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Eye lens dose estimations in chest computed tomography 
examinations using Monte Carlo simulations in a Siemens 

SOMATOM perspective scanner 

INTRODUCTION 

Today X-ray imaging-based diagnostic devices are 
widely used, while their benefits and risks for            
patients and occupationally exposed personnel have 
been discussed in many research papers (1-3). One of 
the main diagnostic imaging devices are computed 
tomography (CT) scanners, to produce three-
dimensional images of the human body interior. A 
main task of managing these devices is to avoid              
ionizing radiation overexposure to the patient               
because in a CT scan, patients could receive up to 600 
times the dose of a conventional radiographic study 
(4). Although the X-ray field does not cover all organs 
in a CT scan, some structures could receive a                 
significant dose from scattered radiation, radiation 
leaking from the scanner, and background radiation 
within the room (5). It is known that the photons used 
in radiodiagnosis (40 to 150 keV) interact with               
biological materials, in processes such as the            

photoelectric effect and Compton scattering (6). In the 
first process, total absorption of the photon occurs. 
However, in the second process the photon is not 
absorbed and continues its way after undergoing 
multiple collisions and deviations from its original 
trajectory, increasing scattered radiation. This              
radiation can be emitted in any direction and is the 
principal cause of irradiation in patient's body parts 
not subjected to examination, it also contributes to 
the exposure of occupationally exposed personnel 
and the public (1-3). Scattered radiation in diagnostic 
radiology occurs when the primary X-ray beam      
interacts with the patient, produces a bouncing effect 
off the body and is scattered in many random               
directions. In a chest CT scan, the body is exposed to 
X-rays of 130 kV, which irradiate thin slices (0.6 mm 
to 1.0 mm), which promote scattered X-ray radiation 
on the surface of the patient's body and reach other 
parts of the body that are radiosensitive, such as the 
thyroid gland, gonads, salivary glands, eye lens and 
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ABSTRACT 

Background: The radiation dose received by the eye lens when a chest computed 
tomography (CT) scan is performed, is generally not recorded in clinical practice, 
particularly due to the distance of this organ from the X-ray beam. Material and 
Methods: The absorbed dose in the eye lens was determined by Monte Carlo N-
Particle version 5 (MCNP5) calculations and thermoluminescence dosimetry (TLD). 
Two models of the CT scanner and patient were constructed using the MCNP5 code. 
The first model was the Bottle Manikin Absorber (BOMAB), which includes the main 
structures of the eye, and the second was the computational voxelized phantom 
MAX06. In addition, measurements were carried out in 21 adult patients, which 
underwent a chest CT study in a Siemens SOMATOM Perspective scanner. Results: 
Average Monte Carlo values for the absorbed dose of 16.4 ± 0.4 mGy and 1.97 ± 0.04 
mSv for the effective dose were obtained when the BOMAB model was used. Mean 
values of 13.3 ± 0.3 mGy and 1.59 ± 0.04 mSv, respectively, were obtained for the 
absorbed dose and effective dose for the MAX06 phantom. TLD measurements gave 
average values of 12.66 ± 1.33 mGy and 1.52 ± 0.16 mSv for absorbed dose and 
effective dose, respectively, in simple chest scans, and 7.60 ± 0.63 mGy and 0.91 ± 
0.07 mSv, respectively, for simple contrast-enhanced studies. Conclusions: The results 
of the Monte Carlo simulations with BOMAB and voxelized phantoms in our study 
agree relatively well with each other.  
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brain. 
A huge number of studies dedicated to dose         

evaluation in radiosensitive organs during CT               
procedures has been reported in the literature.              
Several authors have evaluated the dose in the brain, 
breast and lung in patients undergoing head, chest, 
and abdomen-pelvis CT examinations (7-15). One issue 
presented in these thorax and abdomen-pelvis               
studies is the absorbed dose in organs far from the 
irradiation beam, highlighting the lack of information 
on the eye lens in most of them. 

Other interesting studies have focused on            
evaluating the effect of bismuth shielding on organ 
dose in CT examinations (7,16-19). In all cases, a                 
significant reduction of absorbed doses to the breast 
and thyroid in CT examinations have been reported 
for exposures with bismuth protection. 

On the other hand, according to the International 
Commission on Radiological Protection (ICRP), the 
eye lens is one of the most radiosensitive organs, so 
in 2011 the organization established a dose threshold 
of 0.5 Gy for chronic exposures, 0.5-2 Gy for acute 
exposures, and an occupational equivalent dose limit 
of 20 mSv/year (averaged over 5 years) to prevent 
the appearance of ocular cataracts (20). 

Dose assessment to the eye lens and the risk of 
eye lens cataract development have been reported in 
recent studies related to radiation protection in                
patients undergoing CT procedures of the head (21,22). 
Also, dose reduction in eye lens by using bismuth 
shield in head CT scans have been recently studied 
(23,24). 

However, there is not much information on the 
risk associated with the eye lens in chest CT                     
procedures. In one of the few recent investigations, 
Va zquez-Ban uelos et al. (25) measured the effective 
dose in the eye lens in a solid water phantom            
undergoing a chest CT study, by using the                       
rmoluminescent dosimeters. The authors reported an 
average effective dose of 57 µSv for the eye lens. For a 
coronary computed tomography-angiography 
(CCTA), Shibata et al. (26) performed dosimeter               
determination and computational simulations to          
estimate the absorbed dose in the eye lens. They 
found values of 175 mGy and 97.07 mGy, respectively 
and an average effective dose of 0.1 mSv. 

According to this background, there is a lack of 
information related to the eye lens dose in chest CT 
procedures. Likewise, the available data show a great 
variation, so the purpose of this research is to               
determine the absorbed dose in the eye lens in           
patients undergoing a CT scan of the chest, using two 
different methods: Monte Carlo simulation and           
thermoluminescent dosimetry. The novelty of this 
work lies in the comparison between computational 
methods and phantom measurements. Conventional 
TLD, performed using LiF:Mg,Ti (TLD-100), was         
employed during this work. On the other hand, a 
comparison between a BOttle Manikin Absorber 

854 

(BOMAB) and MAX06 was carried out to assure clini-
cal validation in the results. 

 
 

MATERIAL AND METHODS 
 

CT scanner 
A Siemens SOMATOM Perspective multislice  

scanner was used for both termoluminescent              
measurements and Monte Carlo simulations. A total 
of 21 patients (Mexicans, both genders, aged between 
18 and 65 years old) were enrolled in this                        
tomographic study, following the specifications:        
Gantry aperture of 70 cm, distance from the focus of 
the X-ray tube to the isocenter of 53.5 cm, power of 
the X-ray tube from 80 to 130 kVp. The protocol            
followed consisted of two stages: in the first stage, a 
general topogram was performed, which allowed 
determining the exploration area, which in the case of 
chest exam had a length of 30 cm on average and a 
width that depended on each patient. In the second 
stage, the helical exploration was performed in the 
cranio-caudal direction, following the exploration 
protocol: cathode-anode voltage of 130 kVp,                   
operating current of 70 mAs, X-ray tube rotation time 
of 0.6 s, total time of 5.71 s, cutting thickness of 5 mm 
and pitch of 1. 

 

Monte Carlo calculations 
The code Monte Carlo N-Particle version 5 

(MCNP5) (27), which was developed at Los Alamos 
National Laboratory, was used to estimate the fluence 
and dose. MCNP is a general-purpose Monte Carlo 
code for performing the transport of neutrons,               
photons, and/or electrons in various geometries. 
MCNP offers many convenient features including a 
powerful geometry modeling tool and various tallies: 
surface current and flux, volume flux (track length), 
point or ring detectors, particle heating, fission              
heating and pulse height tally for energy deposition. 

 

X-ray source simulation 
The technical characteristics reported in the               

literature were used to model the X-ray tube (28). The 
model of the X-ray tube was constructed by means of 
an input file where the cells and surfaces were             
defined. The compendium of material composition 
data for radiation transport models was used to              
simulate the materials of the X-ray source (29). The              
X-ray tube was modeled as a cylinder containing the 
source of electrons (cathode), the target (anode) and 
its support. This cylinder was filled with diluted air 
(approximately empty) to avoid energy loss due to 
electron collisions, see cell 1 in left figure 1. The         
target was modeled as a 2 mm thick inclined disk  
attached to a copper cylinder to dissipate the heat 
that occurs in interactions; the angle of inclination of 
the target with respect to the vertical was 17°. A 3 
mm thick Al filter was included in the model to       
represent the inherent and additional equipment  
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filter. 
The electron source was modeled as a 0.07 cm 

radius disk that unidirectionally emits 130 keV               
electrons, as shown in left figure 1. The distance             
between the electron source and the target was 10 
cm. As in the case of cell 1, to avoid the loss of kinetic 
energy due to collisions, cell 2 in front of the target 
was filled with diluted air, all encapsulated inside an 
outer cylinder (see in right figure 1). Subsequently, 
the modeled X-ray tube was inserted into an                    
enclosure or barrier which was constructed as a  
truncated cone filled with atmospheric air. 

The X-ray spectrum was estimated with the tally 
F5, which allows to estimate the photon fluence, for 
each energy, counting the number of photons that 
cross the detector in terms of photons/cm2 with a 
spherical cell filled with air, 3 cm radius, located 50 
cm from the focal point for 3 × 108 stories. 

 

Patient model 
To calculate the doses in eye lens in patients were 

used two different phantoms, the phantom BOMAB, 
and the computational voxelized phantom MAX06. 
The BOMAB phantom simulates an average person 
1.70 m tall. This phantom consists of ten cylinders of 
various shapes (circular and elliptical), whose           
dimensions are designed to meet the requirements of 
the reference man described in ICRP 23, with                 
tolerances of ± 10% (Nuclear Technology Services, 
2015). The phantom was simulated with the MCNP5 
code; the material that was considered for the               
different parts of the body was equivalent tissue with 
density 1.04 g/cm3. Figure 2 shows the different cells 
considered in the geometry, where the different           
colors represent the materials. The dimensions of the 
human eye are approximately constant with                 
variations of 1 or 2 mm between each person. The 
considerations to simulate the eyeball were: a volume 
of four concentric spheres with 0.93, 1.03, 1.13 and 
1.23 cm of radii, a volume of two concentric sphere 
represent the cornea and anterior chamber, and the 
eye lens cell was represented by an ellipsoid with 
equatorial diameters of 0.8 cm and 0.9 cm,                     
respectively, and a polar radius of 0.25 cm. The mass 
was considered of 0.20 g, according to the ICRP 23 
and 1.07 g/cm3 density (30). Using these values, we 
determined its volume to be 0.1885 cm3. 

 

 

 
 

A patient table with dimensions of 50×160×5 cm3 
composed of polycarbonate was also simulated. The 
elemental compositions and densities of different 
parts of the human eyeball used in these simulations 
were taken from the work of Asadi et al. (31). The          
other materials provided by the ICRP and ICRU for 
phantom and polystyrene-polycarbonate for the           
patient’s table were considered. In left figure 2 the 
axial axis of the phantom was located at the                   
tomograph isocenter. 

The other phantom used was the MAX06, this was 
built up with 1461 transverse images, each one              
containing 474×222 pixels, for a total of 153,738,108 
voxels of 1.2×1.2×1.2 mm3. The phantom is described 
in the work of Kramer et al. (32). The phantom data 
were processed by Martí nez-Ovalle et al. (33) for 
MCNPX syntax to reduce the number of voxels to 
3×3×3 mm3. In this work a phantom with a reduced 
number of voxels of 271,872 considering the head, 
thorax and pelvis was used. A voxel size was changed 
8×8×8 mm3. Three tissue compositions and densities: 
lung, bone, and soft tissue for different organs,          
similarly for the MIRD5 phantom model were used 
(34).  

To simulate the movement of the X-ray tube 
around the phantom, the maximum aperture of the 
tomograph collimators which is 3 cm was used to 
scan the chest CT. To model the source, a cylindrical 
shell with an inner radius of 53.499 cm and an              
external radius of 53.5 cm was considered, thus            
obtaining a cylinder with a thickness of 0.001 cm and 
a length of 3 cm, which simulates the opening of the 
pre-patient collimators. This cylindrical source emits 
photons from its entire surface into the cylinder, 
which interact with the thorax of the phantom (see 
right figure 3). The phantom was located at the  
tomograph isocenter, with the yz plane coinciding 
with the direction of the longitudinal slice of the 
phantom and the xz plane with the transversal slice. 
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Figure 1. Schematic diagram of the X-ray tube, A) Inside of the 
tube, B) 3D view of the tube. 

Figure 2. A)           
Representation of 

a chest CT on a 
BOMAB phantom. 
B) Eyeballs placed 
on the phantom. 

Figure 3. A) Photons emitted from the entire source surface. 
B) Scattered photons due to the interaction with the thorax of 

the phantom. 
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Fluence and dose estimates 
To estimate the fluence in the eye lens the tally F4 

was used, which measures the number of photons/
cm2, while the absorbed dose was estimated with 
tally *F8, which measures energy deposited on a cell 
in MeV. For conversions to MeV/g values were              
divided by cell mass, in this case on the cells that  
represent the eye lens. Also, the number of particles 
that crossed a surface was determined with tally F1; 
this measurement was performed on the external 
surface of the aluminum filter. The estimations were 
performed using a total of 109 stories. 

To simulate the helical movement of the scanner, 
the cylindrical source was modeled considering that 
it emitted photons from its entire interior surface, 
thus simulating a 360° movement with continuous 
shooting in the X-ray tube. The patient’s continuous 
movement was simulated by moving the cylindrical 
source, generating an input program in MCNP5 for 
the 30 cm length of exploration of the thorax. In the 
simulation a pitch equal to 1 was considered. 

The absorbed dose (D) in the eye lens and thyroid 
was estimated according to the equation (1) 

 

D=∑i n (Tally*F8)i × CF × NE × I × TT                            (1) 
 

where n is the number of cuts, CF is a conversion 
factor from MeV/g to J/kg, which is 1.6×10-10, NE is 
the number of electrons/s in 1 mA, given as 
6.25×1015 electrons/s, I was the operating current 
(70 mA) of the Siemens SOMATOM Perpective            
tomograph and TT the total time, 5.71 s. The dose 
value obtained from equation (1) was multiplied by 
the fluence of photons produced by an electron that 
hits the target of the tube, which was 4.87×10-4. 

It is known that equation (1) overestimates the 
dose calculations since this expression does not              
consider several variables such as the patient or 
phantom geometry. To scale and validate the Monte 
Carlo model several measurements of Computed  
tomography dose index (CTDI) according to the            
Report of the American Association of Physicists in 
Medicine (AAPM) Task Group 291 were performed 
and compared with the Monte Carlo calculations (35).    

A 32-cm cylindrical phantom was exposed to a 
helical beam as a chest study, and doses to the center 
and periphery of the phantom were recorded. The 
dose in the phantom (CTDIw) is equal to addition of 
1/3 CTDI in the center and 2/3 CTDI in the                
periphery.  The CTDIvol is the ratio between CTDIw 
and pitch. The ratio between measurement of               
CTDIvol and the quantity calculated by MC was 
0.1852746 and it is considered in the dose expres-
sion, denoted as f in equation (2). 

 

Dose = f * Dosesmcnp                   (2) 
 

On the other hand, the effective dose (E) was             
calculated from the absorbed dose using equation (3) 
(36). 

E = wT wR D     (3) 
 

where WT is the tissue risk ponderation factor, WR 

is the radiation quality factor and D is the absorbed 
dose. In this work, WT was considered as 0.12 for eye 
lens and WR equals to 1 (37). 

 

TLD MEASUREMENTS 
TLD calibration procedure 

   A set of TLD-100 dosimeters (Thermo                   
Scientific™, USA) where calibrated using a 60Co source 
(QSA Global, Inc., USA). To conserve the charge-
particle equilibrium the dosimeters were placed at a 
poly methyl methacrylate (PMMA) dosimeter holder. 
The dosimeters where irradiated on a 10×10 cm field 
size with a source-to-surface distance (SSD) of 80 cm. 
To achieve homogeneity and repeatability in the set, 
the dosimeters were irradiated with a 25 mGy dose. A 
statistical analyze was made to ensure homogeneity 
and repeatability according to the ISO-12974. The 
selected dosimeters were irradiated from 5 mGy to 56 
mGy with the same field size and SSD to generate the 
calibration curve. 

Figure 4 shows the calibration curve for a set of 10 
TLD-100 dosimeters. The experimental data (points) 
were fitted to a linear regression (solid line); a good 
correlation coefficient (R2 = 0.977) was obtained. In 
equation (4) is shown the calibration function                  
obtained from the fit, where D is the absorbed dose in 
mGy and RTLD corresponds to the response of the             
TLD-100 dosimeters in nC. 

 

            (4) 
 

Design and manufacture of the dosimeter holder 
   A dosimeter holder was designed using acrylic 

safety glasses. The holes were made at 3.0 mm depth, 
corresponding to the average depth of the anterior 
chamber into the eye (37). The materials of the glasses 
allow to achieve the charged-particle equilibrium. 
Each dosimeter holder has a pair of calibrated TLD-
100 thermoluminescent dosimeters to measure the 
absorbed dose in both eyes. 

 

Clinical procedure and absorbed dose                         
measurement 

The dosimeter holders were placed on the          
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Figure 4. Calibration curve for a set of 10 TLD-100 dosimeters. 
A) Results of the homogeneity test for the TLD-100 batch. B) 

Experimental results data (points) were fitted to a linear          
regression (solid line) for the calibration curve. 
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patients before carrying out their tomographic study. 
The tomograph used for this study was a Siemens 
SOMATOM Perspective. Patients were classified        
according to their type of study (simple, contrast and 
simple HD). The operation conditions of the               
equipments were 130 kVp and a range from 75-110 
mA according to the autosetup for the patient’s 
weight. After concluding the procedure, the glasses 
were removed from the patients and placed in             
especial cases to protect them from other type of  
radiation. 

The clinical CT procedures were performed at the 
General Regional Hospital of Leon, Mexico. In all 
cases the medical staff performed the CT scans. No 
patients or health workers were damage for this 
research. The study followed the Declaration of 
Helsinki and written informed consent was obtained 
from each participant.  

 

Reading and annealing of dosimeters  
   Twenty-four hours after irradiation, the                 

dosimeters were removed from the glasses and read 
on a TL reader Harshaw 3500 at a rate of 10 °C/s, 
with preheating at 50 °C, up to 300 °C. The reading 
was performed in a nitrogen atmosphere with               
previous reading of the photomultiplier tube noise 
and backlight, using the WinREMS software. 

After reading, the dosimeters were subjected to a 
thermal treatment of 1 hour at 400 °C in a muffle and 
2 hours at 100 °C in an oven to release and erased the 
remaining associated tramps. After that thermal 
treatment, the dosimeters were placed again in their 
corresponding glasses. 

 

Data and statistical analysis 
The acquired data were processed using                   

Microsoft Excel and OriginLab (OriginLab                
Corporation, USA) softwares. Central tendency and 
dispersion analyses were conducted utilizing the 
aforementioned software’s, and a p-value test (p > 
0.05) was performed to validate the statistical data 
obtained. 

 
 

RESULTS 
 

Monte Carlo results 
Figure 5a shows the beam of electrons emitted by 

the point source, modeled with the visual editor of 
MCNPX, the visualization was made for 100 electrons 
emitted by the cathode. Likewise, in figure 5b the             
X-ray photons produced in the target for 10,000           
particles are observed. As expected, the photons          
produced in the target are dispersed in a very large 
cone, and only a few of these travel in the desired 
direction. This result shows the low efficiency in the 
production of useful photons in this equipment, 
which is in good agreement with the expected            
theoretically (38). 

 

The simulated X-ray spectrum was made with 
MCNP5, and it was compared with the theoretical 
spectrum obtained by SpekCalc (39), with the                  
following characteristics: tungsten target, 130 kVp 
tube potential, 17° target angle, 3 mm Al filter and 50 
cm air distance. Figure 6 shows the comparison of 
both spectra. It is observed that the spectrum               
calculated by MCNP5 is in good agreement with the 
one predicted by SpekCalc, only few differences on 
intensities (RMS value = 0.042) and the characteristic 
radiation are observed.  

To better observe the fluence of the photons 
through the cells considered in the studied geometry, 
it was estimated with a mesh tally in the cuts of the 
eye lens. A cylindrical X-ray source emitting photons 
from the chest was considered, as can be seen in             
figure 3 left. Although the X-rays are directed only to 
the 1st slice of the chest, fluence is seen on the sides 
of the head, corresponding to photons scattered 
throughout the patient's chest. A frontal mapping of 
the fluence is shown in figure 3 right, in a plane             
approximately at the center of the phantom, where 
the source emits a ring-shaped X-ray beam. The              
fluence is greater near the source, as well as in the air
-filled space between the phantom and the source. 
The values obtained from the simulation for the             
absorbed and effective dose in this study are shown 
in table 1, for both the BOMAB and the MAX06               
phantom. The results of the simulations with the  

León et al. / Eye lens dose estimations in chest CT  857 

Figure 5. A) Visualization of 100 electrons emitted by the  
cathode of the point source, modeled with the visual editor of 

MCNPX. B) X-ray photons produced in the target for 10,000 
particles. 

Figure 6. Comparison of spectra calculated by MCNP5 and 
theoretically by SpekCalc.  
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BOMAB phantom were 16.4 ± 0.4 mGy and 1.97 ± 
0.04 mSv for the absorbed and effective dose,                
respectively, while with the MAX06 phantom were 
13.3 ± 0.3 mGy and 1.59 ± 0.04 mSv, which                  
correspond to an average absorbed dose in the eye 
lens of 14.85 mGy and an average effective dose of 
1.78 mSv. 

 

TLD measurement results 
The experimental results are summarized in table 

1. Two different CT exams were performed, the first 
was a simple chest CT, while the second was a                
contrast-enhanced simple chest scan. For a Siemens 
SOMATOM Perspective scanner, in a study performed 
in 21 patients, average absorbed doses of 12.66 ± 
1.33 mGy and 7.60 ± 0.63 mGy were found for the 
simple chest and contrast-enhanced simple chest 
exams, respectively. Effective doses of 1.52 ± 0.16 
mSv and 0.91 ± 0.07 mSv were found.  

 
 

DISCUSSION 
 

A review of the information published in the              
literature on the eye lens dose for different                   
procedures shows that most of the research works 
are related to head CT procedures. Alkhorayef et al. 
(21) used the CTDIvol information in 85 patients              
undergoing a brain CT exam and found an average 
absorbed dose of 11.5 mGy. Also, Lee et al. (8) using a 
hybrid phantom simulation for a head CT scan             
reported 13.6 mGy. It is observed that the results 
reported in these studies are very similar to each 
other and agree well with the results of our study. 

On the other hand, other set of data published in 
several articles present very discordant results. Jibiri 
and Adewale (41) found a dose of 35.6 mGy in 26            
patients measured using TLD in brain CT scans. Gao 
et al. (14) obtained data in a large sample of 1200            
patients in CT brain exams and found doses in the 

range of 59.9 mGy, while Ngaile and Msaki (42) used 
the CTDIvol in 500 patients of 8 hospitals and                 
reported 63.9 mGy for the eye lens absorbed dose. 

Hence, as it can be observed, the values are spread 
over a wide range, from 11.5 mGy to 63.9 mGy. One 
explanation for this difference is that it is due to the 
difference in parameters such as mA used, as well as 
the different methods used for estimations. It should 
be noted that head CT studies were considered in our 
paper to establish the upper dose limit to calibrate 
the dosimeters and as a reference to perform the 
Monte Carlo simulations. 

To compare our data with published articles, we 
consider some recent information available in the 
literature for the eye lens dose in chest CT                      
procedures. First, there are studies using TLDs,            
simple geometry phantoms and Monte Carlo                  
calculations (25,43). These studies show an average  
absorbed dose of 0.66 mGy for 120 kVp and variable 
milliamperage (up to 250 mAs). Va zquez-Ban uelos et 
al. (25) employed a TLD measurement on a phantom 
and reports and absorbed dose of 0.49 mGy, while 
Alkhorayef et al. (43) reports 0.83 mGy. One                    
explanation for the difference between the doses in 
both procedures is that one of the studies (25) was  
performed with a conventional CT, while the other 
was during an angiography (43). It is important to            
emphasize that both measurements are much lower 
than those reported in our study. 

On the other hand, a second data set on CT studies 
published by Shibata et al. (26), report absorbed and 
effective doses in the eye lens in coronary CT                  
angiography. The authors present results from Monte 
Carlo simulation of 97.07 mGy and 11.75 mSv for  
absorbed dose and effective dose, respectively, while 
for patient measurements the results are 175 mGy 
and 21.19 mSv, respectively. These values are very 
high compared to other studies. One possible             
explanation is the high mAs values used in this type of 
study, up to 600 mAs. 

Finally, despite the wide dispersion of published 
results, all eye lens dose estimates found in the                
literature, and in our study, are below the 500 mGy 
threshold for cataract production (44). Hence, it is clear 
that when compared to the published articles, our 
results are in an intermediate range of doses. 

The results of the Monte Carlo simulations with 
BOMAB and voxelized phantoms in our study agree 
relatively well with each other, yielding an average 
value for the absorbed dose in the eye lens of 14.85 
mGy. For the TLD measurements performed on 21 
patients an average value of 10.13 mGy was obtained 
for the absorbed dose. The data found in our work are 
part of the few references where the eye lens dose is 
estimated for chest CT procedures. Our results show 
that the eye lens received a non-negligible dose in 
chest CT studies, which suggests that a radiological 
protection action should be carried out for this organ. 
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Method Scanner CT exam 
Absorbed 

dose 
(mGy) 

Effective 
dose 
(mSv) 

 Measurement 
results 

        

 TLD 
measurements 

(21 patients) 

 Siemens 
SOMATOM 
Perspective 

Simple chest 
12.66 ± 

1.33 
1.52 ± 
0.16 

  
Contrast- 
enhanced 

simple chest 

7.60 ± 
0.63 

0.91 ± 
0.07 

 Monte Carlo 
results 

        

 MCNP 
simulation 
(BOMAB) 

 Siemens 
SOMATOM 
Perspective 

Chest 16.4 ± 0.4 
1.97 ± 
0.04 

 MCNP 
simulation 
(MAX06) 

Siemens 
SOMATOM 
Perspective 

Chest 13.3 ± 0.3 
1.59 ± 
0.04 

Table 1. Absorbed and effective dose in the eye lens obtained 
in this study, from both from the Monte Carlo simulation and 

the TLD measurements. 
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