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Introduction

Investigation of deformity in spinal and bone structures via radiologi-
cal techniques is a vital tool in the diagnosis of pathological changes 
in body and surgeons use this tool to select the best treatment with 

least invasive procedures. In conventional radiography with X-ray, com-
puted tomography and digital radiography are standard modalities for 
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ABSTRACT
Background: Euronext Paris Advanced Orthopedic Solutions (EOS) system is a 
new radiography system, capable of obtaining two-dimensional and three-dimension-
al images from bony structures in the body. 
Objective: The aim of this study is to estimate equivalent dose and the risk of 
exposure induced cancer death (REID) in different organs of body due to EOS imag-
ing system.
Material and Methods: In this experimental study, totally 120 patients were 
evaluated for various imaging techniques of lower limb, full spine and whole body. 
Equivalent dose and REID for colon, liver, lung, stomach, breast, bladder, ovary, 
blood cells (leukemia) and other organs were calculated using PCXMC software 
(version 2.0.1.2) based on Monte Carlo simulation of X-ray and human phantoms. 
The data on imaging technique, including age, sex, kVp, dose area product (DAP), 
mA, focal to detector distance were introduced as the input of PCXMC. 
Results: The maximum equivalent dose (mSv) due to EOS imaging system, was 
estimated for the bladder 0.240±0.066 for the full body technique and 0.240±0.093 
for the lower limb technique, respectively, in both males and females. The maxi-
mum organ REID (incidence per million) due to EOS imaging system was estimated 
for lungs as 2.59±1.0 and 2.53±0.9, for the full body technique in both males and 
females, respectively.  
Conclusion: Generally, the equivalent dose and REID by EOS imaging system in 
different organs of body is low due to the low radiation dose received by the body in 
different techniques and views.
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obtaining imaging information from skeletal 
deformities [1]. 

Euronext Paris Advanced Orthopedic Solu-
tions (EOS) system is a new imaging system 
with capability of obtaining two-dimensional 
(2D) anteroposterior (AP) and lateral images 
from the whole body. These 2D images can 
then be used for the three-dimensional (3D) 
reconstruction of bony structures in the body 
as a stereo radiography tool [2]. This new 
radiography modality is a slot-scanning X-
ray, presented by EOS (EOS Imaging, Paris, 
France) and also adopted by radiology com-
munity, and has advantage of imaging with 
very low radiation dose as well. In this sys-
tem, two sets of X-ray tubes are installed at 
right angles as a biplanar configuration. A 
multi-wire proportional chamber (MWPC) is 
used for the detection of the radiation and ac-
quisition of the images, simultaneously, from 
different views. By this modality, it is possible 
to measure and analyze spine curvature, bone 
fracture, torsion, orientation and alignment of 
spine and lower limb in body. The evaluation 
of the accuracy, reliability and reproducibility 
of this system showed advantages compared 
to manual 2D and computed tomography (CT) 
modalities [3].

During recent years, various researchers 
have performed studies on the determination 
of the patient dose or risk due to EOS imaging 
[4-6]. These studies were performed by calcu-
lation or measurement of the patient dose or 
the cancer risk. There are also studies on the 
comparison of the patient dose or the cancer 
risk from different X-ray imaging modalities, 
including EOS, digital radiography (DR) and 
computed tomography (CT) [7-10]. However, 
to the best of our knowledge, there is not any 
study on the risk of the exposure induced can-
cer death (REID) determination for different 
body organs due to EOS imaging of the pa-
tients with different imaging techniques. The 
aim of this study is to estimate the equivalent 
dose and REID for different organs of body 
due to radiography of the patients by an EOS 

imaging system.

Material and Methods
In the present experimental study, 120 pa-

tients were evaluated and the techniques for 
imaging of the patients were whole body, full 
spine and lower limb. Equivalent dose and 
REID for colon, liver, lung, stomach, breast, 
bladder, ovary, blood cells (leukemia) and 
other organs were calculated using PCXMC (a 
PC Program for X ray Monte Carlo) software 
(version 2.0.1.2). 

The patient data, including kVp, dose area 
product (DAP), mA, focus to detector dis-
tance, field size, imaging technique, imaging 
view, age, height, weight and sex of patients 
were collected. Then the patient data were 
introduced as the input of this software and 
REID was calculated based on Monte Carlo 
simulation of X-ray and human phantoms.

Patients and EOS system
Patients referred to an EOS (EOS Imaging, 

Paris, France) imaging department were eval-
uated based on REID for different organs due 
to radiation received by this imaging system. 
In this system, the gas ionization detectors and 
thin grid ionization chambers are used for de-
tection of X-ray. To decrease the effect of scat-
tered radiation, the detector has a collimator. 
The detectors are perpendicular to each other 
to have the capability of three-dimensional 
imaging.

The total number of patients was 120 and in 
each technique, 40 patients were included in 
the study (20 male and 20 female). The ages of 
patients were in the range of 3-80 years.

The imaging techniques were full spine, 
lower limb, and full body. Images were ac-
quired in lateral, anterior-posterior (AP) and 
posterior-anterior (PA) views, but the results 
were averaged for both views for each patient. 
The imaging was performed in Shahid Sa-
doughi Hospital (Yazd, Iran). The patient and 
the imaging technique information, including, 
age, sex, height, weight, kVp, focal to detector 
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distance, dose area product (DAP), field size, 
filter type and thickness, and patient descent 
were noted and introduced in the PCXMC 
software for the calculation of the equivalent 
dose and REID for different organs. The or-
gans included the colon, liver, lung, stomach, 
breast, bladder, ovary, blood cells (leukemia) 
and other organs. 

Ethical guidelines by Shahid Beheshti Uni-
versity of Medical Sciences (ethics code: 
IR.SBMU.MSP.REC.1399.236) were fol-
lowed in different steps of this research, in-
cluding patient information collection, dose 
calculation and report of the result data. kVp 
and mA for different techniques (lower limb, 
full spine, full body) for male and female are 
tabulated in Table 1.

Organ dose calculation using PCXMC 
software

A PCXMC (version 2.0.1.2) software 
(STUK, Finland) [11] was used for the estima-
tion of REID for different organs. The data of 
each imaging technique (including age, weight, 
height, imaging view, kVp, mA, field size, fo-
cus to detector distance, dose area product) are 
introduced as the input of this software. The 
software calculates effective dose, REID and 
other dose or risk quantities, based on Monte 
Carlo simulation of X-rays and human phan-
toms. The equivalent dose (mSv) for different 
organs (based on International Commission 
on Radiological Protection (ICRP) 103 report 
[12]), kinetic energy released per unit mass 
(kerma), and REID for different organs can be 
calculated using this software. In Figure 1, a 

part of this software is illustrated as a sample.

Results
Mean equivalent dose (mSv) for different or-

gans for lower limb, full spine and full body 
techniques are presented in Tables 2, 3 and 4, 
respectively. The results were distinguished 
for the males and the females. The maximum 
equivalent dose (mSv) due to EOS imaging 
system, was estimated in bladder 0.240±0.066 
for the full body technique and 0.240±0.093 
in the lower limb technique, respectively, for 
both the males and the females. 

Mean REID for different organs for lower 
limb, full spine and full body techniques are 
presented in Table 5. The results were distin-
guished for the male and female patients. Due 
to EOS imaging radiography, the maximum 
organ REID (incidence per million) estimated 
for lungs as 2.59±1.0 and 2.53±0.9 in the full 
body technique for both males and females, 
respectively.

Discussion
In the present study, the equivalent dose 

and REID were estimated for different organs 
of body due to imaging of the patients using 
an EOS imaging system. There was differ-
ence in the equivalent dose and REID for dif-
ferent organs in EOS imaging. Based on the 
results in Table 2, the maximum equivalent 
dose values are obtained for bladder (0.258 
mSv) and prostate (0.231 mSv) in the lower 
limb technique. The minimum values are for 
thyroid (0.017 mSv), active bone marrow 
and lung (0.063 mSv for both) for this tech-

Gender Male Female
Technique Lower limb Full spine Full body Lower limb Full spine Full body

kVp 80 93 110 85 95 106
mA 205 243 250 220 245 243

Age average 45 41 34 39 38 46

Table 1: Exposure parameters and average age of patient undergone different techniques of 
Euronext Paris Advanced Orthopedic Solutions (EOS) (lower limb, full spine, full body) for male 
and female.
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Figure 1: A part of PCXMC software. (a) For introduction of input parameters. (b) Calculated 
organ equivalent doses (mSv) and the risk of the exposure induced cancer death (REID).

Organ Male Female Mean
Active bone 

marrow
0.060±0.021 0.066±0.033 0.063

Breast - 0.129±0.118 0.129
Colon 0.188±0.052 0.203±0.080 0.196
Liver 0.117±0.043 0.130±0.059 0.123

Lungs 0.057±0.053 0.069±0.063 0.063
Ovaries - 0.156±0.086 0.156
Prostate 0.231±0.063 - 0.231
Stomach 0.156±0.060 0.158±0.091 0.157
Thyroid 0.015±0.004 0.020±0.003 0.017
Uterus - 0.184±0.074 0.184
Bladder 0.236±0.049 0.240±0.093 0.238

Total 1.06 1.355 1.576

Table 2: Equivalent dose (mSv) for different 
organs due to Euronext Paris Advanced Or-
thopedic Solutions (EOS) imaging in lower 
limb technique.

Organ Male Female Mean
Active bone 

marrow
0.071±0.022 0.074±0.009 0.072

Breast - 0.175±0.080 0.175
Colon 0.139±0.032 0.140±0.046 0.139
Liver 0.169±0.087 0.170±0.099 0.169

Lungs 0.148±0.044 0.149±0.039 0.148
Ovaries - 0.137±0.048 0.137
Prostate 0.132±0.064 - 0.132
Stomach 0.169±0.061 0.177±0.059 0.173
Thyroid 0.149±0.103 0.152±0.078 0.150
Uterus - 0.165±0.076 0.165
Bladder 0.158±0.054 0.167±0.071 0.162

Total 1.135 1.506 1.576

Table 3: Mean equivalent dose (mSv) for 
different organs due to Euronext Paris Ad-
vanced Orthopedic Solutions (EOS) imaging 
system in the full spine technique.
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nique. For the full spine technique, the maxi-
mum equivalent dose values are obtained for 
stomach (0.173mSv) and breast (0.175 mSv) 
and the minimum values are related to active 
bone marrow (0.072 mSv) and prostate (0.132 
mSv) (Table 3). According to Table 4, in the 

full body technique, the maximum values are 
related to bladder, stomach and breast (0.237, 
0.185 and 0.181 mSv, respectively).

Based on the data in Table 5, the maximum 
and minimum REID (estimated death in the 
population per million) are related to colon 
(1.46 %) and ovaries (0.13 %) in the lower 
limb technique. Moreover, for the full spine 
technique, the maximum and minimum values 
were obtained for lungs (2.35 %) and ovaries 
(0.1 %), respectively. For the full body tech-
nique, the maximum REID (estimated deaths 
in population per million) is estimated for lung 
(2.56 %) and the minimum is related to ova-
ries (0.34 %) (Table 5). The comparison of 
equivalent dose and REID values shows that 
those organs with the maximum or minimum 
equivalent dose are not the same as those or-
gans with the maximum or minimum REID. 
This can be due to the fact that there are some 
limitations in calculation of REID by the PCX-
MC software. In other words, this software 
presents REID only for some specific organs. 
Additionally, the risk coefficients vary for dif-
ferent organs and therefor while an organ has 
the maximum equivalent dose, it may not have 
the maximum REID. For example, for the full 
body technique, the maximum equivalent dose 

Organ Male Female Mean
Active bone 

marrow
0.077±0.026 0.074±0.028 0.075

Breast - 0.181±0.071 0.181
Colon 0.167±0.052 0.163±0.058 0.165
Liver 0.180±0.083 0.175±0.085 0.177

Lungs 0.136±0.047 0.125±0.052 0.130
Ovaries - 0.139±0.059 0.139
Prostate 0.135±0.052 - 0.135
Stomach 0.198±0.117 0.173±0.086 0.185
Thyroid 0.160±0.072 0.158±0.043 0.159
Uterus - 0.172±0.056 0.172
Bladder 0.240±0.066 0.234±0.038 0.237

Total 1.293 1.594 1.775

Table 4: Mean equivalent dose (mSv) for 
different organs due to Euronext Paris Ad-
vanced Orthopedic Solutions (EOS) imaging 
system in the full body technique.

Lower limb Full spine Full body
Organ Male Female Total Male Female Total Male Female Total
Breast - 0. 68±0.20 0.68 - 1.30±1.30 1.3 - 1.39±0.6 1.39
Colon 1.38±0.25 1.54±1.50 1.46 0.56±0.20 0.60±0.20 0.58 1.42±0.7 1.39±0.3 1.40
Liver 0.49±0.30 0.60±0.05 0.54 1.08±0.40 1.09±0.50 1.08 1.19±0.06 1.14±0.2 1.16

Lungs 0.65±0.07 0.82±0.40 0.73 2.33±1.40 2.37±0.20 2.35 2.59±1.0 2.53±0.9 2.56
Ovaries - 0.13±0.10 0.13 - 0.10±0.10 0.1 - 0.34±0.1 0.34
Stomach 0.98±0.72 1.13±0.70 1.05 1.24±0.90 1.25±0.40 1.24 1.38±0.3 1.80±0.4 1.33
Bladder 0.48±0.17 0.56±0.20 0.52 0.40±0.20 0.30±0.10 0. 3 0.52±0.09 0.46±0.2 0.49

Leukemia 0.22±0.14 0.30±0.20 0.26 0.20±0.09 0.25±0.04 0. 22 0.39±0.09 0.34±0.1 0.36
Other 0.96±0.66 0.99±0.10 0.97 1.47±0.30 1.55±0.40 1.51 1.59±0.60 1.50±0.30 1.54

Table 5: Mean risk of exposure induced cancer death (REID) (×10-6) for the different organs due 
to Euronext Paris Advanced Orthopedic Solutions (EOS) imaging system in lower limb, full spine 
and full body techniques. REID was presented herein in terms of number of deaths in the popu-
lation per million. 
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values are related to bladder and stomach, but 
the maximum REID are related to lung and 
colon. 

For male patients, in the lower limb imag-
ing, the maximum and minimum equivalent 
dose (mSv) values are for bladder and thyroid, 
respectively (Table 2). The same trend is ob-
served for the females in this technique. This 
trend can be explained by considering this fact 
that in the lower limb technique, bladder is 
very close to the radiation field while thyroid 
is far. 

For both male and female patients, in the full 
spine imaging technique, the maximum and 
minimum equivalent dose values are related to 
stomach and active bone marrow, respectively 
(Table 3). For the full body imaging technique, 
the maximum and minimum equivalent dose 
is related to bladder and active bone narrow, 
respectively (Table 4). For female patients, in 
full spine and full body technique, the breast 
equivalent dose was among the highest values. 
This can be explained by the fact that in full 
body technique, breast is in the radiation field. 
Generally, the equivalent dose in different or-
gans of the body is low due to the radiation 
received by the body during EOS imaging in 
different imaging techniques and views. 

For male patients, among these organs, in 
the lower limb imaging, the maximum and 
minimum REID values are for colon and leu-
kemia, respectively (Table 5). For the same 
cases in female, the maximum and minimum 
REID values are related to colon and ovaries, 
respectively. 

According to ICRP-103 commission [12], 
tissue weighting factor (WT) for tissues such as 
colon, lung and breast is 0.12 while this val-
ue for gonads is 0.08; thus, in the lower limb 
technique for both the males and the females, 
the highest REID is related to colon and it can 
be also explained based on the fact that colon 
is in the radiation field and is among the high-
est equivalent doses for both gender based on 
Table 2 (0.188 mSv for male and 0.203 mSv 
for female). 

As it was stated, the highest equivalent dose 
in lower limb technique is bladder in the males 
and the females (0.236 mSv and 0.240 mSv, 
respectively), but its WT is 0.04, which is low-
er than colon thus the REID for colon is the 
highest. 

For full spine technique, in the males, the 
maximum REID is related to lungs and the 
minimum is related to leukemia (Table 5). For 
the same conditions in females, the maximum 
and minimum are related to lungs and ovaries, 
respectively. For the full body technique, in 
males, the maximum and minimum REID val-
ues are related to lung and leukemia, respec-
tively (Table 5). For the same conditions in 
females, the maximum value is related to lung 
and the minimum values are for ovaries and 
leukemia, respectively. 

In the full spine and the full body techniques, 
lungs are located in radiation field with WT of 
0.12, which is the highest value among differ-
ent body tissues, while WT of liver, which is 
among the highest values of equivalent dose 
in full spine and full body technique, is 0.04. 

Generally, the REID value by radiation in 
different organs of body is related to WT, ra-
diation field and exposure settings in different 
imaging techniques and views. 

Different studies have shown that the patient 
dose in EOS radiography is lower than other 
radiography techniques such as CT and digital 
radiography [13-15]. For example, Alrehily et 
al. [13] reported that EOS has lower radiation 
exposure in scoliosis patients, in comparison 
with CT and normal radiography. In the study 
by Escott et al. [14] it was observed that ra-
diography with EOS protocols delivers lower 
radiation to the patients, while it is more ef-
ficient in CT scan and routine radiography to 
assess length.

Conclusion
There was difference in equivalent dose and 

the risk of the exposure induced cancer death 
by radiation in different organs in various tech-
niques of EOS imaging system. Generally, due 
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to the low radiation dose received by the body 
during EOS imaging in different imaging tech-
niques and views, the equivalent dose and the 
risk of the exposure induced cancer death for 
different organs of body are low.
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