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Exper imen t s  on r a t s  showed that  t he rma l  radia t ion  causes  a much s h a r p e r  i n c r e a s e  in the sub -  
cutaneous t e m p e r a t u r e  in an a r e a  of  skin s epa ra t ed  f rom the underlying t i s sues  by a l aye r  of 
fel t  than in an a r ea  of skin s epa ra t ed  f rom surrounding and underlying t i s sues  and immed ia t e ly  
r e su tu red  in s i tu ,  o r  an a r e a  of  intact  skin.  In the a u t h o r s '  opinion the r e su l t s  indicate that  the 
blood flow does not p lay an essen t i a l  ro le  in the r e m o v a l  o f  heat  f rom the skin following i ts  e x -  
posure  to radiant  heat .  The abi l i ty  of the underlying t i s sues  to conduct and accumula te  hea t  is 
much  m o r e  impor tan t .  
KEY WORDS: skin; t e m p e r a t u r e  regulat ion;  t he rma l  injury.  

According to Moritz [7] the su r f ace  (critical) t e m p e r a t u r e ,  exposure  for  8 h to which leads  to total  n e -  
c r o s i s  of  the skin throughout its th ickness ,  is 44~ A Simi lar  f igure is given by F r a s e r  [3]. In the inves t iga -  
t ions of  ZIendelsohn and Ros i t t e r  [6] and a lso  of Henr iques  and Moritz  [5] the d i f fe rence  between the su r f ace  
and subcutaneous t e m p e r a t u r e s  was 6-18 ~ It is u n n e c e s s a r y  to p rove  that  this d i f fe rence  is due to ref lec t ion  
of  heat  by the skin s u r f ace ,  the cooling act ion of the externa l  envi ronment ,  and the absorp t ion  of heat  by the 
va r ious  l a y e r s  of  the skin. The l a t t e r  leads  to n e c r o s i s  o f  the ce l l s .  

Other conditions being equal,  the depth of burn damage  depends on the durat ion of  t he rma l  act ion and the 
m a g n i ~ d e  of i ts  deviat ion f rom the c r i t i ca l  value given above [1, 7]. The w r i t e r s '  p rev ious  invest igat ions  [9] 
show that in the case  of  radiant  hea t ,  bes ides  the above-ment ioned  fac tor ,  the in tensi ty  of  the inflow of hea t  
a lso  plays  an impor tan t  ro le .  

According to some  w o r k e r s  [2-4] the deg ree  of t he rma l  damage  to the skin depends to a defini te d eg ree  
on the s ta te  of the loca l  c i rcula t ion.  However ,  Stolwijk and Hardy  [10] showed that  even during the f i r s t  10-15 
sec ,  be fore  the c i rcu la t ion  in the skin had been dis turbed by the developing n e c r o s i s ,  no cooling action of the 
blood was mani fes ted .  

With the m o r e  penet ra t ing  study of this p rob lem the quest ion a r i s e s  of  the role  played by heat  t r a n s m i s -  
sion to o ther  p a r t s  of  the body and to t i s s ue s  lying under  the damaged  skin su r face  in the fo rmat ion  of  the skin 
t e m p e r a t u r e .  The impor tance  of the p rob l em ,  in the w r i t e r s '  opinion, and a lso  accord ing  to Moserova  et al .  
[8] is that the deg ree  of t h e r m a l  injury is affected by all f ac to r s  that  can reduce  the skin t e m p e r a t u r e .  

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

Exper iments  were  c a r r i e d  out on albino r a t s  weighing 170-220 g (50% fema le s  and 50% ma les ) .  Radiant  
heat  was genera ted  by a heating s tove with a hole m e a s u r i n g  4 • 4 cm in i ts  f ront  wall .  The t e m p e r a t u r e  in 
the heating s tove was 650~ The t e m p e r a t u r e  in the radia t ing a p e r t u r e  was moni to red  by a r ad iome t r i c  s y s -  
t em.  The power  of  i r rad ia t ion  was 1.0 W / c m  ~. 

The skin on the dorsa l  su r face  to be burned was depi la ted by means  of ha i r  c l ippe r s .  Before  fixation to 
the f r a m e  the an ima l s  were  anes the t ized  by in t raper i tonea l  inject ion of th ia lbarb i ta l .  The in te rva l  between the 
beginning  of  injection and i r rad ia t ion  in each  ca se  was 25 rain. A t h e r m i s t o r ,  fixed in the midl ine  (Fig. 1), was 
introduced beneath the skin of  the dorsa l  s u r f a ce ,  which was to be burned ,  f rom the caudal  side.  The readings  
of  the t h e r m i s t o r  were  r eco rded  eve ry  10 sec .  The scheme  of  the m e a s u r i n g  s y s t e m  was desc r ibed  p rev ious ly  

[9]. 
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Fig .  1. Method of  m e a s u r i n g  the subcu taneous  t e m p e r a t u r e .  

F ig .  2. T e c h n i q u e  of  i s o l a t i n g  skin f r o m  unde r ly ing  t i s s u e s .  

Explana t ion  in t ex t .  

T A B L E  1. Changes  in Subcutaneous  

T e m p e r a t u r e  dur ing  T h e r m a l  I r r a d i a t i o n  

0VI :Lm) 

Time after 
beginning of 
irr~diati6n, sec 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

35,00• O,22 
37,03 ~- 0,38 
40,11 • 0,58 
42,92 ~- 0,74 
45,65 + 0,76 
48,15~-0,64 
50,61• 1,05 
53,12• 
55,5 ~- 0,82 

57,92• 1,04 
60,19• 1,08 

Group of animals 

2- 3. 

34,88• 33,19+---0,22 
37,07~0,44 38,69~0,38 
40,96• 45,07• 
42,61• 48,92• 
45,65• 54,30-----0,80 
46,69-----0,82 56,57• 
51,19~ 1,00 58,27• 
53,65• 60,03• 
56,03• 61,61• 
58,24• 63,34• 
60,64• 65,07• 

Note .  R e s u l t s  o f  26 m e a s u r e m e n t s  a r e  

g iven .  

All  the  a n i m a l s  w e r e  d iv ided  into t h r e e  g r o u p s ,  with 30 r a t s  in each  g roup .  The  c i r c u l a t i o n  of  the r e g i o n  
of  skin  to be b u r n e d  was  d i s t u r b e d  in the  a n i m a l s  o f  g roup  1 by d i v i s i o n  o f  a l l  i ts  connec t i ons  with the  s u r -  
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Fig. 3. Changes in subcutaneous t e m p e r a -  
ture of ra ts  during exposure to radiant 
heat. Abscissa ,  t ime of recording  t h e r -  
m i s to r  readings {in sec); ordinate ,  sub-  
cutaneous tempera ture  (in ~ 1) Skin 
removed and sutured,  not in situ but 
with a layer  of felt between the skin and 
underlying t issues;  3) skin uninjured 
(control); 4) isolated skin fixed to f rame.  

rounding and underlying t i ssues ,  af ter  which the skin was immediately reat tached by continuous sutures .  In 
the rats  of group 2 the circulat ion of the skin surface to be burned also was disturbed,  but in this case  a layer  
of felt measur ing  4 x 4 cm and 3 mm thick was inserted beneath the skin between it and the musc les  (Fig. 2). 
In this case the the rmis to r  was introduced between the skin and the felt. In the ra ts  of group 3 (control) con-  
nections of the area of skin to be burned were  undisturbed. 

In a separa te  se r ies  of experiments  the tempera ture  of an area  of isolated skin, fixed to a f rame,  was 
measu red  under s imi lar  conditions. 

The experimental  resul ts  were  sub] ected to s tat is t ical  analysis .  

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

In the course  of i r radiat ion,  which lasted 100 sec,  the subcutaneous tempera ture  of the ra ts  rose  a lmost  
in a s t ra ight  line from 35 to 60~ Similar changes in the subcutaneous t empera tu re  were  observed in the ani -  
mals  of group 1, in which the skin had f i rs t  been removed and then resu tured  in situ {Table 1). 

The subcutaneous tempera ture  in the area  isolated from underlying t issues  by the l ayer  of  felt differed 
considerably from than in the control  (Table 1). The subcutaneous tempera ture  began to r i se  rapidly in this 
case ,  and af ter  40 sec it was about 54~ (compared with 45-46~ in the other two groups) ,  but then it rose  even 
more ,  so that af ter  100 sec it was about 5~ higher than the level observed in the ra ts  of groups 1 and 3 (Fig. 
3). 

The sharpes t  r i se  in t empera tu re  was found in the experiments with isolated skin fixed to the f rame 
(Fig. 3). 

The results of these measurements thus showed that the subcutaneous temperature varies during expo- 
sure to heat in the same way regardless of whether the circulation in that region is intact or not. However, if 

an insulating layer (felt) was inserted between the burned area of skin and the underlying tissues, a much sharp- 

er rise in subcutaneous temperature was observed. 

The fact that the subcutaneous temperature in the experiments with injured and uninjured skin (groups 1 
and 3) changed virtually identically is surprising, for authors cited previously consider that the blood flow has 

a cooling action. If this were true, a marked difference between groups 1 and 3 would be expected. 

The present investigations suggest that during the exposure of the skin to heat the blood flow either has 

no cooling action or it plays a negligible role. In the group in which the muscle tissue and skin were isolated 
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f rom one another ,  however ,  r e su l t s  which di f fered  cons ide rab ly  f rom the control  we re  obtained.  Under these  
conditions the subcutaneous t e m p e r a t u r e  ro se  f a s t e r  than in the absence  of insulat ion,  evidence of the i m p o r -  
tant  ro le  of the subcutaneous t i s s ue s  in the r e m o v a l  of  heat .  

The h e a t - r e m o v a l  effect  m a y  be a s soc i a t ed  with the abi l i ty of  t i s sues  in contact  with the skin to c a r r y  
away or  accmnula te  heat ,  and in tu rn ,  this is c lose ly  connected with the m a s s  of the subcutaneous t i s sues .  For 
example ,  a l lowance m u s t  be made  in this connection for d i f fe rences  in abi l i ty to r e m o v e  heat  in the case  of  ex -  
posure  of  the skin of  the t runk and upper  l imb to a r a i s ed  t e m p e r a t u r e .  It can be concluded f rom the facts  de -  
s c r ibed  above that  the t i s sue  n e c r o s i s  which develops  when the skin is exposed to a high t e m p e r a t u r e  depends 
not only on the th ickness  of  the blood supply and other  individual f ac to r s  of  the skin in different  p a r t s  of  the 
body, but also on the abi l i ty  of  the subcutaneous t i s sues  to c a r r y  away and accumula te  heat.  
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