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Abstract:

In this paper, the characteristics of phantoms from their origin to the latest species are considered. With
the development of technique and technology, the characteristics of phantoms have also been improved,
whose importance in monitoring human health is extremely important.

The first species were adapted to certain nations and precisely constructed so that sizes such as the
height and mass of the phantoms were appropriate and represented the real inhabitants of those areas,
that is, the inhabitants of America and Japan.

Later, female, children's phantoms were formed, as well as phantoms of pregnant women in different
stages of pregnancy. The latest generations of phantoms, voxel, and mesh phantoms, represent realistic
presentations of the human body and are applied in dosimetry and radiation protection in different areas,
as well as in different irradiation conditions.

The International Commission on Radiation Protection - ICRP continuously studies data on radiation
doses and effects and issues appropriate protection recommendations and promotes phantoms that
represent the human body and organs of great importance for the occurrence of cancer.
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1. Introduction

Phantoms are physical or virtual representations of the human body that are used to determine
various physical quantities in radiation protection and dosimetry for organs and tissues, mostly the
absorbed dose, to protect against ionizing radiation. Although it is not possible to make such a physical
phantom or a mathematical model of a phantom that would accurately simulate the human body, it is
possible to make phantoms or models that are used as approximate surrogates. The simplest phantoms
are constructed from tissue material equivalent to tissue material with cavities in the organs to set up
dosimeters for measurements (in situ). Such phantoms have a density corresponding to the lungs,
muscles, or bone structure [1]. Recommendations for the design of human body models and phantoms
used in radiation protection are given in ICRP89 [2]. These reports provide an overview of human
anatomical, physiological, and metabolic characteristics, and suggest “typical” or reference values for
phantoms. Each of the models includes a description of the model, a diagram or photograph, external
dimensions, densities of the tissues considered, applications and references.
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The aim of this paper is to present the development of phantoms in radiation physics and dosimetry.
2. The development of phantoms
2.1. First phantoms

In radiation protection, one of the first is the physical model of the Alderson-Rando phantom [3].
This phantom has the shape of a human body with a skeleton that is inserted into a material equivalent
to tissue.

2.1.1 Mird phantom

Snyder et al. [4] introduced a mathematical phantom, in which the size and shape of bodies and
organs are described by mathematical equations. This phantom was further developed in accordance
with the recommendations in the ICRP and is known as MIRD5 (MIRD - Medical Internal Radiation
Dose). It was initially intended to calculate the absorbed dose from internal irradiation and was later
modified and applied to calculate the absorbed dose from external irradiation.

The original MIRD phantom is hermaphroditic and includes gonads of both sexes and breasts for
the female and was the basis for the development of future phantoms.

Fig. 1. MIRD phantoms.

The first pediatric models were developed in the Oak Ridge National Laboratory by proportional
downsizing of the "adult phantom" model [5].

...... 15-vEAR ADULT

Fig. 2. Oak Ridge phantom family.
Later modifications were improved and considered knowledge of pediatric anatomy and growth. In
the latest pediatric models, the organs are quite like the real ones.

2.2 The ORNL phantom

The ORNL series includes phantoms for newborns, individuals aged 1, 5, 10, 15 and phantoms of
adult males [6]. The 15-year-old phantom represents both genders, male and female. Each phantom
consists of three large sections: (1) the elliptical cylinder represents the torso and arms; (2) two fringed
cones represent the legs and feet; and (3) a circular cylinder, together with an elliptical cylinder and half
of the ellipsoid representing the neck and head. The female phantom is accompanied by breasts, which
are represented by two ellipsoids.
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Fig. 3. ORNL phantoms [7].

Three types of tissue were determined: soft tissue, lungs and the whole skeleton, densities (kg m™):
1040, 296 and 1400, respectively. The physical dimensions of the ORNL phantom are shown in Table
1.

Table 1. Physical dimensions of the ORNL series of mathematical phantoms

Phantom Mass (kg ) Height (cm) Arms and core (cm) Transverse
diameter (cm)
Newborn 3.60 51.5 12.7 9.8
ly 9.72 75.0 17.6 13
Sy 19.8 109.0 22.9 15
10y 332 139 27.8 16.8
15y 56.8 164 34.5 19.6
A grown man 73.7 179 40.0 20.0

2.4 Voxel and Mesh phantoms

Voxel and mesh are the latest generation of phantoms. Voxel phantoms are used in many different
simulations such as X-ray dose estimates, from internal irradiation, determination of conversion factors
in microdosimetry, as well as when using other irradiation sources.

Many shortcomings have been overcome by the introduction of so-called mesh phantoms. These are
adult MRCPs (Mesh-type Reference Computational Phantoms) of male and female phantoms that are
constructed starting from a voxel reference phantom [8] taking into account the micrometer dimensions
of tissues and the high risk of these tissues for cancer.

Fig. 4. Voxel (left) and mesh (right).
Figure 5 shows voxel and mesh phantoms. Organs that can be identified by different surface colors are

chest, bones, colon, eyes, lungs, liver, pancreas, small intestine, stomach, teeth, thyroid, bladder. Muscle
and adipose tissue are shown as transparent [9].
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3. Conclusions

In this paper, the characteristics of phantoms from their origin to the latest species are considered.
As shown with the development of technique and technology, the characteristics of phantoms, whose
importance in monitoring human health is extremely important, have also been improved.

The first species were adapted to certain nations and precisely constructed so that sizes such as the
height and mass of the phantoms were appropriate and represented the really real inhabitants of those
areas, that is, the inhabitants of America and Japan. Later, female, children's phantoms were formed, as
well as phantoms of pregnant women in different stages of pregnancy.

The latest generations of phantoms, voxel, and mesh phantoms, represent realistic presentations of
the human body and are applied in dosimetry and radiation protection in different areas, as well as in
different irradiation conditions.
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