis of the regenera t ing  epithelium consisted mainly of 
f ibers ar ranged chiefly paral lel  to the surface of the defect, and of f ibroblasts.  The thickness of the connec- 
t ive- t i ssue  basis of the regenerat ing epithelium was 36% grea ter  than the thickness of the intact dermis .  No 
significant changes in the s t ructure  of the regenera t ing  t issues  were observed 30 and 60 days after the opera-  
tion. However, after  60 days the thickness of the connect ive- t issue basis of the regenerat ing skin was already 
close to the thickness of the intact dermis .  

The s t ra tum papil late was well defined in the regenera t ing  skin 105 days after the operation, just as 
previously.  The mean length of the connect ive- t issue papillae was 77 g and the thickness of the epithelium 
between the papillae was 168/~. The length of the connect ive- t issue papillae in the intact plantar skin was 
35 ~ and the thickness  of the epithelium between the papillae was 138 ~t. The mean thickness of the epithelium 
in the experimental  se r ies  was 118 9 and in the intact skin 88 ~; just as at the previous t imes of the investiga- 
tion the epithelium was covered by a thick s t ra tum corneum. The connect ive- t issue papillae of the regenera t -  
ing skin lay at an angle to its surface,  whereas  in the intact skin they lay mainly perpendicular ly to the skin 
surface.  The connect ive- t issue basis of the regenerat ing skin resembled  the connect ive- t issue basks of the 
intact skin in its s t ruc ture :  The fibrous s t ruc tures  in both the control  and the experimental  se r ies  lay chiefly 
paral lel  to the skin surface,  but they were interwoven. However, the fibers in the regenera t ing zone were more 
crowded than in the intact dermis  (Fig. 2). 

In the hedgehogs epithelization of the wound was complete after 10 days. The epithelium covering the 
wound defect formed projections into the young connective t issue. The length of the project ions in the r e g e n e r -  
ating a rea  of the forel imbs reached 670 ~ and on the hind limbs 820 ~. 

The s t ructure  of the regenera t ing t issue 30 days after the operation resembled  that of the intact skin 
cover ing the plantar pad. A s t ra tum papil late was present  in  the regenera t ing zone. The length of the connec- 
t ive- t i ssue  papilla in the regenera t ing zone of the forel imbs was 280 # and on the hind limbs 390 ~t; in the intact 
skin on the forel imbs the mean length of the papillae was 210 # and on the hind limbs 270 ~. The thickness of 
the epithelium in the regenera t ing zones on the forel imbs was 340 ~t and on the hind limbs 460 ~t; in the intact 
skin on the forel imbs the thickness of the epithelium on the plantar pads was 270 ~t and on the hind limbs 410 ~. 
In the s t ra tum basale of the epithelium pigmented cells were found both normal ly  and in the experimental  
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Fig. 3. Vertical section through area of 
regenerating skin of a hedgehog 30 days 
after operation: 1) connective-tissue papilla; 
2) duct of tubular gland. Homatoxylin-eosin, 
75• 

series. Both in the experimental and control series the epithelium was covered by a well-developed stratum 
corneum, the thickness of which in the regenerating zones of the forelimbs was 124 p and of the hind limbs 
250 p; in the skin of the intact pads the thickness of the stratum corneum on the forelimbs was 92 and on the 
hind limbs 189. Ducts of tubular glands were found in the connective-tissue basis of the regenerating zone. 
In the central part of the connective-tissue basis of the regenerating zone small condensations of connective 
tissue were observed in which the fibers were arranged parallel to the regenerating surface (Fig. 3). 

At the site of the skin defect on the sole of the foot in rats a regenerating zone similar in structure to 
the intact skin of the same region is thus formed: The specific epithelium is restored with a thick stratum 
corneum and a characteristic stratum papillare. However, no plantar pads appear in the zone of injmry. 

In hedgehogs, as in rats, a zone of regeneration is formed at the site of a skin wound with a typical layer 
of epithelium, covered by a well-developed stratum corneum, and with the characteristic stratum papillare for 
this region of the skin. In this experiment regenerating skin covered a regenerating plantar pad. 

It should be noted that the regenerating epithelium in animals of both species was thicker than the intact 
epithelium for a long time. 
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