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Abstract: The body surface area (BSA) of animals has generally been estimated by multiplying the 
k value by the measured body weight (BW) raised to the power of 2/3 (Meeh’s formula). In mathematical 
terms, the assumption that the density and body shape of animals are essentially constant means 
that the BSA is proportional to BW2/3. In this study, we measured the BSA and volume of 50 male 
Japanese White rabbits (JW) at 10 to 54 weeks of age using a computed tomography scanner, then 
calculated the k value, density, and sphericity. The variations in these parameters were then analyzed 
in relation to growth. The obtained results indicated that the k value was negatively correlated to BW, 
and that this negative correlation was mainly due to the variation in density. Based on the regression 
analysis, we propose the following linear regression equation for calculating the k value in male JW 
at 10–54 weeks of age: the k value = 14.602 − 0.959 × BW [kg]. The calculated values ranged from 
10.9 to 12.7 (working BW range: 1.98 to 3.81 kg). The k value of male New Zealand White rabbits 
(NZW) determined in our previous study and that of male JW in the present study were compared. 
It was revealed that the k value of male JW was larger than that of male NZW. We concluded that 
different breeds of rabbits express different k values.
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Introduction

Rabbit is one of the most major laboratory animals 
and has been used for many nonclinical studies such as 
toxicity, reproduction toxicity, local tolerance, pyrogen 
test, and pharmacology studies. New Zealand White rab-
bits (NZW) are the most widely used breed as labora-
tory rabbits in the world, but in Japan the use of Japanese 

White rabbits (JW) is the most frequent and the number 
of use of NZW is the second [6]. Therefore, it is impor-
tant to investigate and compare the various parameters 
between JW and NZW for a unified interpretation of the 
test results obtained with each breed.

The body surface area (BSA) of an organism is one 
of the parameters used for evaluating physiological func-
tions, such as an essential requirement in calculating the 
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cardiac index [5], assessing the basal metabolic rate [3, 
10], and determining the burn surface area as a percent-
age of the total. BSA has also been used as a criterion 
for drug dosage determination since the 1950s [15]. In 
drug development, the no observed adverse effect levels 
in laboratory animal species have been converted to hu-
man equivalent doses using scaling factors. Normaliza-
tion by BSA (i.e., conversion of a dosage from mg/kg to 
mg/m2) is an appropriate method for extrapolating 
doses between species. The Food and Drug Administra-
tion Center for Drug Evaluation and Research guidance 
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 Devel-
opment and these guidelines recommend that the test 
substance be applied to not less than 10% of the total 
BSA [12–14]. Thus, accurately determining the BSA of 
laboratory animals is extremely important.

The BSA of animals has generally been estimated by 
multiplying a constant by the measured body weight 
(BW) raised to the power of 2/3 [11]. The k values (100 
× BSA [m2] = k × BW [kg]2/3, i.e., Meeh’s formula) for 
various animal species have been reported and used to 
extrapolate the test results between species. To date, the 
k values for rabbits have been calculated in various ways; 
k values of 5.7 to 10.0 were determined by use of skin-
ning and triangulation reported by Spector [16], while 
values of 12.0 to 12.9 were reported by Fougère and 
Wynn who did not show the method of BSA determina-
tion [4], and Zehnder et al. reported a k value of 9.9 
analyzed the Computed tomography (CT) images using 
their own procedure [17]. Additionally, Bai et al. re-
ported 7-month old male JW (working BW range: 2.5 to 
3.0 kg) k values of 11.30 to 11.35 determined by use of 
paper cover and skinning [1]. However, it has been 
pointed out that the BSA computed by Zehnder’s proce-
dure may be smaller than the actual value [9] and that 
the accuracy and reproducibility of other traditional 
methods may have limitations [7].

CT scanners can generate detailed 3-dimensional (3D) 
images of objects, thus, with appropriate analysis, CT 
images provide more accurate BSA estimates than tra-
ditional measurement techniques. Previously, we deter-
mined the BSAs of laboratory miniature pigs and NZW 
using a CT scanner and 3D analysis software based on 
the computer graphics algorithm known as Marching 

Cubes and Discriminant Analysis Method, and calcu-
lated the k values for peripubertal- or mature-miniature 
pigs, juvenile miniature pigs, and NZW as 7.98 [7], 8.58 
[8], and 11.0 [9], respectively. Unlike the traditional 
measurement techniques, analyzing CT images does not 
depend on the skill of an operator, thus, the results are 
extremely reproducible. Therefore, this measurement 
method is suitable for comparing the k values among 
species or breeds.

In mathematical terms, the assumption that the den-
sity and body shape of animals are essentially constant 
means that the BSA is proportional to BW2/3. In other 
words, density and sphericity (i.e., index of the body 
shape) are inversely correlated with the k value. In the 
present study, we measured the BSA and volume (V) of 
male JW from CT images, then calculated the k value, 
density, and sphericity. The variations in these parame-
ters were then analyzed in relation to growth. And the k 
value of male NZW determined in our previous study 
and that of male JW in the present study were compared.

Materials and Methods

Animals
JW (Kbl:JW) were obtained from Kitayama LABES 

Co., Ltd. (Nagano, Japan). The BSA and V were mea-
sured for the 50 males (at 10–54 weeks of age) that had 
been used in other non-clinical studies and euthanized 
by anesthesia with sodium pentobarbital according to 
the protocols of the previous studies. No critical abnor-
malities in clinical signs or BW changes were noted in 
these rabbits during the time that they were alive. All 
studies were conducted in compliance with the Guide-
lines for Management and Welfare of Experimental 
Animals of Nihon Bioresearch Inc.

Experimental procedures
The BSA was measured as described previously [9]. 

Briefly, the body of each rabbit was set in the prone 
position for whole-body CT scanning on the day of eu-
thanasia. Images were obtained using a multislice CT 
scanner (Alexion TSX 033A, Toshiba Medical Systems 
Co., Ltd., Tochigi, Japan). The slice thickness and the 
reconstruction interval were 3 mm and 1.5 mm, respec-
tively. The BSA of each animal was determined from the 
3D CT images (Fig. 1) using high-speed 3D analysis 
software (TRI-3D/VOL, Ratoc System Engineering Co., 
Ltd., Tokyo, Japan). The k value was then calculated 
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based on the determined BSA value.
The V of each animal was determined from axial mul-

tiplanar reconstruction of the CT images. The total area 
of each section of the CT images was calculated using 
image processing software (Win ROOF, Mitani Co., 
Fukui, Japan) and multiplying the value by 1.5 mm (the 
reconstruction interval). After V had been determined, 
the density (= BW [kg] / V [l]) and the sphericity (= 
π1/3[6V]2/3 / 100 BSA) were calculated.

All statistical procedures were performed using sta-
tistical software (Pharmaco Basic, Scientist Press Co., 
Ltd., Tokyo, Japan). The significant figure was set to 3 
digits.

Results and Discussion

Measured and calculated values
As shown in Table 1, the BWs of the 50 male JW 

ranged from 1.98 to 3.81 kg (mean: 2.84 kg, median: 
2.84 kg), and their mean age was 24.3 weeks (median: 
18.0 weeks). There was no obvious difference between 
the BWs of JW at 10 to 18 weeks of age in the present 
study and those in the background data provided by the 
breeder (working age range: 6 to 20 weeks, data not 
shown). The BSA and the V values ranged from 0.193 
to 0.270 m2 and from 2.05 to 3.61 l, respectively.

The mean ± SD, CV, and the median for the k value 
were 11.9 ± 0.6, 5.29%, and 11.9, respectively; these 
same statistics calculated for density were 0.98 ± 0.07, 
6.90%, and 0.96, respectively; and for sphericity, the 
respective statistics were 0.414 ± 0.018, 4.46%, and 

0.415 (Table 1).
The correlation coefficient (r) between the BWs and 

the k values, between the BWs and the densities, or be-
tween the BWs and the sphericities was −0.770, 0.692, 
or 0.186, respectively, and the probability (P) was 0.000, 
0.000, or 0.195, respectively (Fig. 2). These results in-
dicated that the k value was negatively correlated to BW, 
and that this negative correlation was mainly due to the 
variation in density. The r between the BWs and the kV 
values (100 × BSA [m2] = kV × V [l]2/3) of the male JW, 
and the P were −0.214 and 0.135, respectively (Fig. 2). 
The absolute value of r for the kV value is obviously 
smaller than that for the k value. More precisely, the 
change in body composition that occurs with growth 
affected the k value of male JW at 10–54 weeks of age.

k value in male JW at 10–54 weeks of age
Based on the regression analysis (response variable: 

k value and explanatory variable: BW) by the least 
squares method, we propose the following linear regres-
sion equation for calculating the k value in male JW at 
10–54 weeks of age: the k value = 14.602 − 0.959 × BW 
[kg] (coefficient of determination: R2=0.592). The cal-
culated values ranged from 10.9 to 12.7 (working BW 
range: 1.98 to 3.81 kg). These calculated values × 100/
the k values ranged from 93% to 112% (Table 1).

Comparison with NZW in our previous report
In our previous report [9], we measured the BSA and 

V of NZW using the same methods as the present study. 
The mean k value, density, and sphericity of 42 male 

Fig. 1.	 Computed tomography (CT) images of male Japanese White rabbits (JW). (A) JW in dorsal 
aspect. (B) In lateral side.
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Table 1.	B ody weight (BW), age, body surface area (BSA), V, k value, density, sphericity, and kV value in male Japanese White rabbits 
(JW)

BW (kg) Age (week) BSA (m2) V (l) k value Density 
(kg/l) Sphericity kV value 14.602 − 0.959 × BW*

1.98 10 0.201 2.09 12.7 0.95 0.393 12.3 12.7 (100%)
2.02 10 0.200 2.05 12.5 0.99 0.390 12.4 12.7 (102%)
2.10 10 0.216 2.23 13.2 0.94 0.382 12.7 12.6 (95%)
2.16 10 0.215 2.24 12.9 0.96 0.385 12.6 12.5 (97%)
2.18 10 0.212 2.32 12.6 0.94 0.400 12.1 12.5 (99%)
2.22 10 0.224 2.37 13.2 0.94 0.384 12.6 12.5 (95%)
2.28 10 0.217 2.39 12.5 0.95 0.398 12.1 12.4 (99%)
2.30 14 0.193 2.59 11.1 0.89 0.473 10.2 12.4 (112%)
2.30 14 0.214 2.54 12.3 0.91 0.421 11.5 12.4 (101%)
2.32 10 0.214 2.30 12.2 1.01 0.394 12.3 12.4 (102%)
2.32 10 0.224 2.43 12.8 0.95 0.390 12.4 12.4 (97%)
2.35 14 0.214 2.61 12.1 0.90 0.428 11.3 12.3 (102%)
2.36 14 0.223 2.62 12.6 0.90 0.412 11.7 12.3 (98%)
2.38 14 0.211 2.60 11.8 0.92 0.433 11.2 12.3 (104%)
2.40 14 0.214 2.49 11.9 0.96 0.415 11.6 12.3 (103%)
2.48 14 0.226 2.80 12.3 0.89 0.425 11.4 12.2 (99%)
2.49 14 0.219 2.70 11.9 0.92 0.428 11.3 12.2 (103%)
2.52 13 0.217 2.75 11.7 0.92 0.437 11.1 12.2 (104%)
2.59 14 0.246 3.07 13.0 0.84 0.415 11.6 12.1 (93%)
2.61 14 0.223 3.07 11.8 0.85 0.458 10.6 12.1 (103%)
2.64 13 0.225 2.70 11.8 0.98 0.417 11.6 12.1 (103%)
2.66 13 0.233 2.81 12.1 0.95 0.413 11.7 12.1 (100%)
2.73 54 0.233 2.56 11.9 1.07 0.388 12.5 12.0 (101%)
2.79 14 0.237 3.05 12.0 0.91 0.429 11.3 11.9 (99%)
2.80 13 0.238 3.05 12.0 0.92 0.427 11.3 11.9 (99%)
2.88 18 0.240 3.09 11.9 0.93 0.427 11.3 11.8 (99%)
2.91 54 0.244 2.71 12.0 1.07 0.385 12.6 11.8 (98%)
2.93 18 0.249 3.05 12.2 0.96 0.408 11.8 11.8 (97%)
2.99 18 0.259 3.20 12.5 0.93 0.405 11.9 11.7 (94%)
3.03 18 0.237 3.11 11.3 0.97 0.435 11.1 11.7 (104%)
3.03 18 0.256 3.22 12.2 0.94 0.412 11.7 11.7 (96%)
3.07 18 0.250 3.28 11.8 0.94 0.427 11.3 11.7 (99%)
3.10 27 0.247 2.99 11.6 1.04 0.406 11.9 11.6 (100%)
3.10 54 0.245 2.89 11.5 1.07 0.400 12.1 11.6 (101%)
3.12 27 0.243 3.02 11.4 1.03 0.416 11.6 11.6 (102%)
3.15 27 0.241 2.98 11.2 1.06 0.416 11.6 11.6 (104%)
3.22 27 0.234 3.03 10.7 1.06 0.433 11.2 11.5 (107%)
3.30 27 0.262 3.10 11.8 1.06 0.392 12.3 11.4 (97%)
3.31 27 0.258 3.33 11.6 0.99 0.418 11.6 11.4 (98%)
3.34 54 0.245 3.14 11.0 1.06 0.423 11.4 11.4 (104%)
3.36 27 0.255 3.23 11.4 1.04 0.414 11.7 11.4 (100%)
3.39 54 0.256 3.20 11.3 1.06 0.410 11.8 11.4 (101%)
3.43 27 0.261 3.35 11.5 1.02 0.415 11.7 11.3 (98%)
3.43 27 0.270 3.36 11.9 1.02 0.402 12.0 11.3 (95%)
3.46 54 0.248 3.17 10.8 1.09 0.421 11.5 11.3 (105%)
3.49 54 0.259 3.22 11.3 1.08 0.407 11.9 11.3 (100%)
3.54 27 0.262 3.36 11.3 1.05 0.414 11.7 11.2 (99%)
3.64 54 0.263 3.43 11.1 1.06 0.418 11.6 11.1 (100%)
3.79 54 0.264 3.57 10.9 1.06 0.428 11.3 11.0 (101%)
3.81 54 0.268 3.61 11.0 1.06 0.425 11.4 10.9 (99%)

Mean 2.84 24.3 0.236 2.88 11.9 0.98 0.414 11.7
SD 0.50 16.1 0.020 0.40 0.6 0.07 0.018 0.5
CV 5.29% 6.90% 4.46% 4.41%
Median 2.84 18.0 0.238 3.01 11.9 0.96 0.415 11.7

*Percentage in parentheses is (14.602 − 0.959 × BW) × 100 / k value.
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NZW at 11–41 weeks of age were 11.1, 1.05, and 0.421, 
respectively (working BW range: 2.22 to 3.69 kg). Com-
pared to NZW values, this study showed that the k value 
in male JW was larger, while the density and sphericity 
were smaller. One reason for why the sphericity of JW 
was smaller is the longer ear and face dimensions of this 
breed compared to NZW. Furthermore, at 11 to 41 weeks 
of age, the k value, density, and sphericity of male NZW 
essentially remained constant [9], whereas in the case of 
male JW, only sphericity remained constant; the k value 
was negatively correlated with BW while density was 
positively correlated with BW. Therefore, as the BW of 
male JW from 10 to 54 weeks of age increased, the k 
value and density approached the values of NZW.

From the above results, we concluded that different 
breeds of rabbits express different k values. The accu-
racy and reproducibility of measuring the surface area 
and V using our method was confirmed on the acrylic 

cuboids [9]. Therefore, our measurement method using 
a CT scanner is reliable. We propose that this measuring 
method be used to verify the k values of other labora-
tory animals. Furthermore the k values should be com-
pared between breeds and gender.
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