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Greeting

It is nice to meet you.

Since 2001, we have been manufacturing radiation
shield products.

Our radiation shield aprons developed with lead-free
materials are very popular among our customers

who use them in operating rooms and

nuclear industries,

We promise to develop better products and
we will soon lead the global market in this field.
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Good morning!

This is Yasuhiko Nakamura, president of the Fukuoka Prefecture Medical Radiology Society, Japan.
Congratulations on the 20th Michuhol Conference.

Dear citizens of Incheon, how are you doing well? It was a year when events around the world stopped
under the influence of Covid-19. Even in such a difficult situation, I would like to express my respect and
gratitude to the radiologists who are active in the clinical field.

Academic conferences in Fukuoka also replaced research presentations online due to the influence of
Covid-19.

We have a plan to conduct this year's Fukuoka Prefecture Academic Conference in a hybrid format that is
held both offline and online. I think it's great that the Incheon Michuhall academic conference will be held
live this time. It would be very regrettable if I couldn't participate in such an academic conference.

Once again, I would like to express my gratitude to all executives, including Chairman Cha Sang-young of
the Incheon City Radiation Association, for hosting the conference.

Exchange activities with the Incheon City Radiologists Association began in 2016 and are maintained until
today. Since the Covid-19 pandemic, we cannot meet and exchange in person, but we believe that keeping
this exchange online will play a big role in the development of the two conferences. Lastly, I wish the

endless development of the two associations and the success of all of you who participated.
April 1, 2021

Fukuoka Prefecture Medical Radiation Engineers Association

President Yasuhiko Nakamura

WCHBrAL AR S| Q1xEiAlE (9



orl oH oKl oFl

S0y oHl 7T .  SOE N 0 &y N 0 7T oF
< U T < K0 ol < U et RO WM T KO L 6T FO AT
o <0 T ol © M Tol S OH Tol I el ol I Bl ~ o o Tl
oF @l &l <0 = 0l ic <0 ol 81 Rl%0 K & RIX0 3l & RrI%0 < OH W6 of
Ko DH ~ 80 Hr o ol380 <X RO ~ B0 Hr N0 olB0 <X o© ol&0 NI Kl ol @l
R o0 K R B0 K ® B0 K UM - VIS UM VIS UM - VTS

oF oF oF oF - oF - oF
RC %0 1! RC %0 1l KM %0 1! KM %0 ! KM %0 KM %0

;A

,Q.w

] ]
50 %0 oH = of R o
4 ) AT 7T . Bg . Womom B %0 2y
0 iiol < ol el < JF ol KO N or KO R H il KO _ Wil o ol
KO # R of S I EooT S W Tol I- & =or IF KR i 20T o & ol M oZor
o IF %120 Of B0 oo I 0 X0 o- o X0 = o] I = %0 H Bl Ko X0 =z B RIZ0
I+ KF o130 = Kk ol 30 0 S ol80 Ko WO~ 30 Hr wf ~ I 3o o =r B0 B0 NI ol 80
R B0 K R B0 & "/ B0 K R B0 K ==V "/ 0 K "/ 0 K
of of of of of B of - of
RT %0 il RT %0 rid RT X0 rid RT %0 rld RT X0 i KT X0 R X0
=} -~
= o T = o = pr) = ol
o BT  WBOB0 _ ljoEo =) o = N T . UWoEOFEr
B0 ol =< T M Ko =< HE < O /A KO _ ool K0 = O ol
B0 ol o> & mrx0xl S & X0 wl wo @ T o 3Ir Eool IF & w7 X0 of
KO X0 iic <0 - KE R =< O H0 U &= of I ¥ ic KO of EO nl<0 o 80 Ul = <0
ol 1K od&0 iofr © ™~ od 30 = N~ R R0 © ol = N0 iolBO = @l ~ 380
®M B0 & Rl B0 K Rl B0 K C U S Rl G0 K
of of of of C o
RT X0 4 RT X0 4 RT X0 4 R X0 rd Rr %o il

1 O The society of incheon radiological technologist association



D710y 2
2 ydsam@gihospital.com
CT

ol
=

g F oo fe
[
e §

e X A
DAY 4 2
P 7tE= st =X
QUM HHA
- boinbang@naver.com o
= Of
SEHH X A
 MEE 4 2
: tEHES - 22X
AT ,gEZ; 0l :
 twjun@ish.ac.kr U 2 0f:
s HIAMAX| 2
SEYH XA
0|8 N g
e 22X
2 yi20@gachon.ackr
CUHEEALES o/m
= Of
YA XA
EE 4 9
QRT3 =
! akalakad3@navercom ol
: @llo|s} el = Of
S
@S

 BIE9 5
: Y - d 8:
7S Es0 X

20

THYZEH o|md

 khbsksk@naver.com 2 Of
- MRI

re o .
0x g m>
OF 1o 0§ do
rdo

rie Hu
=
L

ol

joongoh@gmail.com

<«

=
P
01%]

D ZEAL

: O|3=0}

P 7tERE
QAMMERHA

. rtorange@naver.com

AR =

1o

YA

7EI

CHE 2
kimhyunk@hanmail net

tEALZS

o
St g

e & re

=1

(¥ e

7tEE s
QlMyEHA

: jiangviolet@gmail.com

- 8o|a}
| .|
- SrEYd

: ol

QRIS

2 : iskang7@hanmail.net

el

e

- HE]

71 ZEH
* wehoi7@gilhospital.com
- MRI
Sl
Y

71N ZEH
:pyi@qihospital.com
- guxy

2 g ro B o
T

DHIARMR| 2

10|15
D71 A
2 Isby2@gihospital.com

- el FAL =S

do
rio

=
=
ofCH#

use224@daum.net

ols
= =

: stao
Use

lEBEy

A= HH

2 ksoysk@ish.ac.kr
:CT

: QIGIHHH
2 hongd14@hanmail net
:MRI

: staoie
: 0f73
lEBEy

=ZHEZHH

> knowish2293@gmail.com

= ES

WCHtARMARR Sl QlamelaE (1]



H202| 0|FE 222l skris] | YHE

Time Table | 23z

Al | 20214 58 8Y (E)
H

|
| 2t | AAJZEON LINE £&

o=y
Al 2t d93 HEWE

13:00 ~13:30 3| QH|L} B
13:30 ~ 14:00 THEA
14:00 ~ 14:50 =4 2 Sy e
14:50 ~ 15:00 Break Time
15:00 ~ 15:50 23 201 E gt
15:50 ~ 16:00 Break Time
16:00 ~ 16:40 Sl R ZU == YE 1
16:40 ~ 16:50 Break Time
16:50 ~ 17:40 3| wH IH =2 YUE2
17:40 ~ 18:00 H 3| 2 AJALAl

- The society of incheon radiological technologist association



| 2Al | 20214 5% 8Y (E)
| 4 | AR ON LINE 45

13:00-13:30

13:30-14:00

14:00-14:50

15:00-15:50

16:00-16:08
16:08-16:16
16:16-16:24
16:24-16:32
16:32-16:40
16:40-16:50
16:560-16:58
16:58-17:06
17:06-17:14

17:14-17:22

17:22-17:40
17:40-17:50

15 7421
et
210
WAL 22128 4

CHa|Ab

A

25 28 291

CTY 2 712 &

Oz Relet ZAE F2L}

35 i)
PET-CT(F18-FDG)HME A3t SAZRE AlZERt 2|0 THE 0|27 | HBAAIC]

rEdd 7t

IHFLSY SRl A== ERAAH(Bolus-Helmet)2] A0 215t

7101=221(Guide-Line)

S 2ES0M 3R FsE MY

Brain T1 & T2 Z4Z FMOIA 0|= HAHZ YT Wiener filtere] kernel size Z|&3}

Traumatic &Kt ZAF Al Modify 2% Mo 2

Brain CT ZIA Al &HI9 ZIE H2 grAl0) o}

Brain MRA ZAFA| 3D Compressed sensing TOF(Time of flight)2] S24 T}
CT G40lM S7H2sls 3 L0|X IS 8t Modified Adaptive Median Filter2

REY G/t AE01d A

The Consideration of Radiological Technologist’s Perception about Artificial

Intelligence Radiology Imaging

el

Tojzy

AR

00

47 mg4

B2 gLt S

o7

Break Time

9| U=t E Y E7t

el : 23 (BROIA

xR 8

WLFBESARALRIE] Z997) Bl
QIR IACIBE] A0S B

2 ZOfEHOl 7071
oA L]
L7122} 0pA5|Z 31

WILHBESAHIARRIS] 2907 31
WCHBESAMALRIE] Z997) 31

At el

Zlg : 0|70} (SH50IAN)
GE &A70] 2ol
(CT Application Specialist)
ZAUMZSSH OIS
Bl MEF
T3l : O[O0} (SH&0|AY)
JIEuEstn 2HN 2
aojart QF
QISILHS W Y ITHSIREHA
YALMZ Y 01T
7= Chgtn QM Py
QIE{HIEA 0|53

Al B LIS

Department of Radiology,
Sheikh Khalifa Specialty Hospital,
United Arab Emirates
Sang Jin Kim

Y 2GR0

wriergArArE S| olzgeas (13



Contents | =

CHElAL / RS _ (ADCHEHUARAIR S| QXA 3] &7 05
A/ ZE7| _ (ADOHEHUAMAIRE] 3)F 06
A/ YR8 _ M7 MARE 3H 07
FAH/ LUFIREL OFASIZ _ YE ST MRYARMT|AE 21 08
1600 QIMA|Z] & Bt 23] 10
&}&Ll3| Time table & Contents 12
Shalls 27 15

=3 Zgd & Il =7 LB

[£3 2 CTO| &4 7|& 5%

ol _ GE "AFAO(CT Application Specialist) 18
(=3 2] oz 2|9 TAE A2}
NS HAUNSBER IS HER 40

PET-CT(F18-FDG)ZIAIS AIg§3t SIXIZHE AZH} 742100 M2 0|27 |HEAKIC] Q&M T7}
9201 _IISABSUED LD EH solstn} -

MY IEY SR ALBHE ERAHT(Bolus-Helmet)2| HE0] 25t 710|=2421(Guide-Line)
01l _ OISITHEE OiTSis el WAHIEYS) 60

HEH ZY20|M 3Rt SYEEVIM REY 70
0|38 _ 7HE3mistn QMDA QIEMINA

Brain T1 2 T2 ZZ GAMUN L0|= HAHE I8t Wiener filterd kernel size £%{3}

BBIK| _ 7HAChetm 7%
Traumatic At ZAF Al Modify ¢ M2k0)| 25t 33 81
A QI Y

Brain CT ZIAL A] FH|2F 2 HE A0 ME G429 AT S4MTe Bt o1
&8 JIES S QXYY A

Brain MRA ZAtA| 3D Compressed sensing TOF(Time of flight)2] S84 Z7} 105
FOE _ 7o) 29

CT QAN S7t2els 2 0|= Ji&S Y8t Modified Adaptive Median Filter?| &4 7t : AlZ2|0]4 &7 112
498 _ 7Hnisi

The Consideration of Radiological Technologist’s Perception about Artificial Intelligence Radiology Imaging 122

Sang Jin Kim _ Department of Radiology, Sheikh Khalifa Specialty Hospital, United Arab Emirates

14 The society of incheon radiological technologist association



The 20th Annual Michuhol Academic Conference




el 8YU(E)

23 29

2021. 5. 8(E) 14:00 ~ 15:50

ALE| : 0|30} (St=0[A})

14:00~14:50 CTe &M 7l S8
B5IRl _ GE "AHOI(CT Application Specialist)

15:00~15:50 ogen|o ZAE 2L}

Yo% _YLENSSSH O7 IS WEE

=S 2|H g

2021. 5. 8(E) 16:00 ~ 17:50

16:00-16:08  PET-CT(F18-FDG)ZAE Ajsist BIXIZEE KD} 20| ME QJ27|BEARS] QM B}
9F0I (SUBSHET 2HLDHY solsi

16:08-16:16 LM SIS HXI0|H AFREl= HEAH(Bolus-Helmet)2| MIZf0] 23t 710|=2}21(Guide-Line)
O|HZI (QUothatm OfnrhSHALEH & WA Z St}

16:16-16:24 HE# ZY20|M 3% FYSH7IH REY
0|35 (ZtE2TSt AXMYDHA QA HIM4A)

16:24-16:32 Brain T1 ¥ T2 ZX YAOIM L0|= HAHE &J5t Wiener filter2| kernel size £|Zg}
BFRIX| (Z}E0st)

16:32-16:40 Traumatic 2tAt ZiA} A| Modify 2 M0 2et A7
ZEA (AN sEde)

16:40-16:50 Break Time

16:50-16:58 Brain CT ZIAb Al FH[2} Zt HE Y40 TE YU YR Ee E-MFQ| Yot

B38| (1SS AFYDE)

16:58-17:06 Brain MRA ZAIA| 3D Compressed sensing TOF(Time of flight)e] S84 &7}
HOUR (VHd 29

17:06-17:14 CT GA0M SRS U 0= 7|4S 2J5t Modified Adaptive Median Filter2] .24 M7} : A|Sg0]4 ¢
248 (FtEist)

17:14-17:22 The Consideration of Radiological Technologist’s Perception about Artificial Intelligence Radiology Imaging
Sang Jin Kim (Department of Radiology, Sheikh Khalifa Specialty Hospital, United Arab Emirates)

17:22-17:40 HogH

17:40-17:50  AIAM

1 6 The society of incheon radiological technologist association



The 20th Annual Michuhol Academic Conference

Announcement




THE Al TECHNOLOGY OF GE CT D

- INTRODUCE TO RECENTLY RELEASED SCANNER

.'. Powered by

TRUEFIDELITY
- DEEP LEARNING IMAGE RECONSTRUCTION

1 8 The society of incheon radiological technologist association



Image quality is paramount

Introducing, TrueFidelity CT
images, the future of image quality

Outstanding detail, texture and dose
without compromise

0.625 mm TrueFidelity

© 2019 General Electric Co. .3 t’

Solving key challenges in image quality with deep learning

Filtered Back Iterative Deep Learning based
Projection Reconstruction Image Reconstruction
1972-2008 2008 - 2019 2019 - Future

© 2019 General Electric Co.
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WHY: TrueFidelity designed to solve the key challenges of FBP and Iterative Recon.

2018 - Future
The Era of
Deep Learning Image Reconstruction

2008 - 2018
The Era of
Iterative Reconstruction (IR)

1972 - 2008
The Era of
filtered back projection (FBP)

Robust, fast and gold standard Maintain image quality while reducing the Achieve outstanding image quality
image quality at higher dose dose by up to 82% (vs high dose FBP) performance, preferred image
Higher image noise and artifacts Unfamiliar noise texture produced by full sharpness and noise texture, low

in low dose settings [12! strength IR : plastic-like, paint-brushed, dose, all at the same time.
blurry, blotchy, or over-smoothed. 22

1. Geyer, et al.(2015). State of the Art: Iterative CT Reconstruction Techniques. Radiology, 276(2), 339-357.
2. Willemink MJ, Noél PB. The evolution of image reconstruction for CT—from filtered back projection to artificial intelligence. Eur Radiol. 2018;46(Suppl 2):1-11.

@ Deep Learning Image Reconstruction Technology Deep-dive .:) [}

Al/ML/DL has the hopes to make the breakthrough.

ARTIFICIAL INTELLIGENCE

Incorporating human intelligence
to machines

MACHINE LEARNING

Empowering computer systems
with the ability to “learn”

DEEP LEARNING

Learning based on Deep
Neural Network

Proprietary Training Material Property of GE Healthcare Deep Learning Image Reconstruction Technology Deep-dive

20 The society of incheon radiological technologist association



Training Deep Neural Network

forward

» "dOg"

v labels

=? <& |“hyman Face” ]

backward

Deep Learning Imag: truction Technology Deep-dive © 2019 General Electric Co.

Inference: post-training deployment

Inference

forward

>
b 4

Smaller,
4 varied N

Deep Learning Image Reconstruction Technology Deep-dive © 2019 General Electric Co.

<

error

“human face”

WBHIARIALES] QIRZ oA 5]
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Reconstruction
Design of deep Selection of ground truth

neural network training data

recon domain, we designed our deep selected:
neural network, which is able to learn CT

data. ground truth.

© 2019 General Electric Co.

Based on our > 40 years knowledge in CT Two categories of training data were

How GE designed and trained Deep Learning Based Image

Supervised training

Trained to apply knowledge to every

aspect of CT image quality:

image quality features from the training [1] High dose FBP phantom images with

[2] High fidelity FBP clinical images.

o Low contrast detectability

High-contrast spatial resolution
CT number uniformity

CT number accuracy

o 0o 0o o0 o

Artifacts suppression

Image noise and noise power spectrum (NPS)

#of Parameter Optimization

Parameters
Model <100 Manually designed and
Based optimized by human experts
Iterative
Recon
Deep >1,000,000 1) Finetuned
Learning z ™ automatically by the
Based back propagation
Image algorithm embedded in
Recon - Deep Neural Network

2) Verified and validated by
vast number of datasets.

© 2019 General Electric Co.

- The society of incheon radiological technologist association

Reconstruction Time

Optimal solution
iteratively searched for
EACH image voxel

- Slower

Image reconstruction
through DNN only once
- Faster

What is the difference between Model Based Iterative Reconstruction &
Deep Learning Based Image Reconstruction?

Visual Representation

|

—_—

I
=Y

ok




Abdominal imaging: reconstruction technologies comparison
TrueFidelity CT images on a BMI 30 patient

: %y —

ASIR V 50%

© 2019 General Electric Co.

IMAGES COURTESY OF FROEDTERT & MEDICAL COLLEGE OF

ONSIN, USA

Cardiac imaging: reconstruction technologies comparison
1-beat CCTA @ 70 kV with 25 cc of contrast - 0.75 mSv

ASIR V 50%

© 2019 General Electric Co.

WOErIALATES| olzgeiAE (23



Revolution Apex
The New Way to Your Best Image

A powerful platform with TrueFidelity images
to elevate what you can expect for every
case.

GE QUANTIX™ 160 X-RAY TUBE

WHEN POWER MEETS COVERAGE.

24 The society of incheon radiological technologist association



Digital Cathode

Patented dual flat emitter design with 400%
larger emission area® enables m

Digitally controlled magnetic field can focus
and shape the electron beam with the high
precision. It allows for precise view-by-view mA
control and high definition scanning with focal
spot deflection.

1. Compared to conventional coiled filament

GSI(DE) Scanning

DUAL FLAT EMITTER

DIGITALLY CONTROLLED MAGNETIC FIELD

TrueFidelity
(Deep Learining Image Reconstruction)

WBHIAHIAL S| QIRZoIA) 5]
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26

Visualize benefits: TrueFidelity GSI monochromatic images

with the benefits of enhanced lesion
detectlon and depiction.? However they reportedly have € :
s part|cu|ar|y in abdomlnal examlnatlons 23

E th li
n TrueFldeIlty GSI 40 keV images
demonstrate
v’ less noise and e natural noise
texture
v’ better depiction of the boundaries and

structures of lesions (arrows)
Images in courtesy of Houston Methodist

1.25 mm, 40 keV
Iterative Reconstruction

Deep Learning Image R

Visualize benefits: TrueFidelity GSl iodine images

makmg them more favorable to use for a confdent

( Itn h
,TrueFldeIlty GSliodine
images demonstrate
v' Less noise and more natural noise
texture
v’ better depiction of the boundaries
and structures of lesions (arrows)

Images in courtesy of Houston Methodist

1.25 mm, lodine
Iterative Reconstruction

Deep Learning Imag; 510(k) pending, not commercially available in US.

The society of incheon radiological technologist association



Wide-view anode

*  Wide-view anode has a 10-degree-angle target to
expose the high quality X-ray with 160mm z
in a single axial exposure.

This enables the uncompromised scanning /
capability on Apex edition such as 1-beat Cardiac

and whole organ dynamic perfusion.
WIDE-VIEW ANODE

:Target: 10 degree | Target: >15 degree

Radiation strength

WIDE DETECTOR CT
A EI 7| . 1- beat scanning

WOHEHIANATES| olzigeiAE (2
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Wide detector CT
_1-Beat scanning & Auto gating

Intelligently identifies the ideal time within the heart cycle to scan the whole heart in a single beat at any heart

rate.

1-Beat, low dose, comprehensive cardiac assessment

* 1-beat axial scan mode
without table movement

e Auto-gating protocol

Wide detector CT

_1-Beat scanning & Auto gating(Smart Arrhythmia management)

Intelligently identifies the ideal time within the heart cycle to scan the whole heart in a single beat at any heart

rate.

1-Beat, low dose, comprehensive cardiac assessment

One-beat, motion free coronary imaging at any
heart rate with 0.28 s rotation speed and
SnapShot Freeze, intelligent motion correction

Prospective ECG modulated acquisition modes for
coronaries & function

Smart arrhythmia management to handle
challenging patients with irregular heart rate —
monitor, avoid, scan

WOErIANATES| olzgelA s (29



IMAGES COUEF

1-Beat CCTA - 0.9 mSv

ENTR

Scan type. Axial 1-beat Cardiac
Rotation time,s 0.28

BPM 63

BMI

Slice, mm

Kernel Standard

kv 100

mA 603

CM (cc)

CTDlvol,

mSv (*0.014)

History: Chest pain

Finding: dominant RCA
Patent foramen ovale

© 2019 General Electr

ou RADL

Coronary CT Angiography at 1 mSv with 139 BPM patient

Scan type Axial
Collimation, mm 160
Rotation time, s 0.28
Slice, mm 0.625
(3% 120
mA 619
Noise index 17.0
Kernel SELEEL]
ASIR-V % 50
SanpShot Freeze On
CTDIvol, mGy 43
DLP, mGy-cm 68.4
Eff. dose, mSv 1
k-factor 0.014

325ms-325ms

30 The society of incheon radiological technologist association



One-beat CCTA @ F70_AF Patient_106BPM

One-beat CCTA @ M91_Free Breathing_133BPM

wrisrArArEs o1xzin e (3



AUTO POSITIONING

- WITH Al 3D CAMERA

Mispositioning is a Threat

v’ Miscentering causes magnification that leads
to higher tube current and higherDLP?

v’ Accurate localizer centering is required to
achieve an appropriate balance of radiation
exposure and image noise®

Did you know?  fet—t—————-|

Errors from manual centering can
range from -6.6 cm below to 3.4 cm
above the isocenter?

32 The society of incheon radiological technologist association

© 2020 General Electric Co.

After review of 549 scouts,
22% were miscentered by
more than 3cm3

1, Kataria, B, Sandborg, M, & Aithén, J. N. (2016). Implications of patient
tomography. Radiation protection dosimetry, 169(1-4), 130-135.
2. Harri, . A, Moreno, C. C, Nelson, R. C,, Fani, N, Small, W.C., Duong, A, . & Applegate, K. E. (2014). Variability of MDCT

performance: impact ndtable helght
American Journal 03(2), 377-386. )P




Impact on Image Quality

22HU: density difference when

isocenter is off by 10cm?

e | |

Based on a 3cm miscentered image, noise
can increase by 6%

If the miscentering increases to 6¢cm, a
22% increase in noise can be recognized3*

WATER

CTDIvol (mGy)

tsoric He

© 2020 General Electric C

Revolution
— S

Introducing
one click Al-based
Auto Positioning* § —

WrsARArEsl olnmelns (33



Al Based 3D Camera

@ Deep Learning Image Reconstruction Technology Deep-dive © 2019 General Electric Co.

Step 1: Select patient

v Enjoy the convenience of selecting
your patient from the CT room in
addition to CT console

v  Spend more time with patients to
ease them into the scan experience

34 The society of incheon radiological technologist association

to Landmark Detection




Step 2: Select Protocol

* From a full suite of scanner protocols,
choose the one that is appropriate for
your patient

* Use the anatomy navigation pane for
each of access to clinical area base
patient protocols

N\
* Use Related \Protocols to quickly
select the right protocol for the

patient \

\

| ' &

Step 3: Confirm Scan

* Scan range automatically displayed
based on patient protocol and
automatic landmark detection

* Scanrange center automatically
identified to ensure table positioning
alignment

\
\

\
* Leverage interference check for
patient safety \

| ' @

WrsARArEsl olnzeiAs (35



Step 4: 1-Click Patient Positioning

» Scanner uses the scan range center
information and automatically aligns
this to isocenter of the gantry

* Automatic table elevation and cradle
movement into the gantry with one
simple click, no need to use
positioning B‘u\ttons on the gantry

COVID 19
- NON FACE TO FACE SCAN IS POSSIBLE

36 The society of incheon radiological technologist association
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RCK (Remote Control Kit)

Remote Control Kit is Remote Control Panel(RCP) with Assisted Video Monitoring System(AVIMOS).

@ RCP AVIMOS

JB70232XX

38 The society of incheon radiological technologist association
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PET-CT(F18-FDG) BAE
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FAsIR o 7hEla} AR ulZe el B
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A8t Wil 184 AL & 90&of PET/CT €
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HE 222 p Sve o 7PHQ/HSX=
27.53 p SvE W¥Ith, 28It Angio AAE
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Emission Tomography/Computed Tomography,
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1) &8 Mzt A EX(umbilicus) TH-E 7j202 & T ©
24 A7 HRAPJQIORE BEo & ZA|, 60 min, 94 10 cm, 30 cm, 50 cm, 100 cm X
90 min, 150 min. 210 min®] ZtzF ZAsIg  AZelA Z43tcHFig 2].
S Aol o3t FAMFES FAssl] ¢
g &4 T 18] BAE FAE o831t 4, Xz 24

£ AfolA AMgE BAE MedCale Statistics

2) &4 29| gl 7ig| Software(MedCalc Software Ltd. Ostend,
= O = 3 L O 75| 5 O
27 Hell ofmo Sof gay ulEr9xAo]  Belgium) T2 IS 0831 AT B2 ARhE
Within-subjects factors
Factor Mean | Std. Error 95% CI
1min_10cm 2640658 50241 2540503t02740812 [ M
60_min_10cm 1406616 29722 1347367Tto 1465866 [
Y0min_10cm 147137 23707 109.987810 119439 [ W
Pairwise comparisons &
3
Factors Mean difference ~ Std. Error p? 95%CI*
1min_10cm - 60_min_10cm 123404 4610 <0.0001 1121030 134.705
- 90min_10cm 149.352 4806 <0.0001 13757210 161.132
60_min_0cm - 1min_10cm 123404 4610 <0.0001 1347050 -112.103
- 90min_10cm 5948 2185 <0.0001 205911031305 : :
0min_10cm - 1min_10cm -149.352 4806 <0.0001 -161.132t0 137572 50 - i { {
- 60_min_10cm -25.948 2185 <0.0001 -31.305 10 -20.591 1min 60min 90min
 Bonferroni corrected Time (min)

Fig. 3 AlZicHH HIAMMZRE B35} (10 ¢cm) 1 min-90 min

Within-subjects factors
Factor Mean | Std. Error 9% Cl
Tmin_30_cm 12770% 20149 1388601317213 T W
B0min_30_cm T4 43T TESTSTIMT [
| S0min_30cm 604806 12648 5797861062982 [ W
Pairwise comparisons §
Factors Mean diference | Std. Emmor p: 95%Cl*
fmin30cm - 60min_30 cm 53268 1686 <0.0001 491331057402
- Y0min_30cm 67223 1912 <0.0001 625350 71.91
B0min 30 em - 1min_30_cm -53.268 1686 <0001 574021049133
- Y0min_30cm 13,956 1041 <0.0001 1140410 16,507
Y0min_30cm - 1min_30_cm $1.23 1912 <0001 719111062535
- 60min_30_cm -13.956 1041 <00001 165071011404
* Bonfemoni corrected Time (min)

Fig. 4 AlIZiCHE SAMMZEE M3} (30 cm) 1 min-90 min

Within-subjects factors 110 |

Factor Mean | Std. Error 95%Cl

Tmin_50_cm 41219 12510 T1620toT66M8 [ Wk

§0min_50_cm 093 0805 MBI [

90min_50cm 3003 05532 BIG0B [k

Pairwise comparisons

Fados Vean dference | Sid.Eror P BHC*

fmin 50 cm - 60min_50_cm 3198 0890 <0.0001 29.00910 33.388
- Y0min_50cm 30402 1109 <0.0001 3637410 41829

B0min_50_cm - 1min_50_cm -31.198 0890 <0001  -33.388t0-29.009
- Y0min_50cm 1903 059  <0.0001 6.446109.360

0min_50cm - 1min_50_cm 39402 1109 <00001  -41.829t0-36.374
- 60min_50_cm 1903 059 <0001 -9.360 to -6.446

Time (min)

 Bonfermoni corrected

Fig. 5 AlZIiCHE WAMMZE 3} (50 cm) 1 min-90 min
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HRAARRES H|w3t A2 Repeated measures
analysis of variance(repeated measures
ANOVA)E &3l 248191, vo], A, A4
R T—test(Paired T—test)E 083} B
Asigler, Agoteld 3|, Fojgkol wet vjn
8t 212 yloj& A (Pearson’s correlation
coefficient) S AIst] H7Fsgch Pgle) 0.05
vkl A9 BAHCE fefsicka Wi,

Im. &3

1. A2t H2o| M2 YAMZE H|w

1 minolA 90 min 7}&] A7 ¥ WSS
#H3loA 10 cm, 30 cm, 100 cm A¥ 2% &
Aoz FRt ZolE 7HA| 5L HAsigial A
3 HAAERE WA T p0.00012 2E A7F
oA gt zlo|E 7HA AL AASHATHNn="73).

Within-subjects factors

Factor Mean | Std. Emor 95% Cl

1min_100cm 1438 05020 BMNwNME

60min_100cm 167603 03579 16.0467t0174738 [ W

%0min_100cm 136342 02287 1347830140902 [ %

Pairwise comparisons

Faclors Mean difference | Std. Error p: 95% CI®

fmin_100cm - 60min_100cm 12484 0351 <0.0001 16231013344
- 90min_100cm 15610 0384 <0.0001 1466910 16.550

G0min_100cm - 1min_100cm 12484 0351 <00001 133441011623
- Y0min_100cm 3126 0268 <0.0001 246910 3784

90min_100cm - 1min_100cm 15610 038 <00001  -16550t0-14.669
- 60min_100cm 312 0268 <0.0001 3784 10-2.469

 Bon’erroni corrected

110 |-

usv

1min 60min
Time (min)

Fig. 6 AlZICHH HIAMMZRE BH3E (100 cm) 1 min-90 min

Within-subjects factors

Factor Mean | Std. Emor 95% Cl

1min_10cm 2640658 50241 2540503t02740812 [ #h

1min_30_cm 1280597 20188 1240383t01320841 [ #

1min_100cm 20243 05020 2843010302446 [

Pairwise comparisons

Factors Mean difference | Std. Error p: 95% CI®

1min_10cm 1min_30_cm 136.006 3877 <0.0001 126503 t0 145510
1min_100cm 2482 4717 <0.0001 22326110 246.383

Tmin_30_cm Amin_10cm -136.006 3817 <0.0001 145510 t0-126.503

- 1min_100cm 98.816 1644 <0.0001 94786 t0 102.846

Amin_100cm 1min_10cm 234822 ATIT <0000  -246.38310-223.261
1min_30_cm 93816 1644 <0.0001 10284610 -94.786

* Bonferroni corrected

o117 E——

usv

100cm
Time (min)

Fig. 7 72ld WAMMZE H3l (1 mind|Al 10 cm,

30 cm, 100 cm H|m®)

Within-subjects factors

Factor Mean | Std. Error 95%Cl

60_min_10cm 1406616 29722 134736Tto 465066 [ WM

60min_30_cm 146479 1434 TSt TISIA W

B0min_100cm 167603 03679 1604671174738 3

Pairwise comparisons

Factors Mean difference = Std. Error P 9%%Cl*

60_min_10cm - 60min_30_cm 66,014 2158 <0.0001 60.724 10 71.304
- 60min_100cm 123901 2758 <0.0001 117.14010 130.663

60min_30_cm - 60_min_10cm -66.014 2158 <0.0001 1130410 -60.724
- 60min_100cm 57.668 1203 <0.0001 54.940 to 60.836

60min_100cm - 60_min_10cm 123901 2758 <00001  -130.663to-117.140
- 60min_30_cm 57,088 1203 <0.0001 60,836 10 54.940

* Bonferroni comected

250 |-

200

150 -

usv

100 -

50 -

Time (min)

Fig. 8 2| WAMIYE H3} (60 mindlAM 10 cm, 30 cm, 100 cm H|id)

RIS N 515



Within-subjects factors
Facor Mean | §id.Emor %%l

90min_10cm AT 23707 1099078t 1194306 T M

90min_30cm 60339 12463 STAMBAWG2BITI [

90min_100cm 1360 0287 BB 3

Pairwise comparisons

Factors Mean dfference ~ Std. Error pe %%CI°

‘90min_10cm - Y0min_30cm 54 381 1769 <0.0001 5004510 58.716
- Y0min_100cm 101079 29 <0001 9556710 106592

Ymin_30em - S0min_10cm 4381 1769 <0000t -58716t0-50.045
- Y0min_100cm 45,699 1129 <0.0001 4393110 49.466

90min_100em - S0min_10cm 01079 29 <0001 1065921095567
- Y0min_30cm 466%9 1129 <0000t -4946610-43.931

 Bonferoni corected

DO ssss e s s g s s

Time (min)

Fig. 9 2| AMMZEE H3} (90 mintlAM 10 cm, 30 cm, 100 cm H|i)

Table. 2 AZZR|0| M2 YAWIZE P value

He| 10 50 100
P value =0.1249 =0.4229 =0.0624 =0.0761
Table. 3 &0 Mg LALIZE P value
He| 10 50 100
P value =0.0042 =0.0064 =0.0019 =0.0007
L ; 150
B - T e b T 145
N S ol
§ !
PRT S 7 15
£ T E
8 - | 8 130
15k - - S - . - . . 125F
100 . BN 120¢

i i L
Men ‘Wamen Men Women

Fig. 10 o] 2 WAMMZFE H|22(10 cm, 30 cm, 50 cm, 100 cm)

2. EXto| S0 ME WARIHE Hlw

1) 8A19 Liojo] M2 YARIZE Hlw
HAMAQJORE Bof & 90 minolA yolo] mhE
WIS S48 A3 4 21 A4 Ao
A FoIgt ozt YAt

2) AEZX0| OE UARMEE Hlw
WAMEOORE ol T 90 minolA AAZR]G
o2 PARIEE 582 ATl 480l vis)
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)

23

e Yol Uout SAH fole B

s A . o1l
(o]

Sk o)} aigict,

3) HE0 ME HLARHE H|w

HAMGOJeRE B & 90 minoflA AEd wE
UAASE &4 AR AolA gAol o4
vjg] w4 SAEIL A S EA5 A
7 BE AZoA p Fto] 0.05 mFteZ e} &
o3t AE HtHTable, 3)(Fig. 10).



4) YARIOIOrE SORI0) M2 YANIYE vl
FAHIAFE(PF-FDG)> 8212 A5 (ke)e]
0.15 mGiE &3t §Fe s Fofste] 90 min &
of $AXCE 243 At FoIFo] YrE 1
< A=l WARIREC] w7 UERTHTable.
4)(Fig. 11).

5) FHOLE|H +X|0] THE YAREE Hlw
WA QJORE o] & 90 minolA FofE]de]

wWE HRAMERE 238 7 Alol|Ae] WA
Eo] g% aFolEdyt p0.05 |23t e
AA 7 JeRgtHTable, 5)(Fig. 12).

3. NRNE Y ARTEMEY £
AR Ao weh WAMIHES S 2} of
2ot Zo] VehdrHTable, 6),

St 170] Thet AT B} ORI
2 FAPE AEAZ] et BRle] Azt WEA

Table. 4 YANYQIFE 0|0 ME YAMZE P value

He

10

30

50

100

P value

=0.0027

=0.0333

{0.001

{0.001

200
180}

. 1601

i

!

;Mo

)

’ 1200

100

19
181

0f e

f L L
6 8 10 12
FDG Dose

i L it
6 8 10 12
FDG Dose

L L
14 16 L]

L L
8 10

L L L
12 14 16

FDG Dose

Fig. 11 WAMEQIOrE EOiZ0]| ME HAMMZE J21Z(10 cm, 30 cm, 50 cm, 100 cm)
Table. 5 FOLE|' 4]0 ME YALIZE P value
Hz| 10 30 50 100
P value =0.0279 =0.0079 =0.0002 =0.0283

19
18
|
1|
15
1|
13
12
1k
of e

Ll

Fig. 12 Saoteld 4o

Creatinine

I i L i L L
00 05 1.0 15 20 25 3.0 35

Creatinine

it X i L i i L
0.0 0.5 10 15 20 25 30 35

L L L L L L it
00 05 10 15 20 25 30 35

Craatinine

(2 HAMMZRE T2l (10 cm, 30 cm, 50 cm, 100 cm)

Table. 6 AlZFat AHz|of| @2 HARIZE (uSv/h)

10 cm 30 cm 50 cm 100 cm
Mean | Max | Min | Mean | Max | Min | Mean| Max | Min | Mean | Max | Min
1 min |264.07| 370.5|160.2 | 127.7 | 153.7 | 87.06 | 74.12 | 101.7 | 54.4 | 29.24 | 40.6 | 19.8
60 min (140.66| 213.5 | 88.3 | 74.65 | 118.7 | 53.2 (4292 | 60.1 | 31.3 | 16.76 | 28.6 | 11.4
90 min (114.71| 195.3 | 85.1 | 60.33 | 101.1| 43.5 [35.02| 46.3 | 254 | 13.63| 18.6 | 9.9
150 min| 82.75 1228 | 62 |43.36| 56.2 | 30.6 |24.46| 32.7 | 20.1 | 9.51 15 7.1
210 min| 52,18 | 71.2 | 37.3 | 28.84| 43.7 | 19.5 | 1535 24.2 | 11.1 | 6.34 | 104 | 5.1

WBHIARIALES] QIRZ oA 5]

57,
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Table. 7 &2} 180j|# = olsiZRAe| mFHEY

CH&t MMzt OEMY A7t O|IE
sio|st1 22} 2 min 38 sec 1.05+0.7+0.47 =2.22 uSv 2886 uSv

Table. 8 ZAME EAt 1HOA L= TS

At B2 eI 17 I 18 SRF HAF A
90 min 150 min 210 min
S 30 min 57.4 uSv 14912.3 uSv 10757.5 uSv 6783.4 uSv
Angio2 R4t 58.86 min 59.18 uSv 15387.7 uSv 11059.4 uSv 7921.7 uSv
= QAL 5.6 min 3.27 uSv 849.8 uSv 593.5 uSv 372.5 uSv
CTH 107 sec 1.04 uSv 270.6 uSv 189.02 uSv 118.6 uSv
Table. 9 Etat 1H0|AH W= EsAo| HZHIH
CHA HEAZ e o7 mE
BSAH/Z7HE9I 24 hr 27.53uSv 55.06uSv
Table. 10 FAt & 90 minoi| AHz|H M 24|
10 cm 30 cm 50 cm 100 cm
125.5 uSv 66.6 uSv 37.7 uSv 15.1 uSv

T ST 2 Fu|ZolA HEREAIAY]
HEAEE FAF 2| 5HE QFYA7HA] 51 sec, #
A A SR AA 3 59 sec, HAF - 14 A
48 secE FAF & 1 min, 60 min, 90 min%] 50
cm AZoA FAH BAES o8I Azt
oZ2 A7 260 71E Wil 198 ASPE 7
-2 788t H4](Table, 7).

257, Angio, 3=, CTH ZFAE FAF £ 90
minolA $A} 18 HEA |7 | e o ZA%S
S A7 260 71EoE Y 194 =
AF & 90 min, 150 min, 210 minoA AAFE
7% A7t 9EZ& FHsI5](6][7](Table. 8).
SREZOE BEAHIHIM = FA & 90 min
o 24X7FS 7[2 02 1 m A4 EAA L
L= 5749 Aol F-18 FDG favkd7] 1.4
A|Z+E o]gsto] HEslgien Azt 2§ PET/CT
£ FFgctar 78] (Table, 9).

=

. uf
A Aol e AFEME A=Y IR
W& BR1el 2ARsH AREe] Aasii e

The society of incheon radiological technologist association

3ixte] EAe| uebis Tt Fojg, ot
d R0 wgt Awkgo] #Wslstatt. PET/CT
AAL S} S o R HE nEE= ARRS FAF &
90 SAH #L 7IEe= 7 AR A
AR B o griste] 4% Axt At
7Vl AAF Azte] vimA 71 253 AR}
Angio ZAMNA 2 AFoE VERTH 14 7]
& 26047t 35 199 EAE 307 5% 10 em
AgollA AARITHL 7HFES o 713X &,
e 71202 oF 1A7H59t 30 em AoIA A
Ab Al 7.216A17F & HR]] 7]&9] ¢7F 1 mSv
o2 F=E Ik E9] nZEARS FE)
$18l ICRP 103, XA B 3 I3t
KFAILRE ZF AgjollA ES3E Qo] st
75 % 71202 AABIHTHI] (Table. 10). At
Ao &4 AuE HAMALFAL obd A
HloJu|E|2 EAsle] 43 o= AA Mgt
2ol7F & = U, 8H ZF AP AT
o} Aj7to] AA| gt Ato)7t & 4= vk, E3E
3ol AFTE oF TAIZE AA| SAslo El
3 BX] ¥t 35 7ol PET/CTEA



£ AR BAMSE A S FAG) WA
AAAS ol83te] Ak WBARS MG
stk g2t A3 glo] =29 Zoltt,

V. g8

PET/CT HAhe @49 JAagdel & visE
ARSI lont FHZRERE ofL2t HARRL A =
HEE & 4 Y3 53] AFe] By Aot
d #2771 w2 B0 Af oS g2 EE F
+ o] Slof ol SE3] sl €A ol
Az ARE fAsH: o] Fastch ZHofA
PET/CT AARS J8e &A1) ¢ 6A7L ol%
o2 AAE AEtESE sk Qlck ¢ Ald
o] ZEE 71ee® 257 Angio®t 22 F
< Aol o3 ARt = HAke Bede
= #Ast] F-18 FDG FAF & o TARE o4
Aol delle] MF=s WAl geth ol
HoflA] ATEE BAITRS A dFEEE 1R
< W HHEe 7)ot & A SPRAIRE A
NZL AFHFYE B ohs BEHFFe=
AoE dod o JouR 7} 7oA HE F
23S 9% AFAFAE dAst H58e=
T EAFS Aol & Aotk

1. 174, 0|59, 4% 5. PET/CTAA A
AIZE 48 Zolo] whE #EIHIFHAS(SUV)
Halo] thgt 1 #efslr|«sls] 2011;15¢
1%:21-25,

2. Thgteo)8koles] https://ksnm, orkr

3. ICRP, The 2007 Recommendations of the
Internal Commission on Radiological
Protection, 2007:5.9.1

4, FPE, A=A, Wl F-18 FDGE o83t
sjofal Aol 3 Hge] ebaA w7k w
=RPABLS|R] 2009; A|24H A65:159.

5. Griff M, Berthold T, Buck A. Radiation
Exposure to Sonographers from Fluorine
—18-FDG PET Patients, Journal of
nuclear medicine technology, 2000:186—
187

. AL SARARIEALIA R} w4l

TR AT AL 2009:21

. ORI, A4, d9d 5. R=EE A o

AEAZH] B3 A, RAYPAS}3)A] 2014;
24(3):254—260

. Kalevi Kairemo, Aki Kangasmiki, Imaging

of Accidental Contamination by Fluorine
—18 Solution: A Quick Troubleshooting
Procedure, Asia Oceania J Nucl Med Biol,
2016;4(1):51-54,

. 7. AgAIRFA] =9lol mhE wEAR e

A3} 2k E 2020:10,

WrsARArE sl oleiAls (B9



IO SRAA| AFEEl=
H2 A8 (Bolus-Helmet) 2|
M2 st Zjo|=2tel
(Guide-Line)

ORI, SABP, ZsHY, AFZ, A0l NS,
AN7R, Fel7
OISICHEIE OfTjciistEiatsel HAINE T}

(=
[ ey ]

£ A oF 5-6d0 24 g F119e] 7
£ 52 AAlol| HFHFTS BAE o= A
A et EEAYE(bolus—helmet)e] ARG
Hol| T3t Afjolrt, PAIFHFTYRAL F HFEA
(bolus)E 183+ &l(helmet)] AZte]] glo] vh$-
B2V 728 TSI(Total Scalp Irradiation)
2t THE R S AlEsIRa, dA9A|
ZHBolus Helmet's Production)of o3t WhH&
7to| =R (Guide—Line)& B3l UUFOE X
2 A s SRbe) BT W2 AEgS
RSt A&l A8 %= A AZFAQ] v
3 F71%(Air—gap)oll LAYS |43} 3parx} )
act. 789 AE e R HEAEY(Bolus—
Helmet)& 83l dHoEE 11 3-84S
I 4= QI%lar, X ERL|o] HAAZS A5t
A dgsta, YRGS A A9 7o
o} HFEA(Bolug)Zt A== 3715(Air—gap)©ll
HAE 238k = QoI

ddll(helmet)?] ARPPHLS AFst 7iol=kl
(guide—line)S B3 3~40E0IH A A&l
7¥s8 Aoz 7|dghy, d9li(helmet)] A&t}
At MRS g71™o|a | YR FY
gt SkAke] B 2857t 7hsstE e, Rt
Fefjof sk= Al ZAAIA 4ejAl v1g9 B
@2 Faskt 4+ 99l

ok&d AFE 7tol=eRRl(guide—line)ol] ma}
T HZEA(bolusys ©l83te] dl(helmet)
At 4= A =715 vlehy, Aol A3
7= satt ARtelut 27t ok & ARl
it FHE 55 B3 dAE BYs F71E
ASA o2 vigial 3yste vlolo},
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ZAltto]: TSI(Total Scalp Irradiation), Bolus
Helmet, Guide—Line

I. M2

EE 23 AL Y= T 8" FE
Fu7E 7 siReR B E50] dAsi,
Hop AR 2 ol 2 B717F dxle]
Ve FHR A=FHo| G AgHde] dedd
of Wl-¢- a -, 53y, FHo| dFEo] ofd
o) ZHAol WAbE RAS|oF Sh= 9] A
A7V Hoska, agh BAARS Ak o
< ¢ B, 70EE dojw, ThE AR
Aeke t2A FF9 diF2e] F5olAY =2
717} 22 A7 WAL, 2R 23 71=A e
AT A AT 7ol e el i
3| vl 22 Bk obyzl, AT Aol =
& Ao £3, 2710 YFH0lE derle
s AAA 9] w71 "l Alkte) Ao
et AR 29E 29 oE e 42 2
FEo.

ojZet PYFHFTYR] dFES HFAEY, A
olg, ZIAMES, B, ZEIMAMEF, A
BAE, ST, ST, 9EF, ofxad
Ao opFe s riQlslet HEe wRzgto] |
8 mg3t wx|4do] gol ARSI, of=gt M,
mg, HRAde] ME B datEe] glen=
Rt Agke Ui=l7] o, Eieks Sl
Hejle Tt e UERdTAL d=A
A A =1 vie} o] Fajof WAE Y]
tish EA ot ke BAPZ} Hol7]o)
Slel eMdTul TS A HlEs =R @2
A= YEke B¥elH, °oBe o= +3E
o M= 2n| Qe e HolA] ¢kar QA
T, 20149 HEE GiReRasle]x)e] g At
of mad oot #Hd AL Wid 254
soluhs Aol A9 oj2hge] AoM= &
Aoz gido] ot 1o A== 3, &
BEFol Tl vis) debHo= i #A
Ueidths FAke 92 AA| A= A9eE
dvde= AN A7ARRE W2 3.8 FEo]
o[ETtil jitt. Wb, EZF 1) TS WY
o2 7P E3 WA ol Hes 2idy



3t ARBIE Bl 7he =y B4 APl BlFe] B
ke o]’ FulFake] sl x4 AT
7} Fasiths A7AEe] AgEe] ui$- eldd
< 2+ U

o aEfo] WA= & HAAAS o]E-
gt AE7F Fe51A ARRE Qe e A4
o] 7K1 QU= B3 AREAL] HgF 449
B4 BjMEA, AEEY 7R 249
B 9 B 52 aefsle] o) HYsh=
Woto g 3 PRAE o83t X8} AlJgE),
ojff Hx}Ao] 7AX|1L Q= o) M-I} I
FEe AHE A7) 3 WiktleE 2257
21 HEA(Bolus)E ©183k= Wio] £2 AL
slaL Qloh, WAMARRS] Agavts Eol7] $3)
ARGEE 2AS7HEA HEA(bolus)s 59
Al AFS EUoE Fujof AGslarx st
= A%E JAsele toln, Fo JAE W
A ARE AJSPEljof Sl Aol wil- Fa%h
=7 Eoh oldt =E o8| AEETE
Eolge At &3] olFoA o gog
T oo thgt Ah= X&E U Aot
LM E o]t oM Fu]Fd3tAte] AR A
25 Asr] 8 a7tEE dol(helmet)S A}
A ARG, 1 AR 7Hel=akel(guide
—line)& AT 7Fsdt W FAREC] B
F2(bolus)E 0183t El(helmet)S HA Al
2g 4= QI71E viEhd, vjwE g ARNES 9
g3 A Ak =3

BE, B A7t oiltigtx AR uEgeat
o] WA AR BRI thekst wWhle] 3l
(helmet)& AlFdR= HRME gt d7A27t
a7 =51 9=l 7P Fell 3DZHE(3D-
Printer)7|&9] o83 HFA(bolus)E THAIR
4 Q= 22571 =4 (tissue equivalent material)
o] BE]3 EXS tthe 7|leg AES| AURE
IE A2 Ul oz ofYTFulEysiatel
AAEE ol 7|8l Y= Aol
SHA|TE,  BEA(bolus)E o183 ARE W
(helmet)o]l #Zt A7ApEL QA= oH38] 3¢
ol 7] ogal BEA(bolus)E 083l X=o &
83t Al(helmet)S ARSH= AFARIE @A
ot E3|u, B el Zo) rtojl=eR](guide—

line)}2 &3l RFEA¥9(bolus—helmet)S 44
Ak AR 4= A AAEEAY g AT
ke Y2 9 E Auyoeie Zopkr]=
£- ofgE& ACE AlEEH

QhA At vie} o] B ¢t o) A A
Ztsto] itoll A-83h BEAY (bolus—helmet)
9] BE ARjagof 7toj=all(guide—line)S A
33kl FHote] it A REASF (bolus—
helmet)& Al & 4= Y=EF sk=t] 1 FZ]
Uk,

Io. &8 2 ¥ iy

1. B2 A(bolus)E 0185t &ol(Helmet) HMEQ| FH|
HEAE (bolus—helmet)?] AIZRE 3l ©Q
3t A Rolch (A4 1)) 49 goldt A2kS
AaiA 7 199 AR T= 2959] Ak
7} Agtel ofsl= Zlo] Xt 4far wEn] far
AY Ao, & A E34 dl(helmet)2)
A S hfske Aol J3o)7|o] B
o} 412 SHiE S8l BAE diAlste] QA=A
H(human—phantom)& ARSI

AR 1 U-AHE 0tA3 (Aqua-plaster) 2~37H, 719
(scissor), 22A(bolus 0.5-1.0cm) 1~27, H-E[O]|
I (cotton-tape), 2HZHME (human-phantom)

2. B2A(bolus)E 0128 AN (Helmet)2] HIZ}
(A~GTH)

AT : FAEuE) TSI(total scalp irradiation)
A 229 B9 (margin) FEA]

P Fu|2okEIR= CT—simulation(ROX&)E
AN&et7] A F2)9)71 3 2|25l H(pen)3t
Qtolol(wire)E AF8dt AZH(margin}& &
A(marking)HA] He=d £ oA A= S
W (human—phantom)o]] 24 H-g|o]:ZE o]

wrisrArdArEsl o1z g (BT



g3lo] @E9l0L WOy} o] Hesln Eisk
B 4 Qe P KA 2)

a-1 a-2

L P J

A 2. QA B EHE (human-phantom)2| 0|23}
FE(skul)oll AHFOISAEALY| X ZHlof =l
H-E|0| X (cotton-tape) B AMR3I0| A|ZHQIE TA|
(marking)stal, =7t HAIE ZH(anterior)
B 3ZM(posterior) &, 12|11 Y% =M (Bi-lateral)
2 g5l 52 ARIO|CY

BEA : U-A3 ntAA(aqua—plaster)d) A&

FAS(skul)S 2 AA Fajo] 229
HAZE =Y, oe AEFEY] U-AE upa=
(mask)E ot (A 3. b-1)o] EAE =gt 3}
AR ko s uhy e Hed ol Ak
A= CT—table$loll k2 ApA(sitting—position)
2 3la, g BEEA fA% vkAF(mask)
= e 7oA off B WK ANoE F
7NES] Fefol wh] gt daBA H9=E g
t} (AH 3. b—1) UAIE = AR S
gral o2 He= IPollA T O] AR}
= upAa Ad(anterion) S H=E 31, tE
gt o] &Pt FH(posterion) F-E ot 49
LE 5P upAAE Fulof WAR|7l=d Kok &
Aolc}, (AFAl b2~b3)e} Zo] ‘HoA’ o2
FEAE 28720 {HeEn} 53] sl 2
E5 3, o] AYutYoA utAIE Ty A
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o WEA|BlE £ A9 o] e Fast
A A8 (A1 3. b1, b-2, b-3)

ARl 3. U-ARH OtAT (mask) & SHAE W30 Y3
LAollM ol =of gl £2o= UMAIF AR MH
(anterior) £Q} &M (posterior) & &Gl 2 A
Zlojct.

Cc24 : Ty A" ARYAEA)ERG
2—-3em@F31o] WA (Mask) o EA|(marking)

A (AHL 3)oMAY vRAA(mask)E FHNE
(skull) 2ol Datste] 2951 vhH off (A
4)%} Zo] ‘B2’ oz gAE XERe] HY
(margin) 2t} A 2~3cm7Zl¥ At ‘it
A3} Zro] dxgste] Hl(pen)S o|-g3f vkAa A
el AIE AIPSHEE Fitt, (ARl 4, c-1, c—2)

-1 c—72

El_t 2-3cm

/ 27 g%
au. 8% .
,

ARZl 4, OAT (mask) $I0f| 21 A H-E||0]Z (cotton-
tape)2 HA|s] EO0|= Hel(margin)ELCt 2-3cm
S mEkdat 0| Ei(pen)E O|8510] EHA|
(remarking)& $iCt.

DA : EEA(Bolus)E PiAI(mask) 99
9= Y

oAl & A9 F8TAQ miAI(mask) ol
283t £A9] BHEA(bolus)E He Wil et



Shfjolct,

ofgf (A 5, di¢t d2)= 47 F7HE(skull)ol
BJoh (transverse—section) 2] Wako] LRI}t
HEANpolus) ¥ YA A (matching) 3]
F2 FEREE AR Qo] @A @74 1A=
WS eAof g BEXM(bolus)E He WS
ohfst=S stk (A 5. dl, d2)

d-1 @
6.

)

AR 5. d12 HEA(bolus)?| THHO|R, d2& HE
A(bolus)™Ho| Ho| & X2 FIlE(skul)e] FHH
(transverse-section) 22 L}EMH ARRIO|CE

ol (R di~d2)el 7|AE W3 240 wt @
AW (anterior)? @FHF (posterior)o] EF
2(bolus)E ©183lo} tiAI(mask) o B
HRtell diaf] A EEE s, (ARl 6, @, @
-1, ®

M2l 6. O™ (anterior)2t @%H(posterior)2| A]
EHA0| U HREA(bolus)E A &2 ARIOICE

g o] AJRE HEXA(bolus)E AR WEH
(human—phantom) F7I&(skull) A5 (anterior)
o E11, F/& A (anterior)o] A H-g[o]
IZ(cotton—tape)E °]&3l EAIF) T AEZEY
Xl (margin)@ YXAA oW (Al 6. @) o
£ 3 o] A= H-Ho|ZE o3| BEA
(bolus)E vtAF(mask)?] EH|| s 114
sl o= gt (AR 6, @-1)

TR (posterior) EZH oA B AR O @

—-1)¢] Ad(anterior)Fol|X AlgE HAlat FY
A EEA(bolus)E WA T (mask) FEHO| Tk
s 18| Bol=F it 1w (AH 6. @)
o} Zre- e} =t

S IS Adgsrlol (ARl 5ol 7]AE O@®
HE AR @DO@DE] FAE et FAE
2 2% ZA27|(cutting) & Ao & & &
A3l 2 Ao, Aol uet @l EAH ut
T Aol ek U A2 WA Algglt
A 7. @1

2 N 63

M2l 7. EFNE(skull) 2| 2221 2290 E2A (bolus)
7t Aal= S sliEskr| fisll @H 2HE (anterior)
o ZI27[(cutting) & A5G, H& 22IE H(pen)
E HA| &, CHA| ZI271E AI5I| HEA(bolus)&
YAAZ|= 2pEo| QHYf AbZIO|CE

(A 5. @)He] wht Al A=271E Algshd
AL 7. @) Zo] "ot Fepxl 222 (bolus)
o) & WS HAA ki, HAZ g Holl H(pen)
< olg3l A27] & & AEA|(remarking)gt
ot AL 7 @-1, ®-9)

H(pen) 22 FAF & X oA A=27|E o9
Zek B2 XA(bolus)®] & wol (AHL 7 @-3)
3t o] Z wHA|A ", ojuf, & o AR}
7} % Wo] YAE=ES BEA(bolus)E oL, th
£ A7 H-glo|ZE o] gdte] TdsiA K
F2(bolus)E D) IPAF =S it
SiRay LA 1YY FAE(skul)S EHR
T AAo] FHe R H 5~10mmTAl] BeEA
(bolus)E 5L FAZ = I HAAL
gl Bolu Fzlo] A7|A F=E dfjof 3171 o]
et o= 3 HAEE HAY 2YE ot
2L e 53 s F= wUlte] BisA] F
a5p, ull(helmet)S AZFsk=t] 3lof w-¢-
[3}1 s ojol & oA Aol (AR 7,
®, ®-1, @2, @-3)

Ao wet (AR 5, @)= A7 YA o= F

WrsARArEsl olneln s (B3



A2 g Fool Y] 2EgS w=t A27)
g Z H(pen)& o83l W] FEi= FAIGH
o}, Z2ga, off (R 8)I o] 7] FeEjet
A&2579] wpglol 5t #H(pen)E ol-gs @¥t
o] BAJSLL, FAIE 9] Pl weh A27]
£ Adsk (@-1)9] =go] k. v (A
5. @) EF o (A 8. ©, @-1)3 5¥E
Ao Agsh o (A 8. @, @-1, ®)

D-1 6 "

Mzl 8. @It Q2 ¥ It fRIE RelolH
AHIFe| Yol U EAGHL, A2IIE AIHT A

Zlo|ct.

®i @Y FHR(posterior)= A AP (A
A7 0, @1, @2 @30l &4 FUst
A ot Ao wet AE7E AlgstaL, FHAE 2
Aol F(pen)S o183 TSI, FAE FHEo|
ThA] A27] AJggt S 2R 222 (bolus)2)
T HE YRA7 L, H-go|ZE o]g3] IXH
He dos 1A Bols FUS BHEgih
o4 A (bolus—helmet))S A& A~D
@A, 181, DAL DO@@E®D®2] A&t
I}gE BE upHc

EdA . 22289 (bolus—helmet)2] u}E-g

B4 ZA| Ak BFEAFE (bolus—helmet)
o] AR A~DEAIE Siistct, 7 7ot
2& #AHo2 mAT(mask)o] BEA(bolus)S
& DAl A= O~@He| wEt 2E A
32 o oA utAA(mask) ol BEA
(bolus)E UHAA TAA7|= 2] FREW
HEA(bolug)7t #oi tkAT(mask)e] EHE
H7) A G=E w-Ho|ZE olgsle] Az
FEE ot (A 9. e—1, e—2, e-3)

o3t HAL wiAH HEAEW (bolus—helmet)
o] Fel7t 90%o At L=k & 4 ik
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A2l 9. HEASIM (holus-helmet)2| HFZ EHS
Aefsll =2 AZIoICY,

FeHA . 22389 (bolus—helmet)2] Ea 2
44

oJAl ttAH(mask)E AAZHMEH(human—
phantom)ol|A] B3] Wi, Ejs) W vkAz
(mask)ofl X2 HY <o BHasgt 3t nE
A27)(cutting) & Algsict, R27] § o) 7t
23k HE w-Hlo|ZE o83l 7] 7 A
8l =3 WA R helmet's production)?] 34
L& zg¥d, (AA 10, £-1, f-2, -3, f—4)

f-1 f-2

Al 10, CT-simulation(22|2|2) Al HIZ A, 2t
& BEA8H (bolus-helmet) 22 ZHE (anterior),
EH(posterior) ¥, d2|ln Y% ZH(Bi-lateral)2
sl &2 ARRIOICE

G¢4d : CT-simulation(REX&E)A] wfA=
(mask) 29 $12] 7]

A~F7HA] RE2AEY (bolus—helmet) ARy
o] BE WAV St 22 A=A A (set—up



position)o]] AT A} YR|FO|(set—up) <]
A&, AYArel Held FHE 93] CTE ol%
g molx|g A, ExolA g% Al(helmet)S
28331, 02 npAI(mask)E 3 ¥ T X9
e ok Aol (Al 11, g-3, g—4)
o o] F2A o2 npAI(mask)d] AW
HEAF (bolus—helmet)2] HFo] o &
H(helmet) 2] AAE FA F9H =2 Al, W
(helmet)ol] A&AJ=t BxF A2 kAol B4
oz gl YxIgolel HES o AR
o =%& & & Stk (K 11, g-1, g-2,
g-3, g—4)

A2l 11. CT-simulation(Ro|X|Z)AIY S0f Stzto]
OfAS (mask)0ll &Bl(helmet)e =2 O
(margin)of] ¥ ‘F24' 1t Z0] HA|(marking) St}

m. &t

1. &= CT-simulation(Ro|X|F) HAS RYTMs6H

3D-F4jol| ChSt H7t

A~G7HA] A9 ARt RO R kK] HALA
A5E Al 7] e Azt FHjHgS BF
opFch the-2 QA= ME (human—phantom)
o] el (helmet)S X911, ABE Y3l L&
ttxF(mask)E 3 H o HE T CT-
simulation(® )X &) & AlPsHA Aok, (AR 11,
g-1, g2

CT—simulation(FRQJ X 2)§t FARS 32102 A
TAdste] ZA| AR B8 (bolus—helmet)
o EAIHoIH Hetksfol & AL gl=A ol tiste

ARy, Fu)et ddl(helmet) 7ol EZK35H|
A== 371%5(air—gap)oll H3l A3 94
< B9 el BEE siAL

g dgle] WRE AdshA AdEH ARt
HollA YU&o] gt oz FAE A ¥l E9J
L F7ho] dERE RS ERIg = ok (R
12. h—2, h—8) F 9] FAA7} Figte] =
< 718 NS ARRTkE ArjEte 43 A
2715 AlFgska, ezl BEA(bolus)e] F ©
S YXA|A H-go|ZE o] 83| 1A= ET
2Rl Il x] FEo] WAsHA H Aolch Egt
Fujgego] 71AaL e IR FFe] A7 Al
ol g} o]t ¥l Bolup FrhEo] WE &
dhofl gl dolAY, Iz Epsia gt
gl E3 37hE E97ke =3E0] oA g4
8lal, koRw sjAs] yrtol & HY Aot

h-1

M2l 12, Z& CT-simulation(22A|8)8F FAS
3atlo = 2GS Afzlo|ct,

T, o] Fae A AR AL =
$2le AE AAsor & olfrt ik ks
old ¥l Bolvt FZhE AT WS 7R 9
7] wji2ol}, o] Alg¥gt All(helmet) AR
AofAd= drkEA] 13 ¥l 53 Ftel| tigt
Hax(after—service)7} 7Vs317] wiEolH, 1 W
HOESE v i it

oA B4 1Yo R HEosA UAH B
F28(bolus—helmet)ol] ¥1 Folu} F7h& o]
$7) dhe WHES AHERL (AR 13)

WrsARArE sl olneiAs (6D



2. HEASI(holus—helmet)0f] EAE] I
H(H7]) of= i eHY

P‘I 13. 81 &0 70| LY &7
Sh= Yol CHEE eHH ARZIOICE.

SERERCER)

BHA/S) WS 9 AR offje] 71" O~
@x1] Aol wt Algshd "ok

@ h(helmet) & o] & <o WIET F
o] YA H7E Tl

@ 4l Ex} 7o) mok} 7S At

©® Z& o183 Uﬂ—r7](H—r)7} 193t =70 o}
AF(mask)d 33 2k

@ 293t T3]0 BEA(bolus)S At 37
W7 (R4) B 4 e 9 Wit}

® mhAI(mask)o] Zed 3B ohA] Hiec},

® 9ol %2 vk (mask) e H-H|°1Z(cotton
—tape)§ ©|83l E<Itt.

olgJst 7iiet WAFL AXH wlebd BRI A

Hol AHY @] ¥ Ex} F1he @M 2

o] - golstA H$/I(RA)E & % ik

3. HWIR7)) &, CT-simulationZ&S XA
-0l CHSH ZHHL
ohd oA dgom mAE (AR 11, g1,

g—2) Gdo] B Folz ol ARl FH24 ¥
Bt 2ol “ﬂ—"r7l OV AIEEUP *, %“’ &
ko] 3 &= o 5

At (AR 14. 1—2, 1—3)
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E3l CT-simulation(=2]
A4St Atzio|Ct.

AR 14, ﬂil-?-7|(i-¢-)§
22)8 s 3AEc=

4. BMIR7)) Z, X748t 3D-JuS Sl S5t
B7|&(air-gap)el Z|CHZ{(Max—value)
A AZERE HE A (bolus—helmet)o] UAY
H 3715 (air—gap)°ll ZHA Al i3t B7H
A8l 2lA =M (human—phantom)of A
(helmet)S #9131, H71715 33 ¥H=Esle] CT—
simulation(® A 2)}& At 53 A
= 3D—°‘V‘J£’E ATgsted, Fajet A 7 ¥
Flair—gap)?] WHYol 7PE & & F B &

APZl 15, 33| CT-scangl G442 M7 J&2 Sl
WHE B7|&(air-gap)oil CHal 33|14 2A5t -'o-7|?;
(air-gap) ZH (2D 2| ZItHZt (maximum-value) &
Axial/coronal/sagittal/oblique@4&0il EAS AFRIO|CH.



HAE Sete g WA &) kA, F7IS(air—
gap)°] 7F A EAsE 3o AR F
gel AYA ZHzt 334 23| Botth F Y
A7 BAAE 3715 (air—gap)ell a3l 242} 3
3 ZAgk 4t Fol HHA(Maximum-—value)
E H/IETE 7|ESe Ao £ A9 HF
Kakelal, fojujslrie] Zzke] AtgdE Aol
371%5(air—gap)® g (maximum—value)<
Aggdel #ARBIES (A 15, -1, -2,
i-3, -4

33] ROJARE AP CT-YAMS 321U A
A%t 3D(Coronal/axial/sagittal/oblique) Z¢
Zro] FAollA Tt gl Zhof| WSS 37135
(air—gap) 7HEo 323, g2 3.1cm/
3.4cm/2.0cm/2.3cm 2 et o= ol
A| 2 3% 3D—printer7|&eS o83l AR
doli(helmet)] -840 Tt AR A T
AHE 3715 (air—gap)9 &784ko] 4mmeo]gict
= AAkEe vlwe)] Hojske uf$- AEuksial
o] Q= A=l HkE 4 Qlok

a8y, F e ARt 33 ghEsle] Rojx|®
£ Al S A3t 7P & R
HoRE= XL 33 vhEsle] &gt dalo] o
Zjgtolut Agre] Hatgte] obd Fd &3k
o2 7|Fshe BeFQl YA B ATAEs A
AT, Z AR}l ST} S B 2=
Uck= Aol ot HAAE 5= Sl vARE 24}
7t EAE 7FsAd0] Jtkal AHEe] ol§ AT
gao] sich wekx, S Fdigkel digt
ABGE #olaL, 4 ol id A5 £0)7]
el A4 3 FAo| D-FOvE 2Ast]
A7 s ZA st ASAs= 714
¢ HHALE Ba gt (maximum—value)ol| o
3 AB7HE AlgstaTt.

5. D-FOV &g S8l MEHEH 3715(air-gap)2
Z|CHzhMax-value)oll CHEH ZHH7

A FHot ddl(helmet) 7 A X
] (maximum-—value)g &7g319EH), o2t F
XE A3 A8l (A ST F71%(air—
gap)9| 7+Fo] 7H & Xof| D-FOVE A% #
< 243l IS TR F7]5(air—gap)

of 7HZo] B} A¥sta, HEeA SHE =
=5 G A5

olf] (A 16, K-1, k-2, k—3)9} o] CT-
scandt G A% Yol D-FOVE 24
slo] T o] Azt e Y4 Ba 44
35 A&AstaL, WA " g vl
£ A3}, 1~2mme] X7} WAEIG o, of
T 1-2mme| °A= F715(air—gap)d 1+42]
2| (maximum—value)7} © #HZ Az= 4
Aie oE2A WA 3" YA (maximum—
valug)th 2312 1-2mm #A4se= AL g1l
3 = Q% AT oE 8 2R 0E &
Z ZX%t digte] Aapuct 088 At A
< st Hoh AgstA S48 2 2y, G
= thE2A F713(air—gap) 7149 FHdigkol
1-2mmztAsHA o= F713(air—gap)d 1H4
< ¢F 3.2mm °oHE FAFE & AUk (A
16, k-1, k—2, k-3, k—4)

A 16, AN FA9| D-FOVEE RSt &
CHaH A4St 32k oM 33 gte &35 J
7|2 (air-gap) 2tZ9| 2CHz|(maximum-value)&
HAJS &2 ARlo|Ct

UM (A 15, -1, -2, j-8, j—4) 33] CT-
simulationdt FAE AFASE Coronal/axial/
sagittal/oblique ZI7}e] Alolx =}
Ztof] WSt F715(air—gap) A9 gk
3.1lcm/3.4cm/2.0cm/2.3cmo 2 &AE QI
(A 16.)7 Zo] D-FOVE 243} ALA%H
G Yoo s Hoh AgstA S48 2 A,
3.0cm/3.2cm/1.8em/2. 1em 02 # =z =44
digtEct 1-2mm 4AE gre= Jehfigict,

201598 Aoz o] yjgst ehmizo}
84 1190 8 3 S0 AAS A zeok sh

WriBrALArE Sl 212 EiAE (B
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TSI(total scalp irradiation)¥A} 7% ke
2 @l(helmet)S ARBH=H oF 2-3A7t0] &
8T, Y TAR] drl(helmet)E F Aol
AA ARbsl7| e sttt 12u @A 3~40E
L9] AZto| S3] A BERH] aEE= Ea
gt AHl(helmet) 9] Alzto] 7Fgdh, e gt
SAE Easirbd JY & o 2ol AlRE 4
e AlaEE ulstgt, d9l(bolus—helmet)
o] 7Hl &71%{air—gap) WAL= QIet ¥l &3
7] WAy E3 7] (oD E B A
A AR 4 Slglen, b 3xHe = A A
FA 38 wHE g9 FoigH(maximum—
value)S Sl Hrujete o ol8EH1 =
3DZHE(3D—printer)7|1&S ©]83 Azt 3
A(helmet) 2] ¢ “F715(air—gap)oll HA 7t
A& 4mmo|yE A & 5 AUh"E I7R
BEE0| B H11 Ql=t E¢o] AR HEAE
H(bolus—helmet)& 3, 2mm ©JWE §A&o =
1 F848E g 4 U
A 7y AAE A=l B9l ARENE =
olaz} thokst ZAL7HEAl(tissue equivalent
material) S o83l 73 AA ) AFE =4 +
Us WRESe] dtEaL gleTl, Fu AAo &
A AEEEAEES FolHA S astA T
= 3713 (air—gap)d 1t8E& il A8
g Eolgle 9t diFEY Aojth. 3Dz
HUE|(3D—printer)E ©|8% ool ARrl&o]
A Y Zlojn, o7jof o FR{ 2AS7H=
Zl(tissue equivalent material)2 T3l AJlHXA]
A synergy—effect) & == Fujo} Il
7t A== 37135 (@ir—gap)®] 7+ (distance)
3 F7Hspace)S At ABAIE YA
7171 18 Holt,
T, oA3] o3t Tles ARl Yol B
FA(bolus)7t BEFOE 7= HE=E- AA
oL} HAE IR ARESEIOl of=lgo] UL,
detstA AzE All(helmet)2 A& Al W7l=
SAke) EHES AAlsted ofgo] =] o
2ol fARE R AT & 57HEA(tissue
equivalent material)}2> AMESHA e Ao=RZ
Heloh ®3), 3DZHE 7igov oE WS F
gt Fl(helmet)d] ARtg-2 GRbEoR =

The society of incheon radiological technologist association

AZF A7kA] BB 3~5Y Tkl vlmE 71 Al7to]
275, dEE d2 Q] WEE SRl
EHE o3 dd=A] = IRAE ot 9l
o} T3 N2E 7leTt Aulrt ol g 3o
A BRAYE B8-S BERke] AjZEAQ] et T3
AR RS o 71e A F S AeER
TeEn)

e M= Fdsld 71eE0] PAM A=
o] 71&3 YL Folil, Yoo W s
Aol =& AYL Bt ARIoIAR, Yol 7]
&3t ulel o] 83t Fusle 7|sEo] AT
S 7KL Qe A2 oM7Y B EE BAIEE
< ] Wi d x5 el IAL ofd +
gick FWeE HFES] Sxle] 2B AMgEE=
A 2Hhelmet—production)of] ¢~ e]Z o]
3L ot W EL o Al=EIL A7t A&E
UzE ZolA|eE, giiiEe) ARl RlA}
of A8l AIZF AAAQ ulg, Al HelA
I 3ol BRHY, 181 xpt ofo] Retd
oF k= AlZH AAZ el v gRdy EHE] 8
AF 7JA%E o= o= HAE Kl
Lo ZA| Algt BEAHY (bolus—helmet)
2 olg3t S MAEtEA BFeH, F71%
(air—gap)9} AL Faslsha, BEA(bolus)7t
7RI Qh= gt BEE A IR ARSS &
A7} Lol BHES £o)al, A2 helmet's
production)o] 8FE= AR} Al7HS FHA 3]
T3 FHIH EUL2H PAR AR A, &
oA 7REE AR, A, AEdes »
Ag= Hgo] A anst A

202, B AFE 53 AwEHe 7ozl
(guide—line)& S F7u+ €A EFEA(bolus)
£ o]gs) g2 TARNEC] @ (helmet)S A&}
3 B vleby, ¢hog o sfAEa wEE
Holu} =3k-(knowhow), 18|1 AFAREC]
2S5, 35 5 QA H71E O Rk vt

1. A", A=A, A9 . Clinical Analysis
of Scalp Tumors (2004~2013) ZAislw
L2t P2 R e 0 o Rt i [ P i e R
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o] A+ HEH xYe ZFIYA] computed
tomography angio(CTA) HlojEE ©|83%F 32
A FAEIIHY] F84S ol Bt

o 9 9

20219 39 1¥%¥E 3¥ 3197HA =E#H =Y
a5 A 13399 RS oz 48|
HE o83t 4759 A9} o]831R] 22 979
= BRI, F Al=ARL,  fluoroscopy
time, dose area product(DAP), ARE3t ZFA|
%, e (aorta arch)olxe 2EH] JRE
715315t

23
32 GRS AMERE HEH 2P
A BHAHoE AR 2GA 2 126 ml,
fluoroscopy timeS 8& 31%, DAP= 38.2
Gycm?®, AEAIZES 16803}, 7120z dv
< 37] 9%t 2ET] ARSS Ut ARSSHA] R
%, ARESE YA F2 131 ml, fluoroscopy
timeS 48 56%, DAPE 385 Gyem?, Al&A|
7k 118080t} 88E 7] fj8f 71481 2=
WE AP 9= 985 3ol B AFE
1.27 Gyem?®, AM83t 294 %2 BF 7 migch

42

e IS HEw 290 A8AR
oha Algo] Bolsixli, ET WS &9 ¢
st YA 4 k. ERE AN HEAF
I 2GA ARFE EY 5 Qo] B2 -840
W& AL= ApEE

A0l road—map, FAEE, HEH P&
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I.AM2

5} 7jeo| WA wEt E3 U JEHAA
AMEElE 71 ES WEA skl ok A
A A= 2EW(road—mapping), CBCT(cone
—beam computed tomography), 3D rotation
angiography & thgt 7|9 So] ARSE|LL Qi
ZGA7E FUEE B 0]Q)9] P H4lst
o] RS AlFdls 2ol de] AMGE
= 7[¥eE & 3, A SEE AT
gk A w3 Ev ) 71| (Catheter) 9} 9}0]
of(wire) ZYA] B HelE HA & 4= 3L, &
T ¥=(vasospasm), HZ(dissection), Z=}1
(plaques) ¥] 59 &g WS Y 4= ok ¥
SEX|qt g o] 2rfog= jt 71R| Zt=gt 7}t
ot g, sS4 9 glojE o}Fo| 7155t
o] AEFESAY, PR 2B F
7HEo g thE Zi%o) EEgio] JQstA I,
ol mEAF YA ASHY FVIE AleAt
9} 3xpol|A Begog chylect ™

32 A7 IHE Al A CTA(computed
tomography angiography)& $3] 42 &3t
T£% fluoroscopy’ oAl §AI71= A=E W
Holo}, 7|&9] xR Ye9] A HolA| ¥+
o Y= 7HEEIY eojolE AUAA AXE
AFATE, 3% GRS AAReE E
o] $jx|9} HekE HHA FHHEE YT 4= it
EZE C—armollA] HWols Z=E 2Aste] 32+
2ol & 4 A F7HHR0 2GA A8l ¢
o] 7|29 2=y EAIE 2T 4+ Utk

E ¥ TFCA (transfemoral cerebral
angiography)ollA] 33+ FAEH7IHES 284l
A 2Pt AEE vl RE o] 7 3-84S
Yot A} Jhr

II. CHY 3 aby

1. A7 Oy

20214 39 195 3¥ 31Y71X] TFCAS A3y

gk 1399 $AE o R 1F1(4E)F 15209

PE o] FFFH oz Hrisigt,

- 1E1: CTAE X33 848 o= 33
BB 0183 TFCAE A3,



— IF2: 33 FASEIHEE ol83iK] ¥
7|&0] "R o g TFCAS A3y,

2. Mg F|

— 72928 (AlluraClarity; Philips Healthcare,
Best, The Netherlands)

— Workstantion (PhilipsAlluraXtraVision 8.3)

— software (Vessel navigator; Philips Healthcare)

3. A g

1) 3 88 MY

— Alzd E8%t g A9sp] 98] CTA
datag workstation®= 742},

— Segmentation: 2EWOZ U5 Y= W
< AERici(Fig. 1).

— Registration: A2 tiE& 2719 ZxofA
fluoroscopy B4 FS3THFig, 2).

Fig. 2. M2 Ct2 2749 ZI=0|A fluoroscopy ¥
42 85

7142 CT image®} @A EAFe] RAIE YAA|
7, AAZE 32 2EHM L] AR FRITt
3D &% 7192 ol8slr| HsliA oln] HARRE
CTA volume data® 3D workstation®] 55&
AZ11L, thEH g (aorta arch)ollA A== Wst
= 3 A 33 A48, C—arm®)
s 0=} 30k oJARS 31 fluoroscopy®
el st #A19] HEm (subclavian bone)
£ 7IE0R st AT AdS ste] AARE
fluoroscopyllA 31 2EWS AREE 4= Q1S
< ERIsHETHFig. 3).

'g"i‘ A =

Fig. 3. A. &
3t 2L s A9
2) A& 2

WE|EM(Femoral artery) T QZ%M(radial
artery) AL & 32 2EEqdt §3HAZ] AAIZE
fluoroscopy A& ¥ 5Fr 71HE|S thswZ7}
A Ysct, FE 255 (Common Carotid
Artery)¥} ¥& FZ5H(Vertebral Artery)2]
U2 A FHEE Yt 2Y&E A
yatarhFig. 4).

A AR

z L)

| 4 D \ A

Fig. 4. & W= 7HEE 2 (A) Rt. CCA (B)
Lt. CCA (C) Lt. subclavian artery

3 A& = HWt

ZGA ARG Al T T2 FS FRIEA 71E
1, & AX|&A|ZE fluoroscopy time, DAP(dose
area product)= B W reportel] 715= A,
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H202| 0|F& 2210l sk=s| | ZHQ slE =&

F NEAIZEE B A4 AEEE v 294 Gyem?~47.2 Gyem?), 162(10E~228)0]ict
< A8t AHe= 3}%{1‘% DAP= &40l (Table 1). B3 Wi 718 Y-S 3 F7H<

AP HAE F9 o2 A 9EE Frlst 2 2EWE e A= stk
Lo ARGS9, FA7t IAZ BeEAY B 279 A9E ¢
EdsolA EAEs e 27 s 714 2w, fluoroscopy AoIA A& ARNE o S
?l 2= ARG SRS 2} 15T, D 52 o 2ol 23t @ U= o)
oj2} FHlE7} XdshHA Eyte] mfo] Eebx]
. Zzt 71 Fedl Y B2 dH= AXsHcHFig.
3 G o183 IF 19 AL 29 4. THEOE ) 9, ok ¥R A= 3l
A AMEEF fluoroscopy time, total DAP, A&  UAIRE & FaE FA| 4okaL, s HARE
AZre] BFS Zkzb 126 mi(120~129), 8% 31  AFF 4 ATt
(48 38%~128 24%), 382 Gyem%(32.9 LT 29| A% =¥A A&, fluoroscopy time,
Table 1. 3At8 FHArg87|HE 0125t 1512| H|OJE]
Pt Sex, Contrast Puncture | Fluoroscopy Total DAP Procedure Bianosis
age | volume (mL) site time (Gycm?) time 9
1 F/58 129 Femoral 10:53 47.2 22 min unruptured aneurysm
2 | F/73 120 Femoral 12:24 38.1 22 min | unruptured aneurysm
3 | M/77 129 Radial 6:11 32.9 13 min | unruptured aneurysm
4 | M/51 126 Radial 4:38 34.7 10 min | unruptured aneurysm
Table 2. 332 HHSE7IUS OI&3HA| Y2 1E29| HIO|E
Pt Sex, Contrast Puncture | Fluoroscopy | Total DAP Procedure Didnosis
age | volume (mL) site time (Gycm?) time 9
1 | F/53 113 Femoral 6:30 59.6 8 min ICA stenosis
2 | M/55 117 Radial 3:13 28.8 16 min | unruptured aneurysm
3 | M/49 131 Femoral 9:42 88.7 7 min moyamoya
4 | F/69 134 Radial 3:56 23.5 8 min unruptured aneurysm
5 | M/76 141 Radial 4:39 34.9 17 min | unruptured aneurysm
6 | F/46 134 Radial 3:21 32 21 min | unruptured aneurysm
7 | F/55 139 Radial 3:01 21.4 7 min unruptured aneurysm
8 | M/62 120 Radial 3:04 20.7 14 min__ | unruptured aneurysm
9 | F/65 149 Radial 7:04 36.6 7 min SAH, coil f/u

Fig. 5. 182 oM EHaS 2gyst
RLVAZL &2 32
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total DAP, Al&Al7ke] -2 22 131ml(113
~149), 45 56%(3E 01%~9E 42%), 385
Cyem?(20.7 Gyem®~59.6 Gycm?), 118(88~
218013 tHTable 2), B3] YXE BRI
el F7He R 2rle st F9E 99 5
3golgon, B M 1.27 Gyem? AMSH
ZY9A= o 7 ml(5 ml~10 ml) ek

Iv. 1&

CTAZ X3gt JxpolA @2 FAH] YollA
F7IF o2 (CBCT(Cone beam computed
tomography)S ©]83sle] RdPsh= 7|E2] FAF
3418 #HZ endovascular aneurysm
repair(EVAR), ZFs3tst A<, adrenal vein
sampling Soll4 288 ARE0] Bal Hi §)
o BT A Az 29A) AMRERS Fol1, &
o A9 AeE HYOEN AlE9] GoldE
=, sHATE Exlabge] e Az|ar HejAo]
oA Feo] U]t

TFCAS} Zo] Al Algto] AR ¢k, =&=§ A
£ HErt 24 & AL, 52 A4S FHske
CBCTE ©o]83F 83 W42 o|5H 37t & A
ojg} Azt Ag 2FA AM-E EolHA
Al Agsh= A2 7P 543t ALldl, old
of 713k 32 GAE7IHo] 1o BTt
g 4= it

$27F 283 47 2] RjoAA F2Qlo] LAYt
A AL, Ag =5 & Yo YAt
3xHl 2ERia} AA) SRke] Y7t dEpkich 1
g A, 7 BAE AU AleH] dA oA
2183t fluoroscopys &3l 27HK =g THA
grzo] Zggsfjof 517] wiZo] AleAlte] Holit
= A7 ST E3F Ale A HARE CTAS}
Algsle gike] Zjol7h Hhlgichd sfiRshsy ¥
7} WAsle] o7t whAd 5= 9lg Aol
s 8goll A Z 25 (brachiocephalic trunk),
A% 2EFW A% M5 H(subclavian artery)
o] BA|=l= Ax g Wo|(variation)7t = 4
F= 15%2 GRS o] 83t AlsAlzt
9] Tt BE, THEAQl YA AR} FHHE ]
Ao R Q7 TG WA= AT = US A

o|t}. (8191

VISU I A8 G9ke T BUS )
98 Fo1HoR A 2Ewe B 0.339)
AgT 2P 7 mge, FISWIHE ol8
#e the C-arm] 4uE B9 HHe) 72 3
2 4 ot a2 A8 Fvha 2oge Ay
S goh WRHOR 2GAL 2.33 ml, 4
2 0.42 Gyem*S BY 4 942 RO Azent
AR ZE YEHZH BASE P Ho]
SIS @] 98] AleH WEA BBl T3
CTAZ} Fasiohs Hold B3, 349 $48%
71%o] H8E % Y= softwarer WA
AE e,

<

z=

B U AAANA A& golshA She 3%
WAGIT IS WEMS WEa, 2YA AL

82 £ 4 9= FAHSL ol o] Aze

H olgd HEn x4 st & o

QPSR Alee AW 4 Y Aol

ng

il

1. AL Y, A3, 295, 2= (2013),
DSA ¥ Roadmap®] W41 2}0]9} Roadmap
ARGl thgh arzh, igiRIe A P47 1ae 3] A],
16(1), 277-283,

2. Bz 9 AEHA 7T tiEelEd
AGA7«stslE, JIMK, 25-26

3. C.—J. Lin, R, Blanc,F. Clarencon,M, Piotin,
L. Spelle,J. Guillermic,J, Moret. (2010).
Overlying Fluoroscopy and Preacquired CT
Angiography for Road—Mapping in Cerebral
Angiography., American Journal of
Neuroradiology. 31(3). 494—495,

4, C, Sandoval—Garcia, K. Royalty,B. Aagaard
—Kienitz,S, Schafer,P, Yang,C. Strother.
(2015). A Comparison of 4D DSA with 2D
and 3D DSA in the Analysis of Normal
Vascular Structures in a Canine Model,
American Journal
36(10), 1959—1963,

of Neuroradiology.
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5. Anna Maria lerardi, Ejona Duka, Alessandro

Radaelli,Nicola Rivolta,Gabriele Piffaretti,
Gianpaolo Carrafiello, (2016). Fusion of CT
Angiography or MR Angiography with
Unenhanced CBCT and Fluoroscopy
Guidance in Endovascular Treatments of
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on a Preliminary Experience, CardioVascular
and Interventional Radiology. 39(1). 111—
116,
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Endo, Shingo Suzaki, Akira Mitsuhashi,
Takafumi Shiohara, Midori Yatabe,
Atsuhiro Ichihara, Shuji Sakai, (2018),
Image Fusion Guidance with Pre—procedural
CT with Real—Time Fluoroscopy for Adrenal
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Interventional Radiology. 41(8). 1214—1222,
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Brain T1 X T2 ZX YAA
0|2 HHE st Wiener
filtere| kernel size |3}

FSx2
[ ey ]

A7 13 GAAR] (magnetic resonance imaging,
oJa} MRDoJA] WABH= koj2E mgishd
of G Fo] Xt A2AJLS o ERITE wt
A B dto] A brain T1 ¥ T2 7= FAoA
o] ezl o]z AAE AT A9 kernel
sizeo] W3+ ATE HFIUY. BrainWeb
simulation program< 53l 5%} brain T1 ¥
T2 7}z FGArol Gaussian noiseE H7)sta 57}
2)¢] kernel size® A% Wiener filterg 24
sigich, dats BAsl) A B BRI
9] coefficient of variation (COV), signal—to
—noise ratio (SNR) 18]1 normalized noise
power spectrum (NNPS)2 &Asluct 1 Z
I} kernel size?} AZPE COVE A4Skt
SNR2 S715ks 43S EoH, NNPS EgH 7}
A & kernel sizeollA 1 Fto] /HAEE ERIF
ot 28808 Lol AA At ¥ 34 JjA A
== kernel size”} Z|A4E Z718IARL olof w
£ AARIZE 2 blurring effect 57171 =R
2 -3t x4¥o| Hasjr}

ZAdo]: MRI, brain T1 ¥ T2 Z& FAH
Wiener filter, ®=0]Z A|A, kernel size

I. M2

271 3P 9AAR] (magnetic resonance imaging,
o]3} MRD+= o] We] mjAlA|of] Tesla ©9]<]
et A7 7bste] A e] 37 2 o]
ol wat st ASE Wolksil QIAIY] x,
y, z% WY dHE A8l oEE ISR
zjolct [1]. MRI= thE g AR50l vis)
Fo| H1 FIHESE W RAYRET} <5t

= AEE 7RI Qlo] SjEzITR oA dE A
L5351 9ot [2—-4],

SEA[RE MRIOJAE ko|Z= EHAo g2 HRESH
o}, SR gdolA HREY] wolRe QRG]
A HA2AA Ao Eo3 58 JESZ A
AZIA FAIA G o) P20 R
Ftt [6-6]. 2F A71e] ez sl UAYsH
= ®o|&, EARE YR A7) @l o3t
ol=, gRte) SR o3t ko|2 T Y
olg] 7ix|o]H ol artifact®] ¥elo] E7 )= 3t
o} [7-8]. ol=gt B Qs ko]R9] A= Ut
o] Ao 9 JFES =0le o & FFS 7]
ok MR @4 8= A, tegt viideEe £
£& B8l o2 WS LA 4= Sl [9].
o]29] AAE 3t HHS IA F 7RE &
Fe 4 ok A HA), o2 WA AAE A
sEAY & AR, IS o2 TAE 3
A7l dholt}, o2 WS Fol= W
HogE: st=dloje) A H Ado] & RES
AA|sl=H], ol AlZkt Hlgo] Wo] Q%7
izl Aol oA B2 AgHgo] Sl [10].
olgt 2 EAIAEE diZdsk] Hdl wol= AA
g 9 garEEE 53 AZEHold IEA
9] A+so] EdsHA =G [11-12], 1
%, A% e 3 F72 Wiener filters 48
= 999 A3k gk 4t a2 BAge
22X 11 71FAE A= A8E HEEA A
HEols, o2 AA 58 9 A F A3
HEo] 2 885 Hol:= YR U#A
Aot [13]. skA|Rk, 2 A" mi7iHes 94
of Wz FEE AL =EN e AaE 7
AgsiA Ttes 2%l F spE 248817] ufEel
Adgt 24o| Hasiri14].

wba] B oA BrainWeb simulation
program< ©]83dt] A brain T1 ¥ T2
weighted imageol] 7F9-AI¢t 0|25 H715H &
5AA9] kernel sizeE A%3H Wiener filterg
A-gsleo o|2FE A|ASIL HFH H7HE 5
kernel size 3o AJt AE YPspaLA}
gt

WrstAR AR | olxgolA s (/D



II. CHe o 4

1. BrainWebg 0188t brain T1 & T2 ZX St &=
H Jof|A] AME3T brain T1 2 T2 732 FARS
BrainWeb simulation programs £3] &
ch(Fig. 1). McConnell Brain Imaging Center
oA 7t MRI AlEd°lE|E AME-3t] 15
H brain HjojgHo|AE ©]§3l= BrainWeb
simulation program2- tiFst Wj/fHS-E 24
8le] brain®] AlEFHOA ouAE E& 4 A
ThEolXl ZEdojr} [15-18]. ofE mi7f¥Hs
= 7 ¢19] modalityTt T13} T2= AA5}0] =
o|Z2 0%2] S =t FFHoE Hojzl
181%}9] 3D volume data & 71 ¥Alo] 7 &=
R TEER= 949 A SEP|AE °]85I%i

(a) (b)

Fig. 1. Acquired (a) brain T1 and (b) T2 weighted
image using BrainWeb simulation program.

2. Gaussian noise £/t £ kernel sizeE '& Wiener
filter X&

MR GdeolA9] kolz AA avsE #2sl7] 9
sto] MATLABS] WAEE o83l default 4t
o] BH 0, E4F 0.019) Gaussian noiseE 7}
statt (Fig. 2). 1 3, 57FA] Z7]9] kernel
size 83X 3,5 X5, 7x7 9x 918311
X 11)E W37} Wiener filterS 2881510t
(Fig. 3, 4). Wiener filter®] 442 chea} Zch

p)
ol + v

Fweiner =p + 0_2 (f(P:Q) - M)

(4-1)

o7]A, pE Wiener filter®] mask Ul B4 &
o] FFo|1 o= EFHAE, vi kolZ9| EF

WA oujgict,
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(@) (b)

Fig. 2. Gaussian noise-added (a) brain T1 and
(b) T2 weighted images.

(a) (b)
(©) (@)

(e)

Fig. 3. Wiener filter with (a) kernel size of 3 X
3, (5 X5 (©7x7 (9 X9 and (e)
11 X 11 were applied brain T1 weighted image,
respectively.



Fig. 4. Wiener filter with (a) kernel size of 3 X
3, (b) 5 X5 (7 X7 )9 X9, and (e)
11 X 11 were applied brain T2 weighted image,
respectively.

-

3. LO0|= MiHE ¥ SHE JhM F=E WG| fig
N "Rk

Kernel size H3}o| 2 ro]= A A a3 ¢ 3}
A N A== A3 of 21| (signal to noise
ratio, ©|3} SNR), WEAS (coefficient of
variation, ©|3} COV) 183l A3} 78 A=
AHEY (normalized noise power spectrum,
ol5t NNPS)E olg8le] Brisiich, A Bt
E $gt #4 99 (region of interest, ©]3}
RON] 7] 9 A= 7t it SUsiA 5}

MATLAB program= %3l A&t (Fig. 5).

Fig. 5. (a) Brain T1 weighted image and (b) brain
T2 weighted image with ROls.

COVE AlE9] RRHAE FFo2 e glo=g
ol Ax7t ZA&rE Add dexrt AEE,
SNRL Al59] H7|& wo|29] A7|2 e &
o8 371 848 wo|zv} FHLS vl
NNPS& Fourier transforme 53 0|2& &
rale oM BAR RS oujsis, #=3t
gare]l A WY oA ko|= EAS BB
el ARETE 2 AFA HrRIAe] 42 o
=3 2t

cov = % (41-2)
Psz‘gnal
SNR = — (2]-3)

noise

714, o ROI ye A9 #EHER}, p=
ROI W] A159] B3, Piigna 2139 A7,
AL Pyt 0128 AI7IE 9fuigitt,

noise 1—

< FT(I(z,y))* >
N, XN,
vrs (41-5)

mean

NPS =

XP,xP, (3-4)

NNPS =

A7VA, Lz, y)e 359 o2 Y4, N9 N,
£ 717t o) x&T y&o 94 &, P9 P
2zt xZ3} yZolA o) Hde] =7] 71 S
w Ale J7)E Sjuldit,

WBHIARIALES] QIRZ oA 5]
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. Za & nE
H o4& BrainWeb simulation program
o2 de brain TI ¥ T2 ZFZE JA

Gaussian noiseZ ¥rlsla 2 ojdHsES
1% Ao A kernel sizeRt HSIA]7] Wiener
filterS H§3to] ol AA fat B 34 A4
of thet AR RSk Sk

Brain T1 % G4°] 483 & o= 9
7kt A3}, kernel size7} 3 x 394 11 x 11
2 Z7Kl uel, COVE 242} 0.3604, 0.2458,
0.1925, 0.1544 Z2]a 0,1259=
SNR2 7.3144, 9.7923, 12.0944, 14.0273 1
231 16.324002 F7Ivke AFE HA 33t

Zaskn

0.40

=}
W
2}
1

0.30

0.25 4

0.20

0.15 -

Coefficient of variation (COV)

o
=)

r .
7 9% 9
Kernel size

(a)

Fig. 6. The results of (a) coefficient of variation
Wiener filter-applied brain T1 weighted image.

3% 3 5x 5 M= 1

0.09

0.08 [ ]

o o
> o
{2 ~
1 1

0.05
0.04
0.03

0.02 —

Coefficient of variation (COV)

0.01

T T T
3x3 5x 5 ™7 ox 9 11x 11

Kernel size

(a)

o= g9 2.5 ~ 4.0 Ip/mm9] EoA] Z+
kernel size ¥ NNPSQ| H#2 9.17E-04,
2.27TE-04, 1.66E—-04, 1,03E—04 1]3l 8,98E
—052 bt (Fig. 6, Fig. 8(a)). Brain T2
7z Al 283 dak CovE 2k} 0.0799,
0.0487, 0.0322, 0.0205 13 001552 74
8l SNRE 3.9552, 6.9797, 10,5613, 16.6830
1831 22.4627% Z7VeH=s A%FS Rk 2t
Fo 99 2.5 ~ 4.0 Ip/mm9] EoA] Z+
kernel size ¥ NNPS9 B2 5.69E—-04,
2.71E-04, 1,01E-04, 9.29E—-05 ~18]3l 6,68E
—-052 yebgtt (Fig. 7, Fig. 8(). Ao
2 brain T1 ¥ T2 7= FAF 2% COV, SNR,

Signal-to-noise ratio (SNR)

T T T d
=<7 9x 9 11x 11

Kernel size

(b)

(COV) and (b) signal-to—-noise ratio (SNR) in

254

- - N
(=] o o
1 1 1

Signal-to-noise ratio (SNR)

T T T
5% 5 =7 9x 9 11x 11

Kernel size
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Fig. 7. Results of (a) coefficient of variation (COV) and (b) signal-to-noise ratio (SNR) in

Wiener filter-applied brain T2 weighted image.
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Fig. 8. The results of the normalized noise power spectrum in (a) brain T1 weighted image

and (b) brain T2 weighted image.
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E. ¢3Lo| A= BrainWeb simulation program
< 53 853t brain T1 ¥ T2 7= FA4
Gaussian noise®} 57}A] kernel size® WH7SH
Wiener filterg 2-83& 9] ojz AA &3t
o} 3 M A=E AT FH7IRIAKI COV,
SNR 12|3L NNPSE F38f 2Relsiqict, 2220

2, Wiener filter®] kernel size7} #&
MRI @/dollx9 ol= Ao Bt
o, AHA E3t EEYIAA7] 2] J2H
3719] kernel size &&o] Q3RS RIFTE
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Traumatic 2:&} ZAF A| Modify
G M| et H+t

a
QLuBRISS BAolBH, ANSICHELE SHEY FAloflT}

@ FAgels) HopollA] bt X—ray 92 o
1o AL R AR A] DSl 9 A=
| AjHos HAu, o] 7120 HAF W

o2 WE HAATRE BAIE 4 gt

A BRRY) A, S Tttt F g
A o 7o o] Festy A, THRF, SHA A
ARE 71E0E ARYSF HARE 71 Jgggitt S
ATk iy 54 5 oA FAEY AR AL
E A3l i AR ePdRRe] =4
#(manipulative) BAL AAE FX817] K3l
AtAdel eEE= 971 RI¥sk) olof modify
HEY PS5 olX &4 A9 AAREE
& A%S EolxA} 13
F9E AT C—spine FEHAPHN| A B
2.59dGYem? FEAEAM= 0,019, modify
3 HAPHOA 2.52dGYem? EEHAR= 0.010]
2t Rib2 EEHAPHOIA B 10.33dGYem?
FEFHAR= 0.03, modify ¥¥ AARHOA=
7.65dGYcm® EZHEXI= 0,012 vehgon,
L—spine2 EZAARI0IA B 28.91dGYem?
FFHA= 0,01, modify ¥E FHARHA
10.62dGycm? EZEHAIN= 0,012 Ul Z+
A $A 24 Z2 T RexE AMBsI] £
A3t1, A B7l= n=1022 Shapiro—
Wilk Test2 AAsIECH. p ) 0.05 o]=2, o
olg|9] AtAde TEE
A By WS o8] A AR ®E4
AF P modify 3 AAL S B2 A
2 Y T4 X4 WY £3 YAF ke
BHE Q2% Sy Z Hgfo g 5 7tHog 307
HE 5071K] 5949 YAtz WskE 283t A
H IS SISt IS A v grt
E 98 diz 47 Ad e 34 g9
SNR#} CNR& AXlsilct, E3E thz gAke] &
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ooz ©
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5 AAES Z7gste] vjusgict,

AY 23, #22 A4S 8% dix g8
HWSHGE o SNR# CNR, 57t S S48
o] 40°9] XA YA} =S g3 AY FA =
AzkelA 7 ZARE 22 YRS
AR modify HE AAF Al AlgFo] F4st
%3, L—spine modify ¥HE &G4 7 w2
Za aas vERch

ojof A APLRF HAL A] 22O HAL AHA| {4
7} o3& 79 modify HE FFHS A-E3Th
H PARARY] o E AR opel &R1e] o)) &
A4S BR8] A5t /-85 AAbHolet Azt

ZAtbo]: x—ray, Oblique projection, Tube
Angle, Spine, Rib, Modify

1. N2

o)z AL o] 83t Adkat A7 Qlo] Ayt X
Ag A 718 9] s 5a3% 98-S
sk ok Ay el 2021 g ‘9
R AR o] gof mhE =l WARKIEF FrF Hu
Ao @2d, 2016W-20199 2)E7)3 SolA
PR A, FA Ale 5 A A
20199l 2016¥ th®] oF 20% F7FetRAL, A
7t 9F A2 201949] 20164 tiy] °F 25%
ZUrstact, AA ZAF A Fof ARt X—ray #9
£ 20194¥ 7]& 29 6,800%t ZAEW 1919 5.2
Aoz 71.6%2 7FY w2 HISE AT =
2 71 GubA]l AL whelct E3F HA o=
AL 78 a8 ARk A g #go) vt
Z =om AUdl X—ray #9O] 8 AFS T
HAR &2 HFS ZAEHICH .

et GAFolsl Hofol| Al At X-ray #92 Tk
A AL PR AAF A] S B)E AR
o] Atjdoz Axqt Ate] 71EzQl HAF v
Ho R Hge A A} Zo] HE HAKRS
FAIE = QicH2], aBAR, e 5 oReksh
Qo] o3l A Bal A, 2, e &4
(cord injury) 59] A Exke] #$, FAe] ot
I Fd HAesAt AR o] Fasit
&g dARE AT $8) 7 WA AYPEE
AAL o] At X—ray ZHAF Wgolct Uk
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X-ray &9L A, ZTHleF(anteriorposterior
projection), &HA} (lateral projection) ZAAIS
71202 Alggsie, 2} ol gt oA &3
SAe] 4 B9 2ROt F7H’ AHAE F,
2 APYeKoblique projection)dAFS A[3§3laL
AL F83 A4 HRE AFIITH3] SR
iy 24 5 o e 4lgt 58
I8l &}~ APLRF HAL A 8= Y AAE
Hl AAFE {A8E] & Aol Fegh 249
AR QI8 2o &gt 4, g, He &4
% CIRFARQI &4to] 7heiA 4= Qirt. ERE HARR}
= AIA S o A JAEE AFsH]
st WA o] 71912 2HEskar 94 BR1Y
E=42Z|(manipulative) A AHAIE §-A817] 30
WAL 3 keEEl= 9ot vigishe}, Asid
QTN S BRpe] olake &4 WAISkIIAY A
Wk AR Al #ER19] ZA|(oblique position)#7

Table 1. Factors used in Phantom study

Al XA Tube?] angle ¥7S 53t Modify ¥
F FYHS ARESH BARY] oA} EARE o)
skaz} s13irH 4, 5,6].

olof] & ¢LoA= Modify ¥y 9L A%
(C—spine) APE3F ol A8 71 7<) T
5EZ(Rib), 85(L—spine) APFE HFolM &
HFHT Modify HE EFHolA ojxpad &4
WAe} BlEe| HARPF 243 A AAE FA
SHA] SEFOEXH Fo|E= HE A i T
+=8lalAL gt

I. A7 38 R oy

1. A2 #t| & Phantom

2 Ao AgE Avle "xd XA A
(INNOVIS ION-SH, DK medical)S AMR3SFE
1, Zh Hepd Yz vhaa} PriTable 1),
ARSEF Zo] =& ARRS W] 8l AAl

Body parts Kvp mA msec FOV SID
C-spine 65 0.02 10 x 12

Rib 75 500mA 0.02 17 x 17 110
L-spine 80 0.063 10 x 15

@ J )
Fig. 1. Whole Body Phantom. (a) Standard method. (b) modify method.

Dose(mGy) = C(kV) x mAs x |/(focul point — distance of patient skin surface)?

C(kV) : correction factor by tube voltage
mAs : tube current time product

Fig. 2. Calculating for formula.
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2% Whole Body Phantom(PBU—60, Kyoto
Kagaku, Japan) ARESIG21, Phantom®]
29 A= Trauma XE 7Pgst] <k
(spine position)AA|=2 K8¥5}9aL, C—spine &
%9 7% vl B7EE 98 A AAl(standing
postion)2 #F Y7 modify HE HF9 A
F& Hln FrsiirkFig. 1).

24 XA Aol #AEE SAgeR g
2L g5 F9Hel XA AFE Akl ZAI5HY,
A=F AL ot 25U o (Fig. 2).

E5t nE BAEE AL software RexE AR
8901, Shapiro-Wilk TestE E3 A74E
B7Isl3t,

2 C —spine modify H1& &Y phantom &4 I/t
AT A% AP EE A w9 HE
°§ “(Reference image)2 ¢4 2% Phantom
= AR Aol A A7t AAE LPO 55°5 4]
g AR sl dAH FEE tE £
15" ARl A ES3HT (Fig. 3).
A% gAHExperimental image)2 22} £AH9)
Ago] Y= Trauma SAE 7PFstl AES &
9}9](supine) FEIZ FAF F, tubed] & 90
3)AA]# PhantomE oblique A]7]& th4l tube
angle2 detectore] APFFOZ 30~507HA] 5
A A7 G 539, B 949 A
Ab 272 Table 13} FUsHA A-8315rKFig. 4).

Fig. 4. Acquisition of experimental images by each angles (b), (c), (d), (e), (f), using a modified
methods(a).
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1) SNR, CNRE 0188+ I4°| HIFX TIt
A 23 e st BE3 Yozne
C3 pedicle, C4—C5 interve rtebral foramen,
C7 vertebral body $1*|°ll 4 F9(Region Of
Interest, RODZ A48l TAAIS Sgo] §L
£ 29| w7 (Background, BG) A5gkE &34
T 5 Ye I9S AASHFig. 5).

'k & ;
. “'*,

Fig. 5. Measurement of image signals from 4
region of interest for a quantitative evaluati on
using by SNR and CNR.

A FYEERE I 459 HFgH(Mean)3+
& HxKStandard Deviation, SD)& %3},
o] o]gsle] AT o F24|(Signal to Noise
Ratio, SNR), ti&%= o #24[(Contrast to
Noise Ratio, CNR)E AAlete g2 njaLe)
B7t AEE AR, A 4T sS4
DEJA—View program(DEJA—View, DEIT, KOR)
< o|gsigion, Y WA} 33 HhE &4st
o 1 Hagke ARESHAT S3E A Alsgt
S 25E SNR, CNR& Artshr] 98l the A&
AME3HTHFig, 6).

ROI - BG
SNR - ROI — CNR = mean mean
1 2sd 2sd
ROI ., 7 (ROI™"+BG ™)
ROl mean = ROI B4 Mz 0| Hgt ROl sp = ROI @& dl=0| BFE HAL
BG pean = BG Y& Mol WRAZL BG o = BG Y& Mo HE HA

Fig. 6. Calculating for formula SNR,CNR
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2) X=A0H(intervertebral foramen) HE EHS
et Feo| HEy It

FH X-49] YAl 2= W3jof] e AFAlolt
[e] 25 AFH R Frishy] 8 2ol o
£ C2-C17HA|2] AFAlolAtne] Wale 545t
gt ZF A% vt 3y Sste] B
AME3HCHEig. 7).

Fig. 7. Measurement of the intervertebral foramen
c2-c7

Im. &a}

1. WARMZF EX(Radiation dose analysis)
WAAZS] vla P7E 9184 C—spine, Rib,
L—spine AP dArAPHES EE A AT
(Reference dose)® Modify Hd #HA} A%
(Experimental dose)?] A% ¥3+E H7I8k3iTt

1) C-spine A% H[W, 241 Zu}

C—spine AR IZ2AAPHOIA Bt 2.59dGYem”
EZHAE= 0,01, Modify 8 AAPHA] 2,52
dGYem? FZ2HaK= 0,018 YeRdth(Table, 2).
Zt Ak TAEA =203 RexE ARESLHO
B84, AFA H7= n=102 =2 Shapiro—
Wilk Test®Z ZHASIT p > 0.05 |22, Hjo]
Elo] e wEEHFig. 8).



Table 2. Evaluation of C-spine radiation dose by site

1 2 3 4 5 6 7 8 9 | i |G
Reference | 558 | 2.59 | 2.6 | 2.58 | 259 | 2.58 | 2.59 | 259 | 257 | 2.50 | 2.59
Experimentall 5 5q | 551 | 252 | 251 | 2.52 | 252 | 251 | 253 | 251 | 252 | 252

dose

Reference dose

Variable Statistic P-value
Reference Shapiro-Wilk test 0.890 0.1716
dose Kolmogorov-Smirnov test 0.282 04026
Experimental dose
Variable Statistic P-value
Experimental Shapiro-Wilk test 0.886 0.1520

dose Kolmogorov-Smirnov test

0.240 06119

Fig. 8. C-spine Nomality test.

Table 3. Evaluation of RIb radiation dose by site

1 2 3 4 5 6 7 8 9 10 A‘\jg[jge
Re‘;egggce 10.3 | 10.32 | 10.35 | 10.31 | 10.35 | 10.35 | 10.36 | 10.3 | 10.29 | 10.34 | 10.33
EXP“E{ime”ta' 7.65 | 7.64 | 7.63 | 7.65 | 7.66 | 7.65 | 7.66 | 7.64 | 7.65 | 7.65 | 7.65

ose

Reference dose

Variable
Rib Shapiro-Wilk test

Kolmogorov-Smirnov test

Statistic P-value
0.888 0.1595

0.213 0.7532

Experimental dose

Variable

Rib Shapiro-Wilk test

Kolmogorov-Smirmov test

Statistic P-value

0.885 0.1488

0.286 0.3860

Fig. 9. Rib Nomality test

2) Rib 4 Hlu, &4 Zi}

Ribe] Algre EZAAPHOIA F4 10.33dGYem?
EZAAE 0,03, modify HE AAPHOA=
7.65dGYem? &A= 0,012 VERdTtHTable,
3). Zr Ak SAEA 2130 RexE AMSS}
of EA8H5T p > 0.05 o|B=, Hlojee] A

< wEE(Fig. 9).

3) L-spine Mz Hlw, &A1 Z1}

L—spineollA A5k BEAAMHoA Hat 28,91
dGYem® EFBA= 0.01, modify HE HAPH
oA 10.62dGyem? EEHAR= 0,018 e}
(Table, 4).

7} Ak BAEA =203 RexE AMES1Y
43519t p ) 0.05 o|2&, Ho]E ] B

WBHIARIALES] QIRZ oA 5]
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Table 4. Evaluation of L-spine radiation dose by site

Averae
1 2 3 4 5 6 7 8 9 10 | e
Regegggce 28.93 | 28.93 | 28.9 |28.93| 28.9 |28.91|28.93|28.92|28.91 | 28.93| 28.91
EXP%%Tg”ta' 10.63 | 10.63 | 10.62 | 10.63 | 10.61 | 10.63 | 10.62 | 10.63 | 10.62 | 10.61 | 10.62
Reference dose
Variable Statistic P-value
L-spine Shapiro-Wilk test 0.887 0.1583
Kolmogorov-Smimov test 0.192 0.8549
Experimental dose
Variable Statistic P-value

L—spine Shapiro-Wilk test

Kolmogorov-Smimov test

0.895 0.1910

0.181 0.8997

Fig. 10. L-spine Nomality test

Table 5. SNR values in the region of interest in a reference image and experimental images by

x-ray incidence angle.

SNR el C3 pedicle intervert?b;;:lsforamen C7 vertebral body
Reference image 26.60 *+ 3.36 3740 £ 4.16 30.20 £ 13.18
30 17.40 + 3.85 14.60 + 14.81 41.60 * 15.36
X-ray Incidence 35 12.80 + 2.17 41.40 + 3.29 27.80 * 9.36
Angle of 40 2540 * 3.65 36.80 + 3.11 35.80 + 11.37
Experimental Images | 45 9.80 + 2.28 30.60 £ 9.56 38.40 =+ 8.91
50 10.00 £ 2.25 40.00 £ 3,94 47.40 + 18.39

T THFig. 10).

2. SNRZ} CNRZ 0|8¢t Hafe| Fax T/t Zut
1) SNRQ| &5zt

iz G A G4 B 99 SNR 42
th2at ZtHTable, 5), Al F-22] T4 FojjA]
iz g4el SNR #=2 C3 pedicle 26.60+
3.36, C4—C5 intervertebral foramen 37,40+
416, C7 vertebral body 30.20+13.18 ti=
AL 71202 AY 49 YA Z4H=E SNR
2 vlwgt A9 figure, 113} Zo] C3 pedicle
40’} 25.40+3.65, C4-C5 intervertebral
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foramen 40°¢]A] 36,80+3.11, C7 vertebral
body= 3504 27.80+9,362 thZ GAkat 7t
7 44T SNR #Ee vEHSIch 53832 TE3
Adt, py0.05% F2Jgt Xpoj7h gladct.

2) CNRe| %7t

iz T AH I8 A F9E CNR 72
theat 2t (Table 6). Al FE2] T4 oA
iz FAre] ONR 42 C3 pedicle 31.00+
3.87, C4—C5 intervertebral foramen 36,60+
3.97, C7 vertebral body 33.80+13.55 th& 9§
A 7IE0E T A I A 4= CONR g



SNR

47.4
41.6
41.4 ama a0
36.8 35 g :
30.6
26.6
I I I I I i "
Reference image 45 50
m C3 pedicle W C4-C5 intervertebral foramen C7 vertebral body

Fig. 11. Graph of SNR values in the region of interest in a reference image and experimental
images by x-ray incidence angle.

Table 6. SNR values in the region of interest in a reference image and experimental images
by x-ray incidence angle.

ROI . C4-C5
CNR C3 pedide intervertebral foramen C7 vertebral body
Reference image 31.00 £ 3.87 36.60 £ 3.97 33.80 = 13.55
30 19.00 + 4.00 13.60 = 13.72 50.00 £ 19.40
X-ray Incidence 35 14.20 + 2.49 40.60 * 3.71 32.20 £ 11.03
Angle of 40 28.00 £ 3.24 37.00 £+ 2.00 42,40 + 13.37
Experimental Images 45 11.60 + 3.05 30.80 + 9.91 46.60 + 10.81
50 11.60 = 3.05 39.80 =+ 4.21 57.40 £ 22.20
CMR
57.4
50
2.6
42 .4
35 Bag 37
- 28
I I13 - I 11. EI 11.6
Reference image 35 40
B C3 pedicle W C4-C5 intervertebral foramen C7 vertebral body

Fig. 12. Graph of CNR values in the region of interest in a reference image and experimental
images by x-ray incidence angle.

< v|ust Ayl Figure 129} Z0] C3 pedicle  body: 3594 32.20+11.038 =z FAlt 7t
40°01 4 28.00+3.24, C4—C5 intervertebral & -G-ARF CNR ZES UeHGTH S9HEE THA
foramen 40’4 37.00+£2.00, C7 vertebral A}, py0.05%2 {3t o)z} AL

WBHIARIALES] QIRZ oA 5]
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Table 7. Measurement of the intervertebral foramen in a Reference image and Experiment al images.

intervertebral
foramen
Measurement

C2-C3 C3-C4

C4-C5 C5-Cé C6-C7 C7-T1

Reference image 0.81 £ 0.17|0.81 = 0.04

0.84 + 0.040.83 £ 0.07(0.61 £ 0.03|0.98 £ 0.01

30 (0.77 + 0.01|0.66 * 0.00

0.76 + 0.01|0.82 + 0.05(0.41 + 0.03|0.67 + 0.02

X-ray Incidence | 35 (0.99 + 0.00(0.75 + 0.00

0.76 + 0.01|0.81 + 0.01({0.48 + 0.01|0.80 + 0.06

Angle of 40 [0.97 £ 0.01]0.81 £ 0.01

0.85 + 0.01|1.06 £ 0.01(0.62 + 0.01|1.08 £ 0.01

Experimental
Images 45 (1.00 £ 0.01]0.96 = 0.00

1.03 + 0.01|1.56 + 0.02|0.64 + 0.01(1.27 = 0.02

50 (1.09 + 0.00(0.91 = 0.01

1.12 £ 0.01|1.52 + 0.02|0.71 + 0.01(1.52 = 0.01

3) HFAOITFY HA 2¥S S5 J40| HIX Tt
Zut

iz AT A Gl HFAtely WAL
table 77 Zr}, iz A4S HFAlolAY WA
< C2—C3¥1 AFAto| g 5e C7T-T1RI7HA] &4
0.81+0.17, 0.81+0.04, 0.84+0.04, 0.83+
0.07, 0.61+0.03, 0.98+0.012 =A=r}
Ay Aol wze Al ZkE 3074 C2-C3
0.77+0,01, C5—-C6 0.82+0.052 thz FA}
7 2EsHA eIl 407904 C3-C4
0.81+0.01, C4—C5 0.81+0.01, C6—C7 0.62+
0.01, C7-T1 1.08+0.012 th=x FAk} g,
4t g 7FF 2Fs ddeE veliict
(Table 7).

v. 1&

JAtoll oJ3t B4 ZF&(comminuted fracture)
o< WL BafElo] 27h} ZER 27 ot &
40 gt ZEwo| 3ol Aeld &9
2] & Fgo] vehdrh, 5zl mrt
AsHA st 22 U 2885 4or)al A
A B4 FE9] AL 80| Wolx]7] uiEo
84 &35 doA Ao Y 4 U,
A ol U 5= AH7,8]. BF, 85 A}
WaF AR AL JAE B 24, 25 &4
7 BR; e T Ao QilEE Bt s
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uleky FAe] HIlE ERlFiESTH 94
Trim edge’l's-& ©l83l= PARY] A$- 5 &9
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Hal= gloler, 58 = 9e Y =
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& d=rh= 7 3l 0ol 1013, 207914
= 22702 I}
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3 1] FaceZol EHA3 o] oj=Hx 0]
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F3} : Centry tilting ol & 73 20%A
] 2.35%9] A= 5715 2R & 4= Ui 9]
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7t ' #3Y H9e 7k gt

BIAYE Trim edges ©]-838k= A1]29] ¢ torso
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2 35 AFoME 18%2] EZ Q3 FaceZ 1
Fo| WPHEHS RISk}, webA Brain CT 4
AF Al 71EAE o8] I & gle AS-, 7Hsst
thd Trim edge”'5S X3}l Gantry tilting
< o831 ARl Ao] HigHRlsitial AlEE Y,

Key words : Trim edge, Gantry tilting,

Distortion degree, Exposure dose
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418F3899(Computed tomography. ©18} CT)
2 AFEe U} A AR} o] Bt 4
ZE AAste 32 19A s 1RE SQto R
ERIF = Qith= o)F wiRe| 2 AYS
3= A oJgke] Fadh g ok 9low, 3
£ A7} orFEE R HAL Wiert F455H S0
=3 ok, A7EE AAREZHYel <8k 2019
| 7|&E EomZA] & oF 47%7} Computed
Tomography(CT) ujojc}, T2 &3 2gt
2 20199 BAA 71E AE 495 ARE A
lo? HRAMIAES kR $9lo]
Brain CT A% who} AAsI ok, AA2 B
Yol A= 20154 vl 20209 Brain CT 4
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BIast 94 Al MA3lE ZR2EES
sgte RN gxpe] fZAFAE sk Ao
ZFasil,

Brain CT9] 13] HZAHZFELE 1~2 mSvE W]
o] W= 19 2| AAYA] 2~3 mSve] Bl3t
29 AEAFo|N, ES o= YA AAL F
CT7} AHAJSk= AL 24 B2 3,2%° EXst
A wEARFe] v]E&2 38.7%=, AARSL
71.6%5 AXsh= X-rayAAte] HE=F Hl82l
28.6%Et =2 HlES AAEY,

WAMAAL CT Protocololl= G487 7188 71&
o7 Z&A7|3l 9o, Brain CT9 FARE7}
7% SOl g HEA FHEem g4
(Tuberculum sellar—occipital protuberance
line, TS—OP line)of Sro]A] It 2h= 35
o] glt}, o] TS—OP line& 7|2A 02 AA} &
7%t 71& 71E4(0ML, IOML)o] H=3] AL
S+ gAto] H)3] anterior commissure—posterior
commissure line(AC—PC line)ell 7} H3yst
axial S A& 4= 7] WEtoltt, whaha WAL
AAk= Brain CT AL Al 71€4E QPd4d 5
5 §714(TS—OP line)oll W3 HALE sfaL
At

)5l E¥ol= o] ZIEAE W ol &
2712 Jie] Au|7t let, PARS] brilliance iCT
elite#H|(Figl, a)2} CAFR] Aquilion one(Figl,
b)ol e, PAS] A= gantry?] tilting$lo]
Q5 Y92 25 &3 & reconstructionS
ol FAE7 Ve "= S gS5she
Trim edge(Figl, ¢)71%5-& ©1-83PH, CAR] A
+ gantry tilting(Figl, d)& 53l FABE7} 7]
£of W= S AFH R FEIIt
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CTDI®} DLPE ARg3EL QITH’, CT Al &=
Al CTDIE= 1 3|70 tfgt E3&(z)0ll Fagst A
& mEt AFEE D(2)E HE3 ghS XA&49 9
£ F7(nominal slice thickness)Z W= S
2, &9 do] & 13|40 9t nZAF 71& 3t




©
Fig 1. (a) Brilliance iCT Elite of P company

(d)

(b) Aquilion One of C company

(c) Trim edge function of P company (d) Gantry tilting of C company

CTDIw(effective weighted CTDD"'%(1), L&
L TRY, #AF, 2 8 v ohe} AH 5
9 7HA SOl S o oE A7 Hae A%
e ZEREFE 52 HuE 5 Qe ARA|E
CTIDIvol#t?(2)e] ¢t 18al E Y& A= A
E2X4 DLPQB)= & W 4 digt & o
ZA%F S g,

CTDIw = %CTDIC + %CTD]p [mGy] (1)

1
slicentch

DLP= CTDol x irradiated length [mGy.cm)
)

CTDRol = CTDI [mGy] (2)

. & 4 3 Oy

1. Gd 279 d= =8

CTAH = CAR] Aquilion Onedt PARY] Brilliance
iCT EliteE 0831929, phantom2 KYOTO
KAGAKUAE] CT Torso phantom(CTU-41,
Fig 2)3 marker2+ f2] EFYSE o831t
markert= A9 laser pointsS 01838} brain

Fig 2. KYOTO KAGAKUAIS| CT Torso phantom
(CTU-41)

o] Edo) 4749 AT} vertexol] ABIFoH, &
AL 7+ |9 EAHELE o]g3le] F 4] 2
2 71ES T 7 384 gt A o & 12815
243519k, PAY] A= 07, 10°, 20°, 30,
—10°, —20°, —30°°A FAL E5E3IPeH, CAF
o] Al AL 07, 107, 20°, —10°, —20"0l|4] FA
< 53190 4 F4ES MPR(Multi Planar
Reconstruction)& &3] 2 7|59 GAFS T
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Z sagittal 3ol s 4O, FD), 4
B) & 5749 &5 &7gs9om(Fig 3), &4 4
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1513 mm

v B

(@)

Fig 4. (a) DAOL PHANTOMAIL| 16 cm Dose CTDI Phantom (2-part CTDI PMMA phantom)
(b) DAOL PHANTOMALS] lon chamber(Dosimax plus A HV(DCT10 chamber))
(c) The Dose CTDI phantom is placed in the Iso-center

Eo] BFgtog xjo|2 v|wsly, T2HIE &
oS PotEgirt,

2. Mol Hlw

AlgFe] wliE DAOL PHANTOMARY] 16cm
Dose CTDI Phantom(2—part CTDI PMMA
phantom) (Fig4, a),i DAOL PHANTOMA}S]
Ion chamber(Dosimax plus A HV(DCT10
chamber)) (Fig4, b)E ol83t¥oen o] 15
cm £ 16 cm FEWES o83t 1ejal 2zt
Z4H)€] Iso—centerol] HXA|FTHFig4, o).
AgFe] 248 Dose CTDI HEHQ| &5 433 5
AR F 534 ZF 1034 st e
A4S 3] CTDIvolZd DLPZES Al v]
AT,
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1) P company equipment

(A) Brain CT ZAF Al Trim edge® &4 2101
PAL2] AH]o) A= 10 cm] Ion chamber G99
A F 7HAS ARE A BAS ERIE B
t}h & ZPHAE 10 cm O TAA7|L 1 ¢t
oM 0" (Fig 5, a), L& trim edgeE ©|83}
o} 20°, 202 4P Y(Fig5, b,0)d] F+4
FS F 103y AP oH, 209 45 F
S o & Y99 10 cm WollA FARS U8 4
U F99 Zolg ERIsEaL, CTDIvolght
DLPZES v|asfikiet,

371 Aol oo & 30719 CTDIvolZtS &
A2 72 SPSS ver. 19 program®] HSHE t
AL Sk gk, W3, B, FE2HA &
Fox AuE 74 s EodTt



(@ o’ (b) Cranial 20° () Caudal 20°
Fig 5. (a) Scan range 100 mm, 0°
(b) Scan range 100 mm, Cranial 20° with trim edge
(¢) Scan range 100 mm, Caudal 20° with trim edge

Fig 6. Length to scan all 15 cm Dose CTDI phantom using Trim edge function from 0 to 20
degrees angle

Fig 7. (a) Length to scan all brain of torso phantom using Trim edge function from 0 to 20
degrees angle
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Fig 7. (b) Confirmation of unnecessary exposure
area of torso phantom

(B) Brain CT=2] &

AlA| Brain CTA] HAA oEHEE 207} Q=
A5 gelslr] Y3t 15 ecm®] Dose CTDI
phantom& 2% ©7|¢Js] Hast Zdo|E 43}
gt AA Brain CToA vertex~baseZ}A| 2]
Zol= 9oF 16 cm W9E, 15 cm Dose CTDI #
g& olgsigt. 0'RE 207kA 5 HHe=
trim edgeE ©|8st G| LAt F Zol&
Z7%(Figh) & ¥ (A)olA F%t CTDIval 2+ ©]
451 DLPES aflx it

18]3 torso RANDO phantom®] braing 24
sl7] g = g99] Zo|yiskFig?, a)g§ &
ola) Hgkoew Image J program ©]&3}
FaceZol 5451 A= W39 AFE 5
= AHFigT?, b).

Fig 8. Scan FOV of C company CT equipment
from caudal 20 degrees to cranial 20 degrees.
we can see that the scan range is the same

2) C company equipment
CAHe] AH|OAE= gantry tiltingS o}&3te] Zt
S F7] w2 &Y a3t oyt WA
%25 ERlE Hirt (Fig8) wetAl Dose CTDI
A 10 cmS& EFshr] At 4= EH SRS
Ad SAS T el & 2057 HE & 20°
7A 5 SR 2} oA F 1034 =431
©w(Fig8), Gantry tiltings o-8st= 54 4
22 WHYoM FpAdsge] At S7REAE
CTDIvol#t¥t DLPFE &3l u|msf =ik
CTDIvolZ}E E=AZ=Z713H SPSS ver.19
program®] 3 tHHS Bolo] k), A
gL e, EEHA BEAMEME 24 Rt

=

. g4
Y Y=ol FE &3

ol 2] #(Table 1)+= ZF Y9 =744t Hatat
oln, ©¢}= mmo|c}, o 2z} A FJA} B axial

Table 1. Average value at each point (42 : mm)
&4 0 caudal cranial
A2 10° 20° 30° 10° 20° 30°
axial A 229.4 | 229.2 | 229.6 | 229.6 | 230.2 230 229.2
p B 151.2 | 1515 152.1 152.2 151.7 151.8 152.4
company C 121.9 | 122.7 121.7 122.5 122.1 122.1 122.4
sagittal D 147.1 148.1 148.3 147.8 147.2 147.6 147.8
E 225.5 | 226.6 | 225.9 | 225.2 | 2252 | 225.1 224.9
astial A 228.1 227.4 | 227.2 226.8 | 226.2
C B 151.2 | 151.6 | 150.6 150.9 150.9
C 122.4 | 121.9 | 122.9 122.7 122.5
company | sagittal | D | 143.4 | 142.7 | 142.1 143.3 | 142.4
E 221.9 | 2215 | 221.1 2225 | 221.7
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ke 719l marker7} ZF AH] HAR S HiEo)
AAAZ7] WiZel efzte] Zojzt Urt. mEbA
ZF ] YoM 2= d e XS H|wsfoeltt, A
A 2t SHAET B P 2 oA LT
mmP| . °] $EE T 24 ARoIA ] 2=
AE FEg

oFFf #(Table 2)9] Z} Y& Z+ AH| E 4=
e BE ghEe] B 2w, EEUAL
€ 09l 7Phers VAL g RolEth M
& EEHA g oF 0.7052 7 HEY A=
SR S 2AdE T E1E & AT

2. AZfo| Hlw

1) P company equipment

(A) Brain CT FAF Al Trim edge®] 4 &1l
(Total scan range = 100 mm)

204 &% AR FAF ST ol o84
73t CTDIvolgteltt, 3—-12 0'2 100 mmE &
ot A FAE Floly o] FPEE ¥
CTDIvolgtS 34.73 mGycmelth, 3-2&= 100
mm scan rangellAl o] & 20°9) ZA=E F31
Trim edge”|s-= AFESE AEiollA S3H A
F goln o] FEE ¥ CTDIvolgk> 34.68
mGycmo|t}, 3—3& 100 mm scan range®iA]
g & 209 Z=E F1 Trim edge”|52 A}
&3t AeliollA 5789 S5-I gholn] o] EE
de CTDIvolgt 34.69 mGycmolth, 121
100 mmak= total scan rangeolA] 20°9) Zt=
£ F1 Trim edge’|5S AME & Z9 AA=
S 2 & = 999 Zol= 21 mmolt},
waba, oS Eo] glice thickness 1 mm/
interval 1 mm& AAst] F4S 5 & 49,

Table 39] k52 Dose CTDI W 5x2] 239 070flre 10182 JAE g5 & = 9lon, 20°

Table 2. Average value and Standard deviation to determine the degree of distortion (=] : mm)

Ya HEHaL
(Average value) (standard deviation)
_ A 229.6 0.38297
p B 151.84 0.41975
company . C 122.20 0.35119
sagittal D 147.70 0.43970
E 225.49 0.58716
axial A 227.14 0.70569
C B 151.04 0.37815
company . C 122.48 0.37683
sagittal D 142.78 0.56303
E 221.74 0.51769
Table 3-1. Absorbed dose and CTDIvol value measured without angle (mGycm)
1 2 3 4 5 6 7 8 9 10 | Aver |CTDlvol
A | 384.1|384.9 | 384.8 | 384.6 | 384.5 | 384.7 | 384.7 | 384.5 | 384.3 | 384.8 |384.59
B | 446 | 446 |445.8 | 445.9 | 446.1 | 445.7 | 446.3 | 446.2 | 445.9 | 445.8 |445.97
C | 4255 | 425.6 | 425.3 |425..5| 425.5 | 425.4 | 425.4 | 425.2 | 425.3 | 425.6 |425.38| 34.73
D | 404.1 | 403.7 | 403.7 | 404.2 | 404.3 | 404.3 | 404.1 | 403.8 | 403.8 | 404.1 |404.01
E | 422.7 | 422.4 | 422.6 | 422.5 | 422.4 | 422.3 | 422.2 | 422.7 | 422.5 | 422.3 |422.46
Table 3-2. Absorbed dose and CTDlvol value measured with caudal 20 degree and trim edge function
(mGycm)
1 2 3 4 5 6 7 8 9 10 | Aver |CTDlvol
A | 384 |383.9|383.8|383.9|384.2|384.1 | 384.1 | 383.8 | 383.9 | 384.1 |383.98
B | 445.8 | 445.5 | 445.6 | 445.5 | 445.8 | 445,9 | 445.3 | 445.1 | 445.6 | 445.8 |445.59
C | 425 |424.6 | 424.8 | 425.1 | 424.8 | 424.8 | 424.7 | 424.5 | 425.1 | 425.1 |424.85| 34.68
D |403.1 | 403.1 | 403.3 | 402.8 | 403.2 | 403.2 | 402.9 | 402.9 | 403.3 | 403.1 |403.09
E | 421.8 | 422.2 | 4221 | 422 |422.2 | 422.3 | 422,1 | 422.1 | 422.0 | 421.9 |422.07
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Table 3-3. Absorbed dose and CTDlvol value measured with cranial 20 degree and trim edge function

(mGycm)
1 2 3 4 5 6 7 8 9 10 Aver |CTDlvol
A | 384 | 383738393842 | 3839 | 383.8 | 384.1 | 384.2 | 383.9 | 383.7 | 383.94
B | 446.4 | 446.4 | 446.3 | 446.6 | 446.3 | 446.2 | 4464 | 446.2 | 446.2 | 446.4 | 446.34
C | 425 | 4248 | 424.8 | 425.2 | 4251 | 425.2 | 424.7 | 424.9 | 425.1 | 424.8 |424.96| 34.69
D | 4029 | 403 | 402.7 | 403.2 | 403.3 | 403.2 | 402.8 | 403.3 | 403.1 | 403.0 |403.05
E | 4221 | 421.6 | 422 | 421.7 | 421.8 | 4219 | 421.8 | 422.1 | 421.7 | 421.9 [421.86
Table 3-4. CTDIvol values and DLP values from Table3 (mGycm)
degree CTDlvol DLP
0 34.73 347.3
P company 20 34.68 346.8
-20 34.69 346.9

Table 3-5. Analysis of maximum, minimum, Average, standard deviation, standard error using SPSS

Program
ZNlesAHY
TN
SAFE | B - . 95% 4l2|72t
mE BEQI} e e

N 10 0 0 10 10

Hxa 34.71

. Z|oigt 34.73
0 CTPA Yol o 34,7270 | .00213 .0000 .0020 | 34.7230 | 34.7300
FEEM2} .00675 -.00098 ( .00279| .00000| .00966
=4t .000 .000 .000 .000 .000
N 10 0 0 10 10

2 xat 34.67

Cranial 20°_CTDI 2|ogk 34.70
Vol - 34.6860 | .00306| -.0001 .0029 | 34.6800 | 34.6910
FEMAL .00966 -.00068( .00170| .00516| .01197
=4t .000 .000 .000 .000 .000
N 10 0 0 10 10

H%xa 34.66

Caudal 20°_CTDI 22zt 34.69
Vol o 34.6780 | .00327 .0001 .0030 | 34.6720 | 34.6840
FEEW2} .01033 -.00068 | .00175| .00632| .01287
=it .000 .000 .000 .000 .000
s8¢ (55Y) N 10 0 0 10 10

9 =g FUE o= AL 2239 Y4

S 4= 9t} 183l Table 3—4= Table39]
CTDIvolgkdt 15 ol&s ¥ DLP#o|H.
Table 3—5+= 37} Z$-olx d& F 30719
CTDIvolg2 BSAX2 13 SPSS program®] o
SEE tAAE Bl ARG, Ak, Bt E
FHZR, BFEQAE 4 3 daolrt,
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(B) Brain CT29] &

Table 4= 150 mm®] Dose CTDI #HHS HH
#get uf, = Trim edge”]52 ARE3H =
M H A3l total scan range®|th, 123l §JofA
7% CTDIvolgkE ©l83l ¢ DLPgelH.
Trim edge”15-& AME3F 4-$- 20°9) ZA=E ol&
3] 150 mme] Dose CTDI HEH-2 &g3517] ¢




9%t £ Zoj& 197 mmE, 0° 150 mmoj
H|3) oF 1,.318)e] g7t dasp, DLP %
gk oF 13147} F713ict,

Table 5= Torso phantom?] braing g &
o, Zt="8 Trim edge’|'s& AESHA =W Ea
3}t total scan rangeo|t} Iz)al QoA L3
CTDIvol#ke o83 ¥-& DLPgleltt, 0 total
scan range 178mmo] B3] ¢JAkzto] 20° & o)
total scan range= 257.6 mm= AA} Ig&
oF 1,454 F71s8l9len, DLPRHE Zo] ¢F 1,45
v F71steict,

Fig 9= Image J program< %3t FaceZ &3
2 g9 HHLE RIsk= oot A ¢
g2 Gantry tiltingA] B83F o, W7 G
%2 Trim edge’'s= ARE & 749 F712 I
o] YMiEl= REolt}, F AH|9 mMEZPLS H]
IS o Trim edge”ls= AR 73S EZR
gt AL F7t HAE F9go] ¢F 18%7t |l
it

o

Fle Edit Image Procsss Anelyze Pugns Window Help
1 |o|r o 4= Ao m|d] cfle] 2] 2 |

Fig 9. Image J program

2) C company equipment

Table 6—12 L% CAI] AH]o|A] gantry tilting
& o83} caudal 20 %€ cranial 20714 5
992 589 Froln, Dose CTDI HEY 5%
10 emS E9E 1 39 =7 1 He=E
Z749 CTDIvolgtelct. 0°elA12] CTDIvolgt

32.137 mGycmo|™, tilting Z=7} AHASLE
CTDIvolgto] 4% 2715k AE BRIE 4 A
t}. ol= CTAHIS] X-ray7} FH3M= HZ o] 4
ojfe] wet FeAlFe] S7RkE ASR wdH

Table 4. When using the Trim edge function, the length required to scan a 150mm Dose CTDI
phantom, and DLP value calculated by length

QIARZ} 0° QAR 5° UAFZE 10° AR 15° 2AAZ 20°
LENGTH (mm) 150 165 177.8 189.8 197
DLP(mGycm) 520.95 573.04 617.5 659.17 684.18

Table 5. When using the Trim edge function, the length required to scan a brain of torso
phantom, and DLP value calculated by length

YAt 0° QUAFZ} 5° QUAZE 10° At 15° A2t 20°
LENGTH (mm) 178 204 224 241.6 257.6
DLP(mGycm) 618.19 708.49 777.95 839.07 894.64

Table 6-1. Measured 10cm of Dose CTDI phantom in C company equipment. Absorbed dose
value measured in units of 5 degrees from cranial 20 degrees to caudal 20 degrees.
O 0° (mGycm)
CTDlivol

1 2 3 4 5 6 7 8 9 10 Aver
405.8 | 405.7 | 405.5 | 405.3 | 405.8 | 405.9 | 405.2 | 405.3 | 405.7 | 405.7 |405.59
462 | 462.9 | 462.3 | 462.3 | 462.2 | 462.1 | 462.3 | 462.7 | 462.8 | 462.5 |462.41
436.1 | 435.7 | 435.5 | 435.9 | 436.3 | 436.3 | 435.8 | 435.9 | 436.0 | 436.2 |435.97| 32.137
422.5 | 423.3 | 422.7 | 422.7 | 422.6 | 422.9 | 423.1 | 423.3 | 423.4 | 423.5 |423.00
440.7 | 439.3 | 440.5 | 440.2 | 439.1 | 440.8 | 440.7 | 439.9 | 439.2 | 439.9 |440.03

m|OO|w| >
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O Cranial 5

{(mGycm)

1

10

Aver

CTDlvol

406.2

406.4

406.1

406.7

405.7

405.9

406.3

406.1

405.8

406.4

406.16

462.4

462.3

462.1

462.7

462.5

462.2

461.8

462.5

462.4

462.1

462.30

438.5

438.5

438.1

437.8

437.9

438.6

438.8

438.7

438.5

438.9

438.43

424.5

424.3

4241

424.8

423.9

424.6

424.5

424.4

424.2

424.3

424.36

m(O|O|wm|>

4421

442.3

441.7

441.9

442.6

442.8

441.9

441.8

442.5

442.6

442.22

32.225

QO Cranial 1

(mGycm)

1

10

Aver

CTDlIvol

407.4

407.4

406.8

406.4

407.2

407.8

407.9

407.5

407.3

407.8

407.35

463.9

463.5

463.7

464.2

464.3

463.2

463.4

463.9

464.1

463.6

463.78

440.8

439.8

439.8

440.7

441.1

440.2

439.9

439.7

440.2

441.3

440.35

425.2

424.8

425.3

425.1

424.9

424.1

424.7

425.0

425.3

424.9

424.93

mojon|w| >

444.6

443.7

443.4

4441

443.3

443.5

443.8

444.1

444.5

444.9

443.99

32.331

O Cranial 1

(mGycm)

1

10

Aver

CTDlvol

408

409.1

408.2

408.1

409.3

408.2

408.4

408.1

409.2

409.3

408.59

466.4

466.3

466.9

465.8

466.9

466.2

467.3

466.1

466.1

466.8

466.48

445.3

443.6

444.8

443.9

444.3

445.2

445.2

443.7

443.3

445.2

444.45

428

427.9

427.4

427.9

428.3

428.2

427.6

427.9

428.3

427.7

427.92

m|Oj0O|wm|>

450

448.4

449.5

450.4

450.3

449.2

448.7

448.7

449.2

450.1

449.45

32.542

QO Cranial 2

(mGycm)

1

10

Aver

CTDlvol

411.3

411.2

411.3

410.8

410.9

411.7

410.5

410.9

411.8

411.1

411.15

471.2

472.6

472.5

471.3

471.9

472.5

472.9

471.1

471.3

470.7

471.80

449.9

450.1

450.8

450.7

450.1

449.1

449.2

449.8

450.2

449.1

449.90

431.7

432.5

431.7

432.1

432.4

431.5

431.3

432.8

432.7

431.1

431.98

mO|O|w|>

455.4

457.1

457.5

457.3

456.1

456.3

455.1

455.1

454.7

456.7

456.13

32.876

O Caudal 5

(mGycm)

1

2

10

Aver

CTDlIvol

406.3

405.6

405.8

406.1

405.9

405.2

405.1

405.9

406.7

406.9

405.95

463.8

463.1

463.2

463.7

463.5

462.9

463.1

463.2

463.9

463.7

463.41

437.3

437.4

437.9

438.3

438.1

437.7

437.0

437.1

436.8

437.3

437.49

422.9

422.9

423.4

423.7

423.2

422.9

423.3

423.5

423.1

423.3

423.22

mojon|w|>»

441.6

440.5

440.8

440.2

441.9

441.2

440.2

440.3

440.8

441.2

440.87

32.190

O Caudal 10°

(mGycm)

1

2

10

Aver

CTDlivol

406.5

406.6

406.9

407.1

406.2

406.5

406.3

406.1

406.5

406.8

406.55

466.4

466.6

466.7

466.1

466.0

465.8

466.4

466.8

466.1

466.1

466.30

439.6

440.4

439.2

439.7

439.3

441.2

440.7

439.5

439.8

440.2

439.96

423.9

423.3

423.8

423.9

424.1

424.2

423.7

423.8

423.4

424.1

423.82

m|ojO|w|>»

443

444.6

444.8

444.7

443.8

443.2

442.8

442.7

444.2

444.7

443.85

32.313
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O Caudal 15°

(mGycm)

1

2 8

10

Aver

407.4

407.9 | 408.2

408.1

407.7

407.9

408.1

407.1 |1 407.3

407.5

407.72

466.5

466.4 | 466.7

466.8

466.2

466.3

466.7

466.7 | 466.2

466.5

466.50

445.7

444.1 | 444.8

444.7

444.2

4441

4441

445.9 | 445.9

445.8

444.93

426.8

426.8 | 427.5

427.2

426.7

426.9

427.1

426.2 | 426.2

426.5

426.79

m|O(O|wm|>

448.3

447.1 | 448.3

447.8

447.0

447.2

447.1

448.5 | 448.1

447.6

447.70

O Caudal 20

1

2 8

4

5

6

7

8 9

10

Aver

410.7

409.9 | 410.5

410.2

4104

409.7

409.9

410.1 | 410.5

410.8

410.27

473.5

474 1 473.2

473.1

473.2

473.4

474.2

474.1 1 473.6

473.1

473.54

453.4

450.5 | 450.0

450.1

450.8

451.2

452.2

452.7 | 452.6

452.9

451.64

432.3

431.7 | 431.8

432.1

431.9

432.4

432.1

431.3 |431.6

432.5

431.97

m|O(O|wm|>

453.4

456.3 | 455.2

455.4

453.8

454.9

455.8

455.7 | 456.1

453.4

455.00

CTDlvol

32.507

(mGycm)
CTDlvol

32.894

Table 6-2. Analysis

of maximum,

minimum, Average, standard deviation, standard error using

SPSS Program

Dose-tilting angle Box plot chart

& (=
b <
= o
322 = o =
Caudal Tilting 7I&SAE
N EE A 2|2zt Ay EEWa}
SAF SAF SAZ sSAHAZ BEZ03} SAF
0°_CTDI Vol 10 32.13 32.16 32.1400 .00298 .00943
Caudal 5°_CTDI Vol 10 32.15 32.22 32.1920 .00742 .02348
Caudal 10°_CTDI Vol 10 32.29 32.34 32.3190 .00567 .01792
Caudal 15°_CTDI Vol 10 32.48 32.53 32.5000 .00516 .01633
Caudal 20°_CTDI Vol 10 32.86 32.92 32.8910 .00690 .02183
sE4+ (55Y) 10
Cranial Tilting Z|I&&4l
N =gt 2|zt = BEZHAL
SAE SAF SAE SAE £22} SAE
0°_CTDI Vol 10 32.13 32.16 32.1400 .00298 .00943
Cranial 5°_CTDI Vol 10 32.21 32.24 | 32.2270 .00335 .01059
Cranial 10°_CTDI Vol 10 32.30 32.36 32.3280 .00593 .01874
Cranial 15°_CTDI Vol 10 32.51 32.59 32.5500 .00775 .02449
Cranial 20°_CTDI Vol 10 32.85 32.92 32.8830 .00803 .02541
K854 (S8 E) 10
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o 50X 0.27%%7F, 20°M% 2.35% Z7)st
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Table 6—2+= Table 6-19] &S TAZETH
SPSS programE ©]-&3le] A3t 2EQ} Ho|
th. Box plot chartolAle 71ed] 028 7122
2 7127t AZ4E CTDIvolgte] 2713+ 47
B9l & 4 gtk 9T EE hSER tAYe
Bt g, A3, B, 2EEAL, #2203t
£ 24 3 dijolnt,

Iv. 1&
QR HZo] FEZQ] ‘FxA WAICE QIgH
SsfjEc) o]50] glo] el AAL] AERE 2
Astoict ela ERjele, 3R] Al AslE
9J5te] 3kat AlgF P ek (Diagnosis Reference
Level, DRL)S &850 24 Q7 mZojlx] o]
o] FAIE GAs=E Harskal Ut DRL2
97 o] HE3l= WA Hole) A3} Aat
24 gAtelst Al 3R} e AMIRRS
ZAstar riste] ] Fag 4~ Q=S Hu
R e N =
Brain CT ZAlIA Trim edge”|s& AM&E 7
£ & #F 99| S =i, o] 43 DLP
ESH F71817] wie] 2 AR XYt
SEARE 2 Aol A= Trim edge”| 528 E44.
SHA Eol'd FaceZ ¥ AA %S &
%t 7o) ol image j ZEIHLE T3 EF |
= o vl astEt, o] FEo) gk Ad W A
7t F7HH o % Fasioial AleEoh E3F 1
S AMSSlAL, FAETE 718 gAY oE
A T)E<m -87] A (Tuberculum sellar—occipital
protuberance line, TS—OP line)o| 25=0i#] 9}
t} ¥ofl gh= PARS BE3] 951 AngleS A}
88k= Brain CT A9 =3k A¥oly, g
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HARSRE B F-949] 73 Trim edge2 F71d 9
A o] Ago] AlFETHL 3P, Trim edge 716+
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£ BB E3F Wt

ESF torso phantom®] brainf53} Dose CTDI
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Brain MRA ZAIA| 3D
Compressed sensing

TOF(Time of flight)2]
724 g7t

Yo, ZEte, 23S, 2SS
Tl Byl

TR

E4: MRIZ &3 23S Agd 4= 3= 71
% 3D TOF MRA = ZGAIE AMSHA] Y= 71
Z Aol giaAQl HAP ol sHARE A
ARR7bo] TF2 Sequence HT} 27| Wi R}
destolut EHEkS v 4= 9lar, 2] 95t
Artifact7} AAE &= 9Jr}, o3t o] 8-= AAMA|
7+e Eol7] gt W F shtE Compressd
sensingZ|'Ho] L AAollA A= ik, £
=wollA= 22 AIYEAL 9l= 3D Compressed
sensing TOF9} 7|&£9] 3D Conventional TOF
£ vl BAste] 11 /584 AHE 7R E &
ol R} BTt

g 2 WY Bt vol= 54,7419 2078(H10,
o10)2 thikeZ 3.0 Tesla Magnetom Vida ]|
E AL8319a, A3t Parameter— Conventional
3D TOF+= TR/TE: 22.0ms/3.14ms, Slab: 5,
Slice Thickness:
Voxel size: 0.4.x0.4x0.5 Scan time:

0.5mm, Flip angle: 20
7:19
Grappa factor:2Z, 3D Compressed sensing
TOF+= TR/TE: 18.3ms/2.84ms, Slab:5, Slice
thickness:0,5mm, Flip angle: 20, Vozxel size:
0.4x0.4x%0.5, Scan time: 4:13 Cs factor: 4.8
9] Parameters AME3te] 212} Scanstgich. 3
7PPHe ZudiEW(Middle cerebral artery),
oA%M(Internal carotid artery), ZthilE
(Anterior cerebral artery)ol 2t} ROIS A%
slo] SNR¥F CNR2 &35} @%ﬁj‘ﬂ*— AA|
sk, elelnt BRI, MRARIAMIAL
Ag 14h ke MRS 109 obge] At
AT 3rgo] EHFYY] A= (Sharpness), B3
9] fFA = (Distortion), H|AEHY] F4+H

A= (Expression of peripheral vesse))®] & 3
7HA9] &=e] digt ZA4A BrE AT
ARRSE BAZ2 7 E R(version 4.04)5 AR
3lgaL, BA9] BAUPHL Paired t—testS ARE
3ol 24 shsict.

43}t A2 g7F 43 SNR2 F Sequence 7F
o] vlaoA p—valuegto] 22+ ICA 0.0579,
ACA 0.0532, MCA 0.0956°2 (P>0.05)FAI}
Moz felah 2|2 Holx| Yskeh. W CNR
< p-valuegto] ICA 0.0175, ACA 0.0116,
MCA 0.00821 ©.2 (PL0.05)8AIg= oz 79
g 2olE Eth. A3 7} A= p-valuedt
o] 22t BHP/de] A =(Sharpness) 3.19e—2,
ol = Hx(Distortion) 1.19e—2, t|NI&
T FAFTHE H=(Expression of peripheral
vessel) 5.62e—72 (P0.05)3AFHCE {2
3 Aol ma,

dE: 3D Compressed sensing TOF2] AF&-&
71EHE] HAAZEY] 4ot vlEo] SE3E 2t
A 7HX7F A= S R = U AR AL
EH}

ZAI3o]: Compressd sensing, TOF, Incoherent,
Random sampling

el Al53e) w3l J%i AEFA, SR
£, gt 59 agloz 9lgt HEIAE WAE

o] F7IsIaL glow, TI= QlIsf ¢, Akt ¢

7 e AES dehlia gl 1>o1em Pokay
Zéﬂgf_’_ Al&stal ZE3 Ado] wig- Fas)rt
MRIZ =83 23S As 4= Q= 7l‘ﬂ % 3D
TOF MRA = XGAE AMSSHA @+= 7HF %
ZHolz dlEH AXrIolct?) Y TOR(Time
of flight)MRAE= §&413 7} % a3 Flow related
enhancement)E ©1-83l ¥ Feof 27t A
3350 opfd ERAAL] EAS o83t G4
A5 A HpHolr} 712402 Gradient pulse
sequences ARSI, Imaging slice Wjol =
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zZ)0] AA)E Spin< RF pulsed]] 23] Z3} =
o] 9o} RF pulse® AEA| @2 H] 28} 4
o] A28 5= Imaging slice St R E0|2
™ RF pulseE A& 2 Ho] 31 A5 F= g 3§
Agsle] e e 7Eolch® st AAAIZE
o] t}2 Sequence Er} 27| wjFe] Xt He
srolu EHEE =4 4+ L, 2 93t
Artifact7} A9 4= itk 0|23t o]{E HAM
e £0)7] 9% ¥ % ShE Compressd
sensing7| o] 2 QAdollA] A= ik, O 7
Compressd sensing?] 7]& o]22 K—spaced]
A Yeptks dlolg7t 344 (sparsity) ] S
7HRAL K—spaceolAl9] Fp4 MEYOE Q17 G4+
Aliasing artifact7} d#Ao] $=(Incoherent)
et AR FHiE 7HRIds B4 248 v
gh Nyquist rate ooz HolHE HEH
< oHA] gole AL 4=9] glole|ekE o]-85}
215 AEE BUF S ik ofEofet 1
o]ZA& MRI °f A835F7] A= 2 7HA] &
E Ao} sl=t] WA Under sampling 3 4
K9] K—spaceE =5 3t} ol& &3 &
olRl AN 71 4 eu o mE

Sparse representation

W-space
(W)

transformation

if
A Image = threshold (e),
andn<n

Image o

else
compiete

;
Image @

Add to
last
optimized
image

FFT

Image o

Fig.1. Compressed sensing Flowchart
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Resolution®] A3t} Aliasing artifact”} 2H¥a}
A "o}, 7129 o PEEL 23] Under
samplingg 38l K—spaces Ao, 1
o] k= Aliasing artifact® slZdsloF oLt
Compressd sensing®|A&= Random%t Under
samplinge §3 K-spaces: A$-=F 3jo
Imagetol] 23 FEl2] Background artifact”} &
AYslA| Fet, o]F Sparsity transforms §3l B/
Aol FEgE Hlojeqt J7]il  Background
artifact= A2 o2 A|A 1A Hrt, ol& E3l
AAsHA| A4t GAE Inverse FFT(Inverse
Fast Fourier Transform)& A& &3lA A+
AE K—spaceE 717 4L w0 WA ot
12)719)(pig 1) B3] T2 AAHEol Hg] dlofe]
9] 3|AAdo|(Sparsity) & AV|FTEERIL
Compressed sensing 7|H& Ag8shd ©] &£ &
B2 g 4 gk P19

H =RolaE= 212 AFER Q1= 3D Compressed
sensing TOF¢} 71Z9] 3D Conventional TOFE
vl BAste] 1 58497 Xy 7ixE gopkan
2} si3ict,

Thresholded
W-space

(Wihthresh

Inverse
w

transformation

Inverse

FFT

Masking
with
measured
tractory

Subtract
measured k-space

___________________



II. Oie R

1. 712t Y i

20219 295E 3¥7HA] oA Brain MRA
AAE AlRggE 20thellA 70t EEAF 207(4: 10,
9q:10) & IR dlglom, Bt Yol= 54.7
A%t

2. HAPEH|

3.0 tesla Magnetom Vida(Siemens Healthineers,
Erlangen, Germany) MRIAMH|?} 64channel
head&neck 3T bio matrix coilS ARESIHL}

3. g
1) Data &S

3t 3x}ol|A] 2+2F 3D Conventional TOFS} 3D

Table.1. Scan parameter

HH
230 =

TOF 22/3.14 0.5mm
ms

cs 230 5 18.3/2.84 0.5mm
TOF 1k

Compressed sensing TOFE ARE3}] Brain
MRA ZAIE Z18¥5195 0.8 AF&3t Scan parameter
= off Feof Zrh

2) M9 N 24N

3D Conventional TOF, 3D Compressed sensing
TOFZ Ztz} ARt Datag MIP Ag]3le, Syngo.
via VB40(Siemens Healthineers, Erlangen,
Germany)Z 213 0 2 S|tz (Middle cerebral
artery), 9J74% % (Internal carotid artery), Ao}
¥E=M(Anterior cerebral artery)of Z[Z} ROIE
A3} SNR#t Softtissued] Hidt CNRS =45}
oot £ AY=E =0|7] $18 Background
noise SD2] ROIE A|ld o2 -o|=7} we ozt
A R 4358 S5 Bataks HeHT

Flip [Voxel size

o

20 0.4*0.4*0.5 =19 Grappa
factor 2
20 ° 0.4*0.4*0.5 4:13 CS factor
4.8

SNRyor = Shyor /SD,

noise

CNRROI = (SIROI_ SIsoﬂtissue )/SDnoise

—S8Lor * ROIQ intensity
—&Dnoise: Background noiseE&MHAt
—8L,,1issue SOFttissue®| intensity

Fig.2. Measurement of signal intensity and standard deviation

wrisrArdArgsl o1xzaaE (107



3 BN X ot

FAelEt AEQ3E, MRAFIAMIAL A8

HOsl3 9l MRIAE 10d )49 WAMAAL

3o] FE7} AHAE TOF MIPFANY] A=

(Sharpness), @32] YA =(Distortion), w]Al

o] JAE A% (Expression of peripheral

vessel)®] F 371A|9] HrIEEo] tste] 2zt &

S Likert 58 (1015 U, 2118 3:1

T 4ES, 5ol 29)E ANY B 1Y

i

(D) B#FAe A= (Sharpness)

(2) 8#e = Hx=(Distortion)

(8) "] FAE H=(Expression of
peripheral vessel)

4) AN 2MLY
AMgRE SAZ2 WS R(version 4.04)2 AR

Table.2. Comparison of SNR and CNR

s T
SNR CNR SNR CNR

SHaL, $A19] BAYHE Paired t—testS AMS-
stof 24 st

Im. Z3}

1. &2 Tt

+ ZAAFPHS SNR#F CNRQ| B¢11t p—value
9] 78 Table. 2, Fig.3 i} Zt},

SNRZ + AAPH 74e] vjao)lA p—valuedto]
Z¥Zy ICA 0.0579, ACA 0,0532, MCA 0.0956
2 BAHCRE {5t xolE Holx| oigitt HE
W CNR2 p-valuegte] ICA 0.0175, ACA
0.0116, MCA 0.00821 2 BA&o = 235t 2}
olF EY}

2. Fgx gt
37HA B7FgEe] oiet H4A Hrtel Bt
p—value®] Z+S Table, 3, Fig.4.9} 2t}

SNR CNR
average average average average
ICA 1046.5 77142 1123.84 8744 0.0579 0.0175
ACA 906.16 658.15 965.86 742.62 0.0532 0.0116
MCA 985.32 714.97 1041.9 805.3 0.0956 0.00821
Sequence &~ CV £ CS Sequence - CV £ CS
1600- o 1250- N )
S ': © ° 9 % I8 ° ° i o
g | - 4 f 1000- ‘i 3, | s % S -
b na |l PE R —4— . o
v 800- + 4 _'f_ LY ~k . ° — ﬂ,k _.“ e 1 | .%
- ! L t = f 500- & .' ‘f . % »

400-

Fig.3. Box plot of SNR and CNR
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Table. 3 Comparison of qualitative image quality obtained by 6 observers

Sharpness 3.19e-2
Distortion 3.62 2893 1.1e 2
Expression of peripheral 364 416 5 62e-7
vessel
Sequence - CV £ Cs
wEMEE EEARRE DY ERTHEE
4.5- ™
*r 3 -~
4.0- S ” % et
3 e® 7:7 l:
8 - 4—‘ F 1 ®s
&0 1 ...

3.0-

Fig.4. Box plot of qualitative image quality Score

HARRY 719 ZAH Hrhe BE g7 35
o4 3D Compressed sensing TOF2] BHAS:
7t #A %71 Bem, p—valuedle] 27t WP
Aro] AMr=(Sharpness)3.19e—2(0.0319), %
9] 9= Ax=(Distortion)1,19e—2(0.0119), T]A|
Bito] GALE A= (Expression of peripheral
vessel)5,62e—7(0,000000562)2 EAFLE &
o3t Xjol& Hyot,

V. nZ

2006 Compressed sensing¢|&o| Wiy o]
T2 o7 2ol 8= AMSIL Sl o=
B 999 MRIOX = B2 d4-5°] 8=
Srom 22 viakat ZApde] AgET it Y
=3 7| Brain TOFZAL] 35 4] A7} 20
@A 7HXE "ojmgR] Y1 A)7HE Eol=d $t
A7t A Compressed sensing7]‘=,§£ ESEEo
Hom §8e molm Yok B EEL
Conventional TOF2} Compressed sensing TOF

-
3.5- ® ‘1
Y

¢ ﬁq;xf

Y At A FE JFH, ZHHLE
v FrisiEct, A grlolds & AR
of] W2 SNRQ| B#4kE Compressed sensing
TOF7} A SH=UARE p—valuegte] 0,055
o A {5 Aot gl AeE Frh EHSI
v & AAPEPHo| o CNRY gkt
p—valuedte 9%t 2ol 7RA | U=,
3D Compressed sensing TOF2] CNR Hw-gko)
=7 Yehd 018+ Compressed sensing 7|9
qe] £EAQ1 tji-o]X(Denoising)] I-golA &
T 9J9] k0|2 A& (signal)tidte] AZ3HO)3R=
7Moo = Qg e A5 (signal)7t FztE o]
I Soft tissue?} Background® x¢]Z7} A|A
= Auk= E°h‘4— T3t o= gAETE o2
EHASE LREE 7HX)A] ¢l K—spaceolA] L1Eh
U dlolg9] 844 (sparsity)o] &2 TOFS]
=gMog sl oA AFRE Wl
3}A9F Compressed sensing®] Z2H AAFE
A GA}e] 0|2 Denocising factore] A4 Zt
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Fig.5. Conventional TOF

H7A o= Aloj7} 7Fs3laL, parallel Y42 0]
29| #Z5 Y= g—factor mapoll =<t 2t
Zte] PRE with o290 Farof 207} 9l
g k= A& siEjEjojof & Holoh, AAA H
7lolX= 2E B7F 54 3D Compressed
sensing TOF®| 37t =4 B7F 2o,
p—value = 25 0,055t 2o} §-2J5t 2jo|&
7HAAL et o] 9A] oA (Denoising) 2]
L B9l o|27t AA Eol A9 =
(Resolution)7} @=L, 19} tiEo] 7]&EdH]
43.3% ©=E AR FZQe] gt
Artifact®] Z4 E3F 2£Q3%F Q1o =2 ZEEH A
o8 HIt} (Fig.5,6) dHAYF E¢e] A¥:
(Sharpness)¢} HAEHC] T HY=(Expression
of peripheral vessel)olA2] Xjol= F AALS
Scan ParameterolA] TR} TEZLS] 2foloflA] ¥
A & vks Ax oo & Aojr,

E3F 2 ¥9= Compressed sensing TOF7|Ho)|
X] Denoising factor9] A% 7} Compressed
sensing factorgtol] wet 4] A4, HA44
H7pr det A o s ARPEE A4 gles
2 ol gt % dA7F 48 & Aot}

V. EE

Brain MRA A4 3D Compressed sensing
TOF 7]9) AMS AARIZES] B0 2 Bixje)
S wolx, 23 Yol A%t ArtifactE EY
4 glom, BRo) Itk 73] E ¥ 28e 3
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Fig.6. Compressed sensing TOF
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TN SZkEols 2
_l;0|5 7S ISt Modified
Adaptive Median Filter2]
784 Yok AlEtojd o

Y, 4RI, ojgzr
7pctstid. dApdatat

(=5 <
[ ey ]

2 ditolMs AARdSEF oA W=
Lo]2E AAS7] L3l 7H/‘4E] A3Y s 2
H% REAFSIL QIAE BARE 4= Sl AlEE0]
A GAEERE HEFoEN O Trg-*éa 37}
3tazz} i}, ol& $13f Gaussian ¥ impulse =
0]Z27} H715 Shepp—Logan & Female Aduls
meSH phantom®] FAE Z42 ES3i9 o]
of sl Ajlsh= A58 T L& H8314
on B|I 7S 93] Gaussian @ Wiener F
HE ZFste] 7|Ee H8y Y7 ZHE &4
Zy A-gstqirh, E3, Z4zke] gEg 7Hol A&

G4l wolzx HrMs 8| coefficient of
variation¥} contrast to noise ratio® S5
on, gAY EE&S B 8 fAE E
7} Q1A root mean square error (RMSE) &
peak signal to noise ratios FAstuct. At
Hog T AlgTold AderRE fHE &S
3 FUE ZEHE F8519S b BE B7F X
oA 7V AR AHE Bk AEF R, A

Ish= MAMFE RASIAZHFGA A8 A
wol2g AAHOR AAT 4 YT A 3

49 A% &4E A

&2 Sk

FAgol: AABZEGGY, Y 489 3
Bk Be, wol= AA, ARl AT, HHA
37}

I. M2

A2 AA] (computed tomography, ©)
8} CT)= TAAIE SACE A =0 158 X-
A tube®} detector’} A&Z 02 3Aste] Tl
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& Zhzel M wAAe] Ebel X—A1e) ZH4E o
URle} MEFe EHFoEH 3X1UA9l oG
o] gSo] Pssiti1,2). A TEe AX s
3 CT BAR 3he] zct, el 9] 9 WY,
I e A o1 5 TSRt 990 Y
S AMEEIAL QI 3-5]. 1Eu, CT 94= &
Ssi TP i AhAllE el AR
£ TA)7|e ookl wol&r) "Aaroa ubAg
gtk CT GO =Re] YL wol= F 719A]
ot kmol=i 9] Hold 5 U AT
RS H7)Z9 FRe] o) AYECHA-1),

PDF(f) = —75=¢ (4-1

o|2|3t Gaussian *=0|&= 09] Bo-& Zh= At
B3 (Le 7FHAIRHEE)E WEA Hu, o] tf
3 SEUER= A1 26l 9714, f=
P& A g vEe, pt o= 47 A%
9 B¢ ¥ FEEAE ulkith WHE impulse
kolz2e 7|79 MY # AA9 12 59
oJ5) YR, Gaussian noise®} B2 353t
CT 989 Ala7d=el FastA =&olal 72k
o] {IR|oA TAET, Impulse 0|22 de] &
27l salt & pepper®] 4412 (4]-2)9F ZTHT].

_ {zero or peak — signal with probability (p)
Gsp Swithprobability (1—p)

(4-2)

ol7)4, gi= kol2E QIS &AEE= ASE, pe
impulse io]"—J WA EES 9ujgith
impulse *o]2= (4]-2)¢ Zo] AT F
AAE 9 5]‘:]14‘_]@%}01] 3ot RS F
Sh= salt & pepper 3 Eslo] T2 41
37s Aol RATo=N G4 ARE
sk QAR ZRg3iT)

4 g vt Zo] CT A4S 53k A9
= i g By 5 ‘%}"35}7“ =, ol a4st
7] 9%t ot garejEEe] AXENH ol
% Gaussian g 2 Wlener oy § 37|
¢ 7Rk 93 ey 7ES g A
F|aghe] vy AAS 7Nl R ALgo] 7HH



Al'= Gmea~ Gmin
A2 = Gmea~ Gmax

-]

Gmin = minimum signal in ROI

A1>0&A2<0

Imax = maximum signal in ROI
Imea = median of signals in ROI
Jpq = Signal at coordinates (p, q)

increasement
YES

of kernel size

W,, = Maximum of kernel size

No

YES Bl = Ipq~ Imin
B2 = 9pq~ Gmax
No
B1>0&B2<0 output gimeq
YES
output gpq

output g,q

Fig. 1. lllustration of the algorithm for adaptive median filter.

shal wE AR E7L 7Rsshhe S 7|Hke
2 e AMATRE B8l 9 ES5s= CT %
Aol grdstA A-8=|o] fri(8,9]. skx|ut, Fxt
Twel 7IRke] 93 7S ko|=E A
Asl= T4 Aol Wz 15a AsE
AXF e BN S AstAI7|aL B} o=
g T IFEE YAANA FEE HEAl=
EAQo] tIF=EAcH10-12], o]=2 A3l A=l
daEES B9 AT} o|2E Tolsial ko]
Z2S Ad8FoE AAT 5 e 3P T4
e (adaptive median filter, ©]3}F AMF)7} A
A= S{TH13].

Fig 13} 22 39S §3 AMF= impulse =9]
zof i3] Aeiz oz o|=F Hrhsie] sy o
AZTEE FAUCE AIE] miZe] 49 4l
TS RSt RO o A THIALS F
A3t 4= 9JtH14,15], 18} Gaussian 9]
29} ol H|uA 22 A% HF9 Bf kolZ
of thet ko] oJF7] wiiol kol= AA &x
7} i mlujsict, kA, 2 dtolas 4sdE
AL WS 4= 9= AMPE 7|HES R o|= AA
B} FHold 7|1&9] 97 e 7S At
MEE A8E FUA% HE(modified adaptive
median filter, ©]3} MAMF)E Zd#3}aL o]0
gt -84 A s FrisiEaal it

P

II. M= H aiy
1. WM XSy SAa TE g

AQke MAMFS] B3 94208 AMFE &
L3} Gaussian =0]Z%} impulse 0|25 B
g 9 AAT & F55 GAE 7IRIeE 7479
71527t A8H BEARES 7o R st AR
e 94 deg 7S 285 Utk A4
How 7|&A] olgte] BARIS 2= A% WY
FHL ko|27} FE-8] AAE o)zt wtst
o 7|&9 JAZEE A83ict sEx|eh, 71EA] of
Ao] BAkgkE 2 999 A ISkl e
Gaussian =0|2E 7|&o2 2319l 7|&AE
AgstA Hoh 94 999 #ARktel s Ve
A oz &4H F¥H9Y A% Gaussian =02
of AIAQ] AR UHA %= Wiener HE7}
A (2]-3), impulse =0]=9] Z{ W &
BARES ZH= Gaussian '=0]2 508 Qs B
o 2 Fo RS e A9 ol H3dh

median FEIE 2-E3IT} (4-4).

Imea (P,q) —median{f (p+i,q+5)I(i,5) ER}
(4-3)

(4]-4)

2 2
g —V
Gwie — pt 0_2 [f(p7Q) - /,l,]

714, ¢ ¥ ji& 23E kernel sizeZ 2ulsiH
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Acquirng gaur

Jamr = AMF applied images
Gvar = variation for signal in ROI
Oyqr = variation for Gaussian noise
W, = low weight for 6,4,
Wy, = high weight for 0,4,
Gwie = wiener filtering for signal in ROI
YImea = median filtering for signal in ROl
Iuaur = MAMF applied images

@b_

%ar * Wi < Gvar
< Opar W

output g,

oUtput Guie Acquring gyaur

Output Imed

Fig. 2. lllustration of the algorithm for modified adaptive median filter (MAMF).

L]

Backgro@ind

(a)

(b)

Fig. 3. (@) Noise free with ROl and background for quantitative evaluation and (b) Gaussian
and impulse noise added image using Shepp-Logan phantom.

R ol ¥9S 9uRitt E3L u o0&
kernel sizelQ] HAZISO| W3 Huwt 329
S, vE wolRo] BZRHEAZLS ousit 9
AFE UEES Higo=E FFFoZ MATLAB
T2 (ver, 2019a)% ©]83l) MAMFS 2
dg35lHt. Fig. 2= MAMFS] 2§ 40| gt
HArzolr},

2. AEZloKY B &

1) Shepp-Logan phantom &4 DI

2 MAMFS #8317] 913 0.059] £Akgk
& ZH= Gaussian k0]= 9 0,059 WEE 8=
impulse =o|2E F3l AAH B wolz &
do| g9 512 X 512 H7]|¢] Shepp—Logan
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phantom G4 ES3Ich E5 A M
3l Fig. 33} Zo] A (region of interest,
o]} ROI 2 i 9Y (background)S A3}
ot

2) Female Adult meSH phantom &4 DI

Female Adult meSH (FASH) phantom-2 =4
HIALA H1S 9)9¥3](international commission
on radiological protection)®] report 899 #
2 ARl wet QA9 A7) W 22& AlEEolA
s17] el RHAPEICH16]. FASH phantom®
CT GA2 853l Y3 Geantd application
for tomographic emission 2 132 0] 235}
o, o]% 0,029 EAREE Z= Gaussian =9]



Background m

=

(@)

(b _

Fig. 4. (a) Noise free with ROl and background for quantitative evaluation and (b) Gaussian
and impulse noise added image using FASH phantom.

=z 90,029 UY=F Z= impulse 0|2 E &
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(f)

Fig. 5. Filtered images with various filtering technique based on Shepp-Logan phantom with complex
noise model: (a) Original, (b) Noisy, (c) Gaussian, (d) AMF, (e) Wiener filter, and (f) MAMF,
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The Consideration of
Radiological Technologist’s
Perception about Artificial
Intelligence Radiology
Imaging

Sangjin Kim, Vilmor Villarias, Raffy Del Castillo
Department of Radiology, Sheikh Khalifa Specialty
Hospital, United Arab Emirates

Abstract

Purpose : The purpose of this study was to
investigate the radiological technologist's
perception regarding Al(Artificial Intelligence)
radiology imaging application in the 3 medical
institutions,

Materials and Methods
performed using electro—questionnaire for

. This study was

175 radiological technologists who work in 3
national sheikh khalifa hospitals in the
United Arab Emirates from October to
December 2020, Questions in scales are rated
on a two—point Likert scale(1,Yes, 2.No). The
questionnaire consisted of 13 items covering
the learning, the experience, the effectiveness
and the like, Demographic data collected on
the participants included age, gender, length
of service, nationality, Demographic data is
summarized by frequency and percentage,

Results
related to the Al radiology imaging on a
questionnaire basis showed that 105 (60%) of
the participants considered that Al radiology
will affect the job change with dramatic, 143
(81%) of the participants considered that the
modality of CT and MRI imagings will be
affected. Most of the participants have never
learned about Al radiology in the university.

The responses to the questions

1 22 The society of incheon radiological technologist association

Conclusion : The perception of Al radiology
imaging among the radiological technologists
is a significant lack of knowledge about Al
radiology imaging, The awareness of Al
radiology imaging system should be enhanced
for the prepare of the advanced radiology in
the near future,

Key words : Al(Artificial Intelligence) radiology
imaging
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