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The impact of the variation of parameters on image quality and

patient dose from computed tomography simulator
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Abstract
Background: Radiographic images from computed tomography simulator (CT sim) used in
radiotherapy should have sufficient quality to be used for cancer treatment planning while the
radiation received by the patients should be kept as low as possible. Image quality had an impact
on the ability to identify locations of tumor and organs at risk, therefore poor image quality may

result in tumor mislocalization and also the efficiency of cancer treatment.
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Objective: This study aimed to examine the impact of variation of parameters such as tube
voltage, tube current, field of view (FOV) on image quality and patient radiation dose according
to the standard criteria of image quality recommended by the American Association of Physicists
in Medicine (AAPM) TG 66 to be used as a guideline for radiotherapy.

Materials and Methods: The CATPHAN phantom was scanned by using 36 different CT sim
protocols, of which the scanning parameters were changed (80 - 135 kV, 100 - 300 mA and 400
- 700 mm FOV). Quantitative image qualities in terms of the spatial resolution, uniformity,
and contrast to noise ratio (CNR) obtained from individual scans were assessed using the RIT
software version 6.8.64. Values of volume computed tomography dose index (CTDIvol) were
recorded.

Results: The larger FOV, higher tube current and tube voltage resulted in higher CTDIvol. There
were five protocols that passed the standard criteria of image quality. These were from the tube
voltage settings of 120 kV and 135 kV, tube current settings of 200 mA and 300 mA and FOV
setting of 400 mm; as well as tube voltage setting of 135 kV, tube current setting of 300 mA and
FOV setting of 550 mm.

Conclusion: Tube voltage, tube current and FOV had an impact on the image quality and patient
radiation dose. The protocol recommended by the researcher is the tube voltage setting of 120
kV, tube current setting of 200 mA and FOV setting of 400 mm.

Keywords: Computed Tomography Simulator, Image Quality, Volume Weighted Computed

Tomography Dose Index
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1. viudnaosuanuily (CATPHAN) 600 (The
Phantom Laboratory. Inc., NY, USA)[9] I@J@Ja
CTP528, CTP486 uagCTP515 dwmsunadeunmunIw
299079 Tudqu Spatial resolution (lp/cm), Uni-
formity (HU) uaz CNR auddiu uanafannd 1

AW 1 wanadls n) CATPHAN 600, 9) Spatial resolution (CTP528),
A) Uniformity (CTP486) wag 1) CNR (CTP515)
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2.1A%04 CT Sim &% Toshiba (Toshiba medical
systems corporation. Inc., Tochigi , Japan) iq'u
Aquilion LB a4 11u3¥@5nwn lsamenuiauzissanys
ﬁﬁmmmmwm”iwwamimﬁ 90 tuALLAS USuAn
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3. U5y 39 genduas 1osiu 6.8.64 (Radio-
logical Imaging Technology. Inc., Colorado
Springs, CO, USA)
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#Ae: CNR = Contrast to Noise Ratio; lp/cm = line pairs per centimeter; HU = Hounsfield Units
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1) Spatial resolution KAYBINITNAGBY LA
femn319dt 2-5 wuddl 24 Wslemeafitunae
lagauInYey FOV dinansznulasnsise Spatial

Journal of Thai Association of Radiation Oncology
Vol. 26 No.2 July - December 2020

resolution laglanizdi FOV aua 700 faduns
131719214 Tube voltage w3 Tube current Wila
wuillflusTapeadiiunaeididivun Tuvasd
Wslnpeafiduwinves FOV fidnndn 700 adwns
1¢¥ur 400 uay 550 fadunsaunsarunasinnsly
wanniiA Tube voltage 71 80 kV wua FOV 400
findlns Weld Tube current 100, 200 wag 300 mA
#A1 Spatial resolution WiNAU 6.33, 7 wag 7 lp/cm
AINEIU wagdl FOV aulm 550 fadwns Tube
current 7 100, 200 wag 300 MA iifn Spatial
resolution 111U 6 lp/cm

2) Uniformity Hav8in15nnaeu wanifansnsd
2-5 wusndisauau 19 Wslnreafiniwnael Tng
71 Tube voltage WINAU 120 uag 135 kV Wrutnau
ynluslamea luvmed Tube voltage 80 kv thuilen
AMULANAINTENINGAT Mean U r\/\leanperiphery
11nA71 £5HU Alildnnuauinueiasvuals
Faiulddnen Tube voltage figetiudamasian
dihianevenandd wie Uniformity Senamu

3) CNR HAUDINISNAAOU LARIRIAISIeT 2-5
wuirlusianeaiinaunaeid 6 Tslnnea lae
Wslnreafithunasirelustaaeaiian Tube voltage
i 120 kV aw1n FOV 400 fadluns Tube current
200 waz 300 mA wazen Tube voltage 71 135 kV
FOV 400, 550 wag 700 dadlums Tube current
WU 300 mA waz Tube voltage 7 135 kv FOV
400 Tube current Winfu 200 mA dafiulgdn
ﬁ’]LQ?iEJ‘UEN CNR Lﬂm%umﬁm Tube current ﬁLﬁmﬁﬁu
W @1 Tube voltage 71 80 kV FOV 400 fadwuns
thuslen CNR leld Tube current 100, 200 waz 300
mA Wi 0.3, 0.6 kag 0.7 MNaIfu



nan1sUseluUsNNMS9d
nn1stuiinA1Usuusidnnnlslnaea
wu3nile Tube voltage, Tube current wag FOV
fleniinduazdwalit CTDIvol fianiiudy Tnely
AMsAnwINUINA1 CTDIvol ﬁﬂ'wﬁwqmazqqqm
WU 10.3 uaz 126.1 mGy 71 80 kv 100 mA FOV
400 fadlunsuazil 135 kV 300 mA lunn FOV
mudu wazileld Tube voltage s Taedi
Tube current waz FOV Asfi wu dladedn Tube

o

A1519% 2 Namiﬂimﬁu@mmwmmmw lazusunass

voltage 100, 120 wag 135 kV aglsan CTDIvol
WINAU 1.76, 2.64 way 3.51 V1 AIuEIeU 150
\Wieuiu Tube voltage 71 80 KV wlodadn Tube
current 7 100, 200 wag 300 mA lagfien Tube
voltage waz FOV asil wudn CTDIvol wiandu 1, 2
way 3 Wi suadsu wazidleld FOV 7 550 waz 700

a

faawms wui1 CTDIvol WANTUYINAY 1.19 Wi
Walegunu FOV 91 400 Jaaiuns Lansninis1ei
2-5

& NAAINUR19ANY 80 kV

Wslnnea Spatial resolu-  Uniformity (HU) CNR cTol
80 kV tion (mGy)
mA FOV (mm) (p/cm
100 400 6.33* -6.36 0.30 10.30
200 400 7.00* -6.39 0.60 20.60
300 400 7.00* -6.79 0.70 30.90
100 550 6.00* -22.48 0.60 12.20
200 550 6.00* -23.01 0.80 24.40
300 550 6.00* -20.60 1.00 36.70
100 700 4.67 -22.74 0.60 12.20
200 700 4.33 -22.81 0.60 24.40
300 700 5.00 -20.80 1.00 36.70

e Aydnual * uansdie ATIRTIINS AAPM TG 66.

Anga: kv = kilovolt; mA = milliampere; FOV = Fields of view; mm = millimetre; lp/cm = line pairs per centimeter; HU = Hounsfie
Units; CNR = Contrast to Noise Ratio; CTDIvol = Volume Weighted Computed Tomography Dose Index; mGy = milligray
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M19199 3 nan1sUTTELAMA MYRIN LA UTINSE fiA1Ausnedng 100 kv

Wslnnoa Spatial Uniformity CNR cTol
100 kV resolution (HU) (mGy)
mA FOV (mm) (lp/em
100 400 6.00% -5.84 0.70 18.10
200 400 6.00% -5.84 1.00 36.10
300 400 6.00% -5.90 1.10 54.20
100 550 6.00% -5.43 0.40 21.50
200 550 6.00% -5.03 0.70 42.90
300 550 6.00% -5.34 0.90 64.40
100 700 5.00 -5.05 0.50 21.50
200 700 4.67 -5.86 0.50 42.90
300 700 4.33 -4.69% 1.10 64.40

vnnewie: dydnwal * wanafla ATRILNNET AAPM TG 66.
ANg: kV = kilovolt; mA = milliampere; FOV = Fields of view; mm = millimetre; lp/cm = line pairs per centimeter; HU = Hounsfield
Units; CNR = Contrast to Noise Ratio; CTDIvol = Volume Weighted Computed Tomography Dose Index; mGy = milligray

o

A19199 4 nan1sUsTIuAMAMYBINMLarUTINUSIE iA1Ausnedng 120 kV

Wslnnoa Spatial Uniformity CNR cTol
120 kV resolution (HU) (mGy)

mA FOV (mm) (p/em
100 400 6.00% -0.87* 0.90 27.20
200 400 6.00% -0.77* 1.20% 54.40
300 400 6.00% -1.07* 1.60% 81.60
100 550 6.00% -1.24* = 32.30
200 550 6.00% 0.30% - 64.60
300 550 6.00* 0.79* = 96.90
100 700 - 0.69* - 32.30
200 700 - 0.98* - 64.60
300 700 - 0.40* - 96.90

vanewmn: doydnual - uansds liasnsaduinle, daydnval * wanails Aikiuns AAPM TG 66.

Anga: kV = kilovolt; mA = milliampere; FOV = Fields of view; mm = millimetre; lp/cm = line pairs per centimeter;
HU = Hounsfield Units; CNR = Contrast to Noise Ratio; CTDIvol = Volume Weighted Computed Tomography Dose Index;
mGy = milligray
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o

a NAANuAN9Ang 135 kv

N
Wslanea Spatial Uniformity CNR cmol
135 kv resolution (HU) (mGy)
mA FOV (mm) (tp/em
100 400 6.00% -2.86% 0.90 35.40
200 400 6.00% -1.94% 1.20% 70.80
300 400 6.00% -3.61% 1.50* 126.10
100 550 6.00% -1.12* 0.80 42.00
200 550 6.00% 1.31% 1.10 84.10
300 550 6.00% 1.13* 1.40% 126.10
100 700 - 1.99% 0.60 42.00
200 700 - 1.01% 0.80 84.10
300 700 - 2.08% 1.40% 126.10

nuewn: dydnual - uansds lanansaduinle, dydnval * uanstla AN AAPM TG 66.

Anga: kv = kilovolt; mA = milliampere; FOV = Fields of view; mm = millimetre; p/cm = line pairs per centimeter;

HU = Hounsfield Units; CNR = Contrast to Noise Ratio; CTDIvol = Volume Weighted Computed Tomography Dose Index;

mGy = milligray

NMIUTTIUAMNINYBINIIY 36 1UslnAa

wuan TUslapeafiniunmuel Spatial resolution,

Uniformity 4ag CNR ansinain1suseiliugmunm

YBININVDI AAPM TG 66. 313U 5 TUslenaa wang

o =]
PNRIN 6

719199 6 LUslameaninunaeinIsUssiunun MBI NAINTaiuAYeas AAPM TG 66. waz A1 CTDIvol ¥

ANNITITADIANNE
s TUslanoa
a1nuUNn
kv mA FOV (mm) CTDIvol (mGy)

1 120 200 400 54.40
2 120 300 400 81.60
3 135 200 400 70.80
a 135 300 400 126.10
5 135 300 550 126.10

Anea: kV = kilovolt; mA = milliampere; FOV = Fields of view; mm = millimetre; CTDIvol = Volume Weighted Computed

Tomography Dose Index; mGy = milligray
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