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FOREWORD

The vivarium of the United States Army Aeromedical Research Laboratory
(USAARL) is fully accredited by the American Association for Accreditation
of Laboratory Animal Care.

The animals used in this study were procured, maintained, and used in
accordance with the Animal Welfare Act of 1970 and AR 70-18. In conducting
the research described in this report, the investigators adhered to the "Guide
for Laboratory Animal Facilities and Care," as promulgated by the Committee
on the Guide for Laboratory Animal Resources, National Academy of Sciences,
National Research Council.

All authors were research investigators at the USAARL during the con-
duct of the experiments described herein.

Dr. Wachtel is currently with the Department of Surgery, University of
California, San Diego, School of Medicine, San Diego, California 92103.

Dr. Knox is currently with the Department of Physiology and Biophysics,
Louisiana State University Medical Center School of Medicine, Shreveport,
Louisiana 71130.

Dr. McCahan is currently with the Department of Toxicology and Crim-
inal Investigation, State of Alabama, Enterprise, Alabama 36330.

The authors are indebted to COL Gilbert L. Raulston, VC, U. S. Army;
LTC Basil Pruitt, MC, U. S. Army; M. Becker and Steven Stadnicki, Fort
Lee, VA; Donald Biggerstaff, TUSA Training Aids Center, Fort Rucker, AL;
Janice Speigner, John Barbaccia, C. D. Williams, Lynn Alford, Darolyn
Perez-Poveda, James Hearn, Danny Carpenter, Charles Bishop, Bruce
Donaldson, Maleolm Kirk, and all involved USAARL personnel for their
generous assistance, without which this project could not have been com-
pleted.
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SUMMARY

. ; A clinical grading system of severity of cutaneous burn was developed
- in a porcine cutaneous burn bioassay model using a flame thermal source.

: From surface appearance, color, sensation, tactile response, tenacity of
hair anchoring, and appearance on cut section, a progression of the se-
verity of burn injury was developed and documented with serial still photo-
graphs, high-speed einephotomacrography, and clinical descriptions.
Variations in this grading scheme were required for skin protected or
partially protected with fabrics, blackened with stove polish, or deprived

of its circulation.
APPROVED: g §QM.QL. CK

1 STANLEY C. MPP
b | Colonel, MC
! Commanding
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INTRODUCTION

Thermal injury continues to be a problem in both military and civilian
medical circles. The care of the burned patient is costly,! ? and for this
reason as well as for humanitarian considerations, prevention is still by
far the best answer to the burn problem. This requires that, among other
areas of burn prevention, flame retardant fabrics be developed and improved
upon as the state of the art allows. Standard textile testing of flame retar-
dant qualities has progressed to the point where additional biological
analysis is required. To support the development of new mathematical
modeling from thermal transfer equations and the future testing of fabrics
and sensor devices, a bioassay method for burn analysis should be devel-
oped. Perkins, et al, have made a monumental contribution toward this
end.? We wish to utilize their basic framework and amplify and apply the
bioassay method to thermal injury by conflagration.

Careful clinical observations and evaluations are used to assess the
burn injury in human patients.* This report describes a clinical grading
system that can be employed in a porcine bioassay of thermal damage.

METHODS AND MATERIALS

One hundred forty-seven white domestic swine weighing 43 * 8 kg were
procured, quarantined, freed of internal and external parasites, and veri-
fied to be healthy prior to use in this study. The swine were fasted over-
night, premedicated with Atropine (0.04 mg/kg) and fentanyl-droperidol
(0.1 ml/kg) or phencylidine hydrochloride (100 mg) and chlorpromazine
hydrochloride (50 mg), intubated, and anesthetized with halothane USP or
methoxyflurane.® ¢ All hair was clipped closely with a #40 clipper head.’
When the cutaneous sensation had disappeared (determined by the scratch
test) , the animal was transported from the vivarium to the test site on a
specially constructed transporting device. The experimental animal was
maintained in Stage III anesthesia during exposure to the thermal source.
The room temperatures were fairly stable although not constant; therefore,
the skin temperature variations from the external environment were not
accurately controlled.

The thermal source consisted of a flame gun (modified gun type-conver-
sion oil burner) using kerosine fuel set to deliver 14 + 0.5 BTU/ft?/sec,® or
a furnace (modified NASA-Ames T-3 furnace) using JP-4 fuel set to deliver
0.7 - 3.92 Kecal/cm?/sec.? Each animal was protected from the thermal




source by a shutter system and template.® * The animal was placed against
a laminated wood-transite template with circular, countersunk openings

(13 - 2 inches in diameter) whici: defined the exposure sites and areas.

The time of exposure was controlled by an electrically activated solencid
air (and gravity and spring, also) driven shutter and ranged from 0.5 to

15 seconds.® * Thus, each animal received approximately 12-24 burn sites
for a total of over 1,700 sites that were evaluated for this study.

The severity of the resultant cutaneous burn lesions was evaluated
immediately and at 24 hours postburn using photographic techniques (still
color photographs at constant focal length and light source and 16 mm high-
speed motion pictures) and clinical observations for documentation. The
surface appearance was graded immediately and at 24 hours by two physi-
cians (a surgeon with experience at a burn center and an internist) and a
veterinarian. The most severe, least severe, and overall grade were re-
corded for each burn site.

The scheme for grading the SURFACE APPEARANCE of burns developed
by this laboratory closely parallels the work of the University of Rochester?
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 fiim 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.® ° 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.
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RESULTS 4

The animals tolerated the small burn sites without systematic or unusual
local effects. The experimental apparatus on which the majority of the animals
were tested, a rolling animal carriage with a pneumatically operated water-
cooled shutter system placed over a furnace (Figure 1), worked very well.

| {
|
k|
” FIGURE 1. USAARL T-1 Furnace (A) and Pneumatically Operated
i _,ﬁg Water-Cooled Shutter System (B).
{ :




The mildest surface damage was erythema, while the most severe was
carbonation. In between, one also could detect patchy coagulation, uniform
coagulation, and steam bleb. These conditions gave a basis for grading the
burns into five main categories. Gradations of each of these major groups
were discernible. Those burns that were slightly less severe than the
average for the group were classified as minus (-) and those that were
more severe as plus (+). This permitted less transition from one major
group to another and facilitated preparing the gross evaluation for computer
analysis (Tables 1 and 2, pages 3 and 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.

Examples of each grade immediately and at 24 hours postburn are shown
in Figures 2-17 (pages 7-14).

Fabric protection caused a variation in the kinds and distribution of
the burns depending on the manner in which the fabrics failed. Early
failure, particularly when the fabric broke open or was destroyed, resulted
in burns that were nearly equivalent to those without fabric interfaces. Later
fabric failure protected the skin from severe burn injury (Figure 18, page
15).

Blackening the skin made the clinical evaluation more difficult, partic-
ularly in the superficial burns where color and surface appearance were
mor'e significant in the differentiation of grade of severity (Figure 19, page
15). Likewise, we probably overestimated the more severe (carbonized)
burns because of the added color (Figure 20, page 16). In the blackened
skin we had to depend more heavily on the other categories of assessment to
arrive at a particular grade. In these areas the individual observers tended
to vary more than with the white skin (variation = 1.4 computer numbers).

Dead animals showed a more severe grade of burn (approximately 2 to
3 computer numbers) for the same heat flux and exposure time than their
living, anesthetized counterparts.
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FIGURE 2. Computer Grade 1: Immediately Postburn (A) and 24 Hours {

‘ Postburn (B). |
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FIGURE 3. Computer Grade 2: Immediately Postburn (A) and 24 Hours
Postburn (B).
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FIGURE 4. Computer Grade 3: Immediately Postburn (A) and 24 Hours
Postburn (B).
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FIGURE 5. Computer Grade 4: Immediately Postburn (A) and 24 Hours
B Postburn (B).
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| FIGURE 6. Computer Grade 5: Immediately Postburn (A) and 24 Hours
Postburn (B).
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i::r FIGURE 7. Computer Grade 6: Immediately Postburn (A) and 24 Hours ';3
, Postburn (B). o




FIGURE 8. Computer Grade 7: Immediately Postburn (A) and 24 Hours
Postburn (B).
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FIGURE 9. Computer Grade 8: Immediately Postburn (A) and 24 Hours
Postburn (B). 1
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FIGURE 10. Computer Grade 9: Immediately Postburn (A) and 24 Hours
Postburn (B).
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FIGURE 11. Computer Grade 10: Immediately Postburn (A) and 24 Hours
Postburn (B).
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FIGURE 12. Computer Grade 11: Immediately Postburn (A) and 24 Hours
Postburn (B).
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FIGURE 13. Computer Grade 12: Immediately Postburn (A) and 24 Hours
l Postburn (B).
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FIGURE 14. Computer Grade 13: Immediately Postburn (A) and 24 Hours
Postburn (B).
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| FIGURE 15. Computer Grade 14: Immediately Postburn (A) and 24 Hours
Postburn (B).
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FIGURE 16. Computer Grade 15:
Postburn (B).

FIGURE 17. Computer Grade 16:

Postburn (B).
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Immediately Postburn (A) and 24 Hours

Immediately Postburn (A) and 24 Hours
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E | FIGURE 18. Geographic distribution of the more severe burn (A) corres-
ponds to the area of fabric failure (B). Skin protected by the fire retar-
dant fabric shows less severe burn.
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i : FIGURE 19. Superficial Thermal Injury of Porcine Skin Blackened with
¥ o Stove Polish: Immediately Postburn (A) and 24 Hours Postburn (B).
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FIGURE 20. Carbonized Burn Injury of Porcine Skin Blackened with
Stove Polish: Immediately Postburn (A) and 24 Hours Postburn (B).

DISCUSSION

Pigs were chosen because their skin more closely resembles human
skin than any other commonly used or available laboratory animal.!® 1! 12
By review of the 16 mm motion film strips taken during the experimental
exposures, one can study and classify changes as they are produced in
the skin.!? Still photography provided an excellent method of documenting
the burn wound changes, particularly as they relate to color changes of
surface appearance. Clinical assessment encompassed several other stan-
dard techniques that are used in the clinical evaluation of the burned human
victim (Tables 1 and 2, pages 3 and 4). Incising the burn wound gave an
additional method of quantitation by allowing macroscopic determinations of
burn wound depth (coagulation necrosis).

Laboratory grades 3, 4, and 5 were most easily assessed immediately
postburn, while the less severe laboratory grades (1, 2, and 3) were more
accurately assessed at 24 hours. The initial surface alteration on exposure
to flame was a pink unstable lesion characterized by hyperemia (Figure 2A,
page 7). This disappeared by the 24-hour evaluation (Figure 2B, page 7).

16
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A slightly more severe stage was a stable erythema or red burn (Figure 3,
page 7). The next level of severity was a purple circulostasic state that
generally receded to an erythematous burn (Figure 4, page 8), or occas-
sionally proceeded to the spotty red and green .a-yellow (in approximately
equal amounts) patterns of patchy coagulation (Figure 6, page 9). The
off-white (different from the usual white pigskin) color of uniform coagula-
tion followed (Figure 9, page 10). The early appearance of crumpled tissue
paper-looking steam blebs marked the end of the white burn (Figure 11,
page 11). Steam blebs were gray, delicate, and broad-based with more
severe burns beginning to show central or multifocal charred epithelium
and hair stubble (Figure 13, page 12). As the severity progressed, the
bleb was consumed'and charring spread peripherally until the entire test
site became charred and cadaveric (Figure 16, page 14). A change in the
pliability was noted only moderately even at the 24-hour evaluation. Any
hair stubble could be easily removed. Some burn lesions appeared to be
even more severely carbonized and were nonpliable in the immediate and
postburn evaluation (Figure 17, page 14). In these, no hair was present
to be removed.

Although the less severe burns tended to improve slightly and the more
severe burns tended to progress to a slightly worse grade from that observed
in the immediate postburn evaluation, all burn test sites failed to deviate
significantly after 24 hours (observed for 96 hours); thus, making the sur- »
face appearance during the serial studies essentially unchanged.

The 5 cm test sites were demarcated reasonably well with little edge
effect at these short exposures to high intensity flame. They were circum-
scribed by a red ring (Figure 10, page 11) of about 2 mm in width. When a
fabric or fabric combinations failed, several grades of burn could be identi~
fied within the same test site mimicking the fabric failure areas (Figure 18,
page 15). When ceramic-covered thermocouples were used, they offered |
some protection from the more severe burns; but because of their ability ]
to retain heat, they frequently produced erythema and patchy or uniform i
coagulation in the least severe burns.
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When the skin was blackened, additional information was necessary to
continue accurate grading (See Table 1, page 3). Pigment makes a signif-
icant difference in the heating of the skin.!* The severe burns (computer
numbers 8-16) were still evaluated by surface appearance although com-
puter numbers 7 to 10 were difficult to define. Feces, dirt, or fabric stain
can modify the observer's ability to grade the burn injury. Hair was diffi-
cult to remove in computer numbers 1 to 6 and became easy to do in com-
puter numbers 9 and above. Pliability and pain to needle stick were less
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helpful. Cut section was not performed immediately on most animals, so it

was of no use in reading burns except to standardize the grading system at
24 hours.

Hardy'* has shown that the blood circulation is important as a variable
in the heat sink such that devascularized and excised skin showed more

severe burns. Excised skin heats more rapidly. Our dead animals corrob-
orated his results.
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APPENDIX A

LIST OF EQUIPMENT !

Veterinary |
1. Heidbrink Model 970 - Veterinary Anesthesia Unit
2. CAP-CHUR Equipment (Palmer Chemical & Equipment Company)
3. 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

1. 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.

2. 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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