64 multi-detector computed tomography (MDCT)ollAl S7H 22| T &5 M2fo| —Er'ﬂlﬂ EI01 i *ﬂ.i 719 R XS
Z = H(automatic exposure control, AEC) 7| S o|&sto] Mk 4 HE St &
= SiemensAte] SOMATOM Definiion 64 multi-detector CTE 0[&%120{, Whole body phantom (KUPBU-50, Kyoto
Kagaku CO. Ltd)2| FHEE Al=23ct A8 protocol2 helical scan 2412 X 25101 120 kVp, rotation time 1 sec, slice
thickness2} increment= Zt2+ 5 mm, FOVE 250 mm, matrix size= 512x512, collimation2 64x0.625 mm, pitch= 12 ZA}
stoict Mzt gale| EYYHE AXMFE 350 mAsZ s whH Dl AEC 7| S HEsh YHo 2 Lo HItsisd
o, YAZH2 CT numberel EFHAIE 0|&sto] Hao| FHZE FA st ol W F74F(craniofacial bone)= o1z
= 7H i (calvaria) EF20l A =4 E(superciliary ridge)7HXI & 179, =W & ot £E I F(acanthion)7HX| & 27, 1
2|1 FIMAH ol FEl H(mentum)B7HXIE 3T 2 Helslo] EYs5Ich DIHBFI|HAA THE 2 CTDIvol2
577 mGyi 20, DLP= 6402 mGy * cmZ S23ICt AEC 7|8 S M8t 172 CTDIvol: 30.7 mGy, DLP: 340.7 mGy -
cm, 2792 CTDIvol: 46.5 mGy, DLP: 515.0 mGy * cm, 22|12 3722 CTDIvol: 30.3 mGy, DLP: 337.0 mGy * cm2Z L}
EbetCh HAEAS HEFE= CT numberel EZFHANE 170 I 2F7I[H2 26, AEC 7|2 30, 27%oM 1
A HFI|IH2 3.1, AEC 7|2 34, 37HollM 1™ AFI[H2 27, AEC 7|H2 3222 ZX = Uct 64 MDCTo|AM 2
AEC 7|2 7|&9 n™atrtol dlsf ot oletM J2|1d ZHAH Feflof s 2 M3 Z4AF3po} HERG oD, F7Y
ol gAMES UM T =H i 8 7|HLE ALREICE

=

Azl Z7H2 ololAE Dol ek 20034 E 7FEO

M

rHu

Z A 201d E¢F A AAIF SR CT o] &2 800% o|4

F7Hom,? wFellAl 1991 d e 20023744 CT 74

19901t =dbol] A8k v 7%7] CT (multi-detector 7} A7F 10~20% Z7}3k Aow WHiualglet”? o ZAxt
computed tomography, MDCT)= 7]&2] CTAH]o| v]sle]l 20074 &+ & A|3gk CT ZAALE 27 900071 2] 9 (cancer)©]
AR W wh3A17] 3 ko] g3 ]lel ot s1ds WS o glew, o2 I3k AAbrh 1wk 50007 ol o] &
2N, F59] A= Sokske Aol ek 0§ Qloke vl g T4e] AL Ugheh? 17
Hub MDCToA =2 38 & 7H4 s F3sl7] 91 ol& E7ska Agk5A o] WA o] A AA¢]
A ol oFe AT B A vk Hedtd ol sk Ayt A9 glckes o] fE CT AA Al AL W
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o] ZAAslE CT |3 (brain perfusion) 34 ZAAE 2009
W AlFE SJFEF Aol A ezt 9 87]7] HAA Altel]

o}
W Zxd dhdA 3Z 93 o) 011;]_1 LRk R RS

oJeil
aEEE CT A4 A 9 dAMEe R 54 34

AL FgH7] el A /‘7H(scan) parameter®] 4l
ol wll-¢- F s} o2t FAE dlAslr] 3] MDCT
o] AT A WAL =A A G 278 RS 5

a g4e A Asl glo] FAHF(mAs)E X]'%P_i =3
Al|F= A5 =% X% (AEC: automatic exposure control) 7]
Ho| ek H k> olo} BadefA HEo} Fub o] 9ol
18] AollA FEeF 5 F$lof] AEC 7§ o] &3k A3
ZAagart Rag s gt agd FoEl gk A
=u

upehA] B oA E 22 74 del 2915 64 MDCT
& o] &3le] FAEE H7b Ade 9, FHoF 3 R
91, zela ojsliet Aol X% BZ UE 37
o thell AB/F 7|3 AEC 7S A goto] Agta
= vl Hrhstaa) g

M2 2wy

1. 4

o

CIEEIN

Atoll A&8 CTAH| = SiemensAH2] SOMATOM Defin-
ition 64 channel CTE o] &3low, APehd2 Al =27}
S7HEARE o]FolR AE=7]9] Whole body phantom
(KUPBU-50, Kyoto Kagaku CO. Ltd)9] F/HWEE A&t}

=

Fo g TR g4E Ak B Ao FH"} CT protocol
< helical scan ®2]& A -&3}o] 120 kVp, rotation time- 1
sec, slice thickness®} incrementt= 72t 5 mm, field of view
(FOV)< 250 mm, matrix sizet 512x512, collimation 64x
0.625 mm, pitcht 12 ZAIAch X-4 2AHAE A
2 (craniofacial bone)2] ™ 2| YN (calvaria) EH-EollA] A
Asto] Y (mentum) E7HA 2Aslek o] W FARE 3
Folow o] AL, 2% WEew 247 111
eme] A% o]z wielw EYRolA 4l H(superciliary
ridge)7HAE 179, =4&olAFE 7144 (acanthion) 7t
AE 279, 23 Z7HAA ot FE g A E 37
o7 Aosle] =A ¥ FAsAFig. 1b).

B2 350 mAsE 1A Az}
2 Aol o] uff A3 A
= 2Hsfok Yot 2 SAL 3k
242l AF ot JAFS] 27l whel weak, average, strong
o A7IE AYE S =AY = A AAEAG
(Table 1). vFA] Habd, 3kztke] Al fA 591 =27]71
EFHE 22 A5 “Slimvolgkal HoJegla, 2FHE
Q= “Obese”o] k3L Aoslget AA A 2y AAS
cout FAHS 3] dolX AR E ol At AT}
F99 A77F slim™Y A9 #AFE AEAT} of
o] A7 2 AAst=rfol ule}l weak, average, strong

AEC /108 450 Hgﬂs
E
=

AlzAHe] AEC 719 €]

o
> S
72)

o
ox
ki

Fig. 1. (a) Setting phantom of head on the CT gantry (b) scout lateral view of three regions in the head phantom.
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Table 1. The modulation strength setting of automatic exposure control.

Weak Average Strong
Slim Weak decrease in tube current Moderate decrease in tube current Strong decrease in tube current
Obese Weak increase in tube current Moderate increase in tube current Strong increase in tube current
o A71& ZH&slal, “Obese”3t $hA}ol|Al= weak, average,

strong®] xﬂ7]i BAFE Z7HAZ11 7 ufgla] B oot
A= AelH A7IES 3719 Z3(weak/strong, average/
average, strong/weak) 2.2 AEC A7AQslo] zASA ol
S weak/strong 2. & A3l WA F7he] W= slim F-
Hell A JAF= A3 obese F-HlolAE F7Fsk
Al et o] B A =A% AEC 7 BT 7] Zhell
Agrt JdFAo A vl H7bslgich.

3. Mzt

o

By

o=

Iy

CTollA A%Z4L 718302 CT AFAS(CT dose
index: CTDDZA Nl vl F&dl A (DollA] ddAH=
Al(single slice scan)oll 4 dose profile®] Z-% Hlgke] &
< A9 FAME e S 3

r—{u:
EA

CTDJ:iT / D(z)dz

1>
~~
-
N

2 ol AR 2] HEAFE SH) A8 AR
2 CTDIw (weighted CT dose index)9} oJ&] 7ol AH=A
ol QlEHe A4 Aole] Aot FHE meld
CTDIvole] 1em™, 4] (2)oll4 CIDIwE pitchE 7o &+
e g w9 E mGys A

CTDI,
CTDI, .

vl = " Piteh 40

iAo 2 | AAo] 2AE BE el i3t F A%
7x2. 2 DLP (dose length product)e] om, A (3)ol| 4]
CTDIvolol] 245 A& Fate] thehbe ©9]= mGy « em
7 AgR

DLP= CTDI , < scan

vol

__length 2 (3)

B ERolAE

L

CTDIvol¥} DLPE

A% AAel g A
Z4sto] Hrhalgie.

FEgolnE

ocod™
AEC 7] o] d-4E Aol UV‘]JE ke H7kslr] SsiA
IAIT 71WHF AEC 7S AE3s uf dolAl gl
Al P4l ed o (region of interest, ROD)-& L& -+ -2 %

Snoise) 2 Hrleleleh Qo G4 Fee 59
@ A5 gl S $5 24 Ao A
]

59 34 fi ) ROI W A% (9)7F A @)% ol
Akt
Y [l ) fP
5 1,,]€R0]N_1 /S} (4)

>

A ()

o] 98| PhilipsAFS] Extended Brilliance Workspace
(v3.5, Philips Medical Systems, The Netherlands)Z}+= ZZ1
He o] &slit el Hr Bele o= "r:‘7ﬂlrﬂ—ﬂ 3
TFAol|A] 747k 7hid] A4S Adste] &, ¢, A, 8 el
3L AFeke ROIZ 473 & Z 2o o] X}E A4k
H 05 AT FoZ A4 FaS Fekoh(Fig 2). o]
u] ROIE] Z7]+= %Al (homogeneity)& 1% A ok 9]
WHell A F 0.62 em™ BEE A8}

~r

5 8AHH EM

733} dlo]E]+= SPSS software (SPSS 15.0 for Windows,
SPSS, Chicago, IL USA)Z EATHE £4& Aefsisic). 3
M2l %3 (weak/strong, average/average, strong/weak) S 2 Al
4%l AEC 7|HEol Wizt A= wlael J4EA nlae
ANOVA £4& slqlr}. zela ol 59 H+ 7kt 483
el ol doj R Akt d4EA Bl paired t-testE
ahtel. T 77he] Zlol ofdk Helw A d4-EA
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stddev : 3.05
area : 62.23mm~"2

vol : 311.14mm"3 vol : 311.14mm"3

vol : 311,14mm"3 vol : 311.14mm"3

stdd;ev : 4,07
‘area : 62.23mm”2

vol : 311.14mm"3

stddev : 2.94
area ; 62.23mm”2
vol : 311.14mm"3

area : 62.23mm"2
vol : 311.14mm"3

vol : 311.14mm"3

Fig. 2. Location in the region of interest for the head phantom. (a) 1 segment (b) 2 segment (c) 3 segment.

Table 2. Changes of CTDIvol, DLP, and standard deviation of CT number by head phantom regions and the modulation

strength setting of automatic exposure control.

Regions AEC CTIDIvol (mGy) DLP (mGy * cm) Standard deviation of CT number
1 Segment Off 57.7 640.2 2.62
Weak/strong 30.7 341.0 3.03
Average/average 30.7 341.0 3.02
Strong/weak 30.6 340.0 3.03
2 Segment Off 57.7 640.2 312
Weak/strong 46.3 514.0 3.36
Average/average 46.6 514.0 345
Strong/weak 46.6 517.0 3.32
3 Segment Off 57.7 640.2 2.67
Weak/strong 30.4 338.0 3.00
Average/average 30.3 338.0 3.15
Strong/weak 30.1 335.0 3.41

H|S= ANOVA 42 3igich. o] uf, 2] 2-E(p-value)
o] 0.05 o|sto]™ o)z} 42| v}z FHekslgict.

Z
1. M2 @7}

Table 2014 A JF7|HE 3FGoZ e FAF o
o B5 F7o] CTDIvol< 57.7 mGy, DLP< 640.2 mGy -
em2 2 Ughth aEu AEC 7S #A R AlVIE 319
Z3}(weak/strong, average/average, strong/weak)>. 2 U} Zk
5% AT A7, 1792 46.8% (CTDIvol: 30.7 mGy,
DLP: 340.7 mGy * cm), 2792 19.6% (CTDIvol: 46.5 mGy,
DLP: 5150 mGy * cm), 183 379L 474% (CTDIvol:

30.3 mGy, DLP: 337.0 mGy - cm)®] Z&&#7} glglod,

o] 59 JAFE ANOVA 413k p7h 0.001 (F=22.25)%
Sola Aolsk QIgich, w nAVFAHI AEC 719 L
paired t-testZd A Z3} pzkeo] 0.001 (F=284.09)% -+t =}
o|7b AUt zelar 370 2o ® AEC AAste] 24
st IFES B 17904 weak/strong Z3-2 CTDIvol
30.7 mGy, DLP< 341.0 mGy * cm, average/average Z3o
CTDIvol 30.7 mGy, DLP< 3410 mGy-:cm, I3
strong/weak Z3r CTDIvol< 30.6 mGy, DLP- 340.0 mGy -
cm o2 UEtkow, o] 59 fAFE ANOVA 43 23
pakel 0226 (F=1.549)Z ol Aol et &, 2
Aof| A weak/strong ¥ CTDIvol 46.6 mGy, DLP<
5140 mGy - cm, average/average %3+ CTDIvol< 46.6
mGy, DLPZ 514.0 mGy * cm, L8| strong/weak Z32
CTDIvol-& 46.6 mGy, DLP 517.0 mGy - cm©. & UhEbyk
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22004 uF .
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0 ' ' '
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Fig. 3. Change of effective mAs for the head phantom by the
modulation strength setting of automatic exposure control.

4.5 1
4.0 1
3.5 1
3.0 1
2.5 1
2.0 1

1.5 1 —e— Off AEC
1.0 - -=- Weak/strong AEC

) & Average/average AEC
0.5 --%-- Strong/weak AEC

Standard deviation of CT number

00 T T 1
1 segment 2 segment 3 segment

Fig. 4. Evaluation on standard deviation of CT number for the
head phantom by three regions and the modulation strength
setting of automatic exposure control.

th o] 59 FAHFE ANOVA EAg AF} pzke] 0.001
(F=8.80)Z fre]gt Atol7} et msh 37Holl A weak/
strong Z31 CTDIvol< 30.4 mGy, DLP- 338.0 mGy * cm,
average/average Z3F< CTDIvol< 30.3 mGy, DLP< 338.0
mGy * cm, L8| strong/weak Z&- CTDIvol< 30.1 mGy,
DLP<Z 3350 mGy * cm2 2 UElor, o]59 #AFE
ANOVA ZA43F Z 3} pghol 0.001 (F=16.30)= 2|3t %ol
7b 3 ek(Fig. 3).

2. JAEFE gt

)

QAEA H7) 7lES A 3tgelA AARE e
T RO 6% BTY oz A4S FSL Feho] AL
kol dae] FAol Sasteba Hrbelgleh, 1704
A 77 o8k 6= 2.62, weak/strong Z3H 3.03,

oetzel M2t M23 2010

average/average Z¢ 3.02, ZL2| 1L strong/weak Z3< 3.03
o7 yeigkon], 27 AFJFIIHL 3.12, weak/
strong Z3¥H 3.36, average/average X3 345 12|31
strong/weak Z¢H 3.32% YEeltl 3704 1A TF7]
H-& 2,67, weak/strong Z3-= 3.00, average/average X3}
3.15, 28] 2 strong/weak Z3H< 3.41% el ol (Fig. 4). 2
Zkel 71"l o3t oJ &4 H7HE ANOVA 43 A3 p
Zkel 0.001 (F=6.90)% 23t Xfo|7} Uetkedl 2 5 3
BABF71HE 67t 7H Aot 4} FAol S Ao R
7} =]) 9 cH(Table 2).

R UEE

CTollA 9] e B3 2 593 E48 278 A5
gte BE FAlo] CT numbers TUsHA] ¢t BEA=
HE vehted o] E4EE g EFHAXE s
Aol Fgolch 1 UL XA W3t 52 AEH XA #F
ZLe] ol o3l AR H ). o] &S v & AoEE &
M 1@l XAR A<t FAF{, AA 7, 20 §5,
uAE 711), 290 ZE4 el AE7) FA 18, HAE7I

o 71k wE, ke vlE), 3Kl 3R] 27, &
A el Sl =Rz el h7t ok 2 Ve
< SAlA =ske XA B 5 AAstal, 24
TE2 XA FA) B3RS wAYWL fEYE A5 Wil
He Wigs 2R ot 2719 aEE
SHE AEC 7|2 @4 BE roE 24T W 2ed x4
PAFE 2R Ak 734

AoTehe AEC Alzslo] A2kt Qe 2 ol 24
FelFAS Wsh), 271, ALY FeAEF 2hol)
o el BAFE ABon 2 Gael Ae FA%
Aeks ZaA7led deb? ol B3l x4

Yol AAHIE HY 4 Ax, AEIel Eekohe %

#o] o] ¥AE] = photon starvation artifact’= Zr4=A|Z
Ak e cTAX A e 24 299 FA, A

.]

SollA] WAL Frg Kol FHRL FAF] WAA
A~
2

o
10,

s
b

MU Rt

s

-

oor Hz )

oon
F7F Yol 3z =7 w2 ¥ Sk (patient size AEC =+
overall modulation), X-AZ 314 7ol v} 2 ] AA| Q] F7H
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3}(rotational AEC X+ angular AEC), Z-% Weke] w3h(z-
% AEC ¥ longitudinal AEC) L8]3L o] S 23kl ub4]
v 712 dagFo s HA AeeE WHE T3
2 A7) AECE scout B4-& 53dto] 3A}
oF AHE qlo] I HAEE npgdoE A
AFE 71713, AAe| 2L B+

l
rJn}L.‘v“i

>
oy
o
for il
2
M)
>
o
@)
e
1
ox
%
o2
o
o
o)
o
Jo
N
>
N
N

-

Al 725 7HA B9 F i AA A e =
= PR eFo] Ao streak e starvation artifact”} 2

ste}. whebA] 3] AEC+= o] @l photon starvation artifact

S0 o 270" el BAFE 27}

x
Fo Al A5 WA AAFE dFozA A

2ol o all o fo Py orfr o X0 o
:oé
‘124-'

F-2oll A f&3 7IEolt} Z-3 AECE 24 £59 &
S & FHAAddo] Zo]Z] MDCTollA e =AE A7|&
of Bx7} gholalA thE 7 H9] o) dg AFHoE =A
G FE&3 GaelFolrt o] Ve FH BRE
= CT AA A 53] f&3lm A1) F3oll w&
WIS aste] g4 As A LAAT
A AdF o g ko] A2 FHe A FellA = A&y
7t gobAlvh Hg Z-5 ke 32 Zz2gol W
AHog dojupmnZ Zhangle)oll A &) ZHof =23}
= 3| Aol A W7 =4S 9l AgHh
g2 7] AECS} AR o] AgEH, WA 7
b ghate] Fheks Hrkelr] fle Wow A%
H Zed scout Bd= o]&¥rh E AFelAE
Z-% AEC dalE|E< o] g3l Agdes A
L35 3k AlF o JAIRS] ZT)6ll vl weak,
average, strongd] A7|2 AYE 7ok =A% 2o

=
stel. 2 A3}, weak/strong e & AA g AEC 7| Z3lo]
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Hlel] Aol oF 20~50% A& Fasldar, e A
7HAE el o] g el aABTHA A% e
3 7P AR e eyt o] & TR weim
HollAl 245 AlAste] o 744 24E 3ll7] Wi
ol FAFZke] M3} slim 911 welw ZREA 3
AFe AL obese FHANAE ST

AEC 7% o] SF7H ol A3t Aoz kst w3k Ay
of A&k 37bA =3te] AEC 7IW& A&d 4% 77
AAX G 272> A 19.6%9] A AEEITL dolom,
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IS 0188 SHR g Za &
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53 olshalat 1ol 9% 37 HF 47.4%2] o)
$ 2 A% GEIIE QST ol YA e BAE

Aol Al AEEl AEC 71H-S A=A} A4
kAl Q)= HZ(reference) mAse] 7|50l Aele] FFA]
79l oF 70~80 kg EE Ao 2, 20~30 kgE 4ol 3
eta e AlZ Aol Ak ol FAF AL A=z
mAs7} obU7] uiigel] el Fe nABFIIY Het
ki 7 U o] "ot wakA 1R A8 AEC 7
W ool o =, gor el Ay e =
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Reducing of Craniofacial Radiation Dose Using Automatic Exposure
Control Technique in the 64 Multi-Detector Computed Tomography

Youl-Hun Seoung*T, Yong-Ok Kim™, Bo-Young Choe*

*Department of Biomedical Engineering, Research Institute of Biomedical Engineering, College of Medicine,
The Catholic University of Korea, Seoul, TDepartment of Radiological Science, Daewon University College,
Jecheon, TDepartment of Radiology, Seoul National University Bundang Hospital, Seongnam, Korea

The purpose of this study was to evaluate the usefulness of reducing of craniofacial radiation dose using
automatic exposure control (AEC) technique in the 64 multi-detector computed tomography (MDCT). We used
SOMATOM Definition 64 multi-detector CT, and head of whole body phantom (KUPBU-50, Kyoto Kagaku CO.
Ltd). The protocol were helical scan method with 120 kVp, 1 sec of rotation time, 5 mm of slice thickness and
increment, 250 mm of FOV, 512x512 of matrix size, 64X0.625 mm of collimation, and 1 of pitch. The evaluation
of dose reducing effect was compared the fixed tube current of 350 with AEC technique. The image quality was
measured the noise using standard deviation of CT number. The range of craniofacial bone was to mentum
end from calvaria apex, which devided three regions: calvaria~ superciliary ridge (1 segment), superciliary ridge ~
acanthion (2 segment), and acanthion~mentum (3 segment). In the fixed tube current technique, CTDIvol was
57.7 mGy, DLP was 640.2 mGy - cm in the all regions. The AEC technigque was showed that 1 segment were
30.7 mGy of CTDIvol, 340.7 mGy + cm of DLP, 2 segment were 46.5 mGy of CTDIvol, 515.0 mGy + cm of DLP,
and 3 segment were 30.3 mGy of CTDIvol, 337.0 mGy - cm of DLP. The standard deviation of CT number was
2.622 with the fixed tube current technique and 3.023 with the AEC technique in the 1 segment, was 3.118
with the fixed tube current technique and 3.379 with the AEC technigue in the 2 segment, was 2.670 with the
fixed tube current technique and 3.186 with the AEC technique in the 3 segment. The craniofacial radiation dose
using AEC Technique in the 64 MDCT was evaluated the usefulness of reducing for the eye, the parotid and
thyroid with high radiation sensitivity particularly.

Key Words: Multi-detector computed tomography (MDCT), Craniofacial radiation dose, Automatic exposure
control (AEC)
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