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ABSTRACT 

The geometric design method provides an accurate means of deriving the 
total body surface area (TBSA) of miniature swine and also the percentage of 
the TBSA for  a given area. The formulae for TBSA derived for domestic swine 
and the "Rules of 5" are not applicable t o  miniature swine. The equation 
S = 0.121 W * 5 7 5  provides a more accurate, quick assessment of TBSA of minia- 
ture swine. 
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DETERMINING THE SURFACE AREAS OF MINIATURE SWINE AND DOMESTIC SWINE 
BY GEOMETRIC DESIGN--A COMPARATIVE STUDY 

INTRODUCTION 

Total  body s u r f a c e  area i s  an essential requirement i n  assessing c a r -  
d i ac  index , '  c a l c u l a t i n g  basal metabol ic  r a t e  and h e a t  exchange phenomena,2'6 
and determining the percentage of su r face  area b ~ r n e d ~ ' ~  i n  man and labora-  
t o ry  animals .  Formulae have been e s t a b l i s h e d  for c a l c u l a t i n g  t o t a l  body 
surface a r e a  i n  swine,7" and a method has been used for  determining var ious  
por t ions  of the p i g ' s  skin s u r f a ~ e . ~  No da ta  are a v a i l a b l e  from w h i c h  we 
might e s t a b l i s h  the a p p l i c a b i l i t y  of  these formulae and methods for miniature 
swi ne. 

METHODS AND MATERIALS 

Animals 

White Minipigs* and white domestic c rossbred  p i g s  (See Table 1 )  were 
procured, quarant ined ,  f r e e d  of internal and external parasites, and v e r i f i e d  
t o  be hea l thy  prior t o  use i n  this s tudy .  

TABLE 1 .  Age, Sex, and Average Weight of Animals 

Animal Age (mos) No. Male (G) No. Female (G) 
~ ~~ ~~ 

Mini pi gs 5 -6 11 (23.8) 12 (21.7) 
20-22 5 (56.6) 14 (59.2) 
23-24 3 (60.4) 4 (70.3) 

Domes t i c 2-3 10 (31.2) 15 (30.8) 
White 3-4 7 (40.2)  4 (42.7) 

The animals were f a s t e d  ove rn igh t ,  premedicated w i t h  a t r o p i n e  (1 -2 mg) 
and Innovar-Vet** (1 cc/20 l b s ) ,  en tuba ted ,  and a n e s t h e t i z e d  w i t h  Halothane 

*Modified Pitman Moore S t r a i n  of Miniature  Swine, Vita  Vet Labora to r i e s ,  
Marion, IN 30952 

**McNeil Labora to r i e s ,  F t .  Washington, PA 19304 
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surements and weights. 

Measurements 

The hairlwas,closely clipped with a #40 clipper head prior t o  mea- 

r 

All measuv9ments were made with the animal anesthetized and ly ing  on 
i t s  right side. A flexible steel tape graduated i n  one-sixteenth inch i n -  
crements was used t o  obtain the circumferential and 1 i near determinations 
indicated i n  Figure 1 .  
nearest quarter inch. 
end expiration. 

Care was taken t o  define the measurement t 6  the 
Circumferential measurements were always made a t  

The tape was drawn snug without cowpressing the tissue. 

FIGURE 1 (descriptioh*) . Areas described are (uni- 
l a t e r a l ) :  I. Head, Neck and Ears; 11. Shoulder 
(excluding thorac ic  limb - Area V); 111. Upper For& 
ward Trunk; IV. Lower Forward Trunk; V. Thoracic 
Limb ( e n t i r e ) ;  VI. Upper Rear Trunk; VII. Lower 
R e a r  Trunk; VIII. Hind Quarter (excluding pe lv i c  
limb - Area IX); and I X .  Pelvic Limb ( e n t i r e ) .  

of: A .  Snout (immediately caudal of 
Neck (immediately caudal of ears and , 

angle  of mandible); C. Shoulder (immediately ceph- 
a l ad  of thorac ic  l imbs);  D. H e a f t  Gi r th  (immediately 
caudal of thorac ic  l imbs);  E.  Mid-Trunk (equid is tan t  
from D and F);  F.  Rear Trunk (immediately cephalad 
of pe lv i c  l imbs);  G. Ear ( a t  base) ;  H.  Upper 
Thoracic Limb ( d i r e c t  around the  l e g  as d o t s a l  as 
poss ib le ) ;  I. Lower r a c i c  Limb (smallest  d i s -  
tance);  J. U r Pe lv ic  Limb ( d i r e c t l y  around the  
thigh as d o r s a l  as poss ib l e ) ;  K.  Mid-Pelvic Limb 
(a t  j o i n t ) ;  and L ,  Lower Pe lv ic  Limb (smallest  d i s -  
tance).  Lengfhs determined were: 1. Tota l  length; 
2 .  Head ( t i @  of snout t o  B ) ;  3 .  Neck (B t o  C); 4 .  
Shoulder (C t o  D ) ;  5. Forward Trunk (D t o  E); 6 .  
Rear Trunk (E t o  F) ;  7. Hind Quarter (F to most 
caudal p a r t  excluding t a i l  and g e n i t a l  organs);  8. 
Ear ( t i p  of ear to G with ear a t  90° t o  body); 9 .  
Thoracic Limb (bottom of hoof t o  H); 10 ,  Upper 
Pelvic Limb (J fo K) ; 11, Lower Pe lv i c  Limb (K t o  
bottom of hoof);  12.  Shoulder Height (bottom of 
hoof t o  t o p  of shoulder - Not i l l u s t r a t e d ) ;  and 13. 
Barrel Height (bottom of hoof t o  b a r r e l ) .  

*Terms from References 11 and 12.  
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UNILATERAL AREAS 

1 

-- 

LINEAR AND CIRCUMFERENTIAL MEASUREMENTS 

FIGURE 1 .  Body Areas and Circumferential and Linear Measurements 
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Each animal was measured a t  least  once by the senior au thor  using 
precisely the method elaborated in the description and drawing of Figure 
1 .  Repetitive measurements were made on some o f  the animals by the same 
investigator. 
this method. 
four ( 4 )  animals, 

Several animals were measured by other investigators using 
Measurements were performed ante cibum and post cibum on 

Following each complete set  of measurements the animal was care- 
fully weighed on a 150 Kg anthropometric scale* (accuracy +-0.009 Kg). 

Analysis 

Total  surface area was determined using the following formulae: 7 r 9  

S.A. = 0.1 W o * 6 2  

and 

A .  = 0.097 W 0 * 6 3 3  

Where S.A. o r  A .  = surface area in square meters and W = weight i n  k i l o -  
grams. A total surface area and fractional portions were determined u s i n g  
the following GEOMETRICAL DESIGN: 

Figure 1 )  were represented by geometric figures. The head, neck, shoulders, 
abdomen, and legs were each described as frustrums; the ears as cones; and  
the hind quarter as a spherical segment of one base. Table 2 l i s t s  the 
equations for the area of each geometrical figure and Table 3 l i s t s  each 
area of the animal and the specific equations used w i t h  reference t o  the 
measurements shown i n  Figure 1 .  I t  should be noted t h a t  the lengths (Ar- 
abic numbers) i n  Figure 1 represent the length of a conical section mea- 
sured along i t s  surface, and the circumferences ( le t te rs )  are used t o  de- 
termine the radii needed for the equations. All equations shown in Table 
3 are in a reduced form and are derived from those equations i n  Table 2 .  

All da t a  were reduced on a Hewlett-Packard ( H P )  Model 9100A Calcu- 
lator** and plotted. The HP calculator was programmed t o  receive the geo- 
metric measurements and swine weight, perform the calculations shown i n  
Table 3, and o u t p u t  the surface area of each portion of the animal , ( i  .e.,  
S1, S2, e tc . ) ,  total surface area, and the percent surface area o f  each 

The numbered areas (Roman numerals) of the animal ' s  body (See 

*Model 41-3314, Fairbanks Morse, Weighing Systems Div ,  Fair Lawn,  NJ 07401 
**Hewlett Packard Co., 1501 Page Mill Road, Palo Alto, CA 94304 
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TABLE 2. Basic Equations Used t o  Determine Body Surface Area o f  Swine 

Figure Equation 

Spherical Segment o f  
One Base 

Cone (Frustrum) 

A = 27rRh 

Cone (Right C i r c u l a r )  

C i r c l e  

A = ITRS 

R = C/2r 

Def i n i  ti on 
- 

A = Area 
R = Radius o f  sphere 
h = Height o f  spherical 

segment 

A = Area 
S = Length o f  cone measured 

r = Radius o f  small end 
R = Radius o f  l a rge  end 

along surface 

A = Area 
R = Radius o f  base 
S = Length o f  cone measured 

a1 ong surface 

R = Radius 
C = Circumference 

5 



TABLE 3.. Equations Used i n  the Geometrical Model 
for Swine Body Surface Area 

Area (See 
Figure 1 )  

I 

I1 

I11 84 IV 

V 

V I  & V I I  

V I I I  

IX 

Description 

Head 

Neck 

Ears 

Shoulder 

Forward Abdomen 

Fore Limbs 

Rear Abdomen 

Hind Quarter 

Rear Limbs 

Point  of Attach- 
ment of Limbs 

Geometric Fiqure 

Frustrum 

Frustrum 

Four Cones 

Frustrum 

Frustrum 

Frustrum 

F r u  s t r  um 

Spherical Segment 
of One Base 

F r u  s t rum 

Ci rcl e 

TOTAL SURFACE AREA = 

i= l  

Equations* 

S1 = L2(A+B)  

2 
- 

s2 = L,(B+c)  - 
2 

S, = L , ( D + E )  
2 
- 

*Lengths (L2, L3,  L q ,  e tc )  and circumferences ( le t te rs )  shown in Figure 1 

6 



surface portion. The reduced data were then plotted vs. weight (Figures 
2 and 3 ) .  A least squares f i t  of total body surfac area and weight da ta  
was computed for a power curve of the form: Y = aX 1 1 3 9 1 4  

where Y = Total body surface area 
X = Weight in kilograms 
a and b = constants 

RESULTS 

There were no untoward o r  unusual reactions among the animals f rom the 
anesthesia or procedures. 

The total body surface areas for the Minipigs and domestic swine are 
shown in Table 4. 
methods i s  plotted versus weight i n  Figure 2. 

The total body surface area derived by each of the three 

The percent t h a t  various portions o f  the pig's skin surface are of the 
total area i s  presented i n  Table 5. 
areas with increasing weight. 

body weight post cibum. The effect of this change on total body surface 
area i s  tabulated in Table 6.  

Figure 3 shows a correlation of these 

We were able t o  show an average 1.19 Kg (or 3.1% increase) change in 

The results of independent measuring are shown in Table 7.  

The computed formula which is  applicable t o  miniature swine i s  

s = 0.121 w.575 

where S = to ta l  body surface area, and W = weight of the miniature swine in 
kilograms. A comparison of the t o t a l  body surface area derived w i t h  th is  
formula and t h a t  obtained from the geometrical design always was within 12%. 
Seventy-f i ve percent (75%) of these comparisons were wi thin 5%. 

7 



TABLE 4. Total Body Surface Area Determinations f o r  
the Same Animal Groups Using Various Methods 

Geometric Brody Kingsley 
Animal Age (mos) Design Formula Formula 

Mini pigs 5-6 0.72 m2 0.70 m2 0.69 m2 
20-22 1.27 m2 1.27 m2 1.24 m2 
23-24 1.31 m2 1.37 m2 1.34 m2 

Domes t i c 3-4 0.91 m2 0.85 m2 0.84 m2 
White 4-5 1.05 m2 0.99 m2 0.98 m2 

8 



TABLE 5. Comparison o f  Average Area Size and Percent o f  Total  Body Surface Area (BSA) 
Using Geometric Design Determinations and Calculating Similar Average Area Size 

from Kingsley's Formula and Rules o f  " 5 " 6  

Area 

I .  

11. 

111. 

co 
IV. 

V .  

VI. 

VII. 

VIII. 

IX. 

Head, 
Ears, 
Neck 

Shoulder 

Upper 
Forward 
T r u n k  

Lower 
Forward 
T r u n k  

Thoracic 
Limb 

Upper 
Rear 
T r u n k  

Lower 
Rear 
T r u n k  

Hind 
Quarter  

Pelvic 
L imb  

TOTAL BSA 

Geometric Oesig 
Mi nipi gs 

5-6 mos 20-22 mos 23-24 mos 
m2 (%)  m2 (%) m2 (%) 

.075 (10.8) .13 (10.8) 

.03 (4.3)  .06 (4.9) 

.025 (3.4)  .04 (3.4) 

.025 (3.4)  .04 (3.4) 

.05 (6.8) .07 (6.0) 

.023 (3.3)  .04 (3.3) 

.023 (3.3)  .04 (3.3) 

.045 (6.5) .10 (8.2) 

.06 (8.2)  .08 (6.4)  

.72 (100) 1.27 (100) 

.14 (10.6) 

.07 (5.1) 

.04 (3.5) 

.04 (3.5) 

.07 (5.5) 

.04 (3.5)  

.04 (3.5) 

. l l  (8.8) 

.075 (5.8)  

1.31 (100) 

Domestic 
2-3 mos 3-4 mos 

m2 (%) m2 (%) 

.10 (10.7) 

.04 (4.0)  

.038 (3.2) 

.038 (3.2)  

.06 (6.6)  

.033 (3.4)  

.033 (3.4) 

.06 (6.5) 

.08 (8 .7)  

.91 (100) 

. l l  (10.9) 

.04 (3.9)  

.037 (3.5) 

.037 (3.5)  

.06 (6.0)  

.037 (3.5) 

.037 (3.5)  

.07 (6.8) 

.08 (8.0) 

1.05 (100) 

Kingsley's Rules of " 5 "  

Minipigs 
5-6 mos 20-22 mos 23-24 mos 

m2 (%) m2 (%)  m2 (%) 

.07 (10) 

.03 (5 )  

.03 (5 )  

.03 ( 5 )  

.03 (5 )  

.03 (5 )  

.03 (5 )  

.03 (5 )  

.03 ( 5 )  

.69 (100) 

.12 (10) .13 (10) 

.06 (5 )  

.06 (5 )  

.06 (5 )  

.06 (5 )  

.06 ( 5 )  

.06 (5 )  

.06 (5 )  

.06 (5 )  

1.24 (100) 

.07 (5 )  

.07 (5 )  

.07 (5) 

.07 (5 )  

.07 (5)  

.07 (5)  

.07 (5 )  

.07 (5)  

1.34 (100) 

Domes t i c  
2-3 mos 3-4 mos 

m2 .- m2 ( % I -  _ _  

.08 (10) .10 (10) 

.04 (5) 

.04 (5 )  

.04 (5 )  

.04 (5 )  

.04 (5 )  

.04 (5 )  

.04 (5 )  

.04 (5)  

.05 (5 )  

.05 (5)  

.05 (5) 

.05 (5)  

.05 (5 )  

.05 (5)  

.05 (5)  

.05 (5)  

.84 (100) .98 (100) 



TABLE 6. The Net Change i n  Body Surface Area Post Cibum 
(ante cibum measurements made a f t e r  to ta l  overnight f a s t )  

A 
A Total Body A 

Method Weight (Kg) Surface Percent 

Geometric Design 1.19 Kg 3.1% 0.025 m2 0.06 

Brody ' s Formula i .19 Kg 3.1% 0.025 m2 0.05 

Kingsley's Formula 1.19 Kg 3.1% 0.01 m2 0.03 

TABLE 7. Average Surface Area and Regional Area Percentage 
for an Investigator Making Independent Determinations (A + A 1 )  

and  for an Independent Investigator Making Measurements ( B )  
on the Same Four Domestic Swine 

% Total Body Surface Area* 
Area A A1 B 

I 
I1 
I11 
IV 
V 
VI 
VII 
VIII 
IX 

TBSA* 

11.1 
6.1 
3.4 
3.4 
4.2 
3.5 
3.5 
6.1 
8.0 

0.97 

10.8 
6.4 
3.4 
3.4 
4.2 
3.7 
3.7 
6.2 
8.1 

0.98 

10.9 
6 .O 
3.4 
3.4 
4.6 
3.8 
3.8 
6 .O 
8.0 

0.97 

10 
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FIGURE 2. L i n e a r  P l o t  o f  t h e  T o t a l  Body Sur face  Area Determined by  Geometr ic Des ign  (A) ,  
K i n g s l e y ' s  Formula (B ) ,  and B r o d y ' s  Formula ( C )  Versus Weight o f  Domest ic and M i n i a t u r e  Swine 
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WEIGHT OF S W I N E  (KILOGRAMS) 

I .  Head, Neck & Ears; 11. Shou lde r  (excluding thoracic limb - Area V ) ;  111. Upper Forward T r u n k ;  
IV. Lower Forward T r u n k ;  V .  Thoracic Limb ( en t i r e ) ;  VI. Upper Rear T r u n k ;  VII. Lower Rear T r u n k ;  
V I I I .  Hind Quarter (excluding pelvic limb - Area I X ) ;  & IX. Pelvic Limb ( e n t i r e ) .  

FIGURE 3. Linear Plot Correlating the Various Areas of the Pig w i t h  Increasing Weight 



DISCUSSION 

Calculated surface areas are the rule in a l l  physiological work a t  the 
present d a y . 3 y 6  This i s  certainly true in human medicine where i t  i s  s t i l l  
customary t o  express metabolic rate as the number of calories produced per 
square meter of body surface per h o u r . 2  The square meter of body surface 
i s  also an important unit of measure i n  prediction of metabolic rate.5 How- 
ever, this does not mean t h a t  the "surface area law" i s  without limitations, 
for despite the historical background of surface area being the unifying 
biological principle in expressing metabolic rate, Benedict has found no 
such concept among warm blooded animals. 

Aside from surface area as i t  relates t o  metabolic rate i s  the neces- 
s i ty  of knowing the t o t a l  body surface area of a miniature swine and rep- 
resentative parts thereof i f  such an animal i s  t o  be used in physiologic 
experiments (e.g., b u r n  shock model). 

evidenced by the many methods t h a t  have been devised for measuring the 
surface area of animal s . 
the surface of the body and measuring these several triangles individual- 
l y Y 6  skinning with planimeter inc~,"~~ surface i n t e g r a t ~ r , ~  ,14 moulding,4y6 
photographic, '" and o t h e r ~ . " ' ~ "  To further complicate matters, physiologic 
data often are expressed in reference t o  surface area w i t h o u t  sufficient 
da ta  t o  provide an insight a s  t o  how the surface area was determined.5 

However, determining surface area in animals i s  a diff icul t  task14 a s  

These i ncl ude the principle of tri angul a t i  ng 

In 1879 Meeh marked o u t  in geometric designs the bodies of six adults 
and ten children. 
i n  which K is a constant for  a given species3 o r  for a group of similarly 
shaped animals b u t  differs according t o  the shape of the animal .5 Rubner 
used this  formula i n  his calculation of the surface areas of  animal^.^ 

From these measurements he derived the formula S = KW2I3 

A cr i t ical  analysis o f  the formula shows several sources of error. 
The most variable factor i n  the formula has been the so-called constant 
K . 3 , 6  
surface areas of animals of even simple geometric design, such as the 
snake. The actual measurement of the area of the skin af ter  skinning 
always gives a greater value t h a n  the calculated one, in spite of a l l  pre- 
cautions t o  avoid stretching6 (an almost inevitable occurrence with skin- 
n i n g ) .  
depends on the position of the animal and that when skinned and measured 
with a planimeter or by cutting ou t  a corresponding figure of paper whose 
weight divided by the weight of a square decimeter of the same paper, his 
method expresses the surface area in rather vague results compared t o  the 
mould method." 

This stems from the difficult ies in deriving K by measuring the 

Mitchell has shown in the case of the ra t  t h a t  the surface area 

Brody further states t h a t  the surface area of a living 
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animal i s  no t  constant and cannot be measured in such a manner t h a t  the re- 
sults can be checked by different  investigator^.'^ The pig i s ,  of course, 
susceptible t o  each of these variables. 

and the fact t h a t  surface area i s  diff icul t  or impossible t o  measure ac- 
curately, metabolic rate i s  usually no t  expressed as a function of surface 
area in animals b u t  as a function of the metabolic weight, a power function 
of body  eight.',^^^ This method i s  n o t  without a major source of inaccu- 
racy which i s  common t o  a l l  formulae using a reference  eight.^ G u t  con- 
tents i n  cat t le  can account for 22423% of the total body weight and can 
change very much indeed,4 and the intestinal contents of the r a b b i t  can be 
13% of the body   eight.^ 
spite a 3.1% change i n  body weight, we were not  able t o  show any significant 
change i n  the body surface area by our method (or  by Brody's or Kingsley's 
formulae) following specific comparative studies on ante cibum vs.  post 
cibum total body surface areas. However, the recommended twelve-hour 
overnight f a ~ t i n g ~ , ~ , ~ ~  or a calculated intake would logically provide a 
better reference weight. 

Because of  the vagueness of the definition of animal surface area4 

We explored this variable in our swine and de- 

A major questi n has been raised as t o  whether the empirical exponents 

t o  p i g s  with the present-day growth rate in metabolic ~ t u d i e s . ~  An equally 
cogent question i s  whether the configuration of our present miniature p i g s  
i s  in any way comparable t o  the swine upon which the previous formulae for 
surface areas have been derived. 

I n  Kingsley's formula for swine, appropriate marks were made on the 
skin of the animals, distances measured, the animals then skinned, the 
skins laid on paper and  w i t h  a planimeter, areas determined. I t  was from 
this t h a t  he came up with the "Rules of 5" fo r  pigs,16 where each number 
indicates the percent t h a t  particular area i s  of the to ta l7  (See Figure 1 
and Table 5)  and  i s  an adaptation t o  the p i g  of the "Rules of 9" for  humans. 
He used the animals t h a t  died i n  other projects for  his study;16 however, 
Brody called attention t o  the fact t h a t  not even surface measurements on 
dead animals had led t o  reproducible results. l 4  

of weight ( i .e . ,  W 3  9 4, might be diff icul t  t o  apply t o  the miniature p i g  or 

0 

Brody established a formula also for determining the total body sur- 
face of swine.' This formula i s  not too  unlike t h a t  of Kingsley's and i s  
based on a modification of the "surface law" and the metabolically effec- 
tive body size ( i . e . ,  W2I3).l4 

We developed the geometric design for determining the t o t a l  body 
surface area of miniature swine because of the uncertainty o f  existing 
da ta  for  domestic swine being applicable t o  this breed. The idea was 

14 



certainly no t  original , for MeehY3 K i n g ~ l e y , ' ~ ~ ~  Benedict,6 and others 
have utilized some form of the geometric approach t o  determine their con- 
stant K .  Mount,  however, warned t h a t  a geometrically determined surface 
cannot be universally valid in making comparisons between  animal^.^ 
was, nevertheless, equally important t h a t  we be able t o  determine the 
amount of skin in a given area so t h a t  we could calculate the percent o f  
total body surface area. 

I t  

We applied our method t o  groups of Minipigs and domestic swine. Com- 
parative studies showed t h a t  the geometric design gave a consistently 
larger body surface area than the other two formulae i n  the domestic swine 
for which the formulae had been derived. In the miniature swine the same 
relationship occurred i n  the younger or  smaller animals, a l t h o u g h  t o  a 
lesser degree. A s  the miniature swine matured the geometric design showed 
a smaller t o t a l  body surface area than either of the other two formulae. 
From these da ta  we could deduct t h a t  the formulae established for  domestic 
swine are n o t  directly applicable t o  miniature swine. 

Because i t  was time consuming and subject t o  some variation t o  obtain 
a l l  the measurements necessary t o  derive the body surface area by geometric 
design, we derived a formula using our data which represents the total sur- 
face area of miniature swine as a function of weight. We avoided introduc- 
ing linear measurements into the formula following the recommendation of 
Brody. l 4  This formula proved adequate for estimating average t o t a l  body 
surface area; however, for accurate determinations of body surface area 
for an  individual animal, the geometric design is recommended. 

We likewise assessed the value of using the "Rules of  5" for pigs. 
Our da ta  showed t h a t  there were significant decreases in the size of the 
limbs with age or  total body weight. The shoulder increased slightly and 
the hind quarter significantly with age or  total body weight. The head, 
ears, and  neck and the t r u n k  were not  significantly different under these 
same circumstances. 
This was most significant in the hind quarter and least i n  the shoulder. 
Likewise, the disparity was more apparent in the younger, smaller pigs t h a n  
in the mature animals. While this "rule" may prove handy for  rough assess- 
ment of a burned area, i t  was not  precise enough for accurate percentage 
determination i n  cri t ical  analyses i n  miniature swine, and one should use 
the method which more accurately represents a given physical area. 

There was disparity with the "Rules of 5"  i n  a l l  areas. 

CONCLUSIONS 

Existing formulae for total body surface area derived for domestic 
swine are n o t  applicable t o  miniature swine. 
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The "Rules of',5" for  p igs  i s  not accurate enough t o  assess the per- 

The Geometric Method provides an adequate means of deriving the to ta l  

centage of the t o t d l  body surface for  a g iven  area. 

body surface area o f  miniature swine and a l so  the percentage of the to ta l  
body surface area for a given physical area of the p i g .  

to ta l  body surface area of miniature swine than pre-existing formulae. 
The formula S = 0.121 W * 5 7 5  gives a more accurate, quick assessment of 
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