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Abstract
Purpose Rats are widely used in biomedical research involving molecular imaging and therefore the radiation dose to
animals has become a concern. The weight of laboratory
animals might change through emaciation or obesity as a
result of their use in various research experiments including
those investigating different diet types. In this work, we evaluated the effects of changes in body weight induced by
emaciation and obesity on the internal radiation dose from
common positron-emitting radionuclides.
Methods A systematic literature review was performed to
determine normal anatomical parameters for adult rats and
evaluate how organs change with variations in total body
weight. The ROBY rat anatomical model was then modified
to produce a normal adult rat, and mildly, moderately and
severely emaciated and obese rats. Monte Carlo simulations
were performed using MCNPX to estimate absorbed fractions, specific absorbed fractions (SAFs) and S-values for
these models using different positron-emitting radionuclides.
The results obtained for the different models were compared
to corresponding estimates from the normal rat model.
Results The SAFs and S-values for most source–target pairs
between the various anatomical models were not significantly
different, except where the intestine and the total body were
considered as source regions. For the intestine, irradiating
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other organs in the obese model, the SAFs in organs in the
anterior region of the splanchnocoele (e.g. kidney, liver and
stomach) increased slightly, whereas the SAFs in organs in the
posterior region of the splanchnocoele (e.g. bladder and testes)
decreased owing to the increase in the distance separating the
intestine and posterior abdominal organs because of the rat
epididymal fat pad. For the total body, irradiating other organs, the SAFs and S-values were inversely related to body
weight.
Conclusion The effect of obesity on internal radiation dose is
insignificant in most conditions for common positron-emitting
radionuclides. Emaciation increases the cross-absorbed dose to
organs from surrounding tissues, which might be a notable
issue in laboratory animal internal dosimetry.
Keywords Radiation dosimetry . Small animals . PET .
Monte Carlo . Computational models

Introduction
The role of transgenic and knockout mice has become profound and widespread in biomedical research. Nowadays,
transgenic laboratory animals can be designed and created in
a way that offers attractive possibilities for addressing basic
research questions concerning the genetic, molecular and
cellular basis of biology and disease. Rats are widely used
as models of human disease in preclinical trials for the
development of new molecular imaging probes, drug discovery, gene expression, development of therapeutic targets,
targeted therapies and many other research applications
[1, 2]. With the ever increasing number and importance
of human disease models in rodents, the potential of highresolution preclinical PET instrumentation to contribute
unique information has become evident. In this context, the
accurate assessment of radiation dose delivered to laboratory
animals in experiments involving the use of multimodality
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molecular imaging instruments including SPECT, PET and
CT is of paramount importance.
For this purpose, various computational rat models have
been used extensively as input to Monte Carlo-based radiation transport packages to achieve this goal. To this end,
three types of computational models have emerged: (1) stylized models, (2) voxel-based models, and (3) hybrid equation–voxel-based models [3]. Stylized models use simple
equation-based mathematical functions (surface equations)
to represent internal organs and external boundaries of the
defined model, thus minimizing computational time. Voxelbased models employ voxel matrices derived from segmented tomographic images for the best anatomical authenticity.
The recently introduced hybrid equation–voxel approach
combines the first two approaches by allowing the mathematical description of organ boundaries from definitions
extracted from voxel data [4].
Hui et al. [5] developed the first stylized mouse model for
radiation dose calculation. Further improvements led to finer
stylized small-animal models including rat [6, 7] and mouse
models containing more internal organs and even realistic
tumour models [8–10]. Likewise, various voxel-based smallanimal models have been developed by different groups for
radiation dosimetry research using different specimens
[11–19]. More recently, computational models of laboratory
animals based on non-uniform rational B-spline surfaces
(NURBS) have become available [20]. These models represent surface contours of organs and tissues, and thus retain
most anatomical characteristics and offer the flexibility of
deforming these structures more realistically. They are becoming more and more popular and are now considered
standard for Monte Carlo-based radiation transport calculations [21, 22]. However, there is an intrinsic variability in the
total body weight of rats because of differences between
specimens. Moreover, in some preclinical research studies,
the weight of laboratory animals used in longitudinal studies
can be modified by emaciation or obesity because of secondary effects of drugs, radiation therapy or chemotherapy
and the use of dietary or fat regimes [23–28]. In adult rats
older than 250–300 days, the increase in weight, referred to
as adult ‘growth’ [29], has been reported to be due mostly to
fat deposition. Therefore, the assessment of the impact of
changes in body weight due to emaciation and obesity on
internal radiation dose from common radionuclides used in
molecular imaging is highly desired and has not been reported before in the scientific literature.
In this work, the model used for reference dose estimation
was based on the growth chart and reported weight and length
values of 11-week old normal adult male rats [30]. We
constructed a series of models representing mildly, moderately
and severely emaciated and obese rats of the same age, and
compared the resulting specific absorbed fractions (SAFs) and
S-values for common positron-emitting radionuclides with
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those in the normal rat model. The assessment of the variability in absorbed dose estimates with emaciation and obesity is
important to understand the uncertainties involved in internal
radiation dose calculations for small animals.

Materials and methods
Design of computational rat models
The normal rat model was constructed from the realistic fourdimensional digital rat whole-body (ROBY) model [20]
according to the reported weight and length values for 11-week
old normal adult male rats (Fig. 1d) [30]. The weight/length ratio
is used to determine whether a given rat is emaciated or obese
[30]. The weight/length ratio of 11-week-old normal adult male
rats (NWLR11) was set as the reference in this work. Similar to
the concept of body mass index used in human health-care
standards [31, 32], we divided rats at the same age (11 weeks)
into seven different categories according to the percentage
weight/length ratio in relation to the NWLR11 (%NWLR11):
severely emaciated (≤75 %NWLR11), moderately emaciated
(76–85 %NWLR11), mildly emaciated (86–95 %NWLR11), normal (96–119 %NWLR11), mildly obese (120–129 %NWLR11),
moderately obese (130–149 %NWLR11) and severely obese
(≥150 %NWLR11). The lengths of the rat models were kept at
a preset value (23.7 cm) while the body contour of the rat models
was adjusted locally and scaled to reflect the different proportions of emaciation or obesity. Emaciation of rats is usually
observed as extensive fatty tissue wasting, and atrophy of the
muscles and some internal organs [24, 33, 34]. Since different
radiotracers result in different biodistributions and as such various degrees of secondary effects in different internal organs, it is
hard to systematically consider the atrophy of all organs in the
modelling. Therefore, in the emaciated rat models, we only
considered the decrease in subcutaneous fat, loss of adipose
tissue in the visceral fat pad, and slight muscle atrophy. The
adipose tissue was integrated with muscle and other unlabelled
organs into other tissues of normal and emaciated models. In
the obese rat models, since the adipose tissue consists
mainly of subcutaneous fat and visceral fat (including epididymal fat, mesenteric fat, omental fat and perinephric fat)
[35, 36], the body contour was scaled to mimic the increase in
subcutaneous fat and an ellipsoidal visceral adipose tissue area
was defined and used to expand the intestines into the
ventrodorsal and lateral dimensions from the normal rat model. In the male rat body, a large percentage (>20 %) of adipose
tissue is stored in the epididymal fat pad [35] and the intestine
folds are pressed in the cephalic direction because of an
increase in the volume of epididymal fat pad behind them.
Figures 1 and 2 show three-dimensional ventral views and
transverse cross sections, respectively, of the normal, emaciated and obese rat models.
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Monte Carlo simulations

Fig. 1 Three-dimensional ventral views of the mild, moderate and
severely emaciated and obese rat models with semitransparent skin in
comparison to the normal-weight rat model. The dash lines (red) are the
positions of the cross sections shown in Fig. 2

Fig. 2 Cross sections of
computational rat models
demonstrating mild, moderate
and severe emaciation and
obesity in comparison to the
normal-weight rat model

The scaled NURBS-based rat models were voxelized using the
ROBY software [20] and used as input to the MCNPX Monte
Carlo code [37] to simulate the transport and interaction of
photons and electrons in the computational rat models. The
number of voxels of each identified region was calculated and
multiplied by the voxel volume (0.5×0.5×0.5 mm) and corresponding tissue density to yield the region mass. The density
and chemical composition of each organ were assumed similar
to those in humans [38, 39]. Monoenergetic photons and
electrons were generated from most body organs with 20
discrete photon energies ranging from 0.01 to 3.0 MeV and
13 selected electron energies ranging from 0.1 to 3.0 MeV. A
total of 6×106 primary particle histories were generated
resulting in a statistical uncertainty, in terms of coefficient of
variation, of less than 2 % in most cases. The absorbed fractions, reflecting the proportion of energy released in source
organs and deposited in the target organ, were calculated for all
organs. These estimates were then compared with similar
quantities calculated for the seven developed rat models as
well as computational rat models developed by Stabin et al.
[11], Peixoto et al. [17] and Xie et al. [7, 40]. In addition, the
SAFs, reflecting the mean absorbed fraction in a target organ,
were also calculated based on the absorbed fractions. Photon
and electron SAFs for selected body regions in emaciated,
obese and normal rat models were then analysed.
We also simulated uniformly distributed positron-emitting
radionuclides in 14 chosen source regions of the generated emaciated, obese and normal rat models. The selected radionuclides included 11C, 13N, 15O, 18F, 64Cu, 68Ga, 86Y
and 124I, which are commonly used to label various probes in
small-animal PET imaging [41–43]. The Medical Internal
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Radionuclide Dose Committee (MIRD) schema [44] was
employed to assess S-values of the considered radionuclides
obtained by multiplying the energy and average number of
particles per nuclear disintegration and the absorbed fraction
for a given source–target combination divided by the mass of
the target region [44, 45]. The decay data of these positronemitting radionuclides were obtained from the Health Physics
Society electronic resource [46]. The percentage differences in
S-values of several organ pairs for 18F were estimated for
emaciated and obese models with respect to the normal rat
model and are expressed as the percentage differences per 10 g
difference in the model’s total body mass.

Results
Rat models
Table 1 summarizes the masses of organs/tissues of the generated normal, emaciated and obese computational rat models.
The %NWLR11 of the normal rat model was 100 % while the
%NWLR11 for the severely, moderately and mildly emaciated
rat models were 75 %, 85 % and 95 %, respectively. The
%NWLR11 for the severely, moderately and mildly obese rat
models were 120 %, 140 % and 167 %, respectively. The
masses of internal organs in the emaciated and obese rat
models were quite similar to those in the normal rat model.
In the obese rat models, some organs in the splanchnocoele

Table 1 Organ masses (in grams)
in the various computational rat
models

Organ

Skeleton
Heart
Lung
Liver
Stomach
Kidney
Intestine
Spleen
Bladder
Testis
Skin
Brain
Thyroid
Pancreas
Vas deferens
Fat pad
Other tissues
Total

Severe
emaciation

were surrounded by layers of fat tissue, whereas other organs,
such as the intestine, were slightly deformed and displaced.
Absorbed fractions and specific absorbed fractions
Figure 3 shows photon self-absorbed fractions for the liver
and the heart of the seven generated rat models. Comparisons
with the results of Stabin et al. [11], Peixoto et al. [17] and Xie
et al. [7] are also given. Consistent tendencies of curves are
presented and self-absorbed fractions of different rat models
are close together. Figures 4 and 5 show photon and electron
SAFs for the stomach self-irradiation, the stomach and kidneys, and the intestine irradiating the stomach and the bladder,
respectively. The relative SAF differences for most source–
target pairs between the emaciated models and the reference
model and between the obese models and the reference model
were lower than 1 %. However, for obese rats, the SAFs for
the intestine irradiating the anterior abdominal organs (e.g.
stomach, kidney, spleen) were higher, whereas the SAFs for
the intestine irradiating the posterior abdominal organs (e.g.
bladder, testis) were lower than those in the normal model. As
can be seen in Fig. 5a, photon SAFs for the intestines irradiating the stomach were about 5 % higher in the mildly obese
model, 10 % higher in the moderately obese model and 12 %
higher in the severely obese model. On the other hand, the
electron SAFs for the intestines irradiating the stomach were
about 5 % higher in the mildly obese model, 23 % higher in
the moderately obese model and 35 % higher in the severely

Moderate
emaciation

Mild
emaciation

Normal

Mild
obesity

Moderate
obesity

Severe
obesity

34.34
2.46
1.20
11.75
5.10
3.14
27.21
0.90
0.69
0.18

34.30
2.47
1.20
11.76
5.10
3.15
27.22
0.90
0.69
0.18

34.32
2.46
1.20
11.75
5.11
3.15
27.21
0.90
0.69
0.18

34.32
2.46
1.20
11.75
5.10
3.15
27.21
0.90
0.69
0.18

34.31
2.46
1.20
11.75
5.10
3.15
27.21
0.90
0.69
0.18

34.35
2.46
1.19
11.75
5.10
3.15
27.20
0.90
0.69
0.18

34.35
2.46
1.19
11.75
5.10
3.15
27.21
0.90
0.69
0.18

17.41
5.52
0.29
0.56
0.06
–
160.66
271.47

17.83
5.52
0.29
0.56
0.06
–
195.68
306.90

18.61
5.52
0.29
0.56
0.06
–
231.41
343.42

19.00
5.52
0.29
0.56
0.06
–
248.42
360.80

20.41
5.52
0.29
0.56
0.06
27.54
288.39
429.73

21.68
5.52
0.29
0.56
0.06
41.94
343.11
500.13

23.50
5.52
0.29
0.56
0.06
47.60
432.52
597.03
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Fig. 3 Photon self-absorbed fractions for the liver (a) and the heart (b) in the various rat models used in this work. The results of Stabin et al. [11],
Peixoto et al. [17] and Xie et al. [7] are also shown

obese model in relation to the reference model. For the intestine and bladder, the photon SAFs were 4 %, 24 % and 35 %
and the electron SAFs were 31 %, 48 % and 63 % lower in the
mildly, moderately and severely obese models, respectively, in
relation to those in the normal model.

SAFs for cross-irradiation of the total body
In human dose calculations, cross-absorbed SAFs for organs
are commonly negligible [45] since the range of low-energy
electrons is smaller than the dimensions of most human organs

Fig. 4 Photon SAFs (a, c) and electron SAFs (b, d) for the stomach self-irradiation (a, b) and the stomach irradiating the kidneys (c, d)
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Fig. 5 Photon SAFs (a, c) and electron SAFs (b, d) for the intestine irradiating the stomach (a, b) and the intestine irradiating the bladder (c, d)

[47]. However, given that the body dimensions of rats are
much smaller, it is necessary to evaluate the cross-absorbed
SAFs in rat internal radiation dosimetry. Figure 6 shows
photon and electron SAFs for the total body, skeleton and
heart, with the total body being the source organ. Overall, for
the same photon or electron energy, the obese models have
higher SAF for the total body irradiating itself and other
organs. This indicates that the SAF of the total body is
positively correlated with the mass of the rat. Figure 7 shows
photon and electron SAF ratios of the various rat models
(from severely emaciated to severely obese) to the normal
rat model for the total body irradiating the skeleton. At an
emitting photon energy of 10 keV, the maximum percentage
differences in photon SAFs for the total body irradiating the
skeleton between the mildly, moderately and severely emaciated models and the normal model were 7 %, 25 % and 48 %,
respectively, while the differences between the mildly, moderately and severely obese models and the normal model
were −12 %, −27 %, and −41 %, respectively. When photon
energy increased, the absolute differences in photon SAFs
between the emaciated and obese models and the normal

model initially showed a rapid decrease followed by a slight
increase before reaching a plateau in the energy range 0.4–
2.0 MeV. For electron SAFs for the total body irradiating the
skeleton, the absolute differences between the emaciated
models and the normal model showed a slight decrease with
an increase in electron energy.
S-values for positron-emitters
Figure 8 shows S-value ratios for 11C, 124I, 18F and 86Y
positron-emitting radionuclides for different source–target organ pairs between the six rat models and the normal rat model.
Similar to the previous SAF results, the S-values for the total
body irradiating other organs decreased with increasing body
mass. From the severely emaciated model to the normal
model, the self-absorbed S-values were generally constant.
From the normal to the severely obese model, S-values for
the intestine irradiating the anterior abdominal organs increased but decreased for the posterior abdominal organs.
Figure 9 shows S-value ratios between the seven rat models
and the normal rat model for the total body irradiating the total

1754

Eur J Nucl Med Mol Imaging (2013) 40:1748–1759

Fig. 6 Photon SAFs (a, c, e) and electron SAFs (b, d, f) for the total body irradiating the total body (a, b), the total body irradiating the skeleton (c, d)
and the total body irradiating the heart (e, f)

body and skeleton for the eight positron-emitting radionuclides (11C, 13N, 15O, 18F, 64Cu, 68Ga, 86Y and 124I). For all
positron-emitting radionuclides, the S-values decreased with
increasing body mass. The rate of decrease in S-values was

higher from the severely emaciated model to the normal
model than from the normal model to the severely obese
model. The percentage differences in S-values per 10 g difference in total body mass (%/10 g) for 18F are presented in

Eur J Nucl Med Mol Imaging (2013) 40:1748–1759
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Fig. 7 Photon SAF ratios (a) and electron SAF ratios (b) for the total body irradiating the skeleton

Fig. 8 Ratios of S-values for different source–target organ pairs for 11C (a), 124I (b), 18F (c) and 86Y (d). The corresponding values from the normal
rat model are taken as the reference values
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Fig. 9 Ratios of S-values for the total body irradiating the total body and the skeleton for
corresponding values from the normal rat model are taken as the reference values

Table 2 between the severely emaciated model and the normal
model and in Table 3 between the severely obese model and
the normal model.

Discussion
Recent advances in the development of sophisticated deformable computational anatomical models of laboratory animals
have stimulated and further encouraged the use of Monte Carlo

11

C,

13

N,

15

O,

18

F,

64

Cu,

68

Ga,

86

Y and

124

I. The

techniques for radiation dosimetry calculations [3]. Current
developments are aimed at computational models that are
flexible while providing accurate modelling of various animal
species. To perform accurate animal-specific radiation dose
calculations, an animal-specific anatomical model to be used
with animal-specific biokinetic data is necessary. Individual
laboratory animals not only have significantly different tracer
uptake levels and retention half-lives of activity of the labelled
compound, but also have significantly different physical characteristics and radiosensitivities. To optimize the design of

Table 2 Percentage differences in S-values per 10 g difference (%/10 g) in total body mass for 18F between the severe emaciated model and the
normal model
Organ

Skeleton Heart

Lung

Liver

Stomach Kidney Intestine Spleen Bladder Testis Brain Thyroid Pancreas Total body

Skeleton
Heart
Lung
Liver
Stomach
Kidney
Intestine

−0.01
0.03
−0.03
0.02
−0.29
−0.18
−0.08

−0.05
−0.01
0.09
−0.05
−0.03
−0.44
0.08

−0.06
0.02
0.04
0.00
−0.07
−0.04
−0.21

−0.09
−0.05
−0.10
0.00
0.03
−0.06
−0.07

−0.09
0.02
−0.21
−0.03
−0.01
−0.16
−0.03

−0.19
0.02
0.06
−0.05
0.05
0.00
−0.01

−0.13
0.23
−0.13
−0.05
−0.11
0.14
−0.01

−0.05
0.16
0.14
−0.11
0.03
−0.16
−0.07

−0.19
−1.02
1.52
−0.20
−0.31
−0.27
0.00

0.06
−1.58
1.70
0.23
−0.06
−0.23
−0.39

−0.05
0.35
−0.14
−0.23
−0.35
−0.89
−0.31

−0.03
0.07
−0.13
−0.25
−0.26
−0.24
−0.35

−0.04
0.45
0.16
0.02
−0.05
−0.10
0.02

2.99
2.81
3.32
1.98
1.55
2.10
2.03

Spleen
0.01
Bladder
−0.02
Testis
0.86
Skin
2.23
Brain
−0.04
Thyroid
0.48
Pancreas
−0.03
Total body 3.09

0.06
−0.21
7.23
1.70
0.01
−0.20
−0.22
3.18

−0.11
−0.80
−0.95
2.06
−0.11
0.11
−0.08
3.09

−0.12 −0.06
−0.61 0.47
0.53 −0.86
1.60 1.77
−0.36 −0.22
−0.29 0.95
−0.22 0.17
3.15 3.09

0.12
−0.41
0.67
2.52
−0.45
−0.89
−0.07
2.94

−0.15
0.09
0.62
2.18
−0.23
1.51
−0.02
3.05

0.01
−1.20
0.27
2.42
−0.41
−0.05
−0.04
2.96

0.18
−0.01
0.42
3.11
−0.33
−2.22
−0.63
2.93

−0.36
−0.06
0.08
3.34
0.45
0.86
−0.35
2.82

−0.92 0.18
−0.04 −0.10
0.19 3.15
1.19 1.48
0.00 0.07
−0.15 −0.07
−0.88 0.33
3.36 3.29

−0.25
−0.37
−1.06
2.02
−0.59
−0.74
0.00
3.09

1.97
2.72
2.50
4.47
2.40
3.76
2.83
3.13
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Table 3 Percentage differences in S-values per 10 g difference (%/10 g) in total body mass for 18F between the severe obesity model and the normal model
Organ

Skeleton Heart

Lung

Liver

Stomach Kidney Intestine Spleen Bladder Testis Brain Thyroid Pancreas Total body

Skeleton
Heart
Lung
Liver
Stomach
Kidney
Intestine
Spleen
Bladder
Testis
Skin
Brain
Thyroid

0.00
0.07
−0.03
0.06
0.10
0.12
−0.08
0.18
−0.02
−0.09
−1.69
0.01
0.13

0.04 −0.01 0.06 0.08
0.00 0.04 0.04 0.06
0.05 0.03 0.02 −0.01
0.03 0.02 0.00 0.02
0.00 0.04 0.02 0.00
0.12 0.12 0.01 0.07
0.46 0.41 0.53 0.52
0.11 0.07 −0.01 0.00
0.28 0.40 0.20 0.25
1.84 −0.44 0.27 −0.38
−1.54 −1.41 −1.52 −1.54
0.14 0.14 0.37 0.20
0.22 0.04 0.34 0.34

0.10
0.15
−0.05
0.01
0.01
0.00
0.26
0.06
0.07
0.50
−1.30
0.35
0.41

−0.06
0.37
0.41
0.57
0.46
0.30
−0.01
1.88
−1.68
−0.73
−1.43
0.24
3.40

0.13
0.13
−0.03
0.04
0.01
0.06
1.72
0.00
0.00
0.70
−1.44
0.37
0.95

0.05
0.51
0.64
0.17
0.21
0.04
−1.62
0.17
0.00
0.18
−1.16
0.33
0.63

0.05 0.02 0.06
1.22 0.20 0.08
0.72 0.14 0.05
0.32 0.20 0.13
0.18 0.21 0.23
0.18 0.32 0.29
−0.99 0.68 0.82
0.14 0.46 0.23
0.15 0.73 0.73
−0.01 1.08 1.65
−1.71 −1.24 −1.52
0.54 0.00 0.08
1.32 0.04 0.00

0.08
0.12
0.11
0.04
0.00
0.04
0.25
0.02
0.09
0.03
−1.24
0.03
0.67

Pancreas
0.03
Total body −1.47

0.05 −0.10 0.03 0.00
−1.46 −1.45 −1.45 −1.45

0.02
−1.46

0.17
−1.46

0.03
−1.43

0.38
−1.51

0.42 0.34 0.22
−1.49 −1.48 −1.44

0.00
−1.48

experiments through accurate monitoring of radiation dose
delivered to animals, individual animal-related parameters
should be accounted for as much as possible.
The results obtained showed small variations in SAFs for
most source–target pairs between the emaciated, obese and
normal rat models. The SAFs from the intestine for the anterior abdominal organs (e.g. stomach, kidney, spleen) and
posterior abdominal organs (e.g. bladder, testis) in the obese
model were, respectively, higher and lower than those in the
normal model because the increased volume of the epididymal
fat pad and visceral adipose tissues increased the separation
between the intestinal folds and the posterior abdominal organs and reduced the distance from the folds to the anterior
abdominal organs. Because of the larger source–target separations, the SAFs for the total body irradiating other regions
decreased with increasing body mass, and more significant
changes were more apparent at low photon energies.
Changes in S-values with emaciation and obesity were also
evaluated for eight positron-emitting radionuclides relevant for
research involving PET molecular imaging. Except for the
intestine and the total body, there was little difference between
S-values for most source–target pairs in the emaciated, obese
and normal rat models. In the obese rat models, the variations in
S-values of the intestine irradiating other organs were similar to
those for the photon and electron SAFs. S-values for the total
body were inversely correlated with body weight. The differences in S-values between the normal and the severely emaciated models for the total body irradiating the skeleton varied
from 30 % to 50 % for the eight positron-emitting radionuclides. These results suggest that, in small-animal dosimetry,
body weight loss caused by the secondary effects of drugs and
other issues related to particular experiments will increase the

−1.13
−0.87
−1.07
−0.76
−0.95
−1.72
−1.84
−1.51
−2.66
−2.84
−1.43
−0.09
−0.71
−1.85
−1.54

absorbed radiation dose to internal organs. In addition, the
radiation-induced organ damage may aggravate the emaciation,
which would finally result in a vicious circle. The assessment
of internal radiation dose delivered to small animals in experimental research is important for evaluations of radiotoxicity
and therapeutic effect of molecular imaging probes and therapeutic agents. In this regard, quantification of variations in
organ S-values with changes in total body mass caused by
emaciation or obesity is an important issue. Considering 18F
as an example, the absolute difference in S-values for organ
self-irradiation was lower than 0.05 % per 10 g of difference in
body weight. For organs irradiating other organs, most differences in cross-absorbed S-values were lower than 1 % per 10 g
and would not be perceptible within the uncertainties associated with dose calculations. However, S-value changes for the
total body were more noticeable, ranging between 1.5 % and
4.5 % per 10 g in emaciated models, and between −1.6 % and
−0.7 % per 10 g in obese models. Overall, changes in SAFs
and S-values induced by emaciation or obesity for most organs may be neglected in small-animal internal dose estimates. However, since the cross-absorbed radiation dose plays
a more important role in small animals than in humans [5, 7],
emaciation-induced increase in S-values for the total body
irradiating other organs is an important issue to consider in
small-animal radiation dosimetry calculations.

Conclusion
This work focused on the evaluation of the impact of emaciation and obesity on small-animal internal radiation dosimetry. We constructed a realistic normal adult male rat model
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along with mildly, moderately and severely emaciated and
obese anatomical rat models based on the deformable ROBY
model and anatomical parameters reported in the literature.
The major organs have almost the same masses and are
located in the same positions. There were small differences
in photon and electron SAFs and radionuclide-specific Svalues for most organs between the emaciated and obese
models and the normal model. The variations in SAFs for
the intestine irradiating some organs were found to be higher
in the obese models as a result of the changes in the position of
target regions. The anterior abdominal organs would receive a
higher cross-absorbed dose from the intestine whereas the
posterior abdominal organs would receive a lower crossabsorbed dose because the increased volume of the epididymal fat pad and visceral adipose tissues increases the separation of the intestine and posterior abdominal organs and shifts
the intestinal folds in the cephalic direction. The SAFs and
radionuclide S-values for the total body irradiating other regions increased with decreasing body mass. Overall, the effect
of obesity on dose calculations for internal irradiation is
insignificant in most conditions while emaciation could increase the cross-absorbed dose of organs from surrounding
tissues, which might be an issue in small-animal internal
radiation dosimetry.
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