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ABSTRACT 

 
For photons and electrons, the effective dose by gender is a weighted sum of the absorbed doses in 

radiosensitive organs and tissue of the human body. Effective dose is estimated using Exposure Computational 

Models (ECM) of both genders for the same age group. The FSTA and MSTA ECMs were developed by 

researchers from DEN/UFPE and consist of voxel phantoms representing adults coupled to EGSnrc Monte 

Carlo Code, which, in the folder designed for users of EGS, codes were added to simulate some radioactive 

sources. The reports 60 and 103 of the ICRP provide the factors that weigh the radiosensitivity of organs and 

tissues (wT) required to estimate the effective dose. The two lists were placed in the FSTA and MSTA to 

simulate radiodiagnostic examination in different regions of the body (cranium, abdomen and thorax). The 

dosimetric data produced allowed an analysis of the effect of the change in the wT from the report 60 to the 103. 

The highest mean percent relative error, 64.3%, occurred in the results for the cranium due to the increase of the 

wT for most of the organs and tissues in the head and trunk in the updated list. In this case, it can be concluded 

that the values of the effective dose with the wT of the ICRP 60 were underestimated. Other types of simulators 

of radioactive sources can be used in investigating this problem and other variables related to the phantom can 

be considered for that proposes a wT’s list specific for the Brazilian population or recommend unrestricted use 

the ICRP data. 
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1. INTRODUTION 

 

According Wrixon [11], the ICRP (International Commission on Radiological Protection) 60 

[1] has been revised to reduce the complexity arising from the way evolved radiological 

protection and to cover, holistically, exposures of all radiation sources. In 2007, the report 

103 of the ICRP [3] was published with a significant upgrade of wT used in estimating the 

effective dose. To estimate it is necessary to get the distribution of the absorbed dose by 

radiosensitive organs and tissues of people exposed to ionizing radiation, through Monte 

Carlo (MC) simulations using ECMs of both genders for the same age group. The FSTA 
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(Female standing) and MSTA (Male standing) ECMs have been developed by researchers 

from DEN/UFPE and consist of voxel phantoms representing adults coupled to EGSnrc MC 

Code [4], where, in block users, codes have been added to simulate some radioactive sources 

[6]. Currently, these ECMs are available in the page http://www.caldose.org/ and in them the 

wT’s list provided by the ICRP 103 in estimating the effective dose by gender was placed. 

 

In this work, the two ECMs available have been renamed to FSTA_103 and MSTA_103, and 

were run to simulate the radiodiagnostic examination to cranium, thorax and abdomen, using 

additional data obtained in the project of development and publication of CALDose_X 

software [5] by DEN/UFPE. Then, a similar computational organization was performed with 

the wT’s list of the ICRP 60. The new ECMs, FSTA_060 and MSTA_060, also were run 

under the same conditions reported previously. 

 

To organize and analyze the results produced by the four ECMs in numerical and graphical 

form, the methodology already developed by the Grupo de Pesquisa em Dosimetria 

Numérica (GDN) (Recife/Brazil) was used. In MonteCarlo software [9, 10], the output data 

from the simulations were organized into a text file, which was compressed and added to 

class library called ArquivosDeDados, specially developed for storing these types of file and 

make them available in a Dynamic Link Library (DLL) to be read in the various programs of 

the GDN. 

 

The statistical function Mean Percent Relative Error (MPRE) was used to compare the results 

of the effective doses obtained with the wT of the two reports. As the wT of the radiosensitive 

tissues and organs located in the head and in the torso on average are higher in ICRP 103, the 

value of the MPRE for the examination of cranium was higher than the MPRE of the thorax 

and abdomen. In this case, it can be concluded that the effective dose values with the wT of 

the ICRP 60 were underestimated. Other types of simulators of radioactive sources can be 

used in the investigation of this problem and other variables related to the phantom can be 

considered for that proposes a wT’s list specific for the Brazilian population or recommend 

unrestricted use the ICRP data. 

 

 

2. MATERIALS AND METHODS 

 

2.1. Materials 

 

The materials used for development of this work were, essentially, software and hardware. 

The computers are located in the Laboratório de Dosimetria Numérica of the IFPE Campus 

Recife, and have as main configuration items an Intel Core i7 X990 @ 3.47 GHz processor, 

installed memory (RAM) 24 GB and 64-bit Windows 7 Ultimate operating system. The main 

software and embedded technologies used were the Microsoft Visual Studio Ultimate 2013, 

the Microsoft Office 2010 (Word and Excel), the EGSnrc MC Code and the programs of the 

GDN MonteCarlo and DIP [8], both with user interface in Portuguese. Additionally, the two 

ECMs of adults of the DEN/UFPE were downloaded from page http://www.caldose.org/. 

 

 

  



2.2. Methods 

 

Analysis of the effects of the change in the wT’s list of the ICRP in estimating the effective 

dose in radiodiagnostic examinations began with the tabulation of wT’s values, the definition 

of the relevant examinations and the univocal composition of the names of the output files of 

the simulations. In the following step the choice of X-ray spectra, of the source-detector 

distance, of the projection of the beam, and of the fields default was made based on 

CALDose_X’s methodology. So to automate executions for each ECM, three input files were 

prepared (one for each examination) and created a batch file [7] with their command lines. 

For the FSTA_060 and the MSTA_060 the user code of the EGSnrc was edited, modifying 

the wT’s values and of the identifier numbers (ids) of the organs and tissues in internal vector 

variables. Finally, the ECMs were executed and the data were saved in a text file, which was 

compressed and added with the name ArquivosDados_DE_WT (DE = Dosimetria Externa) to 

ArquivosDeDados class library. The post-execution steps already were implemented in 

MonteCarlo software; the graphical and numerical data analysis was implemented, 

exclusively, for this work. 

 

The steps summarized above are presented in sections. 

 

2.2.1. Weighting Factors of Radiosensitive Organs and Tissues  

 

In the review of the published recommendations on the ICRP 103 report [3] the latest 

biological and physical information were considered and the essential guidelines of ICRP 60 

[1] were maintained. The wT’s values for both reports are shown in Table 1. It is noticed that 

the wT for breasts and the set of organs and tissues referred to as REST were increased by 

0.07. On the other hand, the wT for the gonads were reduced of 0.12. In the table 2 is shown 

the REST considered in both reports. 

 

Table 1: wT’s Values provided by the ICRPs 60 and 103. 

 

ORGAN ICRP 60 ICRP 103 

Gonads 0.20 0.08 

Red bone marrow 0.12 0.12 

Lungs 0.12 0.12 

Breasts 0.05 0.12 

Thyroid 0.05 0.04 

Bone surface 0.01 0.01 

Colon 0.12 0.12 

Stomach 0.12 0.12 

Bladder 0.05 0.04 

Liver 0.05 0.04 

Oesophagus 0.05 0.04 

Skin 0.01 0.01 

REST 0.05 0.12 

Salivary glands ... 0.01 

Brain ... 0.01 
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Table 2: Group of organs and tissues referred to as REST in ICRPs 60 and 103. 

 

ICRP 60 ICRP 103 

Adrenals Adrenals 

Brain ... 

Trachea ... 

Small intestine Small intestine 

Kidneys Kidneys 

Muscle Muscle 

Pancreas Pancreas 

Spleen Spleen 

Thymus Thymus 

Uterus/Cervix/Prostate Uterus/Cervix/Prostate 

... Oral mucosa  

... Extrathoracic (ET) region 

... Heart 

... Lymphatic nodes 

... Gall bladder 

 

Fig. 1 shows the frontal projections of FASH (Female Adult meSH) and MASH (Male Adult 

meSH) phantoms [6]. The images were produced in DIP software and are organized as 

follows: in (a) organs and tissues whose wT decreased from ICRP 60 to 103 are highlighted; 

in (b), which have not changed in wT; and (c) the organs and tissues whose wT increased. 

 

 
    (a)                                      (b)                                        (c) 

 

Figure 1: Frontal projections of MASH and FASH phantoms showing radiosensitive 

tissues and organs whose wT (a) decreased, (b) have not changed and (c) increased the 

ICRP 60 for 103. 

 



2.2.2. Organization of Exposure Computational Models for Simulations 

 

The organization of each ECM consisted of performing the following steps: 

 

 Choosing three important examinations in medical practice whose positions of the field 

varies with the height of the phantom. The examinations of cranium, thorax and abdomen 

were chosen. Their relative positions in the phantoms are illustrated in Fig. 2; 

 Choosing projections Anterior-Posterior (AP) or Posterior-Anterior (PA) according to the 

examination; 

 Choosing the X-ray spectra based on the three examinations selected and according to the 

CALDose_X's additional data; 

 Setting the source-detector distance in 110 cm, cut-off energy to photons in 2 keV and 20 

keV to electrons; 

 Choosing fields according to CALDose_X (see the illustration in Fig. 2); 

 Naming the output files based on CALDose_X’s methodology, where the phantom, the 

examination, the projection, the X-ray spectrum and the ICRP are labeled by an id. For 

example, the output file named 117106_103, according to Table 3, indicates that the 

simulation was with FASH phantom, the examination was abdominal, AP projection, X-

X-ray spectrum 06, and data from ICRP 103; 

 Organization of input data into text files read in the user code of ECMs and creating batch 

files with instructions for execution sequenced by the Windows command prompt 

(CMD.EXE) of ECMs associated with these input files. 

 

 
    (a)                                      (b)                                        (c) 

 

Figure 2: Projections in the coronal plane of MASH and FASH phantoms showing the 

position of the field in examinations of (a) cranium, (b) thorax and (c) abdomen. 
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Table 3: Digit identifiers that compose the names of the output files. 

 
1st Digit Phantom 1 Female standing 

  2 Female supine 

  3 Male standing 

  4 Male supine 

2nd and 3rd Digits Organ 05 Cranium 

  15 Thorax 

  17 Abdomen 

4th Digit Projection 1 AP 

  2 PA 

5th and 6th Digits No. Spectrum 01 

… 

… 

… 

  44 … 

7th, 8th and 9th Digits ICRP 060 … 

  103 … 

 

2.2.3. Execution of Exposure Computational Models and Organization of Dosimetric 

Data 

 

The four ECMs, FSTA_060, FSTA_103, MSTA_060, and MSTA_103, are composed of 15 

files as the example shown in Table 4, plus the file containing the data of cross sections for 

photons and electrons as a function of energy for all the constituent materials of the human 

body represented by the phantom. The latter file must be placed in the folder pegs4/date of 

EGSnrc system. 

 

Table 4: Files that comprise the FSTA_060. 

 
NOME DESCRIPTION 

expo_060_ABD.egsinp 

expo_060_CRA.egsinp 

expo_060_THO.egsinp 

Files with additional information about the FASH phantom, the 

examinations, the projections, the X-ray spectra, the output file names, etc .. 

FSTA_Input.bat Batch file containing the command line for execution by CMD.exe, in 

sequence, of the three files presented above. 

micro10x.data 

micro12x.data 

micro15x.data 

micro20x.data 

micro55x.data 

Files containing the micro-CT image stacks of the five regions trabecular 

bone needed in simulation of the radiation transport through the bones of 

phantoms. 

FASH3_sta.data Data file containing the phantom’s geometry. 

FASH3_sta_List.data File containing id and name of 27 organs and tissues which can be used as a 

radioactive source in internal dosimetry simulations. 

FSTA_060.mortran File containing the user code in MORTRAN. 

FSTA_060.make 

Makefile 

Files for internal use by EGSnrc in compiling the ECM, generating a source 

file in FORTRAN and the executable file. 

 

The compilations were made via EGSnrc’s user interface and the executions via the 

CMD.exe, with calls to the batch file of each ECM. 

The 296 output files (74 per ECM, ECM each producing 15 files for cranium, 39 for thorax 

and 20 for abdomen) were added in ArquivoDados_DE_WT.txt file. Fig. 3 shows the path 



used in the MonteCarlo for obtaining this text file. Also shown in figure the path from which 

compressed text files are obtained. It was used to obtain the ArquivoDados_DE_WT.zip file. 

Using tools already implemented by the GDN, a list of strings was defined in CData class of 

the ArquivosDeDados class library, using the line of code C#, 

 
public static List<string> listStrArquivoDados_DE_WT = ZipHelper.UnzipList(Properties.Resources.ArquivoDados_DE_WT); 

 

 
 

Figure 3: Partial view of the software's main window MonteCarlo displaying the 

Arquivos menu. 

 

The data stored in the file ArquivoDados_DE_WT.txt are available for any C# program that 

references the ArquivosDeDados.dll file. 

 

Fig. 4 shows the path to the interface implemented in MonteCarlo software for organizing 

and analyzing the results of this work. In the class constructor, developed for this purpose, a 

list of strings was read by using the code line, 

 
this.listStrArquivoDeDados = CDados.listStrArquivoDados_DE_WT; 

 

 
 

Figure 4: Access path to simulated dosimetric data for this work. 

 

Thus, when selecting the path shown in Fig. 4, the user of the MonteCarlo software has 

access to dosimetric data resulting from simulations with the four ECMs presented. These 

data are available, graphically and numerically, as conversion coefficients between the 

effective dose and INAK (E/INAK), varying as a function of potential in the X-ray tube, when 

the user selects a radiodiagnostic examination and a filter thickness available. INAK 

(INcident Air Kerma) is a normalization of magnitude typically used for external dosimetry 

[2]. 
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3. RESULTS AND DISCUSSION 

 

After the execution of the four ECMs and the implementation of all the programming 

required to organize and view dosimetric data on the MonteCarlo software, it was possible to 

analyze the effect of change in wT of the ICRP 60 for 103 in estimating the effective dose. 

 

Fig. 5 shows the software’s secondary window MonteCarlo when selected the abdomen 

examination, and the filter’s thickness of 2.5 mm Al. 

 

 
 

Figure 5: Software’s secondary window MonteCarlo with results obtained from the 

selection of the examination and the filter’s thickness. 

 

All simulations were performed with 5 10
7
 photon producing values of the coefficient of 

variance (CV) less than 1%. CV is a statistical function used by the GDN to estimate 

dispersion of the absorbed dose/INAK (D/INAK) for a given organ when the EGSnrc is 

involved. It is defined as the ratio between the mean standard deviation values of the D/INAK 

and the mean of these conversion coefficients. The CV for E/INAK is the weighted mean of 

the values obtained for the radiosensitive organs and tissues, using the wT. 

 

The FSTA_060 and FSTA_103 ECMs provided the conversion coefficients E/INAK for the 

female phantom and the MSTA_060 and MSTA_103, the values for the male phantom. The 

E/INAK presented in this work are arithmetic means of male and female values. 

 

Fig. 6 shows the three curves E/INAK x Potential the X-ray tube for the examinations of 

cranium, thorax and abdomen, when the filter's thickness was fixed to 2.5 mm Al. Note that 

the ordinate axis is logarithmic. Tables 5, 6 and 7 show, in mSv/mGy, conversion coefficients 

E/INAK by gender and the mean values of E/INAK for the selected examinations. In the last 



column of the tables are shown the Percent Relative Errors (PREs) between the conversion 

coefficients obtained with the wT of the ICRP 60 and 103. It was used the formula, 

 

  100
/

//
%

103

10360





INAKE

INAKEINAKE
PRE .    (1) 

 

 
 

Figure 6: E/INAK x Potential the X-ray tube for the examinations of cranium, thorax 

and abdomen, when the filter's thickness was fixed to 2.5 mm Al. 

 

Table 5: Conversion coefficients E/INAK (mSv/mGy), and PREs for the cranium 

examination as a function of the potential in the X-ray tube. 

 

V (volt) *F_060 **M_060 F_103 M_103 ***E_060 E_103 PRE (%) 

60 0.00383 0.00294 0.01054 0.00967 0.00338 0.01010 66.53465 

70 0.00501 0.00391 0.01296 0.01188 0.00446 0.01242 64.09018 

80 0.00624 0.00496 0.01551 0.01419 0.00560 0.01485 62.28956 

MPRE 64.3 

*F = E/INAK_FSTA; **M = E/INAK_MSTA; ***E = E/INAK. 

 

Table 6: Conversion coefficients E/INAK (mSv/mGy), and PREs for the thorax 

examination as a function of the potential in the X-ray tube. 
 

V (volt) F_060 M_060 F_103 M_103 E_060 E_103 PRE (%) 

60 0.10981 0.06336 0.11128 0.06276 0.08658 0.08702 0.50563 

70 0.13829 0.08466 0.14031 0.08379 0.11147 0.11205 0.51763 

80 0.16750 0.10710 0.17000 0.10618 0.13730 0.13809 0.57209 

90 0.19519 0.12886 0.19848 0.12824 0.16203 0.16336 0.81415 

100 0.22046 0.14881 0.22423 0.14841 0.18464 0.18632 0.90167 

110 0.24280 0.16704 0.24717 0.16599 0.20492 0.20658 0.80356 

120 0.26279 0.18342 0.26774 0.18273 0.22311 0.22524 0.94566 

125 0.27235 0.19100 0.27756 0.19105 0.23168 0.23431 1.12244 

130 0.28109 0.19806 0.28667 0.19804 0.23958 0.24236 1.14705 

140 0.29752 0.21242 0.30337 0.21210 0.25497 0.25774 1.07473 

150 0.31261 0.22436 0.31905 0.22453 0.26849 0.27179 1.21417 

MPRE 0.874 
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Table 7: Conversion coefficients E/INAK (mSv/mGy), and PREs for the abdomen 

examination as a function of the potential in the X-ray tube. 
 

V (volt) F_060 M_060 F_103 M_103 E_060 E_103 PRE (%) 

60 0.24140 0.16152 0.25699 0.16721 0.20146 0.21210 5.01650 

70 0.29038 0.19731 0.30329 0.20347 0.24385 0.25338 3.76115 

80 0.34081 0.23261 0.35042 0.23941 0.28671 0.29492 2.78381 

90 0.38697 0.26570 0.39353 0.27277 0.32634 0.33315 2.04412 

MPRE 3.40 

 

As can be seen in the graphics of Fig. 6 and in Tables 5, 6 and 7, in a general way, the 

effective dose values obtained with the wT of the ICRP 60 were underestimated compared to 

those obtained with the wT of the ICRP 103. The highest MPRE, 64.3%, occurred in the 

results for the examination cranium. The cause was the increase in wT in most organs and 

tissues of the head and trunk in the updated list, as illustrated in images of Fig. 1c. The tables 

also show that the values of the female effective dose are larger than the male correspondent 

values, regardless of the examination and of the wT used. This is an expected result because 

estimating INAK independent of phantom, the fields used in the simulations with MASH and 

FASH phantoms have the same dimensions, the source-detector distance and the number of 

simulated photons are the same, but the height of the two phantoms are respectively 1.754 me 

1.625 m. Consequently, all internal dimensions of the female model are smaller and the 

energy depositions per unit distance are greater. 

 

 

4. CONCLUSIONS 

 

In this work, the FSTA and MSTA ECMs were used in simulations of radiodiagnostic 

examinations to investigate the difference in the values of effective dose when changing the 

list of wT of the ICRP 60 by the ICRP 103. In this type of simulation of external irradiation, 

the position of the field, ie, the target area of the body irradiation, may lead to significant 

differences how the MPRE of 64.3% that occurred in simulations of the cranium 

examination. Other types of simulators of radioactive sources can be used in the investigation 

of this problem and other variables related to the phantom (for example, the racial diversity of 

the population sample, age of the phantom, the chemical composition of the organs and 

tissues, phantom with pathology, etc.) must be considered so that one can obtain and organize 

dosimetric data. The challenge is to understand and quantify physical and biological 

information about the population of interest in order to propose adjustments to wT or to 

endorse the list provided by the ICRP without risk of underestimating or overestimating 

reference values of the effective dose or the other quantity used as parameter by regulatory 

agencies. This is the researcher's task and the GDN is involved in this fascinating topic with 

the production of dissertations, theses and works like this. With the computational tools 

developed by the GDN, it was possible organize the dosimetric data in tables and graphics, 

facilitating the analysis of the results. These tools can be adjusted to other investigations in 

numerical dosimetry.  

 

Installers files of DIP and MonteCarlo software is available in the page 

http://dosimetrianumerica.org/. 
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