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SUMMARY 

A c l in i ca l  g r a d i n g  s y s t e m  of s e v e r i t y  of c u t a n e o u s  b u r n  was  d e v e l o p e d  
in  a p o r c i n e  c u t a n e o u s  b u r n  b i o a s s a y  model  u s i n g  a f lame t h e r m a l  s o u r c e .  
From s u r f a c e  a p p e a r a n c e ,  c o l o r ,  s e n s a t i o n ,  tac t i le  r e s p o n s e ,  t e n a c i t y  of 
h a i r  a n c h o r i n g ,  and  a p p e a r a n c e  on cu t  s ec t i on ,  a p r o g r e s s i o n  of the  s e -  
v e r i t y  of b u r n  i n j u r y  was  d e v e l o p e d  and  d o c u m e n t e d  wi th  s e r i a l  s t i l l  pho to -  
g r a p h s ,  h i g h - s p e e d  e i n e p h o t o m a c r o g r a p h y ,  and  c l in ica l  d e s c r i p t i o n s .  
Va r i a t i on s  in th is  g r a d i n g  s c h e m e  w e r e  r e q u i r e d  for sk in  p r o t e c t e d  or  
p a r t i a l l y  p r o t e c t e d  wi th  f a b r i c s ,  b l a c k e n e d  wi th  s tove  p o l i s h ,  or  d e p r i v e d  
of i ts  c i r c u l a t i o n .  
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INTRODUCTION 

T h e r m a l  i n j u r y  c o n t i n u e s  to be  a p r o b l e m  in bo th  m i l i t a r y  and  c iv i l i an  
med ica l  c i r c l e s .  The  c a r e  of the  b u r n e d  pa t i en t  is co s t l y ,1  2 and  for  th i s  
r e a s o n  as  wel l  as for  h u m a n i t a r i a n  c o n s i d e r a t i o n s ,  p r e v e n t i o n  is  st i l l  b y  
fa r  the  b e s t  a n s w e r  to the  b u r n  p r o b l e m .  Th i s  r e q u i r e s  t h a t ,  among  o t h e r  
a r e a s  of b u r n  p r e v e n t i o n ,  f lame r e t a r d a n t  f a b r i c s  be  d e v e l o p e d  and  i m p r o v e d  
u p o n  as  the  s ta te  of the  a r t  a l lows .  S t a n d a r d  t ex t i l e  t e s t i n g  of f lame r e t a r -  
dan t  qua l i t i e s  has  p r o g r e s s e d  to the  point  w h e r e  add i t i ona l  b io log ica l  
a n a l y s i s  is  r e q u i r e d .  To s u p p o r t  the  d e v e l o p m e n t  of new ma thema t i ca l  
m o d e l i n g  f rom t h e r m a l  t r a n s f e r  e q u a t i o n s  and  the  f u t u r e  t e s t i n g  of f a b r i c s  
and  s e n s o r  d e v i c e s ,  a b i o a s s a y  method  for  b u r n  a n a l y s i s  shou ld  be  d e v e l -  
o p e d .  P e r k i n s ,  et a l ,  h a v e  made  a m o n u m e n t a l  c o n t r i b u t i o n  t o w a r d  th i s  
e n d .  3 We w i s h  to u t i l i ze  t h e i r  ba s i c  f r a m e w o r k  and  ampl i fy  and  a p p l y  the  
b i o a s s a y  me thod  to t h e r m a l  i n j u r y  b y  c o n f l a g r a t i o n .  

Ca re fu l  c l in i ca l  o b s e r v a t i o n s  and  e v a l u a t i o n s  a r e  u s e d  to a s s e s s  the  
b u r n  i n j u r y  in  h u m a n  p a t i e n t s .  4 Th i s  r e p o r t  d e s c r i b e s  a c l in i ca l  g r a d i n g  
s y s t e m  tha t  can  be  e m p l o y e d  in a p o r c i n e  b i o a s s a y  of t h e r m a l  d a m a g e .  

METHODS AND MATERIALS 

One h u n d r e d  f o r t y - s e v e n  wh i t e  domes t i c  s w i n e  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 e e d  of i n t e r n a l  and  e x t e r n a l  p a r a s i t e s ,  and  v e r i -  
f ied to be  h e a l t h y  p r i o r  to u s e  in th i s  s t u d y .  The  sw ine  w e r e  f a s t ed  o v e r -  
n i g h t ,  p r e m e d i c a t e d  wi th  A t rop ine  (0.04 m g / k g )  and  f e n t a n y l - d r o p e r i d o l  
(0.1 m l / k g )  or  p h e n c y l i d i n e  h y d r o c h l o r i d e  (100 mg)  a n d  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 m g ) ,  i n t u b a t e d ,  and  a n e s t h e t i z e d  wi th  h a l o t h a n e  USP or  
m e t h o x y f l u r a n e . 5  6 All h a i r  was  c l i p p e d  c l o s e l y  wi th  a #40 c l i p p e r  h e a d .  v 
When the  c u t a n e o u s  s e n s a t i o n  had  d i s a p p e a r e d  ( d e t e r m i n e d  b y  the  s c r a t c h  
t e s t ) ,  t he  an imal  was  t r a n s p o r t e d  f rom the  v i v a r i u m  to the  t e s t  s i te  on 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 .  The  e x p e r i m e n t a l  an imal  was  
m a i n t a i n e d  in Stage  III 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 the  t h e r m a l  s o u r c e .  
The  room t e m p e r a t u r e s  w e r e  f a i r l y  s tab le  a l t h o u g h  not  cons t an t ;  t h e r e f o r e ,  
t he  sk in  t e m p e r a t u r e  v a r i a t i o n s  f rom the  e x t e r n a l  e n v i r o n m e n t  w e r e  not  
a c c u r a t e l y  c o n t r o l l e d .  

The  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 lame gun  (modif ied  g u n  t y p e - c o n v e r -  
s ion  oil  b u r n e r )  u s i n ~  k e r o s i n e  fuel  set  to d e l i v e r  14 + 0.5 BTU/ f t  2 / s e c , S  o r  
a f u r n a c e  (modi f ied  NASA-Ames  T-3  f u r n a c e )  u s i n g  J P - 4  fue l  set  to d e l i v e r  
0.7 - 3.92 K c a l / c m  2 ' sec .9  Each  animal  was  p r o t e c t e d  f rom the  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  and  t e m p l a t e . 8  9 The animal  w a s  p l a c e d  a g a i n s t  
a l amina ted  w o o d - t r a n s i t e  t empla t e  wi th  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  
(1½ - 2 i n c h e s  in d i a m e t e r )  w h i c h  d e f i n e d  the e x p o s u r e  s i t e s  and  a r e a s .  
The  t ime 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  so l eno id  
a i r  ( and  g r a v i t y  an d  s p r i n g ,  a l so )  d r i v e n  s h u t t e r  and  r a n g e d  f rom 0.5 to 
15 s e c o n d s . 8  9 T h u s ,  e a c h  animal  r e c e i v e d  approx imate ly /  12-24 b u r n  s i t e s  
for  a to ta l  of  o v e r  1 ,700 s i t e s  tha t  w e r e  e v a l u a t e d  for  th i s  s t u d y .  

The  s e v e r i t y  of the  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  and  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  
co lo r  p h o t o g r a p h s  at c o n s t a n t  focal  l e n g t h  and  l ight  s o u r c e  and  16 mm h i g h -  
s p e e d  motion p i c t u r e s )  and  c l in ica l  o b s e r v a t i o n s  for  d o c u m e n t a t i o n .  The  
s u r f a c e a p p e a r a n c e  w a s  g r a d e d  i m m e d i a t e l y  and  at 24 h o u r s  b y  two p h y s i -  
c i a n s  (a s u r g e o n  wi th  e x p e r i e n c e  at a b u r n  c e n t e r  and an i n t e r n i s t )  and  a 
v e t e r i n a r i a n .  The  most  s e v e r e ,  l eas t  s e v e r e ,  and  o v e r a l l  g r a d e  w e r e  r e -  
c o r d e d  for  e ach  b u r n  s i t e .  

The scheme for grading the SURFACE APPEARANCE of burns developed 
by this laboratory closely parallels the work of the University of Rochester 3 
and is shown in Tables 1 and 2 (pages 3 and 4). In addition to the surface 
appearance, HAIR REMOVAL, SENSATION, TACTICLE RESPONSE, and 
APPEARANCE ON CUT SECTION were included. 

To aid in the study of the progression of the cutaneous burn in porcine 
skin, high-speed 16 mm color movies were taken of several of the burn sites. 
The films were filtered to remove the colors of the fire. The film was re- 
viewed frame by frame, and a description of the progressive severity of 
the burn wound helped form the basis for the grading system (Table 1, 
page 3). 

In many of the test sites the skin was protected by a shell, fire retar- 
dant fabric or a shell, fire retardant fabric and an undergarment.8 9 In 
one substudy the skin of the animals was covered with black stove polish. 
In another substudy, dead animals (within one hour after death) were 
burned in exactly the same manner as the anesthetized animals had been 
burned. 



TABLE 1 

CLINICAL GRADING SYSTEM - IMMEDIATE EVALUATION 

Computer  Labora tory  D e s c r i p t i ve  Addi t ional  B u r n  Depth on 
Number Grade Term Surface  Appea rance  Hair  Removal  Information Cut Section 

Normal Skin Normal Skin  Difficult Normal Skin Zero 
Pl iable  
Pain to Needle St ick 

1- Mild Ery thema (p ink)  Difficult P l iab le ,  Upper  E p i d e r m i s  
1 Red Burn  Moderate Ery thema  ( red)  Difficult Painful ,  and 50% of E p i d e r m i s  
1+ Severe  Ery thema  (da rk  red  or p u r p l e )  Difficult Hot to Touch All E p i d e r m i s  

2- Patchy Coagulation 10-30% White & Difficult Pliable, 
Spotted 70-90% Red or Purple 0-5% Dermis 
White 50% White (crests) & 50% Red or Difficult Painful, and 
Burn Purple (valleys) 5-10% Dermis 

2+ 70-80% White (crests) & 20-30% Red Difficult Hot to Touch 
or Purple (valleys) 

3- Uniform Coagulation >90% White <10% Some Difficulty Pliable, 
White Red 

9 3 Burn Shiny or Opalescent White Fairly Easy Some Pain, and 
1~ 3+ Dull White or Tan: Dry Looking Easy No Blebs 

Surface 

Multiple vesicles that look like 
crumpled tissue paper 

11 4- Very Easy Pliable and 
No Pain 

12 4 Steam Blebs Raised delicate bleb Very Easy 
13 4+ Broken large delicate blebs Very Easy 

14 5- 

15 Carbonat ion 

16 5+ 

Ch ar r ed  b l e b s  a r o u n d  p e r i p h e r y  

50% c h a r r e d ,  u s u a l l y  no b l ebs  a round  
p e r i p h e r y  

>70% charred, no blebs 

Very easy  but  Decreased  P l i ab i l i ty  
often b u r n e d  No Pain 
off 

Very  easy  but  
often b u r n e d  
off 

No Pain, Nonpliable 

Very easy but Hard and Nonpliable 
often burned No Pain 
off 

10-15% Dermis  

25% Dermis 
75-80% Dermis 
All Dermis, but epidermis 

attached on cutting 

All Dermis + l mm fat dis- 
coloration 

Epithelium carries away 

All Dermis + 1-2 mm fat 
Dermis opalescent white 

coagulation 3-4 mm fat 

All Dermis 
4-5 mm fat 

All Dermis 
5-6 mm fat 

All Dermis 
>6 mm fat 



TABLE 2 

CLINICAL GRADING SYSTEM - 24-HOUR EVALUATION 

Computer Laboratory Additional 
Number Grade Surface Appearance Hair Removal Information Burn  Depth on Cut Section Anatomical Depth 

1 0 Normal Skin Difficult Zero No Burns  

8 

9 
10 

11 

12 

13 

14 

15 

16 

Pliable 
Normal Skin 

1- Mild Erythema (pink) Difficult Painful 
1 Moderate Erythema (red) Difficult Pliable 
1+ Severe Erythema (dark red  Difficult All Epidermis  

or  purp le )  Dermis discolored 

2- Whitish c res t s  10-30% Difficult Painful 
Red or  purp le  val leys 70-90% 

2 White c res t s  50% Difficult Pliable 
Red val leys 50% 

2+ Mostly white 80% Difficult 
with few red valleys 20% 

3- White Some Difficulty Cuts harder 
Pliable 

3 White Some Difficulty 
3+ Light Brown or Tan Easy 

4- Majority of epithelium intact Easy 
with <5 mm vesicles removed 

4 

4+ 

5- 

Areas of coagulation 
Red & White ("pepperoni") 

Purple & White (coagulated) 

Clear gelatin 
Surface with purple & white 
geographic pattern below 

Hazy gelatin with nearly 
homogeneous faded purp le  
white geographic  pat tern 

Dark b rown to black coagulated 
surface  

Very Easy 

Very Easy 

Very Easy 

Burned off or  bur ied  
in coagulation 

Burned off or  bur ied  
in coagulation 

5 

5+ 

Spotted and 
Leathery but  

cuts  hard  

30% Dermis reddish  b rown  

40% Dermis 

50% Dermis 

60% Dermis i 
All dermis  coagulated and 

fat s l ight ly discolored 

All Dermis + 2 mm fatty 
discolor and hemorrhage  

I 

Coagulated and contracted 

Hemorrhage into fat and 
discolored 5 mm deep 

I 

Epidermal 
Epidermal 
Epidermal 

Superficial 

Intradermal  

Deep In t radermal  

Complete Dermal 

Subdermal 

Subdermal 

Subdermal 

S~ubderlaal 

Subdermal 

Subdermal 



RESULTS 

The  an imals  t o l e r a t e d  the  small  b u r n  s i tes  wi thou t  s y s t e m a t i c  or u n u s u a l  
local  e f f ec t s .  The  e x p e r i m e n t a l  a p p a r a t u s  on w h i c h  the  m a j o r i t y  of the  an ima l s  
w e r e  t e s t e d ,  a r o l l i n g  an imal  c a r r i a g e  wi th  a p n e u m a t i c a l l y  o p e r a t e d  w a t e r -  
cooled  s h u t t e r  s y s t e m  p l a c e d  o v e r  a f u r n a c e  ( F i g u r e  1) ,  w o r k e d  v e r y  we l l .  

C 

i 
r 

OUT-FLt 

It, :" 

PW 

FIGURE 1. USAARL T - I  F u r n a c e  (A) and  P n e u m a t i c a l l y  O p e r a t e d  
Wate r -Coo led  S h u t t e r  Sys t em (B) .  



T h e  m i l d e s t  s u r f a c e  d a m a g e  w a s  e r y t h e m a ,  w h i l e  the  mos t  s e v e r e  w a s  
c a r b o n a t i o n .  In b e t w e e n ,  one  a l s o  c o u l d  d e t e c t  p a t c h y  c o a g u l a t i o n ,  u n i f o r m  
c o a g u l a t i o n ,  a n d  s t e a m  b l e b .  T h e s e  c o n d i t i o n s  g a v e  a b a s i s  for  g r a d i n g  t h e  
b u r n s  in to  f i v e  m a i n  c a t e g o r i e s .  G r a d a t i o n s  of  e a c h  of  t h e s e  m a j o r  g r o u p s  
w e r e  d i s c e r n i b l e .  T h o s e  b u r n s  t ha t  w e r e  s l i g h t l y  l e s s  s e v e r e  t h a n  t he  
a v e r a g e  fo r  t he  g r o u p  w e r e  c l a s s i f i e d  a s  m i n u s  ( - )  a n d  t h o s e  t ha t  w e r e  
m o r e  s e v e r e  a s  p l u s  (+ ) .  T h i s  p e r m i t t e d  l e s s  t r a n s i t i o n  f r o m  o n e  m a j o r  
g r o u p  to a n o t h e r  a n d  f a c i l i t a t e d  p r e p a r i n g  t h e  g r o s s  e v a l u a t i o n  fo r  c o m p u t e r  
a n a l y s i s  ( T a b l e s  1 a n d  2, p a g e s  3 a n d  4 ) .  

Evaluation was performed immediately and at 24 hours. The overall 
grade assessed to each burn site was based on the most severe portion of 
the burn which was usually the central area (at least 25% of the burn site 
area). Evaluation of the high-speed motion pictures helped us develop a 
logical sequence for the progressive severity of the thermal injury as seen 
immediately postburn. The 24-hour overall grade, a consensus of the three 
observers (variation <0.8 computer numbers), was used in the statistical 

analyses. 

E x a m p l e s  of  e a c h  g r a d e  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  a r e  s h o w n  
in  F i g u r e s  2-17  ( p a g e s  7 - 1 4 ) .  

F a b r i c  p r o t e c t i o n  c a u s e d  a v a r i a t i o n  in  t h e  k i n d s  a n d  d i s t r i b u t i o n  of  
the  b u r n s  d e p e n d i n g  on  t he  m a n n e r  in  w h i c h  t h e  f a b r i c s  f a i l e d .  E a r l y  
f a i l u r e ,  p a r t i c u l a r l y  w h e n  t he  f a b r i c  b r o k e  o p e n  o r  w a s  d e s t r o y e d ,  r e s u l t e d  
in  b u r n s  t h a t  w e r e  n e a r l y  e q u i v a l e n t  to t h o s e  w i t h o u t  f a b r i c  i n t e r f a c e s .  L a t e r  
f a b r i c  f a i l u r e  p r o t e c t e d  t h e  s k i n  f r o m  s e v e r e  b u r n  i n j u r y  ( F i g u r e  18, p a g e  

15 ) .  

B l a c k e n i n g  t h e  s k i n  m a d e  the  c l i n i c a l  e v a l u a t i o n  m o r e  d i f f i c u l t ,  p a r t i c -  
u l a r l y  i n t h e  s u p e r f i c i a l  b u r n s  w h e r e  c o l o r  a n d  s u r f a c e  a p p e a r a n c e  w e r e  
m o r e  s i g n i f i c a n t  in  t h e  d i f f e r e n t i a t i o n  of  g r a d e  of  s e v e r i t y  ( F i g u r e  19,  p a g e  
1 5 ) .  L i k e w i s e ,  w e  p r o b a b l y  o v e r e s t i m a t e d  t he  m o r e  s e v e r e  ( c a r b o n i z e d )  
b u r n s  b e c a u s e  of  t h e  a d d e d  c o l o r  ( F i g u r e  20,  p a g e  16) .  In t he  b l a c k e n e d  
s k i n  w e  h a d  to d e p e n d  m o r e  h e a v i l y  on  t h e  o t h e r  c a t e g o r i e s  of  a s s e s s m e n t  to 
a r r i v e  at a p a r t i c u l a r  g r a d e .  In t h e s e  a r e a s  t he  i n d i v i d u a l  o b s e r v e r s  t e n d e d  
to v a r y  m o r e  t h a n  w i t h  t h e  w h i t e  s k i n  ( v a r i a t i o n  = 1 .4  c o m p u t e r  n u m b e r s ) .  

D e a d  a n i m a l s  s h o w e d  a m o r e  s e v e r e  g r a d e  of  b u r n  ( a p p r o x i m a t e l y  2 to 
3 c o m p u t e r  n u m b e r s )  f o r  t he  s a m e  h e a t  f l u x  a n d  e x p o s u r e  t ime  t h a n  t h e i r  
l i v i n g ,  a n e s t h e t i z e d  c o u n t e r p a r t s .  

t 
6 



FIGURE 2. Computer  Grade 1: Immediate ly  Pos tburn  (A) and 24 Hours  
Pos tburn  ( B ) .  
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FIGURE 3. Computer  Grade 2: Immediately  Pos tburn  (A) and 24 Hours  
P o s t b u r n  ( B ) .  
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FIGURE 8. Computer Grade 7: 
Pos tburn  ( B ) .  

Immediately  Pos tburn  (A) and 24 Hours  

,922 ! 
FIGURE 9. Computer  Grade 8: Immediately  Pos tburn  (A) and 24 Hours  
P o s t b u r n  ( B ) .  
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FIGURE 10. Computer Grade 9: Immediately Postburn (A) and 24 Hours 
Postburn (B) .  

FIGURE 11. Computer Grade 10: Immediately Postburn (A) and 24 Hours 
Postburn (B) .  
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FIGURE 16. Computer Grade 15: Immediate]y Postburn (A) and 24 Hours 
Postburn (B) .  

FIGURE 17. Computer Grade 16: Immediately Postburn (A) and 24 Hours 
Postburn (B) .  
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FIGURE 18. Geograph ic  d i s t r i b u t i o n  of  the  more s e v e r e  b u r n  (A) c o r r e s -  
p o n d s  to the  area  of  fabr ic  fa i lure  ( B ) .  Skin p r o t e c t e d  by  the f ire  r e t a r -  
dant fabr ic  s h o w s  l e s s  s e v e r e  b u r n .  

FIGURE 19. Super f i c ia l  Thermal  Injury of  Porc ine  Skin B l a c k e n e d  wi th  
Stove Pol ish:  Immediate ly  Pos tburn  (A) and 24 Hours  Pos tburn  ( B ) .  
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FIGURE 20. C a r b o n i z e d  B u r n  I n j u r y  of P o r c i n e  Skin B l a c k e n e d  wi th  
Stove  Pol ish:  Immed ia t e ly  P o s t b u r n  (A) and  24 H o u r s  P o s t b u r n  (B) .  

DISCUSSION 

Pigs  w e r e  c h o s e n  b e c a u s e  t h e i r  sk in  more  c l o s e l y  r e s e m b l e s  human  
sk in  than  a n y  o t h e r  commonly  u s e d  or  a v a i l a b l e  l a b o r a t o r y  a n i m a l . '  0 11 , 2 
By r e v i e w  of the  16 mm motion film s t r i p s  t aken  d u r i n g  the  e x p e r i m e n t a l  
e x p o s u r e s ,  one  can  s t u d y  and  c l a s s i f y  c h a n g e s  as  t h e y  a r e  p r o d u c e d  in 
the  s k i n .  ~ 3 Still  p h o t o g r a p h y  p r o v i d e d  an e x c e l l e n t  me thod  of  d o c u m e n t i n g  

the b u r n  Wound c h a n g e s ,  p a r t i c u l a r l y  as t h e y  r e l a t e  to co lo r  c h a n g e s  of  
s u r f a c e  a p p e a r a n c e .  Cl in ica l  a s s e s s m e n t  e n c o m p a s s e d  s e v e r a l  o t h e r  s t a n -  
d a r d  t e c h n i q u e s  that  a r e  u s e d  in the c l in ica l  e v a l u a t i o n  of  the  b u r n e d  human  
v ic t im ( T a b l e s  1 and  2, p a g e s  3 and  4) .  I n c i s i n g  the  b u r n  w o u n d  g a v e  an 
a d d i t i o n a l  me thod  of q u an t i t a t i on  b y  a l l o w i n g  m a c r o s c o p i c  d e t e r m i n a t i o n s  of 
b u r n  w o u n d  d e p t h  ( coagu la t ion  n e c r o s i s ) .  

L a b o r a t o r y  g r a d e s  3, 4, and  5 w e r e  most  e a s i l y  a s s e s s e d  immed ia t e ly  
p o s t b u r n ,  wh i l e  the  l e s s  s e v e r e  l a b o r a t o r y  g r a d e s  (1, 2, and  3) w e r e  more  
a c c u r a t e l y  a s s e s s e d  at 24 h o u r s .  The  in i t ia l  s u r f a c e  a l t e r a t i on  on e x p o s u r e  
to f lame was  a p i n k  u n s t a b l e  l e s ion  c h a r a c t e r i z e d  b y  h y p e r e m i a  ( F i g u r e  2A, 
p a g e  7) .  Th is  d i s a p p e a r e d  b y  the  2 4 - h o u r  e v a l u a t i o n  ( F i g u r e  2B, page  7) .  
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A s l i g h t l y  more  s e v e r e  s t age  was  a s tab le  e r y t h e m a  or  r e d  b u r n  ( F i g u r e  3, 
p a g e  7) .  The  n e x t  l eve l  of s e v e r i t y  was  a p u r p l e  c i r c u l o s t a s i c  s ta te  that  
g e n e r a l l y  r e c e d e d  to an e r y t h e m a t o u s  b u r n  ( F i g u r e  ,~, p a g e  8) ,  or  o c c a s -  
s iona l ly  p r o c e e d e d  to the  spo t ty  r e d  and  g r e e n i s h - y e l l o w  (in a p p r o x i m a t e l y  
equa l  a m o u n t s )  p a t t e r n s  of p a t c h y  coagu l a t i on  ( F i g u r e  6, p a g e  9) .  The  
o f f -wh i t e  ( d i f f e r e n t  f rom the  u s u a l  whi te  p i g s k i n )  co lor  of u n i f o r m  c o a g u l a -  
t ion fo l lowed ( F i g u r e  9, page  10).  The  e a r l y  a p p e a r a n c e  of c r u m p l e d  t i s s u e  
p a p e r - l o o k i n g  s team b l e b s  m a r k e d  the  end  of the  whi te  b u r n  ( F i g u r e  11, 
p a g e  11).  Steam b l e b s  w e r e  g r a y ,  d e l i c a t e ,  and  b r o a d - b a s e d  wi th  more  
s e v e r e  b u r n s  b e g i n n i n g  to show c e n t r a l  or  mul t i foca l  c h a r r e d  e p i t h e l i u m  
and  h a i r  s t u b b l e  ( F i g u r e  13, p a g e  12).  As the  s e v e r i t y  p r o g r e s s e d ,  the  
b l e b  was  c o n s u m e d  a n d  c h a r r i n g  s p r e a d  p e r i p h e r a l l y  un t i l  the  e n t i r e  t es t  
s i te  b e c a m e  c h a r r e d  and  c a d a v e r i c  ( F i g u r e  16, p a g e  14) .  A c h a n g e  in the  
p l i ab i l i t y  was  no t ed  o n l y  m o d e r a t e l y  e v e n  at the  24 -hou r  e v a l u a t i o n .  Any  
h a i r  s t u b b l e  c o u l d  be  e a s i l y  r e m o v e d .  Some b u r n  l e s i o n s  a p p e a r e d  to be  
e v e n  m o r e  s e v e r e l y  c a r b o n i z e d  and  w e r e  n o n p l i a b l e  in  the  immed ia t e  and  
p o s t b u r n  e v a l u a t i o n  ( F i g u r e  17, p a g e  14).  In t h e s e ,  no h a i r  was  p r e s e n t  
to be r e m o v e d .  

A l t h o u g h  the  l e s s  s e v e r e  b u r n s  t e n d e d  to i m p r o v e  s l i g h t l y  and  the  more  
s e v e r e  b u r n s  t e n d e d  to p r o g r e s s  to a s l i g h t l y  w o r s e  g r a d e  f rom that  o b s e r v e d  
in  the  immed ia t e  p o s t b u r n  e v a l u a t i o n ,  all b u r n  t e s t  s i tes  fa i led  to d e v i a t e  
s i g n i f i c a n t l y  a f t e r  24 h o u r s  ( o b s e r v e d  for  96 h o u r s ) ;  t h u s ,  m a k i n g  the  s u r -  
face  a p p e a r a n c e  d u r i n g  the  s e r i a l  s t u d i e s  e s s e n t i a l l y  u n c h a n g e d .  

The  5 cm tes t  s i t e s  w e r e  d e m a r c a t e d  r e a s o n a b l y  wel l  w i th  l i t t le  e d g e  
ef fec t  at t h e s e  s h o r t  e x p o s u r e s  to h i g h  i n t e n s i t y  f l ame.  T h e y  w e r e  c i r c u m -  
s c r i b e d  b y  a r e d  r i n g  ( F i g u r e  10, p a g e  11) of about  2 mm in w i d t h .  When a 
f a b r i c  or  f a b r i c  c omb i na t i ons  f a i l ed ,  s e v e r a l  g r a d e s  of b u r n  cou ld  be  i d e n t i -  
f i ed  w i t h i n  the  same t e s t  s i te  m i m i c k i n g  the  f a b r i c  f a i l u r e  a r e a s  ( F i g u r e  18, 
p a g e  15).  When c e r a m i c - c o v e r e d  t h e r m o c o u p l e s  w e r e  u s e d ,  t h e y  o f f e r e d  
some p r o t e c t i o n  f rom the  m o r e  s e v e r e  b u r n s ;  bu t  b e c a u s e  of t h e i r  ab i l i t y  
to r e t a i n  h e a t ,  t h e y  f r e q u e n t l y  p r o d u c e d  e r y t h e m a  and  p a t c h y  or  u n i f o r m  
c o a g u l a t i o n  in  the  l eas t  s e v e r e  b u r n s .  

When the  s k i n  was  b l a c k e n e d ,  add i t i ona l  i n fo rma t ion  was  n e c e s s a r y  to 
c o n t i n u e  a c c u r a t e  g r a d i n g  (See Tab le  1, p a g e  3) .  P igmen t  m a k e s  a s i g n i f -  
i can t  d i f f e r e n c e  in the  h e a t i n g  of the  s k i n .  14 The  s e v e r e  b u r n s  ( c o m p u t e r  
n u m b e r s  8-16) w e r e  st i l l  e v a l u a t e d  b y  s u r f a c e  a p p e a r a n c e  a l t h o u g h  com-  
p u t e r  n u m b e r s  7 to 10 w e r e  d i f f icu l t  to d e f i n e .  F e c e s ,  d i r t ,  or  f a b r i c  s ta in  
c a n  mod i fy  the  o b s e r v e r ' s  ab i l i ty  to g r a d e  the  b u r n  i n j u r y .  Hai r  w a s  d i f f i -  
cu l t  to r e m o v e  in c o m p u t e r  n u m b e r s  1 to 6 and  b e c a m e  e a s y  to do in  com-  
p u t e r  n u m b e r s  9 a n d  a b o v e .  P l i ab i l i ty  and  pa in  to n e e d l e  s t i ck  w e r e  l e s s  

17 



h e l p f u l .  Cut  s e c t i o n  w a s  no t  p e r f o r m e d  i m m e d i a t e l y  on mos t  a n i m a l s ,  so it 

w a s  of  no  u s e  i n  r e a d i n g  b u r n s  e x c e p t  to s t a n d a r d i z e  the  g r a d i n g  s y s t e m  at 
24 h o u r  s .  

H a r d y  14 h a s  s h o w n  t h a t  t he  b l o o d  c i r c u l a t i o n  i s  i m p o r t a n t  as  a v a r i a b l e  
in  t h e  h e a t  s i n k  s u c h  t h a t  d e v a s c u l a r i z e d  a n d  e x c i s e d  s k i n  s h o w e d  m o r e  
s e v e r e  b u r n s .  E x c i s e d  s k i n  h e a t s  m o r e  r a p i d l y .  Our  d e a d  a n i m a l s  c o r r o b -  
o r a t e d  h i s  r e s u l t s .  

18 
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APPENDIX A 

Veterinary 

1. 

2. 

3. 

LIST OF EQUIPMENT 

Heidbrink Model 970 - Veterinary Anesthesia Unit 

CAP-CHUR Equipment (Palmer Chemical & Equipment Company) 

Drugs 

a. Sernylan (phencyclidine hydrochlorida - Park-Davis) 

b. Thorazine (chlorpromazine - Pitman-Moore) 

c. Penthrane (methoxyflurane - Abbot) 

d. Atropine Sulfate 

e. Innovar-Vet (fentanyl-droperidol) 

Experimental Apparatus 

. Flame gun - Conversion oil burner, modified Lennox, Model OB-32 
(loaned by the National Aviation Flight Engineering Center, NAFEC, 
Atlantic City, New Jersey) that burned kerosene. 

. USAARL T-1 Furnace (NASA-Ames T-3 Designed by Richard Fish - 
modified and built by Lynn Alford - insulating fire brick lined steel 
box heated by a commercial oil burner (Ray Burner Co., Type RCR, 

Size 00-1) that burned JP-4. 

Other 

1. Black Silk Stove Polish - J. L. Prescott Co., Passaic, New Jersey. 

2. Nextel 3M 
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