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Thorax organ dose estimation in computed 
tomography based on patient CT data using Monte 

Carlo simulation 

INTRODUCTION 

    With	 the	 growth	 of	 technology	 in	 computed	

tomography	 imaging	 its	 use	 is	 signi�icantly									
increased	 in	 diagnosis	 of	 disease	 (1).	 But	 there	

are	 serious	 concerns	 on	 the	 harmful	 effects	 of	
radiation	 for	 adults	 and	 children	 (2,	3).	 Spiral	CT	

imaging	which	 is	 an	 imaging	method	with	 fast	
patient	body	data	acquisition	was	introduced	in	
the	 1990s.	 Spiral	 CT	 has	 a	 high	 potential	 in											

cardiovascular	 studies	with	minimally	 invasive	
to	 patients.	 The	 number	 of	 CT	 scans	 imaging	

compared	 to	 all	 radiological	 procedures	 from	

4.2%	 in	 1996	 increased	 to	 7%	 in	 2006.	 With				
improvements	 in	 CT	 scanner	 imaging																													

technology	and	 increase	the	number	of	CT	scan	
studies,	 the	 cumulative	 dose	 arising	 from															

medical	examination	at	the	same	time	from	37%	
reached	 to	 60%	 (4).	 These	 data	 suggest	 that														

radiologists	 tend	 to	 replace	 two-dimensional	
study	 with	 volumetric	 method.	 Therefore																		

patient	 dose	 assessment	 and	 radiation	 risk																	
estimation	 in	 CT	 imaging	 is	 inevitable	 (5-8).	 VII	
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ABSTRACT 

Background:  This study presents pa�ent specific and organ dose es�ma�on 

in computed tomography (CT) imaging of thorax directly from pa�ent CT 

image using Monte Carlo simula�on.  Pa�ent's CT image is considered as the 

pa�ent specific phantom and the best representa�ve of pa�ent physical index 

in order to calculate specific organ dose. Materials and Methods: EGSnrc /

BEAMnrc Monte Carlo (MC) System was used for CT scanner simula�on and 

DOSXYZnrc was used in order to produce pa�ent specific phantom and 

irradia�on of photons to phantom in step and shoot mode (axial mode). In 

order to calculate pa�ent thorax organ dose, pa�ent CT image of thorax as 

voxelized phantom was divided to a 64x64x20 matrix and 6.25 x 6.25 x 6.25 

mm
3
 voxel size and this phantom was imported to DOSXYZnrc code. MC 

results in unit of Gy/par�cle were converted to absorbed dose in unit of mGy 

by a conversion factor (CF). We calculated pa�ent thorax organ dose in MC 

simula�on from all irradiated slices, in 120 kV and 80 kV photon energies. 

Results: Effec�ve dose was obtained from organ dose and organ weigh�ng 

factor. Esophagus and spinal cord received the lowest, and bone received the 

highest dose. In our study, effec�ve dose in CT of thorax was 7.4 mSV and 1.8 

mSv in 120 and 80 kV, respec�vely. Conclusion: The results of this study 

might be used to provide the actual pa�ent organ dose in CT imaging and 

calcula�on of real effec�ve dose based on organ dose.  
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2005	suggests	that	accurate	estimation	of	risk	is	

dependent	 on	 patient	 organs	 dose	 and	 sex	 (9).	
103	 ICRP	 report	 shows	 that	 an	 accurate																					

estimation	of	the	risks	of	radiation	dose	would	
be	 possible	 by	 knowing	 the	 organ	 dose	 (10).											

Direct	 measurement	 of	 organ	 dose	 is																		
impractical	in	vivo	therefore	other	methods	are	

suggested	 such	 as	 measurement	 of	 radiation	
dose	 in	 physical	 phantom	 which	 is	 performed	

by	 TLD	 or	 MOSFET	 dosimeter	 (11,	 12).	 In																							
computed	 tomography	 imaging,	 dose	 is														

generally	 measured	 using	 Ion	 chamber																		
dosimeter	 with	 100mm	 length	 on	 an	 acrylic			

cylinder	with	32	cm	diameter	for	trunk	and	16	
cm	 for	 head	 and	 CT	 dose	 Index	 (CTDI)	 is											
calculated.	 CTDI	 phantoms	 are	 uniform	 and												

differ	with	the	human	body	so	expression	dose	
based	on	CTDI	measurement	does	not	seem	 to	

be	 logical.	 Therefore	 dose	 measurement	 in	 an	
environment	similar	to	the	real	environment	of	

the	 human	 body	 is	 essential.	 Several	 attempts	
were	 performed	 to	 calculate	 the	 patient's													

speci�ic	dose	or	organ	dose	 in	CT	scan.	 	 	AAPM	
Task	Group	204	has	proposed	 the	 size-speci�ic	

dose	 estimate	 (SSDE)	 (13).	 SSDE	 estimates										
patient	 dose	 with	 an	 anthropomorphic																							

parameter.	 In	 this	 study	 a	 conversion	 factor	 is	
provided	 to	 convert	 the	measured	 dose	 values	

on	CTDI	to	SSDE.	Another	method	of	organ	dose	
calculation	 is	 using	 the	 conversion	 factor	 of	
dose	length	product	(DLP)	to	effective	dose	(E)	
(14-16).	 In	 this	study,	phantoms	designed	by	Oak	
Ridge	National	Laboratories	(ORNL)	were	used.	

DLP	 to	 E	 conversion	 factor	 obtained	 based	 on	
direct	 measurement	 of	 the	 dose	 on	 CTDI															

phantom	 and	 Monte	 Carlo	 (MC)	 simulation															
calculations	 on	 anthropomorphic	 phantoms.	

Effective	 dose	 calculation	 is	 performed	 based	
on	sum	of	organ	dose	weighted	that	is	proposed	

by	 ICRP	 (10).	 	 Patient	 and	 organ	 speci�ic	 dose																		
estimation,	 as	 POSDE,	 based	 on	 Monte	 Carlo	

simulation,	 was	 performed	 by	 Kalender	 et	al.	
The	 patient	 CT	 data	 is	 loaded	 in	 software																		

designed	 for	 that.	 Then	 the	 best	 match																				
(best-�itting)	 between	 the	 CT	 image	 and	 voxel	
phantoms	in	the	soft	ware	memory	is	achieved.	

Afterwards,	 it	 selects	 the	 closest																																					
anthropomorphic	 phantom	 in	 size	 to	 patient's	

CT	 image	 and	 Monte	 Carlo	 simulation	 runs	 to	

organ	dose	calculation	(17).	In	the	present	study,	

patient's	 CT	 image	 as	 the	 patient	 speci�ic														
phantom	and	the	best	representative	of	patient	

physical	 index	 is	 used	 to	 calculate	 the	 speci�ic	
organ	dose.			

	

	

MATERIALS	AND	METHODS	

	
CT	scan	system	

In	order	to	obtain	CT	images	and	the	patient	

speci�ic	organ	dose	calculation,	GE-	Light	Speed	
CT	 system,	 64	 slices,	 manufactured	 by	 GE	

Healthcare	 Technologies	 (Waukesha,	 WI)	 was	
used.	The	source	to	isocenter	distance	on	this	CT	

scanner	is	540mm,	while	the	source	to	detector	
distance	 is	 950mm.	minimum	 slice	 thickness	 is	

0.624	mm	and	fan	beam	angle	is	56ᵒ	(18).	
 

 Monte	Carlo	simulation	of	CT	system		
    We	used	EGSnrc	/	BEAMnrc	MC	System	for	CT	

scanner	simulation.	All	hardware	components	in	
CT	 system	 according	 to	 manufacture	 scanner	

geometry,	 such	 as	 X-ray	 tube,	 total	 X-ray	 tube	
�iltration,	 collimator	 and	 bowtie	 �ilter	 were													

simulated	 using	 parameters	 as	 component			
module	 (CM)	 in	 BEAMnrc	 	 system.	 CMs	 as	

XTUBE,	SLABS,	JAWS,	and	PYRAMIDS	were	used	
to	 simulate	 X-ray	 tube,	 ALuminum	 �ilter,																	
collimator	 and	 Bowtie	 �ilter,	 respectively.														

Bowtie	 �ilter	 were	 modeled	 based	 on	 the														
information	provided	by	the	manufacturer.	Two	

SLABS	of	air	were	used	as	phase	space	(ph)	�ile	
in	 after	 bowtie	 �ilter	 and	 gantry	 isocenter,															

respectively.	 Number	 of	 photons	 and	 particle	
produced	in	simulation	and	their	histories	were	

saved	 in	 phase	 space	 �ile.	 This	 �ile	 is	 used	 for												
X-ray	beam	thickness,	X-ray	spectrum	and	beam	

pro�ile	 analysis.	 Ph	 �ile	 located	 after	 bowtie												
�ilter	was	used	as	radiation	source	in	CT	system	

simulation.	 In	 our	 study,	 in	 order	 to	 produce	
photon	 spectrum	 in	 simulation,	 10	 9	 electron	

was	 emitted	 to	 anode	 X-ray	 tube.	 All	 options	
related	 to	 low	 energy	 particles	 transport	 in												
simulation	 as	 bound	 Compton	 scattering,																

photoelectron	 angular	 sampling,	 Rayleigh													
scattering,	 atomic	 relaxation	 and	 electron	

impact	ionization	were	activated.	Energy	cut-	off	
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for	 electron	 (ECUT)	 and	 photon	 (PCUT)	 was																

selected	to	be	512	keV	and	1	keV,	respectively.	
For	ECUT,	rest	mass	energy	of	an	electron	(511	

keV)	 was	 considered,	 so	 the	 electrons	 were	
tracked	 down	 to	 the	 kinetic	 energy	 of	 1	 keV	 -	

the	same	as	that	of	the	photons.	Figure	1	shows	

the	 detailed	 geometry	 of	 CT	 X-ray	 tube																				

components	 modeled	 in	 BEAMnrc	 simulations.	
For	ph	�ile	data	analysis	and	depiction	of	energy	

�lounce,	 beam	 thickness	 in	 z	 axis	 and	 beam												
pro�ile,	 we	 used	 BEAMDP	 (BEAM	 Data																									

Processor)	software.		

Validation	 of	 CT	 scanner	 modeling	 in																							

simulation	

   For	 evaluation	 of	 the	 X-ray	 beam	 data	 and																
X-ray	 tube	 component	 designed	 in	 simulation,	
energy	 spectra	 obtained	 by	 BEAMnrc	 were								

compared	with	 the	 energy	 spectrum	 produced	
by	 Ipem78	 as	 standard	 software	 for	 X-ray															

spectrum	 analysis	 (19).	 For	 evaluation	 of	 the	
beam-	 shaping	 �ilter	 (bow	 tie	 �ilter),	 half	 beam	

pro�ile	 has	 been	 measured	 using	 TLD	 crystal	
and	 computer	 radiography	 (CR)	 cassette.	 The	

CT	 scanner	 has	 a	 56o	 fan	 beam	angle	 and	54.0	
cm	in	source	to	isocenter	distance.		In	this	study,		

the	TLD	circular	chips	made	up	6-Lif	(Mg,	Cu,	P)	
with	 dimensions	 of	 4.5	 mm	 in	 diameter	 and	
8mm	 thickness	 was	 used.	 In	 order	 to	 draw	

beam	pro�ile,	TLDs	were	arranged	 in	20	points	
from	 center	 to	 peripheral	 of	 gantry	 isocenter	

and	one	exposure	was	performed	in	Scout	mode	
(X-ray	 tube	 �ix	 and	 table	 moves).	 This																							

measurement	 processes	 was	 repeated	 two	
times	 with	 two	 TLDs	 series	 with	 the	 same															

model.	 	The	shape	of	the	beam	pro�ile	obtained	

from	direct	measurements	was	 compared	with	

the	pro�ile	obtained	by	the	MC	code.		
 
Patient	speci�ic	phantom	

   DOSXYZnrc	simulation	code	was	used	in	order	
to	 produce	 patient	 speci�ic	 phantom	 and																					

irradiation	 of	 photons	 to	 the	 phantom.	 For																		
accurate	 calculation	 of	 organ	 dose,	 patient	 CT	

image	of	thorax	manually	was	voxelized	in	input	
�ile	named	INP	�ile	in	DOSXYZnrc	code.	Thorax	ct	

image	 was	 divided	 to	 a	 64×64×20	 matrix	 and	
6.25×6.25×	 6.25	 mm3	 voxel	 size.	 A	 pegs	 4	 �ile	

was	 developed	 with	 EGSnrcMP	 software	 in	
which	 speci�ications	 of	 the	 entire	 medium	 in	

phantom	 such	 as	 attenuation	 coef�icient,																						
interaction	 cross	 section	 and	 physical	 density	
are	 de�ined.	 	 DOSXYZnrc	 code	 uses	 this	 �ile	 for	

dose	calculation	in	phantom	voxels.	Mediums	in	
designed	phantom	included	air,	adipose	(skin	fat	

layer),	 blood,	 heart,	 muscle,	 soft	 tissue,	 bone		
cortex	 and	 bone	 marrow.	 Simulated	 area	 in		

thorax	 CT	 image,	 central	 slice	 and	 simulation	
phantom	of	central	slice	are	shown	in	�igure	2. 	

Fallah Mohammadi et al. / Thorax organ dose estimation in CT  

Figure 1. The detailed geometry of CT scanner modeled in BEAMnrc simula�on, axial view. 
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Exposure	model	 and	 source	 geometry	 in	MC	

simulation	

     In	 the	 present	 study,	 the	 axial	 exposure	
model	was	used	to	irradiation	of	patient	thorax	
and	 heart	 area.	 This	 mode	 of	 scan	 was																						

simulated	using	DOSXYZnrc	simulation	code.	In	
axial	 mode,	 X-ray	 tube	 rotates	 360	 degree	

around	 the	 patient	 body	 then	 table	 moves	 in	
new	 location	 based	 on	 user	 selection	 and																		

initiates	another	scan.	This	method	of	scanning	
is	named	step	and	shoot	or	 snap	shot	method.	

In	 MC	 simulation	 this	 mode	 of	 scan	 was																	
modeled	 with	 moving	 the	 point	 of	 coordinate	

inside	 the	phantom.	Thorax	phantom	 localized	
to	 heart	 area	 with	 12.5	 cm	 in	 length	 was																				
irradiate	 in	 simulation	 with	 three	 axial	 mode	

without	 overlapping	 of	 adjacent	 slices.	 Mean	
dos	to	an	organ	was	obtained	based	on	dose	to	

that	 organ	 from	 all	 slices.	 Twenty	 slices	 of	
phantom	 with	 6.25	 mm	 in	 thickness	 were															

irradiated.	 	In	our	study,	number	of	history	for	
MC	 simulation	 run,	 was	 109	 photons	 per	 axial	

mode	 and	 beam	 width	 was	 40mm.	 Figure	 3	
shows	simulation	set	up	in	the	present	study.			

   In	 this	 study,	 phase	 space	 �ile	 after	 bowtie	

Fallah Mohammadi et al. / Thorax organ dose estimation in CT  

�ilter	 was	 used	 as	 radiation	 source	 in	

DOSXYZnrc	 MC	 System.	 Source	 model	 in	
DOSXYZnrc	as	ISOURCE=8	(Phase-Space	Source	

Incident	 from	Multiple	 Direction)	was	 used.	 In	
this	 source	 model,	 number	 of	 projection,																					

irradiation	 angle	 and	weight	 of	 beam	 intensity	
per	 projection	 is	 selected.	Here,	 50	 projections	

with	 the	 same	 beam	 intensity	 per	 projection	
were	 selected	 and	 organ	 dose	 in	 one	 rotation	

around	the	phantom	was	calculated.		
	

Patient	speci�ic	organ	dose	calculation	

   Dose	 in	phantom	voexls	was	stored	in	egslst	
and	 3ddose	 �iles	 in	 DOSXYZnrc	 code.	We	used	
3DDose	 Viewer	 (20)	 and	 MATLAB	 software	 for	
3ddose	�ile	analysis	and	dose	map	depiction	in	

phantom,	 respectively.	 Dose	 value	 in	 MC														
simulation	is	normalized	per	source	history.	In	

order	 to	 determine	 the	 absolute	 dose,	 MC															
results	in	unit	of	Gy/particle	were	converted	to	

absorbed	dose	 in	unit	 of	mGy	by	 a	 conversion	
factor	(CF).	 In	our	study,	CF	was	calculated	for	

120kV	and	80kV	photon	energy.	In	�irst	step	we	
measured	 the	 dose	 in	 air	 in	 isocenter	 of	 CT	

scanner	 gantry	 using	 Ion	 chamber	 dosimeter.	

Figure 2. Coronal view of pa�ent thorax ct image, simulated area and radia�on beams (1, 2 and 3) (a).  Axial view of central 

slice in which organ dose was calculated (b).  Pa�ent specific phantom simulated from central slices(c).    

Figure 3. Three axial scan in thorax phantom (coronal view) in MC simula�on with three MC code running (a). Seven slice with 

6.25 mm in thickness included in every beam approximately. Axial scan modeled in simula�on in transverse view for each run (b). 

316 Int. J. Radiat. Res., Vol. 14 No. 4, October 2016 
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simulates	 X-ray	 spectra	 using	 a	 semi-empirical	

model	 based	 on	 the	 Birch	 and	 Marshall	 model	
(19).	 In	 Ipem78	 software,	 several	 variables	 that	

impact	 the	 X-ray	 spectrum	 are	 de�ined	 such	 as	
anode	 angle,	 �lat	 �ilter	 material	 and	 thickness.		

Equality	of	characteristic	spectrum	in	�igure	4	a	
and	 b,	 resulted	 from	 BEAMnrc	 and	 Ipem78																							

software,	shows	that	X-ray	source	in	simulation	
was	 properly	 designed.	 Figure	 5	 shows	 beam	

pro�ile	 from	 center	 to	 peripheral	 of	 CT	 scan														
gantry	 due	 to	 beam	 shaping	 �ilter	 (bow	 tie																		

�ilter).	X-ray	photon	pro�ile	was	measured	using	
TLD	 crystal	 and	 CR	 �ilm	 and	 was	 calculated															

using	MC	 simulation	method.	 All	 beams	 pro�ile	
resulted	in	simulation	and	measurements	are	in	
same	shape;	this	means	that			bowtie			�ilter			was		

correctly	simulated.	
Conversion	 factor	 (CF)	 for	 120kV	 and	 80kV	 is	

shown	in	 table	1.	 In	our	study,	 	 	measurements	
and	 simulation	 calculation	 of	 absorbed	 dose	 in	

CTDI	 phantom	 was	 the	 same	 with	 3%	 to	 6%			
difference	that	is	in	the	acceptable	range	and	CF	

was	 correctly	 calculated.	 	 We	 did	 not	 use	 the	
CTCREATE	 soft	 ware	 (22)	 to	 convert	 the	 CT																		

DICOM	 �ile	 to	 egsphant	 �ile	 (phantom	 �ile	 in	
DOSXYZnrc),	 due	 to	 the	 fact	 that,	 in	 our	 study,	

this	 soft	 ware	 had	 many	 errors	 and	 bugs	 in																	
conversion	 processes	 	 and	 	 inaccuracy	 was															

possible	in	calculation	of	voxel	material	from	CT	
number	 to	 electron	 density	 conversion	 curve.	
Thorax	 phantom	 (�igure	 3c)	 was	 irradiated	 as	

axial	 mode	 in	 MC	 simulation	 with	 40mm	 �ield	
size,	 120kV	 photon	 energy	 and	 50	 projections	

and	organs	dose	were	 calculated.	Khursheed	et	
al.	 (23)	 indicated	 that	 18	 projections	 were																									

suf�icient	 in	 axial	 mode	 simulation	 without																
signi�icantly	 affecting	 the	 calculated	 organ														

doses.	 In	 our	 simulation	 test	 with	 50,	 100	 and	
1000	projection	irradiation	model,	no	signi�icant	

difference	 was	 found	 in	 dose	 transport	 to															
phantom	voxel	element.		Imparted	energy	to	the	

phantom	 is	 dependent	 on	 the	 rotation	 time	
(duration	of	one	rotation	around	phantom)	and	

beam	 intensity	 (mA).	 Gu	 et	al.	 (24)	 used	 16															
projections	 for	 dose	 calculation	 in	 CTDI																		
phantom.	 Figure	 6	 shows	 a	 case	 of	 the																											

simulation	set	up	and	dose	map	in	several	slices	
and	 thorax	 organ	 dose	 calculation	 processes	 in	

this	 study.	 Figure	 7	 shows	 dose	map	 in	 thorax	

Then,	 dose	 in	 air	 in	 the	 same	 point	 as																							

measurement	 set	 up	 in	 simulation	 for	 two	
mentioned	 energy	 was	 calculated	 and	 CF	 was																		

obtained	based	on	equation	1.	
Conversion	factor	(particle	/mAs)	=	

measurement	dose	(Gy/mAs)/simulation	dose	

(Gy/particle)		(1)					
 

Absorbed	 dose	 in	 Gy	 was	 calculated	 based	 on	
equation	2.	
 

Absolute	dose	(Gy)	=	Simulation	dose	(Gy/

particle)	x	CF	(particle	/mAs)	x	mAs																				(2)	
 

We	 calculated	 the	 organ	 dose	 for	 routine	
thorax	 imaging	 with	 100	 mAs	 beam	 intensity.	

We	 also	 calculated	 thorax	 organ	 dose	 in	 low	
energy	 X-ray	 photon	with	 80kV	 in	 comparison	

with	 120kV.	 In	 order	 to	 verify	 the	 CF	
calculation,	the	body	CTDI	phantom	with	32	cm	

in	diameter	was	 scanned	 in	CT	system	as	axial	
mode	 with	 1	 sec	 rotation	 time	 and	 120	 kV.	

Then,	 direct	 measurement	 was	 performed	 in	
central	 point	 and	 4	 peripheral	 points	 of	 CTDI	

phantom	 using	 Ion	 chamber.	 In	 simulation,	 a	
CTDI	phantom	was	designed	with	0.5	×	0.5	×	1	

cm3	voxel	size	and	irradiated	with	same	set	up	
as	 measurements.	 Results	 of	 simulation	 and	
measurement	 in	 same	 points	 inside	 the	

phantom	were	compared.		
Effective	 dose	 was	 calculated	 using	 thorax															

organ	 dose	 and	 tissue	 weighting	 factor	 as													
equation	3.	

Weighting	 factor	 reported	 in	 ICRP	 103	 was	
used	for	effective	dose	calculation	(21).	

 

 

 

WT	=	tissue	weighting	factor	

WR	=	radiation	weighting	coef�icient	(1	for	photons)	

DT,R	=	average	absorbed	dose	to	tissue	T		 	

 

 

RESULTS 

 

    X-ray	beam	spectrum	results	 in	BEAMnrc	MC	

system	 and	 Ipem78	 software	 are	 shown	 in						
�igure	 4.	 IPEM78	 (Spectrum	 Processor	 of	 the		

Institute	 of	 Physics	 and	 Engineering	 in																						
Medicine’s	 Report	 78)	 is	 a	 software	 that																					

)3(  
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Figure 4. Comparison of X-ray spectra between IPEM report 

78 data and MC simula�on. 

Figure 5.  Comparison of the beam profile in air resulted in 

simula�on, TLD crystal and CR casseAe, from center to 

peripheral of CT scan gantry isocenter. 

Table 1. Conversion factors for conver�ng the MC simula�on results from Gy/incident par�cle to mGy. 

phantom	that	it	was	irradiated	using	120kV	and	

80kV	photon	energy	in	MC	simulation.		In	thorax	
organ	 dose	 calculation,	 radiation	 dose	 due	 to	

scatter	 photons	 from	 adjacent	 beams	 was																	
considered.	 	In	�igure	6,	simulation	dose	map	in	

central	slices	is	hot	and	slices	far	from	center	of	
X-ray	�ield	is	cold.	This	is	because	central	slice	is	

exposed	directly	to	primary	photons	and	farther	

slices	from	center	of	�ield	are	exposed	to	scatter	

photons	with	low	energy.	
Thorax	 organ	 dose	 is	 listed	 in	 table	 2.	 CF	

listed	 in	 table	 1	 was	 used	 for	 organ	 dose																										
calculation.	 Our	 study	 showed	 that	 patient																

effective	 dose	 in	 thorax	 ct	 imaging	 is	 7.4	 mSv	
and	1.8	mSv	in	120	kV	and	80kV,	respectively.  

Table 2. Pa�ent specific organ dose in pa�ent thorax, irradiated with 80kV and 120kV  photon energy, 100 mAs,  40 mm beam 

width and axial  mode. 
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Conversion 

factor 

(par�cle /mAs) 

Simula�on air dose 

calcula�on 

(mGy /par�cle) 

Air dose measurement 

(mGy / mAs) 

Slice thickness 

(mm) 
mAs 

Photon energy 

(kV) 

3.12E+16 2.05E-18 0.064 40 100 80 

3.04E+16 6.06E-18 0.184 40 100 120 

Photon 

Energy 

Organ dose/ slice  ( mGy ) 

(Mean ± SD) 

esophagus 
spinal 

cord 
Heart Lung 

Spin 
Adipose Muscle Rib 

Bone marrow Bone surface 

80 kV 1.1±0.1 1.1±0.1 1.5±0.3 2.1±0.4 2.8±0.2 4.5±1.0 4.5±0.5 5.1±0.6 12.0±2.8 

120 kV 5.6±0.7 6.2±0.8 7.2±1.1 9.1±1.2 12.3±3.5 20.0±3.3 17.2±1.7 18.6±2.2 43.6±8.2 
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DISCUSSION 

   According	 to	 �igure	7,	 the	ratio	of	 the	dose	 in	
the	 isocenter	 of	 patient	 thorax	 phantom	 to	 its	
surface	in	120	kV	energy	photon	was	larger	than	

that	 of	 80kv	 at	 same	 points,	 because	 by																						
increasing	 the	 X-ray	 photon	 energy,	 can	 also		

increase	 their	 penetration	 power.	 Chest	 wall	
(ribs	 and	 intercostal	 muscles)	 keeps	 the	 lung	
and	 mediastinum	 as	 a	 protective	 shield	 from	

receiving	 high	 radiation	 dose	 in	 two	 energy.	

Bones,	 especially	 the	 ribs,	 have	 received	 high	
dose	due	to	high	absorption	power.	The	thoracic	

spine	has	received	lower	dose	than	ribs,	because	
it	 is	 surrounded	 by	 ribs	 laterally	 and	 muscles	

posteriorly.	 Dose	 in	 surface	 bone	 (cortex)	 is	
more	 than	 bone	 marrow.	 Dose	 to	 transverse	

process	and	spinous	process	are	more	than	body	
of	 spine.	 In	 most	 studies,	 organ	 dose	 was																					

calculated	based	on	dose	measurements	in	CTDI	

Fallah Mohammadi et al. / Thorax organ dose estimation in CT  

Figure 6.  Simula�on set up and dose map in slices. Slice 10 is central slice in phantom. 

Figure 7. Dose map comparison in pa�ent thorax phantom at 120 (leE) and 80 kV (right) ,40mm X-ray beam width and 100 mAs. 
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phantom	(25-27).	In	these	studies,	organ	dose	level	

was	 reported	 for	 a	 reference	man	 and	was	 not	
patient	 speci�ic.	 	 Several	 software	 have	 been								

introduced	 to	 calculate	 the	 organ	 dose	 in	 CT		
imaging	 such	 as	 ImPACT,	 CT	 Dose,	 CT	 Expo,											

ImpactDose,	 eXposure	 and	 WAZA-ARI.	 All	 of	
these	 software,	 tend	 to	 calculate	 organ	 dose	

based	 on	 several	 prede�ined	 body	 phantom									
imported	 to	software	memory.	Whereas,	 in	 this	

study,	 patient	 CT	 data	 was	 directly	 used	 as													
patient	 speci�ic	 phantom	 in	 order	 to	 calculate	

the	organ	dose.	 	Organ	dose	values	 reported	 in	
articles	vary	extensively.	For	instance,	lung	dose	

in	CT	scan	imaging	of	thorax,	was	reported	to	be	
19.5	mGy	with	16	slice,	37	mGy	with	28	slice	and	
31.5	mGy	with	60	slice,	and	 there	can	be	 found	

no	 logical	 relationship	 between	 the	 number	 of	
slices	and	lung	dose	(28).	This	is	also	the	case	for	

other	 organs.	 Our	 study	 shows	 that	 the	 lung	
dose	in	CT	of	thorax	imaging	is	9.1	and	2.1	mGy	

for	120	kV	and	80	kV	respectively.	In	a	study	by	
Huda	 et	al.	(25),	 organ	 dose	 in	 CT	 was	 reported	

based	on	dose	measurements	on	CTDI	phantom.		
In	 this	 study	 dose	 in	 lung	 and	 heart	 were	 6.8	

mGy	 and	 10.3	 mGy	 respectively	 with	 120	 kV,	
100	mAs	and	12	cm	scan	length.	But	in	our	study	

dose	 to	 heart	with	 the	 same	 condition	was	 7.2	
mGy.	 In	 another	 study,	 Effective	 dose	 in	 CT															

imaging	of	thorax	was	reported	between	2.1	and	
12.2	mSv	 (29).	Our	study	shows	effective	dose	in	
CT	of	 thorax	 to	be	7.4	mSV	and	1.8	mSv	in	120	

and	 80	 kV	 respectively.	 In	 general,	 disparity	 of	
organ	 dose	 values	 is	 due	 to	 differences	 in	 the	

measuring	 conditions.	 Since	 in	 the	 present	
study,	 patient	 CT	 image	 has	 been	 used	 to																						

calculate	 the	 effective	 dose,	 it	 can	 be	 claimed	
that	 the	 calculated	 effective	 dose	 is	 the	 actual	

values,	 it	is	speci�ic	for	each	patient,	and	can	be	
used	 for	 patient	 speci�ic	 risk	 assessment	 in	 CT	

imaging.		Radiation	dose	per	slice	in	CT	imaging	
could	 be	 a	 suitable	 indicator	 for	 patient	 dose	

assessment	 and	 comparing	 the	 technical																			
procedures	 recommended	 in	 CT	 imaging	 for						

patient	 dose	 reduction.	 In	 this	 study	 we																							
calculated	 the	patient	speci�ic	organ	dose	 in	CT	
of	 thorax	 based	 on	 CT	 image	 data	 using	

BEAMnrc	MC	system.	The	method	presented	 in	
this	 research	 can	be	used	 to	provide	 the	 actual	

patient	 dose	 in	 CT	 Imaging.	 Calculation																										

procedures	 to	 patient	 speci�ic	 dose	 per	 slice				

presented	 in	 this	 study	 can	 be	 used	 for	 all																
patient	organs.		

	

	

ACKNOWLEDGMENT 

 

   This	 study	 has	 been	 funded	 by	 Tehran	

University	of	Medical	Science	(TUMS)	via	project	

No.	25097-30-01-93.	
 

Con�lict	of	interest: Declared	none. 

 

 

REFERENCES 

 

1. Thomas F,  Huchen X,  Jason Y. C, Holly N, Ying Z,  Robert 

W. M (2011) Pa�ent-specific CT dosimetry calcula�on: a 

feasibility study.  JACMP, 12: 3589. 

2. Na�onal Council on Radia�on Protec�on and                    

Measurements (2009) Ionizing radia�on exposure of the 

popula�on of the United State. Report no. 160. Bethesda   

Md: Na�onal Council on Radia�on Protec�on and              

Measurements.  hAp://www.ncrponline.org/Publica�ons/

Press_Releases/160press.html 

3. Brenner DJ, Hall EJ (2007) Computed tomography - an 

increasing source of radia�on exposure. N Engl J Med, 

357:2277–84. 

4. Bundesamt fuer Strahlenschutz (BfS) Annual report 2009. 

(2010). Bibliographic informa�on available from INIS: 

hAp://inis.iaea.org/search/search.aspx?orig_q=RN:41126-

569 Available from TIB Hannover: ZO 669 (2009). 

5. Fishman E and Jeffrey RB (2003) Spiral-CT.  US-ART (US-

American Radiology Toolbooks); StuAgart: Thieme.      

6. Kalender W A (2006) X-ray computed tomography. Phys 

Med Biol, 51: R29–R43. 

7. Kalender WA (2011) Computed tomography 

Fundamentals, System Technology, Image Quality, 

Applica�ons. 3rd revised edi�on. Publisher: Publicis 

Publishing, Erlangen, 175 - 228. 

8. Kalender WA (2014) Dose in x-ray computed tomography. 

Phys Med Biol, 59(3): R129-50.  

9. BEIR VII(2005)  Health Risks from Exposure to Low Levels 

of Ionizing Radia�on, REPORT IN BRIEF Na�onal 

Academies Press. www.nap.edu. THE NATIONAL 

ACADEMIES PRESS Washington, D.C.  

10. ICRP publica�on 103 (2007) The 2007 Recommenda�ons 

of the interna�onal commission on radiological                         

protec�on. Ann ICRP, 37: 1-332. 

11. DeMarco JJ, Cagnon CH, Cody DD, McCollough CH,  

O’Daniel J,  McNiA-Gray MF (2005)  A Monte Carlo based 

method to es�mate radia�on dose from mul�-detector 

CT (MDCT): cylindrical and anthropomorphic phantoms. 

Phys Med Biol, 50: 3989–4004. 

Fallah Mohammadi et al. / Thorax organ dose estimation in CT  

320 Int. J. Radiat. Res., Vol. 14 No. 4, October 2016 

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijr

r.
14

.4
.3

13
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rr

.c
om

 o
n 

20
25

-0
7-

12
 ]

 

                             8 / 10

http://dx.doi.org/10.18869/acadpub.ijrr.14.4.313
https://ijrr.com/article-1-1816-en.html


Monte Carlo simula�ons. Journal of Physics: Conference 

Series , Volume 102, Number 1  

21. Interna�onal Commission on Radiological Protec�on

(2007) recommenda�ons of the Interna�onal Commission 

on Radiological Protec�on. ICRP publica�on 103. Ann 

ICRP. 2007; 37(2-4): 1-332 

22. Walters B, Kawarakow I, Rogers DWO (20090 DOSXYZnrc 

user’s manual NRCC Report PIRS-794 (OAawa, Canada: 

NRCC) 

23.  Khursheed A, Hillier MC, Shrimpton PC, Wall BF (2002) 

Influence of pa�ent age on normalized effec�ve doses 

calculated for CT examina�ons. Br J Radiol, 75: 819–30. 

24. Gu J, Bednarz B, Caracappa PF, Xu XG (2009) The                       

development, valida�on and applica�on of a                          

mul�-detector CT (MDCT)) scanner model for assessing 

organ doses to the pregnant pa�ent and the fetus using 

Monte Carlo simula�ons. Phys Med Biol, 54: 2699–2717. 

25. Huda W, Sterzik A, Tipnis SA, Schoepf UJ (2010) Organ 

doses to adult pa�ents for chest CT. Med Phys, 37: 2. 

26. Huda W, Ogden KM, Khorasani MR (2008) Conver�ng 

dose length product to effec�ve dose at CT. Radiology, 

248: 995–1003. 

27. Robert D Prins, Raymond H Thornton, C Ross Schmidtlein, 

Brian Quinn, Hung Ching, Lawrence T Dauer (2011)                 

Es�ma�ng radia�on effec�ve doses from whole body 

computed tomography scans based on U.S. soldier pa�ent 

height and weight. BMC Medical Imaging, 11: 20. 

28. Ngaile JE and Msaki PK (2006) Es�ma�on of pa�ent organ 

doses from CT examina�ons in Tanzania. Journal of 

Applied Clinical Medical Physics, 7(3): 80-94. 

29. Ghavami SM, Mesbahi A, Pesianian I (2012) Pa�ent doses 

from X-ray computed tomography examina�ons by a 

single-array detector unit: Axial versus spiral mode. Iran 

JRR, 10: 89-94. 

12. Frush DP and Yoshizumi T (2006) Conven�onal and CT 

angiography in children: dosimetry and dose comparisons. 

Pediatr Radiol, 36: 154–58. 
13. Report of AAPM Task Group 204 (2011) Size-Specific Dose 

Es�mates (SSDE) in Pediatric and Adult Body CT                     

Examina�ons. American Associa�on of Physicists in             

Medicine.  

14. Shrimpton P C, Jones D G, Hillier M C, Wall B F, Le Heron J 

C and Faulkner K (1991) Survey of CT prac�ce in the UK: 

part 2: Dosimetric Aspects, Na�onal Radiological 

Protec�on Board, Chilton, NRPB-R249, (HMSO, London). 

15. Shrimpton P C (2004) Assessment of pa�ent dose in CT, 

NRPB Report no NRPB-PE/1/2004, Chilton: Na�onal 

Radiological Protec�on Board. 

16. Deak P, Smal Y, Kalender W (2010) Gender- and                       

age-specific conversa�on factors used to determine the 

effec�ve dose from the dose-length product for                   

mul�-slice CT protocols. Radiology, 257: 158–66. 

17. Kappler S, Hannemann T, KraE E, Kreisler B, 

Niederloehner D, S�erstorfer K, Flohr T  (2012) First 

results from a hybrid prototype CT scanner for exploring 

benefits of quantum-coun�ng in clinical CT. Proc. SPIE 

8313, Medical Imaging 2012: Physics of Medical Imaging, 

83130X (February 23, 2012); doi: 10.1117/12.911295; 

hAp://dx.doi.org/10.1117/12.911295. 

18. Akbarzadeh A, Ay MR, Ghadiri H, Sarkar S, Zaidi H (2010) A 

new method for experimental characteriza�on o 

scaAered radia�on in 64-slice CT scanner. Biomed Imaging 

Interv J, 6(1): e3. 

19. Cranley K, Gilmore B, Fogarty G, Desponds L  (1997)              

Catalogue of diagnos�c X-ray spectra and other data.              

(CD-ROM). York (UK): IPEM Report 78; The Ins�tute of 

Physics and Engineering in Medicine (IPEM).  

20. James CL Chow and Michael KK Leung (2008) A graphical 

user interface for calcula�on of 3D dose distribu�on using 

Fallah Mohammadi et al. / Thorax organ dose estimation in CT  

321 Int. J. Radiat. Res., Vol. 14 No. 4, October 2016 

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijr

r.
14

.4
.3

13
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rr

.c
om

 o
n 

20
25

-0
7-

12
 ]

 

                             9 / 10

http://dx.doi.org/10.18869/acadpub.ijrr.14.4.313
https://ijrr.com/article-1-1816-en.html


 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijr

r.
14

.4
.3

13
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rr

.c
om

 o
n 

20
25

-0
7-

12
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

http://dx.doi.org/10.18869/acadpub.ijrr.14.4.313
https://ijrr.com/article-1-1816-en.html
http://www.tcpdf.org

