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Abstract

Background: lonizing radiation has an indispensable in diagnostic radiology and clinical treatrteenApparently,
medical exposure in diagnostic radiology pertainbe the preeminent man-made source of radiation.

Objective: The aim of the present scientific stiglyo calculate the Entrance Surface Dose (ESD)Edfettive Dose
(ED) in digital radiography in Mazandaran province.

Materials and methods: The study was performed6@® patients in digital X-ray rooms 15 hospitalsl dime required
data were collected from two age groups (10>15syand adults) in each projection. Based on thdteesfithis study,
ESD and ED were calculated for skull (PA), skultéral), cervical spine (AP), cervical spine (latgrchest (PA),
chest (lateral), abdomen (AP), lumbar spine (A®nbar spine (lateral), pelvis (AP), thoracic sp{A®) and thoracic
spine (lateral) examinations. It was calculateagi® CXMC software (version 2.0).

Results: In this study, mean ESDs for the 10-15 geaup varied from 0.97+0.21 mGy to 3.62+1.38 miGy chest
(PA) and lumbar spine (lateral), respectively. far adult group varied from 1.05+0.31 to 3.85+1f@4cervical spine
(AP) and lumbar spine (lateral), respectively. Asdsb ED value was from in the range of 10.40 pS878.46 puSv for
skull (PA) 10-15 year group and abdomen adultpeaetively

Conclusion: This survey revealed a significant ation in the radiation dose of digital radiologyaexnations among
hospitals in Mazandaran province. Application afase reference level (DRL) could be an optimizapoocedure for
reducing the patient’s dose in Mazandaran province.

Key words: diagnostic radiology; patient dose; dosimetryseloeference level; entrance surface dose; eftedtige.

Introduction its pervasiveness among the people [3]. Radiolbgica
procedures, such as simple films or digital equiptymake up
48% of all diagnostic radiology examinations [4].

The diagnostic radiographic examination of pasemthich
has the largest contribution to the use of ioniziadiation in
medicine, has been the focus of research on dahectien
techniques in diagnostic radiology and has alwagenba
primary focus of research in the field of protentiand safety,
especially for patients [5].

Optimization and dose reduction should be perfarme
without reducing or losing the necessary diagnostic
information. Optimization of protection in diagnizstadiology
does not merely mean a reduction of the patiemt&e dand
more importantly, the obtained image should contain
appropriate diagnostic information [6].

Humans have always been exposed to two types @itiam
the first of which involves environmental radiatjoand the
second artificial radiation [1]. Since the discovef X-rays in
1895, the process of diagnosing the disease haathgre
improved and today, X-ray examinations are widedgduiin all
medical centers around the world, but despite itanyn
advantages in treatment and patient care can pekge to
patients if they do not comply with the principlefsprotection
[2].

As more X-ray machines are developed and more mp
examinations are performed, the radiation doseatiepts has
also increased. Most people are exposed to X-ragm f
artificial human sources, due to the inevitabitifyX-rays and

© 2020 Khatereh Shamsi, Ali Shabestani Monfaredndfomad Reza Deevband, Behzad Mohsenzadeh, Mahdi&tioKourosh Ebrahimnejad Gorji, Fatemeh
Niksirat. This is an open access article licengadeuthe Creative Commons Attribution-NonCommetbiaDerivs License (http://creativecommons.org/leestby-
nc-nd/3.0/).
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Entrance Skin Dose (ESD) is an important paramdter
evaluating the dose received by a patient in radjggy. The
European Union has identified this amount in theehmf
optimizing the patient's dose as a diagnostic eefes.
Effective Dose (ED) is the best value for assessattjation
risks for patients. The most important advantagesaig ED is
that this parameter measures the absorbed dosesthand
relative radiation of the irradiated organs in @at$, and better
assess the patient risk [7,8].

In this study, ED and ESD quantities, which arenomn
qguantities for routine dose monitoring in convendb
radiographic examinations, were used in routinegmiistic
radiology examinations [9,10].

All the x-ray machine used in this study were @igiWith
the increasing and widespread use of digital radijolgy and
the emergence of digital systems, demands for lagio
imaging have grown [13]. Additionally also the tsi#tfon of
analog to digital has increased the patient's dbse to a
significant increase in the wide dynamic range. Adew
dynamic range makes it possible to elevate theatiadi
conditions without any detrimental effects on thelgy of the
images. However, insufficient training of the teidens has
aroused some problems in this field [14].

The purpose of this study is to measure ESD andr&D 15
radiology centers of public hospitals in Mazandapaovince
(Iran) for 12 common digital radiographic examioas
including skull (PA), skull (lateral), cervical s@ (AP),
cervical spine (lateral), thoracic (AP), thoraciatéral), chest
spine (PA), chest spine (lateral), lumbar spine )(ABmbar
spine (lateral), abdomen (AP), and pelvis (AP).fi@ beast of
our knowledge, this is the first study done ondhakulation of
the ED and ESD in digital radiology in Mazandaraovince.

Materials and methods

Data collection method

In this study, 15 radiography rooms in 15 hospitais
Mazandaran province (Iran) were selected. The in&ion of
12 common digital radiography examinations inclgdskull
(PA), skull (lateral), cervical spine (AP), cenficapine
(lateral), chest (PA), chest (lateral), abdomen )(ABmbar
spine (AP), lumbar spine (lateral), pelvis (AP)ordcic spine
(AP) and thoracic spine (lateral) examinations Wwhigere
performed in each radiography room was recorded@ato 15
years old patients and adult patients. The totahber of
patients studied in this study was 1800 for thegrgep of 10-
15 years and 1800 for the adults. First, informmatabout
radiation parameters (kVp, mAS), geometric pararsete
including Focus to Skin Distance (FSD), and FoouBétector
Distance (FDD) used in the radiographic examinatieas
recorded. On the other hand, there was no significa
difference in body weight and body mass index dfiems
referring to different centers, which is due to gedection of
patients for the 10 to 15 years group with the meaght
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between 40 to 60 kg and the age group adult 600tkd

Conspicuously, the distribution of the experimemgaups was
categorized according to age, sex, weight and heagid the
number of patients who participated in each agemrand the
information are presented irable 1 Distinctly, the number of
patients who underwent each X-ray examination és@mted in
Table 2, according to their gender. hable 3 the FFD and
exposure settings (X-ray tube voltage (kVp), tubaent-time

product (mAs), and radiation field size) associatéth each
X-ray examination are presented.

Measurements of the X-Ray tube output

For measurement of outputs, a dosimetry kit inctudeflat

solid-state dosimeter were used (Barracuda X-raplywer,

RTI Electronics, Sweden) was used. Calibratiorhefdetector
was performed in a Secondary Standard Dosimetrpizdbry

(SSDL). This dosimeter was calibrated to measur&eaaima in

the energy range of 40 to 150 kVp to measure niAe,tdose
rate, (Half Value Layer) HVL, and kVp parametersftef

connecting to the electrometer, a low-scatteringend (a

wide cardboard plate) was placed on the centrad akithe

radiation beam at a distance of 100 cm from thalfpoints, of
the X-rays. Then, the size of the radiation fietdtbe detector
was set as a 15x15 cm field to minimize the effetctthe

scattered radiation on the detector. In this cassnstant mA
of 10 mAs and tube voltages of 40-110 kVp wereaset the
dose was recorded by the dosimeter [11].

Table 1. Number of patients in age groups and patiénbody
characteristics (age, height, and weight) of eacles.

Weight (kg) Height (cm)
Age Group Female Male Total
Mean Range Mean Range
10-15years 49.70 29.5-70152.50 134-177 983 817 1800
Adult 76.60 58-83 171.20 145-192 803 997 1800
Total 1786 1814 3600
Table 2. Sex distribution of the studied groups in &ch
examination
X-ray examination Female Male Total
Skull (PA)
Skull (lateral) 90 85 175
Cervical spine (AP)
Cervical spine (lateral) 154 113 267
Chest (PA) 247 308 555
Chest (lateral) 165 153 318
ThoraF:ic spine (AP) 251 244 495
Thoracic spine (lateral)
Lumbar s_pine (AP) 283 290 573
Lumbar spine (lateral )
Pelvis (AP) 246 304 550
Abdomen (AP) 350 317 667
Total 1786 1814 3600
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Table 3. Summary of the patient attributes and appkd exposure parameters, including mean (minimum-marum) values

X-ray examination Age kVp mAs FFD (cm)
10 - 15 year 61.50 (57-67) 24.50 (20-32)
Skull (PA 90-100
(PA) Adult 67 (60-75) 26.84 (12-27)
Skull (Lateral) 10 - 15 year 62.63 (59-65) 2158 (20-32) 90-100
Adult 65.61 (63-76) 2621 (12-32)
Cervical spine (AP) 10 - 15 year 61.12 (56-64) 2211(20-32) 90-100
Adult 65.30 (52-77) 2660 (10-32)
Cervical spine (Lateral) 10- 15 year 62 (53-70) 2046 (19-31) 90-100
Adult 64.50 (62-76) 2249 (10-32)
Chest (PA) 10 -15 year 71.22 (62-78) 80 (10-19) 120-180
Adult 81.31 (66-93) %51 (10-21)
Chest (Lateral) 10 - 15 year 77.73 (68-82) 14.22 (14-24) 120-180
Adult 86.41 (70-95) 187 (10-32)
Thoracic spine (AP) 10 -15 year 67.56 (61-78) 2242 (15-29) 90-100
Adult 75.30 (64-88) 250 (12-40)
o 10 - 15 year 74.81 (66-87) 2540 (12-32)
Thoracic spine (Lateral 90-100
pine ( ) Adult 79 (69-89) 30.50 (18-51)
Lumbar spine (AP) 10 - 15 year 68 (67-73) 28.23 (24-34) 90-100
Adult 74.66 (68-83) 3277 (26-40)
. 10 - 15 year 77.22 (71-80) 384 (27-39)
Lumbar spine (Lateral 90-100
pine ( ) Adult 83.43 (77-90) 41 (27-29)
10 - 15 year 68.20 (15-38) 2410 (15-38)
Abdomen (AP 90-100
(AP) Adult 75 (65-90) 27.70 (17-40)
. 10 - 15 year 66.88 (64-69) 2211 (17-39)
Pelvis (AP 90-100
(AP) Adult 72.61 (68-85) 25 (18-42)

ESAK calculation

Finally, the Entrance Surface Air Kerma (ESAK) walwas
calculated from the kerma value obtained from thackB
Scatter Factor (BSF). The value of BSF, from byHueopean
Commission report is between 1.2 and 1.4. This fuoerft
varied from 1.28 to 1.37 in the present study [1D,1

ESAK = D, xBSFx (FDD/FSD} Eq. 1

D, is the reading value of the dosimeter in (MGy)FBS
backscatter factor which was ranging 1.28 to 1i3this study,
the distance of the focal spot to a detector ierrefl to as
FDD, and FSD is the distance of x-ray focal spahto patient
body [10,12].

Entrance Skin Dose (ESD) calculation

For the calculation of ESD, ESAK was multiplied domass
energy absorption coefficient which is equal to61f0r tissue
and air ( this ratio is approximately 1.06 in diditadiology in
110kvp, with 1% error) [10].

ESD = ESAK-1.06 Eq. 2 [11]

Effective Dose (ED) calculation

In this study used PCXMC software (version 2) waedito
obtain organ doses. PCXMC software was developethbey
Finnish Nuclear Safety and Radiation Center anbased on
Monte Carlo calculations. In this software informatsuch as
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height, weight, peak voltage and film distance he tube,
ESAK value is recorded. The results of ESAK and ESid
patient data were analyzed by PCXMC software ardBED
was extracted from the software. Based on thesmiledions,

ED values for the current diagnostic digital radayghs were
determined.

Data analysis

Conspicuously, the distribution of the experimemgaups was
categorized according to age, sex, mean of weigtitheeight,
and the number of patients who participated in eaghgroup.
Obviously, the mean value, percentage, error \vanat
coefficient, standard deviation, and minimum andximam
values were calculated by statistical package lfar $ocial
sciences (SPSS) software version 16.0.

Results

Table 4 shows the statistical distribution of the aver&&d in
15 radiography rooms for the 12 radiographic procesl The
Statistical distributions for all radiography exaations were
obtained. InTable 5the summary of minimum, maximum, the
ratio of maximum and minimum, and average dose (fGy
each X-ray examination is presented. Distributidnmeans
ESD for each x-ray examination is presented Tible 5.
Means of patient's doses ranged from 0.97 mGy fw t
cervical spine (AP) in the 10-15 year group to 3B8y for
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the lumbar spine (lateral) for the adults. The B&llues for 12 of the similar investigations conducted in Iran aather
digital radiography examinations in this study weoampared countries is shown iffable 6. EDs calculated using PCXMC
with some international ESD values Trable 6. Additionally software for each digital examination are listed able 7.

the comparison of the data obtained in this stadthé results

Table 4. Average ESD (mGy) in 15 rooms for the 12 raographic examinations for 2 age groups under studyrrespective of sex.
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0.891.15 0.761.49 0.891.583 0.961.08 0.790.59 1.311.22 1.331.51 2.112.63 1.79227 2933.78 1.482.61 1491.71
0.510.52 0.710.54 0.650.49 0.730.69 0.680.58 1.191.11 1.231.50 1.561.93 1.731.86 2.782.99 1.201.49 1.241.39
0.971.51 0.81.05 0.930.82 1.121.31 1.111.62 1.351.18 1.381.68 2.112.59 2.311.89 3.493.12 2.012.12 1.351.61
1.121.26 0.880.94 1.060.62 0.791.23 1.080.77 1.271.56 1.291.61 1.711.98 246257 3.585.58 1.642.50 2.021.74
1.091.29 1.031.38 1.121.42 1.171.21 0.831.72 139217 143164 200196 221231 4.28242 211205 1.612.37
0.721.48 1.160.98 1.020.68 1.040.91 1.040.86 1.231.47 1.261.52 2.091.88 2.421.99 3.393.43 2.051.64 2.001.57
091125 0.941.08 1.111.31 0.951.06 0.891.28 1.361.15 1.481.60 2.141.79 217211 3.323.89 1.381.77 1.471.69
0.931.11 1.100.71 1.000.73 1.031.44 1.000.68 1.261.69 141155 1.662.89 222231 3.663.49 2.041.65 2.031.53
1.231.09 1.140.64 0.811.08 1.011.52 1.000.61 1.291.61 1.341.53 2.121.99 2.252.21 2.863.68 1.691.92 1.521.66
1.191.18 1.551.23 0.891.67 1.170.85 1.000.81 1.261.33 1.421.8 2.152.69 2.743.15 4.22433 151166 1.591.52
182231 1.892.09 1.151.82 1.182.71 121211 1.493.01 1512.00 2.262.71 3.096.05 4.996.25 237278 2.113.25

PBo©ow~wo o~ wn e Xrray room

12 1.290.85 1.091.03 1.070.91 1.011.21 1.061.33 1.382.02 1.451.57 1.421.86 218239 3.773.68 2.231.67 1.391.44
13 1.260.98 1.180.89 0.791.6 1.031.00 1.041.06 1.321.21 1.471.63 1.591.99 2.252.09 3.693.22 2.002.33 1.481.72
14 1.350.94 0.991.46 1.031.05 0.910.89 1.091.01 1.271.48 1.391.61 1.632.67 2.162.41 355391 1.391.75 1.771.61
15 1.181.03 1.081.89 1.121.88 0.871.01 1.040.87 1.451.28 1.361.58 2.011.98 2.913.24 3.894.06 1.412.02 1.441.41

Table 5. Summary of mean, minimum, maximum and ESD Jaes (mGy) for 2 age groups under study irrespecte of sex.

Entrance Surface dose (mGy)

X-ray examination Age — - - -

Mean+SD Minimum Maximum Ratio(Max\Min)
10-15 year 1.090.42 0.51 182 3.56
Skull (PA) aduit 1.19+0.41 0.52 231 4.44
10-15 year 1.08+0.38 0.71 189 2.66
Skull (lateral) adult 1.16+0.40 0.54 2.09 3.87
. . 10-15 year 0.97+0.21 0.65 115 1.76
Cervical spine (AP) aduit 1.1740.24 0.49 188 3.83
. . 10-15 year 0.99:+0.30 0.73 118 1.61
Cervical spine (lateral) adult 1.2040 27 0.69 271 392
10-15 year 0.99+0.36 0.68 121 1.77
Chest (PA) aduit 1.05+0.31 0.58 211 363
10-15 year 1.320.41 1.19 149 1.25
Chest (lateral) aduit 1.56+0.43 111 201 271
o 10-15 year 1.38+0.49 1.23 151 1.22
Thoracic spine (AP) aduit 1.62+0.51 150 2.00 1.33
Thoracic spine (lateral) 10-15 year 1.90+0.69 1.56 226 1.44
P aduilt 2.36£0.67 1.79 289 1.61
. 10-15 year 2.32+¢1.21 1.73 309 1.78
Lumbar spine (AP) aduit 2.59+1.27 1.86 605 3.25
. 10-15 year 3.62+1.38 2.78 499 1.79
Lumbar spine (lateral) adult 3.85+1.44 042 a5 258
10-15 year 1.76+0.65 1.20 237 1.97
Abdomen (AP) aduit 1.99+0.67 1.49 278 1.86
. 10-15 year 1.63+0.87 1.24 211 1.70
Pelvis (AP) aduit 1.74+0.89 1.39 225 233
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Table 6. ESD (mGy) values of this study compared wittome international reference dose for 12 digitaladiography examinations

Entrance Surface Dose (mGy)

X-ray - — - -
inati Age . Nahangi and Kiljunenetal. Oseiand Darko Mohsenzadeh - Khoshdel-Navi
examination
This Study  opaparian [19] [20] 21] etal.[uy)  Oforietal [8] etal. [10]
10-15 1.09 3.32 0.12 - 0.94 - -
Skull(PA) quit 1.19 438 1.67 0.97 - 1.47
10-15 1.08 - 0.53 - 0.82 - -
Skull (ateral) 7y 1.16 - - 0.76 0.86 - 1.01
Cervical spine  10-15 0.97 - - - 0.44 - -
(AP) adult 1.17 - - 0.62 0.52 1.05 0.67
Cervical spine  10-15 0.99 - - - 0.52 - -
(lateral) adult 1.20 - - 0.44 0.66 0.45 0.79
10-15 0.99 0.21 0.18 - 0.54 - -
Chest (PA) adutt 1.05 0.32 - 0.14 0.6 0.27 0.49
10-15 1.32 - 0.47 - 0.71 - -
Chest (lateral) - ¢ 1.56 - - 0.94 0.85 0.43 1.06
Thoracic spine 10-15 1.38 - - - 1.23 - -
(AP) adult 1.62 - - 2.21 1.44 3.10 2.33
Thoracic spine 10-15 1.90 - - - 1.7 - -
(lateral) adult 2.36 - - 1.65 2 - 3
Lumbar spine  10-15 2.32 - - - 2.14 - -
(AP) adult 2.59 - - 3.72 2.36 3.25 2.81
Lumbar spine  10-15 3.62 - - - 3.37 - -
(lateral) adult 3.85 - - 6.28 3.62 - 4.28
10-15 1.76 2.20 0.63 - 1.53 - -
Abdomen (AP) ¢ 1.99 3.36 - 1.82 1.65 - 2.07
. 10-15 1.63 2.20 2.54 - 1.35 - -
Pelvis (AP)  “3dut 1.74 3.36 - 1.57 1.43 131 1.90
Table 7. ED (uSv) values for 2 age groups under studiyespective of sex
X-ray examination Age ED value (uSv)
10-15 10.40
Skull (PA) Adult 13.35
10-15 18.80
Skull (Lateral) Adult 20.94
. . 10-15 33.88
Cervical spine (AP) Adult 36.91
. . 10-15 15.04
Cervical spine (Lateral) Adult 18.31
10-15 74.36
Chest (PA) Adult 80.87
10-15 62.22
Chest (Lateral) Adult 67.79
. . 10-15 116.64
Thoracic spine(AP) Adult 131.45
S 10-15 112.53
Thoracic spine (Lateral) Adult 128.06
. 10-15 246.79
Lumbar spine (AP) Adult 298.02
. 10-15 159.68
Lumbar spine (Lateral) Adult 20111
10-15 331.75
Abdomen (AP) Adult 378.46
. 10-15 177.23
Pelvis (AP) Adult 207.68
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Discussion

This study was the first to evaluate ED and ESDdigital
radiology in Mazandaran province. In this studyPE&hd the
ED were evaluated in 12 common digital radiology
examinations. The results of the parent study atdit a wide
variation in patient's ED and ESD in the two ageups
pediatrics and adults. In the mentioned 12 exanangt ESD
and ED increase with age. It can be suggested tteste
variations are a result of radiation conditions tife
examinations, quality control of the x-ray machin€s-D,
methods of radiography, and types of equipment.

The highest ESD was related to the lumbar spiater@l)
examination and the least to the skull (lateralxreation.
Means of patient's ESD ranged from 0.97 mGy forvioai
spine (AP) in the 10-15 year group to 3.85 mGy ltonbar
spine (lateral) in the adults. High levels of ESDthe lateral
view are attributed to the increase in the thickne$ the
examined organ relative to the other view. Thisultesin the
increase in the radiation condition. The mean E8Das chest
(PA) obtained in this study was 1.05 mGy for adultet is
higher than other studies, for example, the study o
Mohsenzadeh and Nahangi H et al their mean ESDesalu
chest (PA) for adults are 0.61 and 0.32, respdgtive

Table 7 shows the lowest ED for the 10-15 year range in
skull (PA) examination is 10.40 (uSv) and the higheD for
adults in the abdominal (AP) examination is 37848v). The
results of this study show that the ED values fa&r two age
groups of 10-15 years and adults in the abdomer), (Bétvis
(AP), and lumbar spine (AP) techniques were respaygt
higher than the other techniques. The reason fartgh ED
value in these three radiographic examinationgrstlyf due to
the high X-ray examination parameters and then rgela
number of sensitive organs in the radiation field tloese
techniques. In both techniques, namely the lumpares(AP)
and abdomen, most of the internal organs are atedi Since
the most effective factors on the amount of ESD Bidin
digital radiology examination are field size, kVjifference,
FFD, etc, best practice protocols can be used docee the
effective contribution [15].

In the case of FDD, these values varied in differ@nters
and varied on average from 90 cm to 180 cm. Thivesu
reveals a significant variation in radiological ¢tiee
including. Ostensibly, the X-ray examination parsene which
are set by radiologic technicians could changewider range,
for example, in adults, the mAs vary from 10 mA2tbmAs
for chest (PA) examinations, and from 17 mAs tondfs for
abdomen examinations.
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Khoshdel et. al. [10] reported that the minimum amakimum
ESD were 0.49 mGy, and 4.28 mGy for chest (PA) lantbar
(lateral), respectively [10]. In this study, the nimhum and
maximum ESD were found to be 0.97 mGy and 3.85 miGy
the cervical (AP) and lumbar (lateral), respectivés can be
seen, the values are not much different.

In the study by Balonov [16] published on the Efl aisks
of X-rays it was stated that the highest ED waateel to the
abdomen (AP) and lumbar (AP) techniques and th¢eedd
was related to the skull (AP) [16]. These resutts similar to
our study. The abdomen (AP) is used because itHesmost
sensitive organs and also a larger field. And ia thmbar
(AP), ED increases due to the high kVp and mAs.

Studies of Sulieman et al. [17] and Kutanzi efld] were
conducted on the ED and radiation effects on childind have
shown that the sensitivity to the radiation in dhibod is 2-3
times higher than the adults. In consistence wi#sé results,
this study indicates that the age group of 10-1&rsyés more
sensitive than the adults due to the high cellsitivi and longer
life span [17,18].

The results of this study are limited to Mazandgpeovince
and cannot be generalized to the whole country.

Conclusion

According to the results obtained in this study,cén be
concluded that the ED and ESD differences are duéhe
application of the procedures (such as kVp and maAs,
radiologist skills, field, etc.). Therefore, corsithg the
importance of radiation conditions on patient ER &8D and
image quality, these conditions can be chosen doce the
patient ED and ESD as much as possible while mainta
image quality.

General, low kVp and high mAs techniques may have
increased the dose. More extensive studies on dranmeters
affecting the dose as well as the introduction oferadvanced
devices can greatly reduce the patient ESD anctiadirisk.
Implementation of a QA program, relying on deteajoality
and inspection of other radiographic devices, can &
reasonable step in reducing patient dose. In axigit medical
physicist is recommended to achieve these goalmedical
centers.
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