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 Introduction
Body surface area (BSA) is a crucial parameter of 
interest for many reasons including studies of body 
heat transfer, normalization of physiological res-
ponses, administration of drug doses, estimation of 
burnt skin percentage, calculation of volume of fl uid 
replacement and calculation of nutritional needs 
(Crawford et al., 1950; Pinkel, 1958; Freireich et al., 
1966; Widdowson, 1983; Vauthey et al., 2002; Gibson 
et al., 2003). In clinical practice, the calculations for 
determining starting dose in humans as extrapolated 
from animals always use the more appropriate nor-
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Summary
Accurate calculation of body surface area (BSA) is essential for many biomedical applications 
and conversion of drug doses among various species. In this study, forty Japanese white rab-
bits with a body weight of 2.5-3.0 kg were used to determine a precise formula and practical 
method for BSA calculation. Rabbit BSA was measured two ways: by coating with a kraft  paper 
or by skin stripping, followed by calculation of the surface area planometrically. We compared 
the BSA data from these two methods and found there was no diff erence. Th e BSA data were 
subsequently entered into the Meeh’s formula (BSA =kW2/3), the most commonly used for expe-
rimental animals, to calculate the mean k constant from coating (11.35) and stripping (11.30).  
Furthermore, the Km factor, which is commonly used for dose translation based on BSA between 
human and animals, was calculated based on the formula (BSA=body weight (kg)/ Km factor). 
Th e Km factor from coating and stripping was 12.38 and 12.40, respectively. In conclusion, coa-
ting is an easy and accurate way to measure rabbit BSA and can replace stripping. We also pro-
vide an accurate k constant and Km factor for Japanese white rabbits. 

malization of BSA (Freireich et al., 1966; Schein et al., 
1970; Reagan-Shaw et al., 2008). Th erefore, how to 
accurately measure BSA in diff erent species is beco-
ming an important issue for both the scientifi c com-
munity as well as the general public. 

Various formulae for BSA calculation have been 
reported in the literature. For humans, a formu-
la based on V (body volume) and L (body length), 
BSA=(9πVL)0.5, has been derived (Wang et al., 2004b; 
Wang et al., 2004a).  For animals, BSA is conventio-
nally calculated using the Meeh factor (k) times the 
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body mass scaled to two thirds power (BSA=kW2/3) 
(Gouma et al., 2012). However, Meeh factors always 
vary according to species and size of the animal.  
Hence, an accurate k constant value is required for 
each species and weight range (Gilpin, 1996; Gouma 
et al., 2012). 

According to guidelines of the US Food and 
Drug Administration (FDA), the extrapolation of 
animal dose to human dose is correctly performed 
only through normalization to BSA, which is repre-
sented in mg/m2 (Reagan-Shaw et al., 2008). Th e Km 
factor is used to convert the mg/kg dose to an mg/m2 
dose. Th e Km factor can be calculated as body weight 
(kg) divided by BSA (m2) (Reagan-Shaw et al., 2008). 
A dose in mg/kg is multiplied by Km to convert to mg/
m2. Th e human equivalent dose (HED) can be more 
appropriately calculated by the formula: HED (mg/
kg)=Animal dose (mg/kg)x(Animal Km/Human Km) 

(Reagan-Shaw et al., 2008). Km values vary greatly in 
diff erent species. For example, the Km factor for dog 
is 20, but the Km factor for mouse is only 3 (Center for 
Drug Evaluation and Research, 2002). 

Rabbits are widely used as animal models for 
various experiments and testing due to being small, 
usually docile, easily restrained, cheap to maintain 
and because they breed prodigiously (Fan et al., 
2015; Peng et al., 2015; Csomos et al., 2016). Owing to 
the high similarity of lipid metabolism with humans, 
rabbits are used as a model for human atherosclerosis 
(Yanni, 2004; Getz et al., 2012). Moreover, rabbits are 
used to study disorders of the eyes, skin, heart, and 
immune system, as well as in studies of asthma, cystic 
fi brosis, diabetes, lung disease and stem cell therapy 
(Kamaruzaman et al., 2013; Liao et al., 2015; Peng et 
al., 2015; Zernii et al., 2015; Kuriyama et al., 2016). 
Th erefore, determination of rabbit BSA has great 
signifi cance for many basic biomedical studies and 
clinical applications. To fi nd an easy way to calculate 
BSA and establish a more accurate formula, the BSA 
of Japanese white rabbits was measured using coating 
and skin stripping. We propose a simple and practical 
way to calculate BSA and also provide an accurate k 
constant and Km factor for Japanese white rabbits.  

Materials and methods
Experimental animals
Forty Japanese white rabbits (7-months-old, males), 
weighing 2.5-3.0 kg, were provided by the Laboratory 
Animal Center of Xi’an Jiaotong University. Th e ani-
mals were housed individually in cages (RB35-15G, 
Suhang Sci-technology Company, Suzhou, China). 

All animals were kept at room temperature 20-22oC, 
humidity 50-60%, under 12/12h of light/dark condi-
tions. Rabbits were provided ad libitum with rabbit 
chow (Animal Feed Company of Beijing Keao Xieli, 
Beijing, China) and water. All animal experiments 
were pre-approved by the Xi’an Jiaotong University 
Institutional Animal Care and Use Committee, and 
performed in accordance with National legislation 
and the  Convention ETS 123 (Council of Europe) 
and the Guide for the Care and Use of Laboratory 
Animals published by the US National Institutes of 
Health. 

Coating procedure 
Rabbits were weighed and anaesthetized with 10% 
chloral hydrate dissolved in sterile water (1.5 ml/kg) 
(Xinyu Biotechnology Company, Shanghai, China) 
via ear vein injection. A plain, non-slippery piece of 
kraft  paper, which was durable and did not wrinkle 
with use, was used for coating the rabbits. Th e length 
of each rabbit, from nose to anus, was measured and 
recorded. Firstly, the whole body of rabbit was wrap-
ped up tightly by plastic wrappers with several small 
holes for breathing (Fig. 1A). Th en, the rabbit was 
placed onto the downside paper, ventral side facing 
down with tail, front and rear legs hidden below the 
ventral side, and the ventral surface of the rabbit 
was marked on the downside paper (Fig. 1B). Sub-
sequently, the upside paper was held very tight and 
close to the dorsal surface of the rabbit, until it rea-
ched the downside paper. Scotch tape was used to 
seal wrinkles. At this position, the dorsal-lateral sur-
face area of the animal was carefully marked on the 
coating paper (Fig. 1C). Th e coating paper was not as 
fl at as the paper which covered the rabbit’s torso. In 
an eff ort to make sure of the accuracy of the measu-
rement, we divided the coating paper into three parts 
that is head, buttock and torso. To make sure the 
head and buttock parts were fl at enough for measu-
ring, these parts were cut into several pieces of paper 
(Fig.1D). Aft er that, the small pieces of paper of head 
and buttock, and the torso paper, were photographed 
(Fig.1E). Aft erwards, the front leg of the rabbit wrap-
ped with plastic wrappers was placed on the down-
side paper and marked on the downside paper (Fig. 
2A). Th e coating paper was pressed gently against 
the downside paper, so that the front leg was enclo-
sed between them (Fig. 2C). Th e edge was marked 
on the upside paper (Fig. 2E). Th e same procedure, 
as described for the front legs, was used to determi-
ne the surface area of the rear legs (Fig. 2B, 2D, 2F), 
ears (Fig. 3A, 3B) and tail (Fig. 3C, 3D, 3E, 3F). All 
the pieces of paper were collected and photograp-
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Results
BSA and k constant
BSA-1 (0.224) was calculated with data from alive 
rabbits (Table 1). BSA-2 (0.223) was calculated with 
data from stripped rabbits (Table 2). The k constant 
for each rabbit was calculated based on the Meeh’s 
formula (k=BSA/W2/3).  Mean values for k-1 and 
k-2 were 11.35 and 11.30, respectively (Table 2). 
Statistical analysis indicated that there was no signi-
fi cant diff erence between BSA-1 and BSA-2 (P=0.69) 
(Fig. 4A). Th e analysis of the deviation showed that 
it was very small between the BSA values from alive 
rabbits and stripped rabbits (deviation : ＋0.4%) 
(Table 2). Th e obtained k-1 and k-2 values were also 
not signifi cantly diff erent (P=0.30) (Fig.4B). Th ese 
results suggest that coating is an eff ective method for 
BSA measurement, which can replace the skinning 
method, and does not require rabbits to be sacrifi ced. 

Km factor 
Th  e Km factor is used to convert the mg/kg dose used 
in a study to an mg/m2 dose. It was calculated using 
the following formula: Km factor=body weight (kg)/
BSA (m2). Based on the obtained BSA-1 and BSA-2 
data, Km factor -1 (12.38) and Km factor -2 (12.42) 
were obtained (Table 2). Th ere was no signifi cant 
diff erence between Km factor -1 and Km factor -2 
(P=0.45) (Fig. 4C), suggesting a reliable Km value had 
been obtained using the paper wrapping method. 

hed (Fig. 1D, 1E). Th e surface area of each part was 
measured using image analysis soft ware (WinROOF 
Ver.6.5, Mitani Co., Ltd., Fukui, Japan). Th e total BSA 
area was calculated by addition. All rabbits survived 
this part of the study. 

Skinning procedure 
Aft er being measured by kraft  paper, rabbits were 
killed by injection of sodium pentobarbital (100mg/
kg) via the ear vein, and then skinned. Th e epider-
mis of each rabbit was stripped. Th en, the stretched 
pelt was put on a board smoothly and photographed 
immediately. Rabbit BSA was also measured by Win-
Roof soft ware. 

Statistical analysis
The group sizes were decided by the equation: 
N=2+C(S/d)2. N, group size; C, constant obtained 
according to α and β; S, standard deviation; d, eff ect 
size. Th e statistical power was assumed as 0.9, and α 
was 0.05. Data are expressed as mean ± SD. A sta-
tistically signifi cant diff erence between means was 
determined by using the t-test. All statistical proce-
dures were performed using SPSS (SPSS version 13.0, 
Statistical Package for the Social Sciences soft ware, 
SPSS, Chicago, IL, USA). Diff erences were conside-
red statistically signifi cant at P <0.05. 

Figure 1. Th e basic steps of the suggested procedure of BSA measurement in rabbits. A. the rabbit was wrapped with the 
plastic wrappers and kept ventral side faced down. B. Th e shape of the ventral surface area was marked on the kraft  paper.  
C. the dorsal-lateral surface area of the rabbit was carefully marked on the coating paper. D. Th e coating paper was cut into 
several small pieces. E. Th e shape of torso area.
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Figure 2. Th e basic steps of the suggested procedure of leg surface area measurement in rabbits. A. the front leg of the 
rabbit was wrapped with the plastic wrappers and placed on the kraft  paper. B. the rear leg of the rabbit was wrapped with 
the plastic wrappers and placed on the kraft  paper. C. the front leg surface area of the rabbit was carefully marked on the 
coating paper. D. the rear leg surface area of the rabbit was carefully marked on the coating paper. E. Th e shape of the front 
leg surface area was marked on the kraft  paper. F. Th e shape of the rear leg surface area was marked on the kraft  paper.

Figure 3. Th e basic steps of the suggested procedure of ear and tail surface area measurement in rabbits. A. Th e ear of the 
rabbit was placed on the kraft  paper. B. Th e shape of the ear surface area was marked on the kraft  paper. C. the tail of the 
rabbit wrapped with the plastic wrappers was placed on the kraft  paper (ventral side faced down). D. Th e shape of the tail 
surface area was marked on the kraft  paper. E. the tail surface area of the rabbit was carefully marked on the coating paper. 
F. Th e shape of the tail surface area was marked on the coating paper.
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Discussion
Th e rabbit is a widely used animal model both in bio-
medical and clinical research. Th e present study esta-
blishes an easy and eff ective way to estimate rabbit 
BSA, and also provides an accurate Meeh’s k constant 
and Km factor based on the two diff erent methods. 
BSA is becoming a key factor for converting a dose 
from animals to humans, especially for phase I and 
phase II clinical trials (Kaestner et al., 2007; Rea-
gan-Shaw et al., 2008). Currently, BSA-based dose 
calculation and translation is the most appropriate 
method, which is far superior to the simple conver-
sion based on body weight. To improve therapeutic 
outcomes in clinical trials, more appropriate dose 
conversions are needed. 

BSA measurement can be carried out by direct 
methods, indirect methods and predictive formulae. 
Direct methods include coating, surface integrati-
on, triangulation and three-dimensional whole-bo-
dy scanning (Breton et al., 2008; Cheung et al., 2009; 
Zehnder et al., 2012). Indirect methods can be clas-
sifi ed as linear geometric and photographic. Predic-
tive formulae are usually generated from population 
studies (WangHihara, 2004b; Lee et al., 2008). These 
methods for BSA measurement have advantages and 
disadvantages. Direct methods are more accurate, but 
usually complex, time-consuming and impractical in 
both the experimental and clinical setting. Indirect 
estimation methods are simple and convenient, but 
have less accuracy. Predictive formulae are derived 
from many studies using direct methods. Although 
the predictive formulae are straightforward methods 
for BSA calculation and have been widely used, their 
applicability has been frequently questioned due to 
the diversity of species, weight and strains (Gilpin, 
1996; WangHihara, 2004b; Cheung et al., 2009). 

In the present study, rabbit BSA was calculated 
using coating and skinning. With a group size of 40 

and a standard deviation of 0.012, a signifi cant dif-
ference of more than 0.009 could have been shown 
with a p-value less than 0.05 and a power of 0.9. Th e 
BSA data from alive or stripped rabbits were very 
similar (0.224±0.012 vs. 0.223±0.010). Th us, any 
real diff erence is likely to be smaller than this. We 
presumed that diff erences were statistically signifi -
cant at P <0.05. This should be an acceptable confi -
dence limit for the method. Further analysis of the 
deviation between the BSA values from alive rabbits 
and stripped rabbits showed that it was quite narrow 
(deviation: ＋0.4%), which suggests that skinning 
can be replaced by coating and there is no need to 
sacrifi ce rabbits in future studies. More importantly, 
coating is a very simple, convenient and easy method 
which is not only suitable for rabbits but also can be 
applied to other small or medium laboratory animals.

For mammals, the BSA is usually calculated 
using Meeh’s formula (BSA=kW2//3), which is the 
most commonly used for experimental animals 
(Meeh, 1879; Diack, 1930; Gouma et al., 2012). BSA 
calculation for domestic rabbits has been reported 
using CT-guided modelling (Zehnder et al., 2012). 
Th e k constant was determined to be 9.9 (range, 9.59 
to 10) (Spector, 1956; Zehnder et al., 2012). In our 
study, Meeh k values (11.30 and 11.25) for Japanese 
white rabbits were obtained using two measurement 
methods. Th e diff erent k values from these studies 
may be due to diff erent strains, body weights or ages. 

In recent years, BSA has been widely used for 
conversion of drug doses between diff erent species, 
especially from animals to humans. Th e Km factor, 
a crucial index, is usually used to convert the mg/
kg dose to an mg/m2 dose (Center for Drug Evalua-
tion and Research, 2002; Reagan-Shaw et al., 2008). 
The Km values based on average BSA calculations 
for human, baboon, dog, monkey, rabbit, guinea 
pig, rat, hamster and mouse have been reported by 
the FDA (Center for Drug Evaluation and Research, 

Figure 4. Comparative analysis of BSA, k constant value and Km factor in rabbits. A. Th ere was no diff erence between BSA-1 
and BSA-2. B. k-1 value from BSA-1 was similar to k-2 value based on BSA-2. C, Km factor -1 was also similar to Km factor 
-2.
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Table 1. BSA data from alive rabbits

Rabbit 
code

Ventral 
area (m2)

Dorsallateral 
area (m2)

Tail area 
(m2)

Ear area 
(m2)

Front leg 
area (m2)

Rear leg 
area (m2)

BSA-1 
*(m2)

Length 
(m)

Weight 
(kg)

1 0.038 0.098 0.004 0.024 0.020 0.027 0.210 0.41 2.76
2 0.041 0.093 0.004 0.017 0.019 0.034 0.209 0.42 2.65
3 0.036 0.101 0.005 0.024 0.027 0.032 0.225 0.43 2.76
4 0.032 0.098 0.005 0.019 0.016 0.038 0.208 0.43 2.54
5 0.048 0.113 0.004 0.028 0.024 0.034 0.251 0.45 3.15
6 0.036 0.094 0.004 0.022 0.022 0.031 0.210 0.43 2.60
7 0.039 0.103 0.004 0.024 0.022 0.031 0.223 0.43 2.75
8 0.042 0.107 0.005 0.025 0.015 0.031 0.225 0.42 2.74
9 0.045 0.112 0.004 0.026 0.018 0.024 0.230 0.43 2.77

10 0.049 0.108 0.004 0.024 0.017 0.029 0.232 0.43 2.80
11 0.047 0.109 0.005 0.027 0.016 0.028 0.231 0.43 2.84
12 0.050 0.111 0.004 0.023 0.018 0.029 0.234 0.44 2.93
13 0.035 0.094 0.004 0.023 0.022 0.029 0.207 0.45 2.53
14 0.037 0.101 0.005 0.026 0.017 0.026 0.212 0.45 2.57
15 0.046 0.102 0.005 0.028 0.024 0.029 0.235 0.46 2.96
16 0.041 0.097 0.005 0.022 0.020 0.032 0.218 0.44 2.69
17 0.039 0.097 0.004 0.023 0.022 0.028 0.213 0.44 2.63
18 0.040 0.097 0.004 0.024 0.022 0.028 0.215 0.43 2.66
19 0.040 0.108 0.004 0.023 0.023 0.025 0.223 0.43 2.83
20 0.045 0.101 0.005 0.025 0.018 0.030 0.224 0.44 2.73
21 0.043 0.115 0.004 0.018 0.021 0.034 0.235 0.43 2.87
22 0.045 0.095 0.004 0.021 0.019 0.028 0.211 0.42 2.63
23 0.050 0.102 0.006 0.023 0.021 0.030 0.232 0.42 2.87
24 0.040 0.122 0.004 0.023 0.018 0.030 0.236 0.43 3.02
25 0.042 0.102 0.004 0.024 0.021 0.030 0.223 0.43 2.72
26 0.046 0.107 0.005 0.024 0.019 0.028 0.229 0.43 2.84
27 0.044 0.110 0.004 0.024 0.019 0.029 0.231 0.43 2.85
28 0.044 0.112 0.004 0.022 0.021 0.029 0.233 0.45 2.92
29 0.045 0.105 0.004 0.022 0.021 0.028 0.225 0.43 2.75
30 0.043 0.113 0.004 0.021 0.021 0.029 0.231 0.45 2.94
31 0.045 0.094 0.004 0.020 0.018 0.026 0.207 0.48 2.55
32 0.045 0.105 0.004 0.023 0.019 0.031 0.228 0.43 2.77
33 0.045 0.110 0.005 0.023 0.021 0.031 0.234 0.43 2.96
34 0.043 0.107 0.005 0.023 0.017 0.026 0.221 0.44 2.75
35 0.039 0.094 0.004 0.023 0.017 0.025 0.202 0.43 2.48
36 0.048 0.122 0.005 0.026 0.021 0.029 0.251 0.44 3.07
37 0.045 0.113 0.005 0.023 0.021 0.029 0.236 0.44 2.96
38 0.045 0.11 0.005 0.024 0.018 0.027 0.229 0.45 2.73
39 0.047 0.114 0.004 0.025 0.016 0.029 0.234 0.44 2.93
40 0.037 0.096 0.004 0.022 0.016 0.026 0.201 0.43 2.51

Mean 0.043 0.104 0.0043 0.023 0.020 0.029 0.224 0.435 2.78
SD 0.004 0.007 0.0003 0.002 0.002 0.003 0.012 0.013 0.16

*BSA-1 was measured when animals were alive. SD, standard deviation.
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Table 2. Individually calculated k values and Km factors using planimetric measurements

  Rabbit 
code Weight (kg) BSA-1 *(m2) BSA-2 

*(m2)
Deviation 

(%) k-1* k-2* Km factor-1* Km factor-2 *

1 2.76 0.210 0.214 -1.86916 10.67 10.88 13.14 12.90
2 2.65 0.209 0.213 -1.87793 10.91 11.12 12.68 12.44
3 2.76 0.225 0.224 0.446429 11.44 11.38 12.27 12.32
4 2.54 0.208 0.209 -0.47847 11.17 11.23 12.21 12.15
5 3.15 0.251 0.249 0.803213 11.68 11.59 12.55 12.65
6 2.60 0.210 0.211 -0.47393 11.11 11.16 12.38 12.32
7 2.75 0.223 0.226 -1.32743 11.36 11.51 12.33 12.17
8 2.74 0.225 0.221 1.809955 11.49 11.29 12.18 12.40
9 2.77 0.230 0.227 1.321586 11.66 11.51 12.04 12.20

10 2.80 0.232 0.223 4.035874 11.68 11.23 12.07 12.56
11 2.84 0.231 0.228 1.315789 11.52 11.37 12.29 12.46
12 2.93 0.234 0.232 0.862069 11.43 11.33 12.52 12.63
13 2.53 0.207 0.210 -1.42857 11.15 11.31 12.22 12.05
14 2.57 0.212 0.213 -0.46948 11.30 11.35 12.12 12.07
15 2.96 0.235 0.231 1.731602 11.40 11.21 12.60 12.81
16 2.69 0.218 0.219 -0.45662 11.27 11.32 12.34 12.28
17 2.63 0.213 0.212 0.471698 11.18 11.13 12.35 12.41
18 2.66 0.215 0.216 -0.46296 11.20 11.25 12.37 12.31
19 2.83 0.223 0.222 0.45045 11.15 11.10 12.69 12.75
20 2.73 0.224 0.221 1.357466 11.47 11.31 12.19 12.35
21 2.87 0.235 0.229 2.620087 11.64 11.34 12.21 12.53
22 2.63 0.211 0.213 -0.93897 11.07 11.18 12.46 12.35
23 2.87 0.232 0.229 1.310044 11.49 11.34 12.37 12.53
24 3.02 0.236 0.233 1.287554 11.30 11.15 12.80 12.96
25 2.72 0.223 0.221 0.904977 11.44 11.34 12.20 12.31
26 2.84 0.229 0.222 3.153153 11.42 11.07 12.40 12.29
27 2.85 0.231 0.223 3.587444 11.49 11.09 12.34 12.78
28 2.92 0.233 0.231 0.865801 11.41 11.31 12.53 12.64
29 2.75 0.225 0.226 -0.44248 11.46 11.51 12.22 12.17
30 2.94 0.231 0.233 -0.85837 11.26 11.35 12.73 12.62
31 2.55 0.207 0.209 -0.95694 11.09 11.20 12.32 12.20
32 2.77 0.228 0.221 3.167421 11.56 11.20 12.15 12.53
33 2.96 0.234 0.236 -0.84746 11.35 11.45 12.65 12.54
34 2.75 0.221 0.223 -0.89686 11.26 11.36 12.44 12.33
35 2.48 0.202 0.204 -0.98039 11.03 11.13 12.28 12.16
36 3.07 0.251 0.246 2.03252 11.88 11.65 12.23 12.48
37 2.96 0.236 0.235 0.425532 11.45 11.40 12.54 12.60
38 2.73 0.229 0.226 1.327434 11.72 11.57 11.92 12.08
39 2.93 0.234 0.237 -1.26582 11.43 11.57 12.52 12.36
40 2.51 0.201 0.205 -1.95122 10.88 11.10 12.49 12.24

Mean 2.78 0.224 0.223 0.433 11.35 11.30 12.38 12.42
SD 0.16 0.012 0.010 1.566 0.25 0.17 0.23 0.23

*BSA-1, k-1 and  Km factor-1  were calculated with data from alive animals. BSA-2, k-2 and Km factor-2 were calculated 
with data from stripped animals. Deviation of BSA from alive rabbits and stripped rabbits (Deviation (%) = ([BSAalive - 
BSAstripped]/BSAstripped) ×100. 
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2002; Reagan-Shaw et al., 2008). Th e Km factor for 
rabbits weighing 1.8 kg is 12 (Center for Drug Evalu-
ation and Research, 2002; Reagan-Shaw et al., 2008). 
In the present study, average Km values of 12.38 and 
12.44 based on  BSA calculation using coating and 
skinning were obtained, which are consistent with 
the FDA data. In conclusion, we establish a simple 
way to calculate rabbit BSA, and provide an accurate 
Meeh’s k constant and Km values for dose translation 
between Japanese white rabbits and humans or other 
animals. 
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