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INTRODUCTION 

The b ioassay  method for eva lua t ion  of t he rma l ly  p ro tec t ive  fabr ics  
sub jec ted  to conf lagra t ion  was deve loped  at the  U. S. Army Aeromedica l  
Resea rch  Laboratory (USAARL) in o r d e r  to p r o v i d e  medica l ly  sound  i n -  
formation upon wh ich  to base  j udgmen t s  r e g a r d i n g  the re la t ive  p ro tec t ive  
capabi l i t ies  of new candida te  fabr ics  (Knox, Wachtel ,  McCahan 1978). 
Other  i nves t i ga to r s  have  u s e d  a s imilar  approach  to s tudy  the  effect of 
the rmal  rad ia t ion  from s imula ted  atomic explos ions  (Mixter and  Pearse  
1953). In both  c a s e s ,  p ig s  w e r e  u s e d  as human sk in  ana logs ,  and b u r n  
s e v e r i t y  was d e t e r m i n e d  b y  c l in ical  and h is topathologica l  g r a d i n g  sys t ems .  

We have  d e s c r i b e d  the  c l in ical  g r a d i n g  sys tem for a po rc ine  b ioassay  
model and have  u t i l ized  the  g r a d i n g  sys tem for eva lua t ing  compet i t ive  fabr ics  
(Wachtel, Knox, McCahan 1978). More r e c e n t l y ,  we have  u s e d  the  po rc ine  
b ioassay  t e c h n i q u e  to e s t ab l i sh  a b u r n  data base  to be  u sed  in ca l ib ra t ing  
thermal  s enso r s  and  in  d e v e l o p i n g  a compute r i zed  b u r n  model  wh ich  wil l  
accura te ly  conve r t  t ime-hea t  flux or t i m e - t e m p e r a t u r e  h i s to r i e s  into p r e -  
d ic ted  b u r n  dep ths  (Knox, Wachtel ,  Knapp 1978a). 

This  r e p o r t  d e s c r i b e s  the  h is topathologica l  and b u r n  dep th  g r a d i n g  
sys tem which  has  evo lved  d u r i n g  deve lopment  of the porc ine  b ioassay  of 
the rmal  damage .  No attempt is made h e r e i n  to d e s c r i b e  the cor re la t ion  b e -  
tween  the  c l inical  and h is topathologica l  g r a d i n g  sys t ems .  

METHODS AND MATERIALS 

ANIMALS 

One h u n d r e d  f o r t y - s e v e n  whi te  domest ic  swine  w e i g h i n g  43+8 k g  w e r e  
p r o c u r e d ,  q u a r a n t i n e d ,  f r eed  of i n t e rna l  and  ex te rna l  p a r a s i t e s ,  and v e r i -  
f ied to be  hea l thy  p r io r  to use  in th is  s tudy .  The swine  w e r e  fas ted o v e r -  
n i g h t ,  p r emed ica t ed  wi th  At ropine  (0.04 m g / k g )  and f e n t a n y l - d r o p e r i o d o l  
(0.1 m l / k g )  or p h e n c y e l i d i n e  h y d r o e h l o r i d e  (100 rag) and  c h l o r p r o m a z i n e  
h y d r o c h l o r i d e  (50 rag) ,  i n tuba t ed ,  and anes the t i zed  wi th  ha lo thane  USP or 



m e t h o x y f l u r a n e  ( M c C a h a n  a n d  Wach te l  1972) ( R a g a n  a n d  Gi l l i s  1975) .  Al l  
h a i r  w a s  c l i p p e d  c l o s e l y  w i t h  a #40 c l i p p e r  h e a d  (Wachte l  a n d  M c C a h a n  
1973) .  When  t h e  c u t a n e o u s  s e n s a t i o n  h a d  d i s a p p e a r e d  ( d e t e r m i n e d  b y  t h e  
s c r a t c h  t e s t ) ,  t h e  a n i m a l  w a s  t r a n s p o r t e d  f r o m  t h e  v i v a r i u m  to t h e  t e s t  s i t e  
o n  a s p e c i a l l y  c o n s t r u c t e d  t r a n s p o r t i n g  d e v i c e .  T h e  e x p e r i m e n t a l  a n i m a l  
w a s  m a i n t a i n e d  in  S t a g e  Ill a n e s t h e s i a  d u r i n g  e x p o s u r e  to t h e  t h e r m a l  
s o u r c e .  T h e  r o o m  t e m p e r a t u r e s  w e r e  s t a b l e  d u r i n g  e x p o s u r e  of  a n y  o n e  
p i g ,  b u t  w e r e  n o t  c o n s t a n t  d u r i n g  an  e n t i r e  d a y  n o r  o v e r  t h e  s e v e r a l  m o n t h s  
of  d a t a  c o l l e c t i o n .  T h u s ,  s k i n  t e m p e r a t u r e s  w e r e  an  u n c o n t r o l l e d  v a r i a b l e .  

THERMAL SOURCE AND S H U T T E R  SYSTEM 

T h e  t h e r m a l  s o u r c e  c o n s i s t e d  of  a f l ame  g u n  ( m o d i f i e d  g u n  t y p e -  
c o n v e r s i o n  oi l  b u r n e r  u s i n g  k e r o s e n e  f u e l )  s e t  to d e l i v e r  14+0.5  B T U / f t  2 / s e c  
(Knox  a n d  o t h e r s  1971) ,  o r  a f u r n a c e  ( m o d i f i e d  N A S A - A m e s  T - 3  f u r n a c e  
u s i n g  J P - 4  f u e l )  s e t  to  d e l i v e r  f r o m  0 .7  to 3 .92  ca l  cm -2 s ee  - I  ( K n o x ,  
M c C a h a n ,  Waeh te l  1974) ( K n o x ,  W a c h t e l ,  K n a p p  1 9 7 8 b ) .  E a c h  a n i m a l  
w a s  p r o t e c t e d  f r o m  t h e  t h e r m a l  s o u r c e  b y  a s h u t t e r  s y s t e m  a n d  t e m p l a t e  
(Knox  a n d  o t h e r s  1971) ( K n o x ,  M c C a h a n ,  Wach te l  1974) .  T h e  a n i m a l  
w a s  p l a c e d  a g a i n s t  a l a m i n a t e d  w o o d - t r a n s i t e  (o r  d o u b l e  t r a n s i t e )  t e m p l a t e  
w i t h  c i r c u l a r ,  c o u n t e r s u n k  o p e n i n g s  (1-} - 2 i n c h e s  i n  d i a m e t e r )  w h i c h  
d e f i n e d  t h e  e x p o s u r e  s i t e s  a n d  a r e a s .  T h e  t i m e  of  e x p o s u r e  w a s  c o n t r o l l e d  
b y  an  e l e c t r i c a l l y  a c t i v a t e d ,  p n e u m a t i c a l l y  ( a n d  g r a v i t y  a n d  s p r i n g  a l s o )  
d r i v e n  s h u t t e r  a n d  r a n g e d  f r o m  0 .5  to 15 s e c o n d s  (Knox  a n d  o t h e r s  1971) 
( K n o x ,  M c C a h a n ,  Wach te l  1974) .  E a c h  a n i m a l  r e c e i v e d  f r o m  12 to 14 b u r n  
s i t e s  so t h a t  a to ta l  of  o v e r  1 ,700  s i t e s  w e r e  e v a l u a t e d  fo r  t h i s  s t u d y .  

DOCUMENTATION 

T h e  s e v e r i t y  of t h e  r e s u l t a n t  c u t a n e o u s  b u r n  l e s i o n s  w a s  e v a l u a t e d  
i m m e d i a t e l y  a n d  at 24 h o u r s  p o s t b u r n  u s i n g  p h o t o g r a p h i c  t e c h n i q u e s  ( s t i l l  
c o l o r  p h o t o g r a p h s  at  c o n s t a n t  foca l  l e n g t h  a n d  l i g h t  s o u r c e  a n d  16 mm h i g h -  
s p e e d  m o t i o n  p i c t u r e s )  a n d  c l i n i c a l  o b s e r v a t i o n s .  De ta i l s  of  t h e  c l i n i c a l  
g r a d i n g  s y s t e m  h a v e  b e e n  r e p o r t e d  (Wach te l ,  K n o x ,  M c C a h a n  1978) .  

E x c i s i o n a l  b i o p s i e s  w e r e  t a k e n  f r o m  e a c h  b u r n  s i t e  i n c l u d i n g  b o t h  
n o r m a l ,  u n d a m a g e d  s k i n  a n d  d a m a g e d  s k i n  t y p i c a l  of  t h e  l e s i o n .  T h e s e  
t i s s u e  s p e c i m e n s  w e r e  f i x e d  in  u n b u f f e r e d  10% f o r m a l i n  a n d  f o r w a r d e d  to 



t h e  V e t e r i n a r y  P a t h o l o g y  D e p a r t m e n t  of  t h e  N a v a l  A e r o s p a c e  M e d i c a l  R e -  
s e a r c h  L a b o r a t o r y ,  P e n s a c o l a ,  F l o r i d a ,  fo r  p r o c e s s i n g .  

HISTOLOGICAL PROCEDURES 

A p a t h o l o g y  a c c e s s i o n  n u m b e r  w a s  a s s i g n e d  to e a c h  f o r m a l i n  f i x e d  s k i n  
s p e c i m e n  u p o n  d e l i v e r y  to  t h e  p a t h o l o g y  l a b o r a t o r y  a n d  w a s  u s e d  to i d e n t i f y  
e a c h  s p e c i m e n  p r o c e s s e d  i n  t h e  h i s t o p a t h o l o g y  l a b o r a t o r y .  E a c h  s p e c i m e n ,  
t o g e t h e r  w i t h  i t s  i d e n t i f i c a t i o n  n u m b e r ,  w a s  p l a c e d  i n  a t i s s u e  c a p s u l e  i n  a 
r e c e p t a c l e  b a s k e t  w h i c h  w a s  a t t a c h e d  to t h e  a u t o t e e h n i e o n .  T h e  t i s s u e  w a s  
t h e n  p r o c e s s e d  a c c o r d i n g  to t h e  f o l l o w i n g  s c h e d u l e :  

80% a l c o h o l  1 h o u r  
95% a l c o h o l  2 h o u r s  
95% a l c o h o l  1 h o u r  
95% a l c o h o l  i h o u r  
95% a l c o h o l  1 h o u r  
95% a l c o h o l  I h o u r  
100% a l c o h o l  1 h o u r  
100% a l c o h o l  2 h o u r s  
X y l e n e  2 h o u r s  
X y l e n e  1 h o u r  
P a r a p l a s t  1 h o u r  
P a r a p l a s t  1 h o u r  

T h e  P a r a p l a s t  i n  t h e  a u t o t e c h n i c o n  w a s  m a i n t a i n e d  at  60 ° C.  

T h e  a u t o t e e h n i c o n  w a s  l o a d e d  a n d  t u r n e d  o n  at  t h e  e n d  of  t h e  d a y .  T h e  
t i s s u e s  w e r e  t h e n  p r o c e s s e d  a u t o m a t i c a l l y  d u r i n g  t h e  n i g h t  a n d  w e r e  r e a d y  
fo r  e m b e d d i n g  t h e  f o l l o w i n g  m o r n i n g .  T h e  t i s s u e s  w e r e  e m b e d d e d  in  P a r a -  
p l a s t  i n  s q u a r e  e m b e d d i n g  m o l d s ,  a n d  t h e  i d e n t i f i c a t i o n  n u m b e r  w a s  w r i t t e n  
o n  t h e  m o l d .  A f t e r  c o o l i n g ,  t h e  b l o c k s  w e r e  r e m o v e d  f r o m  t h e  m o l d s .  

T h e  b l o c k s  w e r e  t h e n  s e c t i o n e d  o n  a r o t a r y  m i c r o t o m e  at  6-7  m i c r o n s ,  
w i t h  t h e  s e c t i o n s  b e i n g  f l o a t e d  o n  a 57 ° C w a t e r  b a t h  c o n t a i n i n g  g e l a t i n .  
T h e  g e l a t i n  f a c i l i t a t e s  a d h e r e n c e  of  t h e  s e c t i o n s  to t h e  g l a s s  s l i d e s .  S a t i s -  
f a c t o r y  s e c t i o n s  w e r e  p i c k e d  f r o m  t h e  w a t e r  b a t h  a n d  p l a c e d  on  t h e  m i c r o -  
s c o p e  s l i d e s .  T h e  c a s e  n u m b e r  w a s  r e c o r d e d  o n  t h e  s l i d e .  T h e  s l i d e s  w e r e  
t h e n  p l a c e d  o n  t h e  w a r m i n g  p l a t e  fo r  o n e  h o u r ,  a t  w h i c h  t i m e  t h e y  w e r e  

7 



p l a c e d  i n  a me t a l  s t a i n i n g  r a c k  a n d  s t a i n e d  u s i n g  t h e  m e t h o d  d e v e l o p e d  at  
t h e  A r m e d  F o r c e s  I n s t i t u t e  of  P a t h o l o g y  (AFIP M a n u a l  of H i s t o l o g i c  a n d  
S p e c i a l  S t a i n i n g  T e c h n i q u e ,  2d Ed)  as  m o d i f i e d  b y  t h e  Nava l  A e r o s p a c e  
M e d i c a l  R e s e a r c h  L a b o r a t o r y  in  t h e  f o l l o w i n g  m a n n e r :  

X y l e n e  10 m i n u t e s  
X y l e n e  5 m i n u t e s  
A b s o l u t e  a l c o h o l  5 m i n u t e s  
A b s o l u t e  a l c o h o l  5 m i n u t e s  
95% a l c o h o l  5 m i n u t e s  
D i s t i l l e d  w a t e r  w a s h  
H e m a t o x y l i n  H a r r i s  10 m i n u t e s  
Wash in  t a p  w a t e r  
B l u e  in  a m m o n i a  w a t e r  10 d i p s  
T a p  w a t e r  w a s h  
A l c o h o l i c  e o s i n  1 m i n u t e  
95% a l c o h o l  5 m i n u t e s  
A b s o l u t e  a l c o h o l  5 m i n u t e s  
A b s o l u t e  a l c o h o l  5 m i n u t e s  
X y l e n e  5 m i n u t e s  
X y l e n e  5 m i n u t e s  

When  t h e  s l i d e s  w e r e  p l a c e d  in  a n e w  s o l u t i o n ,  t h e y  w e r e  r i n s e d  u p  a n d  
d o w n  f ive  to  s i x  t i m e s .  When  t a k e n  f r o m  t h e  s o l u t i o n ,  e x c e s s  w a s  a l l o w e d  to 
d r a i n  f r o m  t h e  r a c k  p r i o r  to  b e i n g  p l a c e d  in  t h e  n e x t  s o l u t i o n .  

A f t e r  s t a i n i n g  w a s  c o m p l e t e d ,  t h e  s l i d e s  w e r e  c o v e r s l i p p e d ,  u s i n g  
P e r m o u n t  a s  t h e  m o u n t i n g  m e d i u m .  

T h e  f o l l o w i n g  p r o c e d u r e s  w e r e  e m p l o y e d  in  m a k i n g  t h e  s t a i n i n g  s o l u t i o n s "  

H e m a t o x y l i n  H a r r i s  

Used "as is" from container 

Alcoholic Eosin 

E o s i n  Y,  w a t e r  s o l u b l e  
D i s t i l l e d  w a t e r  
A l c o h o l ,  95% 
Glac ia l  a c e t i c  a c i d  

2 g r a m s  
160 ml 
640 ml 

2 ml 



Ammonia Water 

NH4OH 1 ml 
Dis t i l led  wa te r  500 ml 

CLASSIFICATION OF BURNS 

Pathology of Local Hype r the rmia  

Accord ing  to A n d e r s o n  (1966) and  Jobb and Kennedy  (1970), b u r n s  
a re  gene ra l l y  c lass i f ied  acco rd ing  to the dep th  of i n j u r y .  

The ea r l i e s t  e v i d e n c e  of h y p e r t h e r m i a  is func t iona l ,  wi th  small  b lood 
v e s s e l s  and  cap i l l a r i es  d i l a t ing .  As the  cap i l l a ry  wal ls  become more p e r -  
meable ,  the  f luid  components  of the  blood leave  the  v e s s e l  and en te r  the  
in te rs t i t i a l  s p a c e s ,  wi th  r e su l t an t  edema.  This  causes  ves i cu la t ion  if the  
f luid col lects  be tween  the  ep ide rmi s  and t h e  d e r m i s .  

Cel lular  damage is f i rs t  e v i d e n c e d  by  a r e d i s t r i b u t i o n  of the  f luid and 
sol id components  of the  nuc l e i ,  fol lowed b y  nuc l ea r  swe l l ing  due  to imbib i -  
t ion of f lu id ,  r u p t u r e  of the  nuc l ea r  m e m b r a n e s ,  and ,  f ina l ly ,  p y k n o s i s .  
The cytoplasm of t he rma l ly  i n j u r e d  cel ls  becomes  at f i rs t  g r a n u l a r  and  la ter  
homogeneous ly  coagula ted .  The co l lagen  t ends  to lose i ts  f ib r i l l e r  cha rac t e r  
and  to take  on the  appea rance  of a d e n s e  and more or  l e s s  homogeneous  ge l .  
The re  is a fall in  pH of the  i n j u r e d  cel ls  as is i nd ica t ed  b y  t he i r  i n c r e a s e d  
affinity for bas ic  s ta ins  (Eosin) .  

Heat is  a b s o r b e d  such  that  the  ep ide rmi s  is the  f i rs t  and most s e v e r l y  
i n j u r e d .  F i rs t  d e g r e e  b u r n s  are  mani fes ted  b y  e ry thema  and edema with  no 
morphologica l  s ign  of i n j u r y  to the ep i the l ia l  ce l l s .  However ,  af ter  a few 
d a y s ,  the  sur face  may desquamate .  In second d e g r e e  b u r n s ,  the  ep ide rmis  
is d e s t r o y e d  wi thout  s igni f icant  i r r e v e r s i b l e  damage  to the  d e r m i s .  Vascu la r  
ch an ges  a re  p rominen t  and v e s i c l e s  form in  and b e n e a t h  the  epiclermis .  
These  may conta in  s e rum,  ce l lu la r  d e b r i s ,  and l eukocy tes  and  may suppu ra t e  
or  r u p t u r e  qu ick ly .  At h i g h  heat  f lux l e v e l s ,  t i s sue  wa te r  boi ls  r e s u l t i n g  in  
the  typ ica l  "s team b leb"  upon g ros s  sur face  examinat ion .  The  cytoplasm of 
the  ep i the l ia l  cel ls  is  coagula ted  and the  nuc le i  are  s h r u n k e n  or r u p t u r e d .  



Damaged ep i the l ium becomes  d i s t i nc t ly  ac idoph i l i c .  New ep i the l ium is de -  
r i v e d  from the  m a r g i n s  of the  b u r n e d  a r e a  and  from the u n d e r l y i n g  ha i r  
fo l l ic les .  

T h i r d  d e g r e e  b u r n s  show suff ic ient  damage  to the  d e r m i s ,  wi th  coagu la -  
t ion of pa r t  of the  connec t ive  t i s s u e ,  blood v e s s e l s ,  and a d n e x a ,  as to i n t e r -  
face wi th  r e g e n e r a t i o n .  Heat of suff ic ient  i n t ens i t y  or  du ra t i on  to p e n e t r a t e  
th is  deep  de s s i ca t e s  and c h a r s  the  ou te r  d e r m i s .  An amorphous  agg lomera t ion  
is p r o d u c e d  c a u s i n g  coagula t ion  of the  ep ide rmi s  and  d e r m i s .  This  nec ro t i c  
t i s sue  s loughs  and  the defect  is f i l led in b y  g r a n u l a t i o n  t i s s u e .  Pe rmanen t  
s c a r r i n g  wi th  loss  of a d n e x a  r e s u l t s .  Fou r th  d e g r e e  b u r n s  a r e  s imi la r  in 
c h a r a c t e r  to t h i r d  d e g r e e  bu t  p e n e t r a t e  below the  de rmi s  to and  b e y o n d  the  
s u b c u t a n e o u s  f a sc i a .*  The p r e c e d i n g  c r i t e r i a  w e r e  u s e d  to j u d g e  the d e g r e e  
of b u r n  to the sk in  s p e c i m e n s .  

Grad ing  

The b iops ie s  w e r e  g r a d e d  mic roscop i ca l l y  a c c o r d i n g  to the  scheme  de -  
ve loped  b y  the  U n i v e r s i t y  of Roches t e r  (Lyon,  Davis ,  Pea r se  1955). 
Whenever  the  dep th  of b u r n  was  not un i fo rm,  the maximum dep th  of t i s sue  
damage  was u s e d  in the g r a d i n g .  A g r a d e  of zero  was  g iven  to all t i s sue  
sec t ions  showing  no the rma l  damage .  B u r n e d  t i s sue  was  ca t ego r i zed  into 
e p i d e r m a l ,  t r a n s e p i d e r m a l ,  d e r m a l ,  and ad ipose .  Ep ide rma l  b u r n s  w e r e  
subc l a s s i f i ed  as to w h e t h e r  ce l l u l a r  c h a n g e  wi thout  ac idophi l i sm was  p r e s -  
ent  (g rade  1) ,  w h e t h e r  ac idoph i l i sm was p r e s e n t  i n v o l v i n g  only  pa r t i a l  
dep th  of the ep ide rmi s  (g rade  2) ,  or  all the  ep ide rma l  dep th  (g rade  3) .  
T r a n s e p i d e r m a l  b u r n s  ( those showing  sepa ra t i on  b e t w e e n  the ep ide rmi s  
and the  d e r m i s )  w e r e  s u b c a t e g o r i z e d  as to w h e t h e r  the s epa ra t i on  was  focal 
( g r ade  4) or  complete  (g rade  5) .  Dermal  b u r n s  w e r e  c lass i f i ed  as to w h e t h e r  
the damage  was  s u p e r f i c i a l ,  mid ,  d e e p ,  or  comple te  ( g r a d e s  6, 7, 8, and  9 
r e s p e c t i v e l y ) .  Grade  10 was  a s s i g n e d  to b u r n s  e x t e n d i n g  b e y o n d  the de rmi s  
into the  ad ipose  t i s s u e .  The g r a d e s  wi th  a s soc ia ted  d e s c r i p t i o n s  a r e  sum-  
mar i zed  in Table  1 (page 11). 

*Class i f icat ion of b u r n s  into d e g r e e s  is b e i n g  r e p l a c e d  b y  a c l a s s i f i ca -  
t ion u s i n g  "par t ia l "  of full  t h i c k n e s s  w h e r e  the la t te r  impl ies  that  the de rma l  
a p p e n d a g e s  from w h i c h  r e - ep i t he l i a l i z a t i on  o c c u r s  have  been  d e s t r o y e d ;  
t h u s ,  n e c e s s i t a t i n g  g ra f t i ng .  
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TABLE 1 

HISTOPATHOLOGICAL AND BURN DEPTH GRADING DEFINITIONS 

. . . .  . . . . . . . . . . . . . . . . .  A p p r o x i m a t e  
G r a d e  D e s c r i p t i o n  D e p t h  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

No thermal damage 
Cell damage without acidophilism 
Partial epidermal acidophilism 
Complete epidermal acidophilism 
Partial dermal-epidermal separation 
Complete dermal-epidermal separation 
Superficial dermal 
Mid dermal 
Deep dermal 
Complete dermal to adipose border 
Adipose 

0 
1-20p 

20-50~ 
50-I00~ 

i00-150~ 
150-250~ 
250-500~ 
500-1000~ 

1000-1500~ 
1500-2000~ 
>2000~ 

In  a d d i t i o n  to t h e  n u m e r i c a l  g r a d e s  a s s i g n e d  to e a c h  s e c t i o n ,  l i n e a r  
m e a s u r e m e n t s  w e r e  m a d e  on,  t h e  n o r m a l  e p i d e r m a l  t h i c k n e s s  ( A ) ,  t h e  n o r m a l  
d e r m a l  t h i c k n e s s  ( B ) ,  a n d  t h e  t h i c k n e s s  of  t h e  b u r n e d  d e r m i s  ( D - C ) ,  w h e r e  
a p p l i c a b l e  ( s ee  F i g u r e  1, p a g e  13) .  T h e  m e a s u r e m e n t s  w e r e  m a d e  u s i n g  
a n  o c u l a r  m i c r o m e t e r  d i s c  c a l i b r a t e d  w i t h  a s t a g e  m i c r o m e t e r .  T h e  m e a s u r e -  
m e n t s  i n v o l v i n g  t h e  e p i d e r m i s  w e r e  m a d e  f r o m  t h e  t op  of t h e  k e r a t i n i z e d  
l a y e r  to  t h e  b o t t o m  of  t h e  M a l p i g h i a n  l a y e r .  T h i s  w a s  a l w a y s  m a d e  a b o v e  
o n e  of t h e  d e r m a l  p a p i l l a e ,  s i n c e  t h i s  a r e a  g a v e  t h e  m o s t  c o n s i s t e n t  r e a d i n g s .  
D e r m a l  m e a s u r e m e n t s  w e r e  m a d e  f r o m  t h e  e p i d e r m a l - d e r m a l  j u n c t i o n  to t h e  
s u b c u t a n e o u s  t i s s u e .  T h e  b u r n e d  d e r m i s  w a s  m e a s u r e d  f r o m  t h e  e p i d e r m a l -  
d e r m a l  j u n c t i o n  to t h e  b o t t o m  of  t h e  d a m a g e d  t i s s u e .  

In  t h e  e a r l i e s t  e x p e r i m e n t s ,  i t  w a s  n o t i c e d  t h a t  t i s s u e  s h r i n k a g e  w a s  a 
p r o b l e m ;  so  t h e  d e p t h  m e a s u r e m e n t  s c h e m e  w a s  r e s t r u c t u r e d  to  i n c l u d e  
" b u r n  d e p t h "  (C) m e a s u r e d  f r o m  t h e  d a m a g e d / u n d a m a g e d  b o u n d a r y  to t h e  
f a t / d e r m a l  b o u n d a r y  a n d  d e r m a l  t h i c k n e s s  at  t h e  b u r n  (D) a n d  to t a l  s k i n  
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t h i c k n e s s  at the  b u r n  (E).  A b u r n  dep th ,  co r r ec t ed  for t he rma l  s h r i n k a g e  
was then  ca lcula ted  as follows: 

(A + B) - C [ (A+B)/E] = c o r r e c t e d  b u r n  dep th  

RESULTS 

The animals  to le ra ted  the  small  b u r n  s i tes  without  sys temic  or  unusua l  
local effects .  The exper imen ta l  d e s i g n  w o r k e d  wel l  for a c q u i r i n g  exe i s iona l  
b iopsy  mater ia l  from the  b u r n  s i tes  for h is topa thologiea l  and b u r n  dep th  
de te rmina t ion .  

Microscopic  examinat ion  of the  sk in  spec imens  r e v e a l e d  damage r a n g i n g  
from none  (Grade  0) in  control  b i o p s i e s ,  to almost four th  d e g r e e  b u r n  
(Grade 10) in  unpro tec t ed  7.0-15 second e x p o s u r e s .  

As an aid to those  who might  wish  to employ th is  method in the  fu tu re ,  
the  fol lowing set  of f i gu re s  is p r e s e n t e d  r e p r e s e n t i n g  v a r i o u s  i n c r e a s i n g  
l eve l s  of b u r n  s e v e r i t y .  
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THRESHOLD BURN DEPTH 

EPIDERMIS 

DERMIS 

SUBCUTANEOUS FAT 

i NORMAL EPIDERMAL THICKNESS I 
B NORMAL DERMAL THICKNESS I 
c "BURN DEPTH" I 

DERMAL THICKNESS AT BURN I 
TOTAL SKIN THICKNESS AT BURN I 

FIGURE 1. A d i a g r a m m a t i c  v i e w  of  a b i o p s y  s p e c i m e n  s h o w i n g  t h e  
s h a d e d  b u r n  a r e a  a n d  t h e  l o e a t i o n  of  t h e  d e p t h  m e a s u r e m e n t s .  T h e  
m e a s u r e m e n t s  s h o w n  a r e  t h e  l a t e s t  v e r s i o n  w h i c h  a l l o w s  c o r r e c t i o n s  
fo r  t i s s u e  s w e l l i n g  a n d  s h r i n k a g e  to b e  m a d e .  

FIGURE 2. N o r m a l  p o r c i n e  e p i d e r m i s  w i t h  w e l l  d e f i n e d  c a p i l l a r y  
l o o p s  in  d e r m a l  p a p i l l a e  ( a r r o w )  H&E s t a in  400 x m a g .  
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FIGURE 3. Close-up view of epidermis showing swollen nuclei 
typical of Grade 1 burn. H&E stain approximately 800 x mag. 

FIGURE 4. Partial epidermal aeidophilism (eosinophilism) typical 

of Grade 2. H&E stain approximately 500 x mag. 
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FIGURE 5. R a n g e  of  b u r n  g r a d e s  from 0 ( n o r m a l )  at A to 3 at B .  
H&E s ta in  a p p r o x i m a t e l y  400 x m a g .  

FIGURE 6. Comple te  e p i d e r m a l  a e i d o p h i l i s m  ( e o s i n o p h i l i s m ) ,  
Grade  3. H&E s ta in  500 x m a g .  
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FIGURE ~. P a r t i a l  e p i d e r m a l - d e r m a l  s e p a r a t i o n  ( a r r o w s )  G r a d e  4. 
S t i l l  no  d e r m a l  c h a n g e s .  H&E s t a i n  400 x m a g .  

FIGURE 8. C l o s e - u p  of  an  a r e a  of  p a r t i a l  e p i d e r m a l - d e r m a l  s e p a r a t i o n  
s h o w i n g  f l u id  c o l l e c t i o n ,  s t e am v a c u o l e ,  a n d  ce l l  d i s t o r t i o n .  H&E 
s t a in  a p p r o x i m a t e l y  800 x m a g .  
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FIGURE 9. Some p a r t i a l  b u t  m o s t l y  c o m p l e t e  e p i d e r m a l - d e r m a l  
s e p a r a t i o n  c h a r a c t e r i s t i c  of G r a d e  5. H&E s t a i n  400 x m a g .  

FIGURE 10. C o m p l e t e  s e p a r a t i o n  w i t h  s u p e r f i c i a l  d e r m a l  d a m a g e .  
C h a r a c t e r i s t i c  of  a m i l d  G r a d e  6. H&E s t a in  400 x m a g .  
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FIGURE 11.  S u p e r f i c i a l  to m i d  d e r m a l  d a m a g e  c h a r a c t e r i s t i c  o f  v e r y  
d e e p  G r a d e  6 o r  G r a d e  7. H&E s t a i n  100 x m a g .  

F IGURE 12.  D e e p  d e r m a l  b u r n  c h a r a c t e r i s t i c  o f  G r a d e  8. N o t e  fa t  
d e r m a l  b o r d e r  i s  n o t  e v e n  b u t  d i s t o r t e d  b y  t h e  p r e s e n c e  o f  h a i r  
s h a f t s  h e r e  c u t  i n  c r o s s  s e c t i o n .  H&E s t a i n  100 x m a g .  
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FIGURE 13. C o m p l e t e  d e r m a l  to a d i p o s e  b o r d e r  w i t h  no  c h a n g e s  
in  u n d e r l y i n g  a d i p o s e  t i s s u e .  G r a d e  9.  H&E s t a in  100 x m a g .  

FIGURE 14. Fu l l  t h i c k n e s s  b u r n  w i t h  d a m a g e  to a d i p o s e  t i s s u e .  
G r a d e  10. Not as  c l e a r  as  t h e  g r a d e  i n d i c a t e s  s i n c e  t h e  d e e p  d e r m i s  
o v e r l y i n g  t h e  a d i p o s e  t i s s u e  r e t a i n s  some  of  i t s  n o r m a l  f i b r i l l a r  
a p p e a r a n c e ,  b u t  t h e  c h a n g e s  to t h e  h a i r  s h a f t s  a n d  a d i p o s e  t i s s u e  
p u s h  t h e  g r a d e  to a 10. H&E s t a i n  100 x m a g .  
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DISCUSSION 

The g e n e r a l  method of Lyon,  et al (1955), has  b e e n  modif ied h e r e  to 
i n c l u d e  l i n e a r  dep th  m e a s u r e m e n t s  w h i c h  allow for c o r r e c t i o n  of the rma l  
s h r i n k a g e  or  s w e l l i n g .  This  c o r r e c t i o n  is impor tan t  in a r r i v i n g  at an a g r e e -  
ment b e t w e e n  o b s e r v e d  b u r n  dep th s  and p r e d i c t e d  b u r n  dep th s  from mathe-  
mat ical  models  (Knox,  Wachtel ,  Knapp 1978b). 

Var ious  d i f f icul t ies  and  i n c o n s i s t e n c i e s  w e r e  d i s c o v e r e d  d u r i n g  the 
mic roscop ic  g r a d i n g  w h i c h  should  be  po in ted  ou t .  In most e a s e s ,  on ly  one  
mic ros l ide  was  made and  eva lua t ed  from each  sk in  b i o p s y .  On some b iop-  
s i e s ,  w h e r e  p r o p e r  eva lua t ion  could  not be  made on the  o r ig ina l  s l i de ,  
ano the r  sec t ion  was  r e q u e s t e d .  In a few e a s e s ,  the  n u m e r i c a l  g r a d e  b e t w e e n  
the sec t ions  d i f fe red  b y  two or  t h r e e  g r a d e s .  T h e r e f o r e ,  if the b iopsy  r e -  
c e ived  is not e v e n l y  b u r n e d  t h r o u g h o u t ,  a s ing le  sec t ion  might  not g ive  a 
fa i r  eva lua t ion .  Add ing  to this  p rob lem is one of s u p p l y i n g  the pa thologis t  
wi th  a good t i s s u e  sec t ion .  As a r u l e  of t h u m b ,  the  more  b a d l y  b u r n e d  a 
t i s sue  sec t ion  i s ,  the  more diff icul t  it is to cut  a good sec t ion  on the mic ro -  
tome.  Should  a b iopsy  not  be  e v e n l y  b u r n e d ,  and  the l e s s e r  b u r n e d  a r ea  
sec t ions  more  e a s i l y ,  it is  p robab le  that  the pa thologis t  wi l l  r e e e i v e  this  
type  sec t ion .  The r e s u l t s  a re  t h e r e b y  immedia t ley  b i a s e d  t o w a r d s  a lower  
g r a d e .  Two sk in  spec imens  w e r e  se lec ted  for s e r i a l  s ec t ion ing  to d e t e r m i n e  
how mueh va r i a t i on  was  p r e s e n t .  In one spec imen  of twen ty  s ec t i ons ,  the  
g r a d e  r e m a i n e d  cons tan t  (g rade  6) .  In the  o the r  of for ty  s ec t i ons ,  the  
g r a d e  v a r i e d  b e t w e e n  8 and 9. 

A second  p rob lem w h i c h  a rose  was  wi th in  the g r a d i n g  sys tem i t se l f ,  
spec i f i ca l ly  g r a d e s  4 and  5. In both  g r a d e s ,  the  damage  is the  s a m e - -  
s epa ra t ion  of the  d e r m a l - e p i d e r m a l  i n t e r f a c e .  The d i f f e r ence  could  be  that  
t h e  heat  app l i ed  to the  sk in  in g r a d e  5 was  un i fo rm,  whi le  it was  not in 
g r a d e  4. In w h i c h  c a s e ,  t h e r e  is no r ea l  g r a d e  d i s t inc t ion  b e t w e e n  4 and 5 
as far  as s e v e r i t y  of b u r n  is c o n c e r n e d .  What is b e i n g  d i s t i n g u i s h e d  is the 
un i formi ty  of heat  app l ica t ion .  On the o the r  h a n d ,  one could  pos tu la te  that  
as  f luid col lec ts  and  b e g i n s  to bo i l ,  the  d e r m a l - e p i d e r m a l  ~ sepa ra t ion  b e g i n s  
at points  of weakes t  a t tachment  and  p r o c e e d s  un t i l  comple te  sepa ra t ion  
is ef fec ted.  

T h e r e  is no d i r e c t  e v i d e n c e  to suppo r t  one hypo the s i s  over  t h e o t h e r ,  
bu t  i n tu i t i ve ly  the  au tho r s  lean  toward  the  la t ter  h y p o t h e s i s .  
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F u r t h e r  d i s c u s s i o n  of e r r o r  and  "pi t fa l ls"  in  a p p l y i n g  th is  method wil l  
be  the sub jec t  of a f u t u r e  r e p o r t  w h e n  the  r e s u l t s  of a p p l y i n g  the  l i nea r  
m e a s u r e m e n t s  and s h r i n k a g e  c o r r e c t i o n s  to some 400 spec imens  from the  
U n i v e r s i t y  of Roches t e r  s tud ies  a r e  ava i l ab l e .  

CONCLUSIONS 

A h i s topa tho log iea l  b u r n  g r a d i n g  scheme  is ava i l ab le .  

If app l i ed  wi th  c a r e ,  the  g r a d i n g  scheme  p r o v i d e s  cons i s t en t  r e s u l t s  
w h i c h  a re  use fu l  for mathemat ica l  model  d e v e l o p m e n t .  
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APPENDIX A 

LIST OF EQUIPMENT 

V e t e r i n a r y  

1. H e i d b r i n k  Model 970 - V e t e r i n a r y  Anes thes i a  Unit  

2. CAP-CHUR Equipment  (Palmer  Chemical  and  Equipment  Company)  

3. D r u g s  

a .  S e r n y l a n  ( p h y e n c y c l i d i n e  h y d r o c h l o r i d e  - P a r k e - D a v i s )  

b .  Tho raz ine  ( ch lo rp romaz ine  - P i tman-Moore)  

c .  P e n t h r a n e  (me thoxyf lu rane  - Abbott)  

d .  At rop ine  Sulfate 

e .  I n n o v a r - V e t  ( f e n t a n y l - d r o p e r i d o l )  

Labora to ry  

1. Auto techn icon  Model 2A 

2. T i s s u e - T e k  T h e r m o e l e c t r i c  Cen te r  

3. Paraff in  D i s p e n s e r  

4. A/O S p e n c e r  Microtome Knife S h a r p e n e r  

5. A/O S p e n c e r  "820" Microtome 

6. Lipshaw Elec t r i c  T i s sue  Flota t ion,  Bath 

7. Lipshaw and  A/O S p e n c e r  Microtome Knives  
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8. L a b - L i n e  W a r m i n g  P l a t e  

• 9. S t a i n i n g  D i s h e s ,  S l i d e  R a c k s ,  e t c .  

E x p e r i m e n t a l  A p p a r a t u s  

i .  F l a m e  g u n  - C o n v e r s i o n  oi l  b u r n e r ,  m o d i f i e d  L e n n o x ,  Mode l  OB-32 
( l o a n e d  b y  t h e  N a t i o n a l  A v i a t i o n  F l i g h t  E n g i n e e r i n g  C e n t e r ,  NAFEC,  
A t l a n t i c  C i t y ,  NJ)  t h a t  b u r n e d  k e r o s e n e .  

. USAARL T - 1  F u r n a c e  ( N A S A - A m e s  T - 3  d e s i g n e d  b y  R i c h a r d  F i s h  - 
m o d i f i e d  a n d  b u i l t  b y  L y n n  A l f o r d  - i n s u l a t i n g  f i r e  b r i c k  l i n e d  s t e e l  
b o x  h e a t e d  b y  a c o m m e r c i a l  oi l  b u r n e r  (Ray  B u r n e r  C o . ,  T y p e  R C R ,  
S ize  0 0 - 1 ) )  t h a t  b u r n e d  J P - 4 .  

O t h e r  M a t e r i a l s  

1. B l a c k  S i lk  S t o v e  P o l i s h  - J .  L.  P r e s c o t t  C o . ,  P a s s a i c ,  NJ  

2. P r a p l a s t  P l u s  

3. U n i - T e c h  H e m a t o x y l i n  H a r r i s  

4. E o s i n  Y 

5. 95% A l c o h o l  

6.  A b s o l u t e  A l c o h o l  

7.  C o u r s e  A b r a s i v e  

8. F i n e  A b r a s i v e  

9. Hone  G l a s s  C o m p o u n d  

10. X y l e n e  

11. Glac ia l  A e e t i e  A c i d  
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12. Ammonium Hydrox ide  

13. Microscope Sl ides  

14. Cover  Slips 

15. Permount  
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