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 السلخص
محاكدددالأ ااعزددداب الدددداا الجخعدددة السستردددة لدددي كددد  عزدددو  ددد   التردددويخ  الهدددج  

 السحوسب لمجماغ االرجر.
لمخجد  اااثىد   MIRD5اسدتخجا  الشسدوذا الخيا دي  بحثالجخى لي هحا االسواد   الطخق 
لحددداا زددوزج الجخعددة اة ددعاتية السسترددة لددي ااعزدداب الجا ميددة مدد  الجددد  عشددج  البالغددة 

الشسدوذا الخيا دي   ااسدتخج بحدثلدي هدحا الزد   الترويخ السحوسب لسشطقتي الرجر االدجماغ.
MIRD5  إ ددددالة لم ددددودMCNP  لسحاكددددالأ أعزدددداب الجددددد  امدددد  جدددد  لددددداا مقددددجار الجخعددددة

                عشدددج  دددي  الجهدددج ردددويخ الردددجر االدددجماغالسستردددة لدددي كددد  عزدددو تاسدددتخجا   خازوكدددو   ز
(80 KVp, 100 KVp, 120 KVp). 

اجج أثد  لدي لالدة التردويخ السحوسدب لمردجر زبمدة الجخعدة اة دعاتية  يسدة أع سيدة لدي 
االددددخ.ت  . أمددددا لددددي لالددددة  االرددددجر  االددددحراع    االجمددددج  الرددددجر  القفدددد  ا  ال تدددد  ع ددددا  

 الوجد   االجمدج زبمدة الجخعدة اة دعاتية  يسدة أع سيدة لدي ع دا    الترويخ السحوسب لمدجماغ
 اع ا  ال ت . الفقخ  العسود ا  االجماغ  الجسجسة ع ا  ا 

ازبد   أثدد  مددي ازديدداد  يسددة الجهددج زددداد  يسددة الجخعددة السسترددة  از ددو  الجخعددة السسترددة 
لدة زردويخ الردجر لجى الخج  أكبخ م  مى متها لجى السخألأ  ل ث  مغت  ي  هحه الجدخج لدي لا

 االجماغ عم  التخز ب القي  التالية  
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 الدماغ أثشاء تروير أثشاء تروير الردر الشسوذج

 الرجل
 𝟎𝟐𝟏  𝟎 𝟓    𝟎𝟏𝟏 

                                 𝟎𝟐𝟏  

𝟐    𝟖𝟏 

 𝟎𝟐𝟏  𝟎 𝟒    𝟎𝟏𝟏 

 𝟎𝟐𝟏  𝟐 𝟓    𝟖𝟏 

𝟎𝟐𝟏  السرأة  𝟎 𝟐    𝟎𝟏𝟏 

 𝟎𝟐𝟏  𝟎 𝟓   𝟖𝟏 

 𝟎𝟐𝟏  𝟎 𝟎    𝟎𝟏𝟏 

 𝟎𝟐𝟏  𝟎 𝟒𝟓   𝟖𝟏 

 
 

 السشاقذة: 
أ َّ ا ت    ي  الجخعة لجى الخج  االسخألأ يعود ال  ا ت   لج  ااعزاب  ل دث ز دو  

  شية الخج  أكبخ م   شية السخألأ ابالتالي  ي  الجخعة لجي  أكبخ.
السقطعي السحوسب لمجماغ االرجر  م  الزخار  مخاعالأ جسيدي الوسدا.  ثتيجة لمترويخ 

ال زمددة لخفددع جخعددة السددخيع مىدد   التددجريي تالخصددام لغعزدداب الدددميسة   ددخ الخا ددعة 
 لمفح   ا بط الجهج االتيار عم   ي  مشخفزة دا  زقم   جودلأ الرورلأ.

 
  MIRD  لددددداثتو  CT  التردددددويخ السقطعدددددي السحوسدددددب MCNPالكلساااااات السفتا ياااااة: 

 الجخعة اة عاتية.
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Abstract 
Purpose: Simulate organs and calculate the absorbed dose in each organ 

for brain and chest CT scans. 

 Method and Materials: In this research; the mathematical phantom 

MIRD5 for adult men and women was used to calculate the absorbed dose 

in organs, in the case of brain and chest CT scans. Where; the 

mathematical phantom MIRD5 and MCNP code were used to simulate 

organs and calculate the absorbed dose in each organ for brain and chest 

CT scans, in Voltage (80 KVp, 100 KVp, 120 KVp).  

Results: 

 For chest scan, the maximum absorbed dose was in scapulae, rib cage, 

skin, arm bones, breasts, and lungs. For brain scan, the maximum absorbed 

dose was in the facial skeleton, skin, cranium, Brain, Spine, and scapulae. 

With the increase in the value of Voltage, the value of the absorbed 

dose increases, and the absorbed dose in men is greater than the dose in 

women. 

 For the man's phantom during chest imaging, we find: 

 021  0 5    011                                     021  2    81 
 For the woman's phantom during chest imaging, we find: 

 021  0 2    011                                       021  0 5   81 
 For the man's phantom during brain imaging, we find: 

 021  0 4    011                                       021  2 5    81 
 For the woman's phantom during brain imaging, we find: 

 021  0 0    011                                        021  0 45   81 
Conclusion: The difference in the dose values for men and women is 

due to the difference in the size of the organs, where the structure of the 

man is larger than the structure of the woman and therefore the values of 

the dose for the man are larger. 

 As a result, for CT chest scan and brain scan, it is necessary to consider 

all means necessary to reduce the patient's dose such as: lead shielding of 

healthy organs not subject to scan, and setting voltage and current to low 

values without reducing image quality. 
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First: Introduction 
Despite the many parameters used to estimate 

radiation exposure from CT imaging devices, such 

as the volumetric dose index, and the dose-length 

DLP product that describes the radiation output of 

the imaging device, they are not able to characterize 

the dose received by each patient [1].  

The radiation dose of X-rays resulting from CT 

scanners has become an important topic as a result 

of the large numbers of examinations carried out 

using these devices around the world [2]. 

According to ref.[2] ,the number of annual CT 

examinations in the United States rose from 2.8 

million examinations in 1981 to 20 million 

examinations annually in 1995 to and then to 62 

million examinations in 2007, and in Germany 

between 1996 and 2012, the annual effective dose 

resulting from Computerized imaging examinations 

doubled, and the number of examinations in Italy 

increased between 2004 and 2014 by 39% per 1000 

population [2]. Table (1) shows a comparison 

between the effective dose obtained from CT scans 

with each of the numbers of images of conventional 

chest imaging and the number of years of exposure 

to natural background rays, which produces the 

same effective dose obtained from CT scans [12]. 
Table (1) Comparison between the effective dose 

resulting from CT scan with each of the numbers of 

images of conventional chest imaging and the number of 

years of exposure to natural background rays, which 

produces the same effective dose resulting from CT. 

Imaging 

protocol 
Effective 

Dose 

numbers of 

images of 

conventional 

chest imaging 

number of years 

of exposure to 

natural 

background rays 
1 Year 115 2.3 

CT scan of the 

head 
3.6 Years 400 8 

CT scan of the 

chest 

4.5 Years 500 10 

CT scan of the 

abdomen and 

pelvis 
 

Until now, several computer applications have 

been presented for calculating the dose of organs in 

computerized imaging, and each of them differs 

from the other according to the phantom used, the 

algorithms adopted in the calculation, the approved 

reference device...etc. Among these applications: 

CT-Expo was designed by German researchers 

using Excel. This application uses a family of 

mathematical phantoms (Adam, Eva, Child, Baby) 

which are built utilizing mathematical equations 

that describe the surface of each member of the 

body. Imaging (axial-helical) [2] 

Application (NCICTX) relative to the National 

Cancer Institute CT used elemental volumetric 

phantoms based on reading and segmentation of 

medical images CT. The application contains a 

wide range of families of phantoms of different 

sizes [2]. 

In (2020), Markus et al., calculated the absorbed 

and effective dose for different organs of the human 

body using phantoms for adult women and adult 

men based on Monte Carlo simulation methods [1]. 
Table (2) The absorbed and effective dose for 

different organs in ref. [1]. 

 
And in (2017), Abu shaded et al., studied the 

absorption dose distribution resulting from chest 

imaging at different X-ray tube voltages using the 

mathematical phantom [13].  
Table (3) Absorbed dose in parts of the heart 

muscle, chest, stomach wall, thyroid gland, kidneys 

and lungs for voltage values (120, 100, 80) kVp. 

Absorbed Dose [m Gy] 
Organ 

120 KVp 100 KVp 80 KVp 

36.99 21.86 9.11 Heart 

6.22 3.92 2.23 Breast 
1.16 2.67 2.32 Stomach 

wall 
2.79 1.66 2.78 Thyroid 
2.52 2.28 2.12 Kidney 

1.75 1.22 2.45 Liver 

5.45 3.29 1.58 Right 

Lung 

5.28 3.16 1.62 Left Lung 

Second: Radiation Dose in 

Computed Tomography: 
[2.1] Radioactive dose absorbed in tissues: 

The spectrum of X-rays used in radiological 

diagnosis under 150 kV has a peak that turns into 

secondary electrons when it passes through the 

tissue. It has a range of less than 0.28 mm in soft 

tissues, 0.16 mm in  

 cortical bone, 1.1 mm in lung tissue, 0.26 mm 

in the skin [3]. Since the probability of producing 

Bremsstrahlung braking rays is very low, it is 

assumed that the energy of the secondary electrons 

produced is completely absorbed in the interaction 
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regions [3], which is known as the kerma 

approximation principle. 

[2.2] Effective dose and weighting factors 

The biological effects of radiation on tissues are 

not only related to the dose provided to the tissue or 

organ but also depend on the biological sensitivity 

of the tissue or organ exposed to radiation X-ray 

body. 

The effective dose is estimated in one Sievert 

(Sv) or its parts, and it is calculated in two ways 

[4]: 

The first method depends on calculating the 

absorbed dose in the different organs of the body or 

the equivalent of these organs within a 

hermaphroditic mathematical phantom, either 

practically or using Monte Carlo methods: 

                ∑          

                          (0) 
Weighted tissue parameters are given according 

to the publications of the International Committee 

on Radiological Protection ICRP 26 [1977], ICRP 

60 [1991], and ICRP 103 [2007] as shown in Figure 

(2): 

 
Figure (2) Weighted tissue parameters for 

different organs and tissues according to the reports 

of the International Committee on Radiological 

Protection 26 [1977], 60 [1991], 103 [2007] 

Or the effective dose is estimated based on 

knowledge of both the dose product-length DLP 

and tabulated conversion factors according to the 

relationship: 

                                    (2) 
The values of the k-factor are estimated through 

several CT scans and depending on the reference 

patient, and it varies with age, weight, and gender. 

Table (4) shows the values of the k parameter 

according to the age and the area under examination 

[12]: 

 

 

 

Table (4) Effective dose factor values for adults 

and children (according to the British study 2003) 

Effective dose factor values [    (    
  ) 𝟎] 

The 

imaged 

area of 

the 

body adults 10 years 5 years 1 year 

Less 

than 1 

year 

0.0021 0.0032 0.0040 0.0067 0.011 head 
0.014 0.013 0.018 0.026 0.039 chest 
0.014 0.015 0.020 0.030 0.049 Belly 
0.015 0.015 0.020 0.030 0.049 pelvis 

Third: The materials used in the 

study: 
[3.1] Code MCNP The Monte Carlo N-

Particle 

This code was developed in Los Alamos 

laboratories in the United States of America, 

starting in the 1940s, as it is characterized by the 

possibility of modeling complex three-dimensional 

structures, and it also uses continuous energy 

atomic and nuclear cross-sectional interaction 

libraries. It depends on random methods based on 

probability and deals with the fate of a large 

number of particles separately, as it calculates the 

median paths for each particle from the sample and 

then gives the final result for one particle with an 

arithmetic error. 
Therefore, the greater the number of studied 

particles, the lower the value of the error, [5]. This 

code was written in the FORTRAN language and 

runs on an MS-DOS system. It needs an input file 

that is written manually and linked with the boot 

file of the code mcnpx.exe via the Windows system 

command prompt cmd.exe to perform the necessary 

calculations. The latest version of the MCNPX-

2.3.0 code include a library of cross section of all 

charged and uncharged particles (protons, alpha 

particles, electrons, neutrons, etc.) in addition to 

gamma rays. 

[3.2] Computational phantom 

The mathematical phantom was used to simulate 

the interaction of different ionizing rays with the 

organs of the human body using Monte Carlo 

methods [6]. This phantom includes accurate 

anatomical information of the human body and is 

similar in composition to the density and chemical 

composition of important organs in the human 

body. 

The first model of this type of phantoms was 

created in the sixties of the last century, where was 

relied in his design on simple geometric shapes 
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such as cylinders, ellipses, and conical shapes, 

which were used to form phantoms for adults and 

others for children. In the 1970s, the first 

structurally differentiated model, was designed 

which was used to measure internal doses in 

nuclear medicine (Medical Internal Radiation Dose 

(MIRD)), using the anatomical information of the 

reference man recommended by the International 

Commission on Radiological Protection 

(ICRP).Where the body and members were 

simulated using simple geometric shapes such as 

planes, segments, and cylinders described according 

to mathematical equations that determine the shape 

of each member [7]. Three main regions can be 

distinguished in terms of density in this phantom: 

skeletal, soft tissue, and lung. Table (5) gives the 

chemical composition and density of each tissue for 

all types of phantoms (except for the newborn 

child) [8]. 
Table (5) The composition of the different tissues 

involved in the composition of the phantoms, except 

for the newborn child [8] 

 
The phantom is drawn on the z-axis upward so 

that the coordinate principle is located exactly in 

the middle of the base of the trunk and the x-axis 

passes through the left part of the phantom. The 

members and the distances between the different 

members are represented in geometric shapes 

through mathematical equations, where the 

dimensions are entered in centimeters and with an 

accuracy of 1/100, two numbers after the decimal 

point.   

We will represents some examples of how we 

can create some organs using the MCNP code: 

Trunk area 

The torso in this phantom (excluding the breasts) 

is represented by a stereotype of a cylinder with an 

ellipse (ellipse) given by the two equations: 

(
 

  
)
 

 (
 

  
)
 

 0      1        ( ) 
The values of the constants in the eq. 3 in 

addition to the volume and mass of the area are 

given in Table (6): 
Table (6) the values of the constants, the size, and 

mass of the trunk according to age 

 
Head area 

The head area with the neck is expressed by 

several cylindrical and segmental solids and is 

represented using the following equations: 

         
                   (4)  

(
 

  
)
 

 (
 

  
)
 

 0              

               (5) 
Table (7) values of the constants, head size, and 

mass by age 

 
Fourth: Research Methodology: 

1. Description the mathematical equations that 

describe the different members, 

2. Depending on the mathematical equations 

of human organs, the MIRD5 phantom using 

MCNP code was created. 

3. The composition of the different tissues of 

the phantom was selected according to table 5.  

4. The X-ray source was modeling using the 

SDEF card available in MCNP code as cylindrical 

surface with a height equivalent to the thickness of 

the slice.  

5. Source surface distance SSD was adapted 

equal to 60 cm.  
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6. To calculate the average energy deposited 

within a specific cell (specific organ) in unit of 

(MeV/g), the F6 card was used, this card gives the 

energy deposited in the unit of mass, which is given 

by the relationship: 

  (
   

 
)         ( )   ( )  

  
 
   (6) 

where: W is the source weight,    is the particle 

track length (cm), 

  ( ): the total microscopic cross-section in 

barns, 

 ( ): heating number in MeV/collision, 

  : the atomic density of the cell substance 

(atoms/barns.cm), m: the mass of the cell (g). 

And from it the value of the absorbed dose in 

each cell, estimated in one (Gy = J/kg) is calculated 

by the relationship: 

 (
  

               
)

   (
   

 
)  0 6

 01   (
 

   
)  01  (

 

  
) (7) 

Since in the MCNP code, the dose was for a 

single particle, the normalization factor is used, 

which represents the total number of photons 

emitted per unit current-time (Photon/mAs) at a 

given voltage of the X-ray tube 
Table (8) The normalization factor values used in 

some reference studies 

Normalization Factor (particle/mAs) KVp 

Ref.[9] Ref.[10] 

Ref.[13] 

Slice 

Thickness=10 

mm 

 

𝟒 𝟎𝟖
 𝟎𝟏𝟎  

𝟐 𝟓 
 𝟎𝟏𝟎𝟎 

  𝟔𝟔  𝟎𝟏𝟎𝟎 80 

𝟓 𝟖 
 𝟎𝟏𝟎  

  𝟗𝟔
 𝟎𝟏𝟎𝟎 

𝟒 𝟓𝟏  𝟎𝟏𝟎𝟎 100 

𝟕 𝟔𝟓
 𝟎𝟏𝟎  

𝟒 𝟎𝟐
 𝟎𝟏𝟎𝟎 

𝟓  𝟕  𝟎𝟏𝟎𝟎 120 

𝟗 𝟓𝟏
 𝟎𝟏𝟎  

- 𝟔 𝟒𝟖  𝟎𝟏𝟎𝟎 140 

 

Fifth: Results and Discussion: 

The MCNP code provides the ability to visualize 

the distribution of the studied particles within the 

different cells according to the source description. 

Therefore, this feature was used to display the 

distribution of X-ray photons during imaging across 

the cells of the studied model, Figure (3). 

 
Figure (3) The distribution of X-ray photons 

within the phantom of an adult woman when 

computerized to the chest area, where the length of 

the scan area L=37 cm (34 cm to 71 cm) and the 

voltage is 80 kVp 

[5.1] Radiation dose in organs 

The imaging process of the chest and head 

regions were simulated according to the following 

imaging protocols [11]: 
Table (9) Imaging protocols adopted when 

examining the chest and head. 

SCAN 

NAME 
ROUTIN

E CHEST 
ROUTINE 

AXIAL BRAIN 
Scan Type  Helical Axial 

KV/mA/ 

Rotation time 

(sec) 

120kv / 

smart mA 

(120-450) / 

0.5 sec 

120kv / 480 mA / 

.5 sec 

Pitch / 

Speed 

(mm/rotation) 
1.375:1 , 

27.50mm  

Scan Start / 

End Locations 

1cm 

superior to 

lung apices 

through 

adrenal 

glands 
DFOV=38 

cm 

Skull base- Skull 

vertex 

DFOV=25 cm 

decrease appropriately 

In the simulation, we adopted the values of the 

regularization coefficients presented in Table (6), 

that is, the doses were calculated for each 1 mAs. 

Figure (4), Figure (5), and Figure (6)  show the 

value of the absorbed radiation dose in organs 

estimated in one [Gy/1 mAs] when CT scan of the 

chest area using the adult woman and adult man 

model, while Figure (7), Figure (8), and  Figure (9)  

show the value of the absorbed radiation dose in 

Organs are estimated in one [Gy/1 mAs] when CT 
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scan of the head region using the adult woman and adult man model.  

 

 
Figure (4) Radiation dose absorbed into organs when computerized imaging of the chest area (80 KVp) 

 

 
Figure (5) Radiation dose absorbed into organs when computerized imaging of the chest area (100 KVp) 
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Figure (6) Radiation dose absorbed into organs when computerized imaging of the chest area (120 KVp) 

 

 
Figure (7) The absorbed radiation dose in the organs when computerized imaging of the brain (80 KVp) 
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Figure (8) The absorbed radiation dose in the organs when computerized imaging of the brain (100 KVp) 

 

 
Figure (9) The absorbed radiation dose in the organs when computerized imaging of the brain (120 KVp) 

[5.2] Discussion of Results:  

From Figures (4,5,6), we found that the 

absorbed dose in the case of chest scan for adult 

woman reaches maximum values in the shoulder 

bones, followed by the bones of the chest cage, 

collarbone, skin, arms, breasts, where the dose in 

these parts exceeds the value 4  01  
  

    
    

For internal organs, the dose absorbed in the 

heart is 6 68  01  
  

    
, In the liver 6 51  
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01  
  

    
, the lungs 2 19  01  

  

    
, in the 

womb 9 10  01  
  

    
, the brain 2 10  

01  
  

    
. 

While the absorbed radiation dose in the case of 

chest scan in the case of an adult man reaches 

maximum values in the skin, shoulder bones, chest 

bones, spine, collarbone, and arms, where the 

absorbed radiation dose in the skin exceeds the 

value 0  01  
  

    
. 

For sensitive internal organs, the dose absorbed 

in the heart is 0 24  01  
  

    
, In the liver 

0  9  01  
  

    
, the lungs 4 1  01  

  

    
, in 

the testes 0 07  01  
  

    
, the brain 2 51  

01  
  

    
. 

While in the case of brain scan, Figures (7,8,9), 

we found that the value of the absorbed radiation 

dose when imaging the brain in the case of an adult 

woman reaches maximum values in the bones of 

the face, shoulder bones, skin, brain, and skull 

bones. 

The sensitive dose is 7  0  01  
  

    
 in the 

brain, 0 62  01  
  

    
 in the heart, in the lungs 

6 74  01  
  

    
, and in the womb 9 28  

01  
  

    
. For sensitive internal organs in men, the 

dose absorbed in the brain is 0 62  01  
  

    
, the 

heart is 2 17  01  
  

    
, the lungs are 9 5  

01  
  

    
, and in the testes 0  5  01  

  

    
. 

With the increase in the value of Voltage, the 

value of the absorbed dose increases, and the 

absorbed dose in men is greater than the dose in 

women.  

 For the man's phantom during chest 

imaging, we find: 

 021  0 5    011      
    021  2   81 

 For the woman's phantom during chest 

imaging, we find: 

 021  0 2    011  

     021  0 5   81 
 For the man's phantom during brain 

imaging, we find: 

 021  0 4    011   
   021  2 5    81 

 For the woman's phantom during brain 

imaging, we find: 

 021  0 0    011    
  021  0 45   81 

When comparing the dose value between men 

and women in chest imaging: 

 
021  

 1 7    
021  

 

 011  1 8   011   
 81  0 0   81   

When comparing the dose value between men 

and women in Brain imaging: 

 
021  

  
021  

 

 011  0 0   011   
 81  0     81  

 (      ) : D is Absorbed Dose, (number) is 

the Voltage Value, M for Male.  

 (      ) : D is Absorbed Dose, (number) is 

the Voltage Value, F for Female. 

 By comparing our results from the chest 

rendering with the corresponding results from the 

reference study [13], we find the deviation values 

from the reference level as shown in Table (10), and 

the reason for the deviation in the values is 

explained by using a different phantom than the 

phantom used in our MIRD 5 study. 
Table (10), Deviation ratio with ref. [13]. 

Deviation ratio with ref [13]. Organ 

120 KVp 100 

KVp 

80 

KVp Heart 
-65% -60% -12% Breast 
-25% 1% 19% Stomach wall 
-51% -40% -5% Thyroid 
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31% 43% 19% Kidney 

-5% 9% 12% Liver 

-56% -49% -10% Right Lung 

-54% -48% -11% Left Lung 

That is, the dose values for men are greater than 

for women (due to the difference in the size of the 

organs exposed to radiation). The choice of the 

scanner voltage (and thus the energy of the 

photons) is one of the important factors in the dose 

received by the patient as a result of the interaction 

of the photons with the tissue. 0.5×0.34=0.17 or 

17% of the photons will be displaced from the beam 

as a result of the interaction, and at photons energy 

of 100 keV, where the attenuation coefficient is 

0.161 cm-1, only about 8% of the photons will be 

attenuated when they pass through this layer of 

tissue, Therefore, low-energy X-rays will be better 

at producing an image with a clear contrast in this 

layer of tissue. These results are also valid for 

tissues with high atomic numbers (such as bones). 

On the other hand, using a high voltage (high 

photon energy) will result in a lower entry dose 

(skin dose) compared to the internal organs dose for 

a specific protocol. 

Therefore, it is always necessary to reconcile in 

obtaining medical images that are acceptable in 

terms of diagnosis, with the need to reduce the dose 

received by the patient to the lowest possible from 

the point of view of radiation protection. 
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