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ABSTRACT Animal models has been used in experimentation with ionizing radiation. The evaluation of the energy
absorbed per unit tissue mass in vivo transported by nuclear particles is task to be performed before experimentation.
Estocastic or deterministic methodology can be applied, however the dosimetric protocols applied in radiotherapy center
can not be applied directly due to the inherent small geometry and chemical composition distinct from human. The
present article addresses a method that predict the dose distribution into the rabbit thorax based on the solution of the
transport phenomena in a voxel model. Herein, the construction of the three-dimensional voxel model anthropomorphic -
anthropometric to the rabbit is presented. The model is assembling from a set of computer tomography of the rabbit. The
computational phantom of the thorax starts at the digitalization of the CT images, tissue definition, and color image
representation of each tissue and organ. The chemical composition and mass density of each tissue is evaluated as
similar date presented by ICRU. To treat the images, a code namely SISCODES, developed in house, was used. The
perspective for the model isto be used in dosimetric studies on radiotherapy in vivo experiments.
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1. Introduction

lonizing radiation technology are very much applied in the medica field to the diagnostic of many disesses, as
well as for treating innumerous diseases, in particular the cancer. Therefore this technology has a relevant socia matter.
In order to improve the knowledge in nuclear trangport particle in biologica tissues, as wel as radioprotection,
dosimetry and radiaion oncology protocols, experimental dosimetry of the radiation on in vivo models should be done
Such experiments has the proposd of invedtigete new or dterndive ways of irradiaing the human being, testing the
parameters involved on the technique, such as absorbed dose (Energy per unit mass), dose rate, fractionation, hyper
fractionation, radioprotection and radioresstence effects, etc. However, to study dosmetry on a vivo animd, there are
the needs to predict dose in advance. However, there is not a suitable technique to predict dose in animds, and the
water phantom agpplied to cdibrate equipments in hospita, does not match the deicate geometry of the smal animd,
such as rabbit. Such facts judtify the proposa of assembling a three-dimensond voxd modd with anatomic and
anthropomorphic representation of the tissues and organs of the rabbit.

2. Materialsand M ethods

The voxe phantom represent a computationa model based on the anatomy of the thorax of the rabbit. The
process of generating the model starts from a tomography of the thorax of the rabbit, in which each tomographic section
was digitdized, identified, scding and concatenated until producing a 3D gray level modd. Later, the tissue in each
voxd was identified ore by one receving an identification color. The mass density and chemicd compostion of each
tissue was evauated based on the ICRU-44 and ICRU-63 (ICRU, 1992). A computationad program supports the
procedure of image color processing. It has a architectue of client/server operating Internet protocols, developed on the
reserch group NRI-NGcleo de RadiagBes lonizantes of the nuclear engineering department of the UFMG, namey
SISCODES - Sigema Computecional para Cdculo Dosmétrico utilizando Cddigo Estocastico (Trindade, 2004). This
computational software provides the tools of developing voxel mode for dosimetric proposals.

Herein, its evauates the sum of the kinetics energy of each nuclear charged particle, consdered as secondary
particle, released &er interaction of neutron particle (photon or neutron) with the tissue or organ, per unity of tissue
mass, defined as KERMA, considering the atomic composition of each tissue in studies. (Faw, 1999) The calculus is
present in plotss KERMA (cGy) per unit of fluency (panicle’cmz) versus the monoenergetic photon or neutron incident.
To check the procedure of KERMA evaluation, the comparison with the KERMA provided by NIST is performed.



KERMA Coefficient per energy - Comparing NIST x Authors evaluation

1,00E-08

1,00E-09

1,00E-10

1 K NIST
K Thesig

1,00E-11

KERMA Coef. (Gy.cm2)

1,00E-12

1,00E-13
1,00E-03

1,00E-02

1,00E-01

Energy (MeV)

1,00E+00

1,00E+01

1,00E+02

Figure 1— Plot of the KERMA evaluated by the authors and the KERMA eva uated by NIST

3. Results

Figure 1 presents the comparison results of the KERMA caculation and NIST results. Figure 2 presents the

vaues of neutrons KERMA for the rabbit's tissues depicted in Tab.1. Figure 3 presents the KERMA of photons for the
sane tissues and organs. The results and its analysis are redtricting to the rabbit tissues. The imprecison of the
evduation is a combingion of various experimenta vaables. It is related to the imprecison of the eementary
composition of the in vivo tissues, the dendty of the rabbit's tissue, the accuracy of the nuclear microscopic cross
sections with photons and neutrons of various energies, and aso the inaccuracy of the calculations.

The computational matrix of voxels was introduced in the MCNP5 nuclear code and its respective materids
(organs and tissues) and its properties. Fig.4 illustrates the sections of the model generated by the graphic interface of
the SISCODES software. Figure 4 presents Sx images of a computer tomography showing the transversal sections of
the rabbit, and to the side, the same ones in matrix of voxels of tissue, in which each color represents one digtinct tissue.
As example, kin is identified by light rose, adipose tissue in light yelow, muscle in orange, skeleton-cartiage in light
blue, skeleton-bone in green, dark blue is the lung, red the liver and blue the spind marrow. The region in lighter blue,
between each side of the lung, corresponds to the mediastinal mass.

Table 1 —Tissue and organs used on the 3D rabbit modd

Tissue Elemental composition (per centage by mass)
H C N @) Na S Cl P Ca Mg

Adipose tissue (adult) 114 598 07 278 0.1 0.1 0.1 - - - -
External air - - 755 232 - - - - - - -
Heart (adult healthy) 104 139 29 718 01 0.2 0.2 0.3 0.2 - -
Liver (adult healthy) 102 139 30 716 02 0.3 0.2 0.3 0.3 - -
Lung (adult healthy) 103 105 31 749 0.2 0.3 0.3 0.2 0.2 - -
Mediastinal space 104 139 29 718 01 0.2 0.2 0.3 0.2 - -
Muscle (adult) 102 143 34 710 01 0.3 0.1 0.4 0.2 - -
Spinal marrow (adult) 107 146 22 712 02 0.2 0.3 0.3 0.4 - -
Skeleton-cartilage (adult) 96 99 22 744 05 0.9 0.3 - 2.2 - -
Skeleton-bone (adult) 34 155 42 435 01 0.3 - - 103 225 02
Skin (adult) 100 204 42 645 0.2 0.2 0.3 0.1 0.1 - -
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Figure 2— Conversion Coefficients of KERMA (cGy) per unit of fluency (partide/cmz) versus energy of the neutron

incident.

KERMA Coefficient per photons - on different tissues
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Figure 3— Conversion Coefficients of KERM A (cGy) per unit of fluency (particl e/cmz) versus energy of the photons

incident.



Fgure 4 — Image view of dx didinct sections of the tomographic image
(Ieft); and its respective image obtained at the 3D color voxel mode (right).
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5. Conclusion

The mode has been prepared with a set of tissues and organs defined in Tab.l. The chemicd composition of
each tisue was assumed be equivdet to human body. This assumption has not been tested or verified. The voxd
dimenson was 1x1x3 mm Sze, which presents an adequate specid resolution. The mathematicd modd was developed
with 23 sections. It will be used in the dosmetric dudies dlowing evauation of absorbed dose in radiotherapy,
cdibration of instruments and linear accelerators, and optimization of image qudity. It will be used in study of internd
dosmetry, implant of new radioactive seded sources, as well as smulations in radiothergpy planning in bi and three
dimensiona protocols, optimizing radiation therapy.
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