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— Research of z-axis geometric dose efficiency
in multi-detector computed tomography —
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MDCTO)A e} = tubed] focal spot Z7]o| W=
-2 NFESS vTs}7]98] GEALY] LightSpeed Qxi
(4 MDCT), LightSpeed Ultra(8 MDCT), LightSpeed
Ultra 16(10 MDCT), &)1l LightSpeed VCT(64 MDCT)
£ o]83%tt. Small focal spotd] Z-8-2 sA= 24
KW ujgte] x2 279l 120kVps}t 180 mAS A slo
233191, large focal spot?] H8E 934+ Light
Speed QXi, LightSpeed Ultra, LightSpeed Ultra 1694
+= 120 kVpe} 250 mAE, LightSpeed VCTOA:= 120 kVp
¢} 350 mAsE AT

2) Beam collimation9] =7]

Focal spot A7)0 W& 7-& AHFas AT 5Y
3 4229] GEA} MDCTE ARg3om, A7 A Hes}
£ beam collimation®] F7|of] W& - XNFFTLE
H| 23tk

4 MDCToAle 20mm, 10mm, 5mm beam colli-
mationol 4] H|Za}Pom, 8 U 16 MDCTH|AE 20 mm
9} 10 mm beam collimationol|#], 12|31 64 MDCTo]A]
+= 40 mm%} 20mm beam collimationof|x] AFHFELE
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3) Detector combination®] 3}
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o|X] ZU3t focal spot size@} beam collimationS A
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AFgaes s
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g A 16709 FHe dolh 16 A ook 8 A
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9] beam collimatione ZFH= 8 X 1.25mm9] detector
combinationg AEHFH Aol UAAE A7 pitchE
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FaE&S SHsIo
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1. 2 e CTY z-5 Dlo=td MESE2 Hin

SDCTQ! GEA} HiSpeed advantage©]|A4] small®} large
focal spot& L3} 10 mmZ A3 &2bolA BA=
Z}z} 10 mm(100%2) z—& AFES)E =)

2]31 MDCTQl LightSpeed QXi, LightSpeed Ultra,
LightSpeed Ultra 16, LightSpeed VCT R4 33}
z—& AZFH-EL small beam collimationS A3 3%
64 MDCT7} 7} =9k0(small focal spot; 92.70%,
large focal spot; 89.31%), 16 MDCT2} 8 MDCT= &
&3 AolE Hyloen 4 MDCT7} 7H WSkt

Large beam collimationo]*}+= small focal spoti}
large focal spotollX9] MFAEL Zolg EQ F,
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= z-% Agago] 8 MDCTZF 7H &9100(98.96%),
16 MDCT(98.66%), 64 MDCT(95.61%), 4 MDCT(86,34%)
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spot®] ZFOIHE 16 MDCT7 7HF =Qrom(97.40%)
64 MDCT(94.94%), 8 MDCT(94.84%), 4 MDCT(82.75%)
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Beam collimationi} detector combination®] %<3}
ZgeollA focal spot 7|0 WE z—-F MFAEL small
focal spot®] large focal spotol]l B3] A 0,67%A]
o 13.62%9] WA %o Z+ Fupd zloj= ot
S 28kt

4 &eEbolA MDCT 739 20mme}t 10mm beam

collimation®f|A]&= small focal spotof|AQ] z—& AeHE
£0] large focal spotol H]3] Ztz} 3.59%2} 3.16% =9
20, 5mm beam collimationoA= 6,31% =t} 8
Sefol MDOTS] 29 YHOIA T2 ASHE B4
E Bool tbe o BAo] 87 BAE Ao FSHE
detector combinationo|A] W3t ZAF} 20mm beam
collimation®} 10 mm beam collimation®j4] small focal
spot©] large focal spotol B3] Ztzl 4.19%9} 3.42% =
ATt 16 &Elo|A MDCTY AL AolA] =2 AL E
£ YHES 2= tube Y FH 167 FAFS BES)

Table 1. Comparison of Z-axis dose efficiency in SDCT and each level MDCT made by GE.

Model Focal spot size Beam callimation(mm) Detector combination Z-axis effi (%)
HlSpeed advamage Small 10 1X10 mm 100
(SDCT) Large 10 1X10 mm 100
20 4X5 mm, 2X10 mm 86.34
Small 10 4X2,5mm, 2X5mm 76.08
(4 MDCT) 20 4%5mm, 2X10 mm 82.75
Large 10 4X2.5mm, 2X5mm 72,92
5 2X2,5 mm 54,61
20 8X2.5mm, 4X5mm 98.96
Small 8%1.25mm 82.26
10
(8 MDCT) 20 8X2.5mm, 4X5mm 94.84
Large 8X1,25mm 78.84
10
4X2.5 mm 83.57
16X 1,25 mm 98.66
20
8X2,5mm 99.82
Small
16X 0,625 mm 85.70
10
LightSpeed 16 8x1,25 mm 85.19
(16 MDCT) 16x1,25 mm 97.40
20
8X2,5mm 96.99
Large
16x0,625 mm 78.80
10
8x1.25 mm 78.41
40 640,625 mm 95.61
Small
LightSpeed VCT 20 32x0.625 mm 92.70
(64 MDCT) 40 64x0,625 mm 94.94
Large
20 32x0,625 mm 89.31
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MDCT 329 -% 7[o}3ty dgago] ot A

= detector combination®f|A] ¥V]ZF A3} 20 mm beam
collimation¥} 10 mm beam collimation®||A] small focal
spot©] large focal spotol B3} z+z} 1,26%%} 6.90% =
ottt 181 64 &Eho)2 MDCTE 7% 40 mm beam
collimation¥} 20 mm beam collimation®]|A4] small focal
spoto| A9 z—& AFH-Zo} large focal spoto] H|3|
242} 0.67%2F 3.39% &34

2) Beam collimation®} 37|

Beam collimation Z7]9) W& z—-& AFELS v|L
3l A3t RE Ax|o]|A] large beam collimation©] small
beam collimation®] ¥|3l A 3.13%°4 & 51.52%
o] ol Egton Z+ A Zol= vt ATt

4 &dolA MDCTY] 73$- small focal spotofAl+= 5mm
beam collimationd| B]3]] 10 mm beam collimation¥}
20mm beam collimation®] z—-& AFaso]l 2z
15.16%2F 25,42% =k ™, 10 mm beam collimation]
v]3]] 20 mm beam collimationS 10.26% =t} 18]
31 large focal spotolA+ 5mm beam collimationo]]
B3] 10mm beam collimation®} 20 mm beam colli-
matione ZFz}b 18 31%2} 28.14% =9ro™, 10 mm beam
collimation®] H]3} 20mm beam collimationS 9. 83%
E34th 8 &EjolA MDCTY] 79 tube U 3]Ao] 871
AFS 3ESK= 10mm beam collimation®] ®|3] 20 mm
beam collimation®] z—% A%FHE-E0] small focal spot
oAl 16.70%, large focal spotoflAl= 16.00% =31ch
16 &zto]A MDCTE] 79 tube ¥ 3|Hf 1671 FA+&
3| E3F= 10 mm beam collimationo]] B]8] 20 mm beam
collimation®] z—% A%F&8-°] small focal spoto]Af=
12.96%, large focal spotollAl= 18.60% =ttt 1811
64 &d}lo]A MDCTE 79 20mm beam collimation®]
B]8l 40 mm beam collimation?] z—% A1ZFH-E0| small
focal spotoflAl= 2.91%, large focal spotof|AE 5.63%
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3) Detector combination®] 3}

T U3t focal spot size?} beam collimation2 ZEH§H
XyelollA] detector combination?] Xjojo]] W& z—= Al
FaES 43 AT thaT 3T
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3ol AEglo] z—& AFAES M AL, 8 &
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o4& detector combination®] ¥3lo] Ao z—& A
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783 16 &efo]s MDCTAE tube U 3ol 87K
= 167 FAE EE3F 4 9= detector combination
2 HIAF|H 0,39~1.16%2] HloNA z—5 AFaE0]
alolg Hojon W] A8 UL
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GEA} 16 £&2lo]2 MDCTQ! LightSpeed Ultra 1694
VA A7 mEel TAH A BEY - AFRE
< 39 & AolA viagt e ohet Z23Th

Small focal spotollA] 0.938 pitch®} 20mm beam
collimation& L3} 16x1.25 mme] Y43 A7} 16
A 4ix5mme] TAH ARl 1% NFEEE
Zk7t 98.66%2 FYU3H o0, 10 mm beam collimation
21 16%0.625 mme YAE 277} 16 DL 2i X5 mm
o TAF AN 2% NFERS 27 857002
Y5

1283 8X2.5mm8] WAE A7n 8 Q] 4i X5 mm
IAH 20N G z-F AFAEES 72} 99.82%8 FY
3L, 8x1.25 mme] WAE A7at 8 e 2i X5 mm
9] IAJA A7 9] AFEE A 85,19%% FUSHICH

EF 5L 22& 283 large focal spot2] -5l
T UAY A7 et IAR A REO] 2-F AFE
& A TYE g2 v,

5) Pitche] W3}

GEARY) 8 <T0)2 MDCTO|A] small focal spot¥} 10 mm
9] beam collimationg ZF= 8x1.25mm®] detector
combinationo|X] WAE A7H9] pitchE 0.625, 0.875,
135 I2]3 16752 WHIA7|AL 2-F AFEESS &4
g A3 ZE pitcholl A 82.26%2 FUsIXCE 2L
16 &@fo)lA MDCT|A small focal spoti}t 20 mm2]
beam collimation2 ZF= 16X1.25 mm<] detector comr
binationof|A] pitchE 0,562, 0,938, 1,375 18|31 1,675
Z AN HRol= z—F AFESE pitch $3lof| 4
#glo) 98.66%% FUsIGITH
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Agolyt ERxGEFT= th Aozt Ut
2 S 7R BE X-4A BRPE G8ATAEl 714
BIEE £ ofuix] A& P o] AMEHD, ot
Algbslo] ZEER|GE s ©OF F Aol AN =

o] 2 o]|Foj et 81 TFH oo AFRE
- projection radiographyol H|3| #¥3% EHE Z=
o} E3F gHbx o FoFHol AMIfo] FHiRo| nvlg|
A25E A4S Hoju, 2 2719 giAldMe FUF
9] Aego] FHR] vla| H|BAY & 4 Urh. 8F
3HH, CTAH 542 A4 fARl E geometry, ARE3}
= ZE3e Fx, A7 =299 FHo] o3 F2 e
e

CTAA| AFEAS ddshe

Ir e

7=
Whe £ 7 Weem HIHT ¢
oF A4l 270lM A7} 50 mGy<} 15 mGyE AeH 28
& mAsS} QEEo 2 W) ol ImPACTOlA 79 o)
@ Algshe CTARH|Y 54 9 &9 ot F2 o83t

2 gk oI QRte CTRde AW QS
FEES PASE Lo MY, oz,
ol Bo| zptem Uelolainh, Qzlo] oW A 3
o] 2451 Azjolct, thA] WEPH standard resolution¥}
&afold BAE g & S koj2vt Hon A7
A HaT sh= AAE Yud siAHl o] RS F
sttt ZFER] god Qi Fousin, Qe A
3t Ao o3 o]Roj Aog2 HEF L2 ohth
kst Qe =& AREE|E: convolution filterol
B2 gFE W] Yol 1dEs QY FELE &
ARGt HE|E ARGSE AEo|A] o]FojFop AW do] #of
A}, Qgtel BRANL +10% FEoltt’

T o2 AZEa8 H7HEPHL focal spot size®} detec
tor array Alo|9] 7|38} A&, Z- detector element
o] A&8E, 191 X-A49 -F 7|5 5ed &
st A= AREEQL Yok,

Detector array2] 7|5Fsta] HE8-82 beam geometry
Q} detection systemo] 7]&3F X-4A ZIHE&E ERY
Ly ol x—&3} z—Zo)4 §aHE4A active detector
element)@} AE&4A}F Alo]9] 7FA(detector element spac
ing)ol| oJ3 Fe-gc} oE E°] GEA} LightSpeed Ultra
BRolAe) FE4A Alole] UAS 1mmz o|2o}A .

Detector array®] 7)3Fet3 AE£a82 2393 de
tector array?] S8 AEHZ W] & detector array
Wae) vigge ANTeEH 9g 4 At ol A
PhilipsAl CTAZ|o|A AtHEH, MX8000 Dual Zgof
A= 80%, MX8000 Quad EdojAE 78%, 1|1
MX8000 IDT RdojxL 75%% Boln Ui, E3t GE
AF9] single detector V418 CT?Q) HiSpeed advantage
ndol AL 80%<l YHH 4 MDCT(LightSpeed QXi)2} 8
MDCT(LightSpeed Ultra)?} 16 MDCT(LightSpeed Ultra
16)2] H$ 70%S Roln UH?. F, X-AHT o o]
oo =9] GAE5o] 7HsEt higher slice CTEA|Us
£ (Jetector array?] 715153 AEaA-&°] thx AAES
o 4= ok

0] higher slice detector arrayso|A z—=9] addi-
tional detector separators(dead space)o] 2|3+ G&A
alof 7]Ql=ElE: Aoltt, EE WA UIN= higher slice
detector arraysol|A4] detector array®] 7|5}8td G&S
FsstAl RABE] fg HHeR F ARAAE de
tector arrayg FdF-ole L FHRANE= FAL ¥
o] B|thA A Q] detector HFEJS M7= St

7} detector element®] FZALEL HFAY EF5&
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MDCT A3)9] 7-% 7[o}sld Mago] B3t a7

(absorption efficiency)d} detector?] HZEHE{conversion
efficiency)oll 28l = 120 kVpe] X-4A AHEY
oA thEEQ] detector element®] HEHEL 98% ©)
A4S Holn o] WHAFEL 99% oS Holji it
Z} A|ZAMAA = detector WHBERES FHAIZI7] A& &
< =3 AFE APkl Sl=, PhilipsE dE &Y,
220 A4z Tach FHolgtal R=2& PP ASIC
A& gt ARSI Q) AZHFRE dAE K52
H3IX])7|= front end electronic circuitry$l TACH %
2 32 A3o Mg o|2E vl HAAA T
9 dojge] ASt-ZHIE A7l B3], o
w2 e EYYdesn e AT &7 1H3ow-
dose scan)it ZHAQ] AS Ze= B2 AT FHpdoA
58 BS e,

X-A£0] z-F 7I5RH &&2 CTHRY 2—% W3k
9] Mol &ES oJulste] MDCTS Wz &4 %2 &
e e 848 o5 FHPIN= FA% 84E over
beaming &/Jo|cth,

A A7 AA LY CT AA7IE(IEC 60601-2-44
Ed.1 1999 CT safety standard)of] X&) Z-& 582 ¢
A7 section sensitivity profile)?] FWHM2 A
% 29O FWHME eo] WEER HAIGE gho|d,
ol A Zago| Uizt AT gt £ vl
278t Jeh. 2By 20039 AHFE(IEC 60601—
2—44 Ed.2 Amendment 1 2003)°4: dlojg] 50
A8E ABLAS WPoIN Dol 2% W 4T =
290 g WELE UEpd ez Aosiar Qlrt o]

= T &TtolA Z HY oA AFzagol ¢S A
Agzzgel gtoa Ve gk onsint?,

4
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Research of z-axis geometric dose efficiency
in multi-detector computed tomography

You-Hyun Kim -

"Moon-Chan Kim

Dept. of Radiology of Health Science College in Korea University

YDept. of Diagnostic Radiology Samsung Medical Center

With the recent prevalence of helical CT and multi-slice CT, which deliver higher radiation dose than
conventional CT due to overbeaming effect in X-ray exposure and interpolation technique in image
reconstruction, Although multi-detector and helical CT scanner provide a varety of opportunities for
patient dose reduction, the potential risk for high radiation levels in CT examination can't be
overemphasized in spite of acquiring more diagnostic information, So much more concemns is necessary
about dose characteristics of CT scanner, especially dose efficient design as well as dose modulation
software, because dose efficiency built into the scanner's design is probably the most important aspect

of successful low dose clinical performance,

This study was conducted to evaluate z-axis geometric dose efficiency in single detector CT' and each
level multi-detector CT, as well as to compare z-axis dose efficiency with change of technical scan
parameters such as focal spot size of tube, beam collimation, detector combination, scan mode, pitch

size, slice width and interval,

The results obtained were as follows ;

1, SDCT was most highest and 4 MDCT was most lowest in z-axis geometric dose efficiency among
SDCT, 4, 8, 16, 64 slice MDCT made by GE manufacture.
2. Small focal spot was 0.67-13.62% higher than large focal spot in z-axis geometric dose efficiency

at MDCT.

3. large beam collimation was 3.13-51.52% higher than small beam collimation in z-axis geometric

dose efficiency at MDCT,

4, Z-axis geometric dose efficiency was same at 4 slice MDCT in all condition and 8 slice MDCT of
large beam collimation with change of detector combination, but was changed irregularly at 8 slice
MDCT of small beam collimation and 16 slice MDCT in all condition with change of detector

combination,

5. There was no significant difference for z-axis geometric dose efficiency between conventional scan
and helical scan, and with change of pitch factor, as well as change of slice width or interval for

image reconstruction.

As a conclusion, for reduction of patient radiation dose delivered from CT examination we are
particularly concemned with dose efficiency of equipment and have to select proper scanning parameters
which increase z-axis geometric dose efficiency within the range of preserving optimum clinical

information in MDCT examination,

Key Words : radiation dose, z-axis dose efficiency, single detector CT, multi-detector CT, focal spot, beam

collimation, detector combination
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