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Abstract: The use of miniature pigs in non-clinical studies for medical drugs or devices has gradually 
been increasing in recent years. It is anticipated that the use of juvenile miniature pigs in laboratory 
practice will also increase. Therefore, it is important to investigate various parameters of juvenile 
miniature pigs. The body surface area (BSA) of an organism is one of the important parameters for 
evaluating physiological functions. In drug development, normalization by BSA is an appropriate 
method for extrapolating doses between species. The BSA of animals has generally been estimated 
by multiplying the k value by 2/3 of the power of the body weight (BW) (Meeh’s formula). To our 
knowledge, the BSA of juvenile miniature pigs has not as yet been reported. In this study, we measured 
the BSA of 13 miniature pigs less than 1 month old, using a computed tomography scanner and 
3-dimensional analysis software. The measurement results showed the BSAs of these 13 juvenile 
miniature pigs to be in the range of 386 to 1,672 cm2(working BW range: 278 to 3,200 g). After BSA 
determination, the k values were calculated from the BSA and the BW. The mean calculated k value 
was 8.58. We advocate using Meeh’s formula, as follows, for estimating the BSA of juvenile miniature 
pigs less than 1 month old (before weaning): BSA (cm2)=8.58 × BW (g)2/3.
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Introduction

Laboratory miniature pigs have increasingly been used 
as a non-rodent species for safety testing of chemicals 
and drugs [1]. Furthermore, the use of miniature pigs in 
non-clinical studies for medical devices has also been 
increasing. The International Council for Harmonisation 
of Technical Requirements for Pharmaceuticals for hu-
man use has been deliberating on the S11 guideline des-
ignated “Nonclinical Safety Testing in Support of Devel-
opment of Pediatric Medicines”. Therefore, in the near 
future, it is expected that juvenile animals will be used 
more often in laboratory practice. Despite infants, be-

cause juvenile miniature pigs have advantages including 
being large enough to serve as a laboratory animal mod-
el, the demand for these animals is anticipated to increase. 
For this reason, it is important to investigate various 
parameters of juvenile miniature pigs.

The body surface area (BSA) of an organism is one 
of the parameters used for evaluating physiological func-
tions. It has been an essential requirement in calculating 
the cardiac index [6], assessing the basal metabolic rate 
[3, 10], and determining the burn surface area as a per-
centage of the total. BSA has also been used as a crite-
rion for drug dosage determination since the 1950s [18]. 
In drug development, the no observed adverse effect 

(Received 10 January 2017 / Accepted 7 March 2017 / Published online in J-STAGE 30 March 2017)
Address corresponding: T. Itoh, Nihon Bioresearch Inc., 6-104 Majima, Fukujucho, Hashima, Gifu 501-6251, Japan

Exp. Anim. 66(3), 229–233, 2017

©2017 Japanese Association for Laboratory Animal Science



T. ITOH, ET AL.230

levels in laboratory animal species have been converted 
to human equivalent doses using scaling factors. Nor-
malization by BSA (i.e., conversion of a dosage from 
mg/kg to mg/m2) is an appropriate method for extrapolat-
ing doses between species. The Food and Drug Admin-
istration Center for Drug Evaluation and Research guid-
ance recommends the use of BSA to estimate starting 
doses in the initial clinical trials for therapeutics in 
volunteer subjects [2]. In addition, the procedures for 
assessing dermal toxicity are described in the guidelines 
issued by the Organization for Economic Cooperation 
and Development and these guidelines recommend that 
the test substance be applied to not less than 10% of the 
total BSA [14–16]. Thus, accurately determining the 
BSA of laboratory animals is extremely important.

The BSA of animals has generally been estimated by 
multiplying a constant by 2/3 of the power of the mea-
sured body weight (BW) [11]. Using BSA values which 
had been determined by classical methods such as skin-
ning, triangulation, surface integrator, paper cover, the 
mold method, and the perimeter method, the values of 
k(BSA [cm2]=k × BW [g]2/3, i.e., Meeh’s formula) in 
various species were compiled by Spector [20]. The k 
values differed among the species examined and were 
used for dose extrapolations for each species [2]. The k 
values for domestic pigs reportedly range from 7.77 to 
15.3 [7, 19–21]. In addition to these determinations, 
several other BSA formulas for domestic pigs and min-
iature pigs have been proposed [1, 4, 7, 9, 17, 22]. In 
neonatal domestic pigs, DeRoth and Bisaillon measured 
the BSA 6–24 h after birth employing a skinning meth-
od, and reported the following first-degree formula for 
obtaining their estimates: BSA (cm2)=337.2 + 0.533 × 
BW (g) (hereafter DeRoth’s formula) [5]. Myers et al 
introduced this formula for neonatal pigs weighing less 
than 2 kg [12]. However, BSA is difficult to measure 
because of the complex structural features of these ani-
mals. Therefore, the accuracy and reproducibility of the 
classical methods have apparent limitations.

The computed tomography (CT) scanner can obtain 
detailed 3-dimensional (3D) images of an object, and 
analysis of these CT images is expected to determine 
BSA more precisely than the classical measuring tech-
niques. In our previous report [8], we measured the BSA 
of peripubertal and mature miniature pigs (ranging in 
age from 3 to 22 months) using a CT scanner and 3D 
analysis software. Analysis of the CT images was based 
on the computer graphics algorithm known as Marching 

Cubes. Applying our measurement results, we calcu-
lated the k value for peripubertal or mature miniature 
pigs to be 7.98. Furthermore, the k values of Göttingen 
minipigs and NIBS miniature pigs were approximately 
equal. Because the BSA of juvenile miniature pigs has 
not as yet been reported, we employed the previous mea-
surement method and calculated the k value in this study.

Materials and Methods

Animals
The NIBS miniature pig was derived by mating three 

distinct porcine breeds, i.e. Pitman-Moore, Chinese na-
tive (Short-ear pig of Taiwan) and Göttingen, starting in 
1993, and is now a breed of laboratory miniature pig 
available in Japan [13]. The bodies of 13 NIBS miniature 
pigs less than 1 month old (before weaning) were ob-
tained from Nippon Institute for Biological Science, 
Tokyo, Japan. They appeared to have been stillborn or 
to have died accidentally after birth (for example, crush-
ing death by the mother pig, death due to change in 
temperature, or sudden death).

Experimental procedures
The measuring methods followed those described in 

our previous report [8] except for the slice thickness and 
the reconstruction interval (previously, the intervals were 
5mm and 2.5 mm, but for this study 2 and 1 mm, respec-
tively), which were modified according to body size. The 
body of each juvenile miniature pig, which had been 
refrigerated since discovery of death, was set in the prone 
position within a few days postmortem. Images were 
obtained using a Multislice CT scanner (Alexion TSX 
033A, Toshiba Medical Systems Co., Ltd., Tochigi, Ja-
pan). The BSA of each animal was determined from the 
CT images (Fig. 1) using high-speed 3D analysis soft-
ware (TRI-3D/VOL, Ratoc System Engineering Co., 
Ltd., Tokyo, Japan). After the BSA had been determined, 
the k value was calculated from the BSA and the BW.

Accuracy confirmation
To confirm the accuracy of the method used in this 

study, the surface areas of 2 acrylic cuboids (d=15 cm, 
w=15 cm, and h=15.5 cm; calculated surface area=1,380 
cm2 and d=27 cm, w=27 cm, and h=30 cm; calculated 
surface area=4,698 cm2) were measured. Measurements 
were repeated 5 times employing the same method as 
that used for the juvenile miniature pigs.
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Results and Discussion

BSA and k value
As shown in Table 1, the BWs of the 13 juvenile min-

iature pigs ranged from 278 to 3,200 g (mean: 783 g), 
and their ages ranged from 0 to 25 days (mean: 6.5 days). 
There were no obvious difference between the BWs and 
the background data of the breeder (Data not shown). 
The BSA values ranged from 386 to 1,672 cm2.

The calculated mean value ± SD and coefficient of 
variation (CV) of the k value were 8.58 ± 0.40 and 
4.70%, respectively. The mean k value for the juvenile 
miniature pigs was larger than that of peripubertal or 
mature miniature pigs (7.98) [8]. The k values of male 
and female juvenile miniature pigs were approximately 
equal (p value of Aspin-Welch’s t-test was 0.62).

Surface area of the cuboid
The surface area of the smaller cuboid yielded values 

of 1,393 ± 0.3 cm2 and 0.02% (mean ± SD and CV). The 
average value of the measured surface area was 101.0% 
of the calculated value (1,380 cm2). The surface area of 
the larger cuboid yielded values of 4,759 ± 5.4 cm2 and 
0.11% (mean ± SD and CV). The average value was 
101.3% of the calculated value (4,698 cm2).

Since sufficient accuracy and reproducibility were 
confirmed, we concluded this measurement method to 
be highly reliable.

Comparison with DeRoth’s formula
As shown in Table 2, the percentages of the BSAs cal-

culated by Meeh’s formula (k=8.58) and DeRoth’s for-
mula relative to the BSAs measured employing a CT 
scanner were as follows; those determined by Meeh’s 
formula ranged from 93.3 to 111.4%, and those by DeR-
oth’s formula (working BW range: less than 2 kg) from 
96.4 to 130.6%. With the exception of just one animal, 
Meeh’s formula (k=8.58) was more accurate than DeR-
oth’s formula. Especially in miniature pigs at postnatal 
day 0, the difference between the BSA calculated by DeR-

Fig. 1.	 CT images of juvenile miniature pigs. (A) Juvenile miniature pig in dorsal aspect. (B) In lateral side.

Table 1.	BW , age, BSA, and k value in juvenile miniature pigs 
(NIBS miniature pigs)

Sex BW (g) Age (day) BSA (cm2) k value

Female 278 0 386 9.06
Female 287 0 390 8.96
Female 309 0 389 8.51
Male 309 0 398 8.71
Male 348 0 433 8.75
Male 363 0 423 8.31
Male 422 0 493 8.76
Female 580 6 597 8.58
Female 630 6 616 8.38
Female 916 13 798 8.46
Male 1,240 17 1,061 9.19
Male 1,300 18 966 8.11
Female 3,200 25 1,672 7.70

Mean 783 6.5 663 8.58
S.D. 809 8.8 380 0.40

BSA (cm2)=k × BW (g)2/3. The mean value ± SD of the k values 
of male juvenile miniature pigs: 8.64 ± 0.38. The mean value ± 
SD of the k values of female juvenile miniature pigs: 8.52 ± 0.44.
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oth’s formula and the actual size was not insignificant. 
This is at least in part attributable to miniature pigs at 
postnatal day 0 being smaller than neonatal domestic pigs. 
The BW of the neonatal domestic pigs actually measured 
by DeRoth and Bisaillon ranged from 445 to 1,976 g 
(mean: 1,008.4 g) [5]. In other words, the BW of miniature 
pigs at postnatal day 0 is less than the coverage provided 
by DeRoth’s formula. Thus, the intercept of the first-de-
gree formula exerts an excessive influence and the BSA 
of miniature pigs at postnatal day 0 calculated by this 
first-degree formula therefore exceeds the actual size.

In mathematics, if it is assumed that the body shape 
and density of the animals being studied are essentially 
constant, the BSA would be proportional to 2/3 of the 
power of the BW. Meeh’s formula is also useful for ex-
trapolating doses between species. We propose using 
Meeh’s formula, as follows, for estimating the BSA of 
juvenile miniature pigs less than 1 month old (before 
weaning): BSA (cm2)=8.58 × BW (g)2/3.
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