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The accurate dosimetry for murine is necessary since they are widely used in preclinical evaluations of new 
radiopharmaceuticals. Some parameters such as density of organs may affect accuracy of absorbed dose of each organ 
and whole body. In this study, photon and electron absorbed fractions (AFs) and S values in whole body and major 
organs have been evaluated in homogeneous and heterogeneous mouse phantoms as the source was uniformly distributed 
in whole body.  The heterogeneous phantom was the same as homogeneous but with different densities for lungs and 
skeleton. From the results it was found that differences between AFs (or S values) in two phantoms were appreciable for 
lungs and skeleton however they were insignificant for whole body. The results show that dose of each organ should be 
evaluated separately since whole body dose cannot reflect dose of individual organs. 

INTRODUCTION 

Preclinical evaluations of new radiopharmaceuticals 
are performed in murine before testing is started in 
humans. These studies are very important from the 
view point of understanding dose responses in these 
animals since the results can be translated for humans. 
Accurate dose estimates for these animals are essential 
and indispensible. In particular, mice are widely used 
in the preclinical examinations. Various studies have 
been performed on mouse organ dosimetry (1-9). The 
absorbed doses of the organs were calculated by the 
point-kernel (1,2) and the Monte Carlo method (3-9). 
Organ doses can be estimated by applying the Medical 
Internal Radiation Dose (MIRD) formulism, which 
uses S values (Gy/Bq.s), mean absorbed dose to a 
target organ per unit cumulated activity in the source 
organ. 

Mouse dosimetry has been done using several 
mathematical mouse phantoms such as stylized mouse 
(1-3) and voxel mouse phantoms (4-9). The voxel 
phantoms were used to improve the accuracy of 
dosimetry since they have a more realistic anatomy and 
were developed from computed tomography (CT) and 
magnetic resonance imaging (MRI) data. Several sets 
of absorbed fractions (AFs) or S values were tabulated 
for different target-source combinations of organ for 
various mouse voxel phantoms and different material 
compositions and densities have been considered for 
organs of mice in the studies (2, 4, 5, 7, 8). 

The majority of radiopharmaceuticals are distributed 
in whole body right after injection and it might be 
worth to evaluate absorbed dose for the situation.   
Also density of organs might be affect absorbed dose 
of the organs. For the reasons, the present work focuses 
on the evaluation of AFs and S values in organs of 
homogeneous and heterogeneous mouse voxel 

phantoms assuming a uniform distribution of 
radioactivity in whole body in order to investigate the 
impact of density on absorbed dose in each organ and 
whole body. 

MATERIALS AND METHODS 

Digimouse voxel phantom 
The general geometry setting for "Digimouse" (9) 
phantom was used. The Digimouse phantom was 
generated using co-registered micro-CT and color 
cryosection images of a normal nude male mouse. This 
phantom was developed at the University of Southern 
California. A matrix of 95×248×52 elements, with a 
voxel size of 0.4 mm was constructed from original 
Digimouse with voxel size of 0.1 mm. The organs 
segmented from these data are: whole brain, external 
cerebrum, cerebellum, olfactory bulbs, striatum, 
medulla, masseter muscles, eyes, lachrymal glands, 
heart, lungs, liver, stomach, spleen, pancreas, adrenal 
glands, kidneys, testes, bladder, skeleton and skin. 

Absorbed fractions and S values 

The Digimouse phantom was converted to an input 
file for the Monte Carlo simulation code, which is a 
fortran90 Monte Carlo radiation transport code that 
transports nearly all particles at nearly all energies. The 
material composition and density of the simulated 
organs were assumed the same as human tissues and 
they were taken from the report 44 of ICRU (the 
International Commission on Radiation Unit and 
Measurement) (10). Three different tissues were 
considered for the heterogeneous mouse including 
skeleton (1.40 g/cm3), soft tissue (1.04 g/cm3) and 
lungs (0.296 g/cm3) although only soft tissue was 
considered for homogeneous mouse. The mass of each 
organ was calculated from the number of voxels of the 
organ and the organ density. Table 1 shows the mass 
of simulated organs of heterogeneous Digimouse 
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phantom. The mass of lungs and skeleton in 
homogeneous phantom were 4.36×10-4 and 1.19×10-3 
kg. 

 
Table 1. Mass of organs (kg) in heterogeneous Digimouse 
phantom.  

Organ Mass (Kg) Organ Mass (Kg) 

Skeleton 1.60×10-3 Skin 1.74×10-2 

Medulla 4.78×10-5 Eyes 5.32×10-6 

Striatum 2.69×10-5 Heart 2.33×10-4 

Olfactory 1.96×10-5 Bladder 1.97×10-4 

External 1.44×10-4 Testes 1.50×10-4 

Rest of the brain 1.61×10-4 Stomach 2.34×10-4 

Masseter muscles 1.10×10-4 Spleen 1.44×10-4 

Lachrymal glands 3.05×10-5 Pancreas 4.77×10-5 

Adrenal glands 5.72×10-6 Liver 2.08×10-3 

Lungs 1.24×10-4 Kidneys 5.15×10-4 

Adrenal glands 5.72×10-6 Bladder 1.97×10-4 

Whole body 2.33×10-2 Testes 1.50×10-4 

 
The source was considered to be distributed 

uniformly in whole body with isotropic direction 
emission. Mono-energetic photon or electron particles 
were simulated for all organs. Photon and electron 
energies were 0.01, 0.015, 0.02, 0.03, 0.05, 0.1, 0.2, 
0.5, 1, 1.5, 2 and 4 MeV. 

The energy deposited in the organs were calculated 
by the code. The absorbed fractions were obtained by 
division of the energy deposited per initial energy of 
the particle. 

The photon and electron cut-offs energy were set to 
default (1 keV) and the simulations were done for 
sufficient particle histories (nps=2.4×106) to reduce the 
coefficients of variation in the data to be less than 10%.  

S values in all organs and whole body of two 
Digimouse phantoms were calculated directly by the 
code. 18F and 90Y were considered as interested 
nuclides for the internal dosimetry. The photon, 
electron and β-spectrum emitted for 18F and 90Y were 
extracted from decay data (11) and the S values were 
evaluated for all emissions.  

RESULTS AND DISCUSSION 

Absorbed fractions 

Absorbed fractions for mono-energetic photons and 
electrons were calculated in all organs and whole body 
of two phantoms as the source organ was the whole 
body. AFs for photons and electrons in skeleton, lungs, 
heart and whole body of heterogeneous and 
homogeneous Digimouse phantoms are shown in 
Figures 1 through 3. 

AFs for photons and electrons in skeleton and lungs 
of two phantoms strongly depend on density and 
differences between AFs in these organs of two 
phantoms are appreciable (Figures 1 and 2). However 

differences between AFs in whole body of two 
phantoms for electron or photon are insignificant 
(Figure 3). 
 

 

 

 

 

 

 

Figure 1. Photon AFs in skeleton, lungs and heart of 
heterogeneous and homogeneous Digimouse phantoms.  

 

 

 

 

 

 

 

Figure 2. Electron AFs in skeleton, lungs and heart of 
heterogeneous and homogeneous Digimouse phantoms.  

Figure 3. Electron and Photon AFs in whole body of 
heterogeneous and homogeneous Digimouse phantoms. 

Density of skeleton and lungs affect on AFs in other 
organs such as heart although the differences are not as 
high as in skeleton and lungs (Figures 1 and 2). 
Differences between AFs in organs of homogeneous 
and heterogeneous phantom depend on particle energy 
and the pathology of the organ to skeleton and lungs. 
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S values 

S values in all organs were evaluated in two 
Digimouse phantoms for two nuclides, which are 
important as radiopharmaceuticals. S values 
(µGy/MBq.s) in major abdominal organs of two 
Digimouse phantoms are given in tables 2 and 3 for 18F 
and 90Y, respectively. 
 
Table 2. S values (µGy/MBq.s) for 18F in major organs of 
heterogeneous and homogeneous Digimouse. 

organ Homogeneous Heterogeneous Diff. % 

Skin 1.82 1.82 0.17 

Skeleton 1.86 1.57 15.24 

Heart 1.95 2.06 -6.05 

Stomach 1.94 1.94 0.02 

Spleen 1.94 1.94 0.07 

Pancreas 2.01 2.01 0.01 

Liver 1.95 1.97 -0.91 

Kidneys 1.94 1.94 0.00 

Lungs 1.94 4.31 -122.81 

Whole body 1.85 1.85 -0.01 

 
Table 3. S values (µGy/MBq.s) for 90Y in major organs of 
heterogeneous and homogeneous Digimouse. 

organ Homogeneous Heterogeneous Diff. % 

Skin 5.11 5.11 0.05 

Skeleton 5.35 4.87 8.89 

Heart 6.16 6.84 -11.04 

Stomach 6.15 6.15 0.00 

Spleen 5.67 5.67 0.01 

Pancreas 6.01 6.01 -0.03 

Liver 6.03 6.16 -2.07 

Kidneys 6.04 6.03 0.20 

Lungs 6.20 8.90 -43.58 

Whole body 5.30 5.28 0.31 

 
The differences between S values in two phantoms 

decrease with increasing mean energy of β-spectra in 
skeleton and lungs and increase with the energy in 
heart. The percentage of difference between S values in 
heart of two phantoms for 18F and 90Y are comparable 
with those in skeleton, however the differences are 
negligible for other organs. From the results it can be 
concluded that S values in each organ should be 
evaluated separately in spite of source distribution in 
whole body because S values in whole body just 
defined the mean S values which does not reflect S 
value in individual organs.    

CONCLUSIONS 

The influence of density on AFs and S values were 
evaluated in homogeneous and heterogeneous mouse 
voxel phantoms assuming a uniform source in whole 
body. Changing density of skeleton and lungs affected 

AFs and S values in those organs appreciably however 
changes of AFs and S values in whole body were 
negligible. The effect of lungs and skeleton densities 
also was significant for S values in heart. The results 
proved that it is necessary to consider exact density of 
each organ and dose of each organ should be evaluated 
separately since whole body dose is not appropriate and 
useful for accurate internal dosimetry.  
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