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The Study of Influence on Reducing Exposure Dose According
to the Applied Flat-panel CT in Extremity Bone SPECT/CT
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Purpose: With the demand of SPECT/CT increasing, the interest in complex diagnostic information of CT is
rising along with the expansion of various studies on potential performance value. But the study on reduction of
exposure dose generated by CT is not being conducted enough. Therefore, in this study, the goal is to identify
how much dose reduction exists when performing the extremity bone SPECT/CT using the flat-panel CT.
Materials and Methods: The extremity bone SPECT/CT was performed with two equipments -BrightView XCT
(Philips Healthcare, Cleveland, USA) and Brilliance 16 CT (Philips Healthcare, Cleveland, USA)-to identify the
exposed dose and image quality resulted by changing scan parameter (mAs) applying for both equipment
respectively. The noise value of image and spatial resolution were measured with AAPM CT phantom. Tube
voltage (kVp) was fixed to 120 kVp, tube current (mAs) calculated at different mA (20, 30, 40, 50, 60, 70, 80)
was applied to both equipments respectively. DLP (dose length product) were calculated at the same distance at
respective mAs. Also, we acquired images and % contrast with NEMA IEC body phantom to confirm the effect
on image. The output of statistics was analyzed by SPSS ver.18. Results: Regarding AAPM phantom, the noise
decreased as the tube current (mAs) increased and flat-panel had less noise than Helical CT. This difference
increased at lower dose exposure. As to the evaluation of spatial resolution, we can differentiate the space up to
0.75 mm with both equipments. With scan parameter (mA) growing, the value of DLP increased up to 54-216
mGy-cm at flat-panel CT and up to 177-709 mGy-cm at Helical CT. Regarding NEMA IEC body phantom, same
sphere with varied parameter (mA) shows that similar results. Conclusion: There is no significant differences of
image quality in both flat-panel and Helical CT when the scan parameter (mA) is changed respectively. Moreover,
we can identify the reduction of exposure dose and confirm %contrast analysis value with maintaining image
quality. Therefore, at the extremity bone SPECT/CT requiring high spital resolution without the wide ROI, the
flat-panel CT is considered to be more useful and it expected to result in the similar image quality with lower
exposure dose compared to Helical CT. Additionally, through this study, we expect to help the reduction of the
unnecessary exposure dose. (Korean J Nucl Med Technol 2013;17(2):15-24)
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1. THEd(Phantom) X{|&

1) CT phantom

CT phantom 4132 AAPM (american association of phys-
icists in medicine) CT Performance Phantom (Fluke Biomedical
Corporation, USA)S A3 THFg. 1).

Alignment pin part (water tank), resolution insert part,
low contrast extension part, CT' number calibration insert part,
slice thickness insert part, bone ring part & 671 =4 44
o2 FAE0] Qlom, FIE | 5(spatial resolution) H7+5
O3t 377 A E2] =7 1.75, 1.50, 1.25, 1.00, 0.75, 0.61,
0.50, 0.40 mmo|ckFig. 2).

2) SPECT phantom
SPECT phantom A1¥2 NEMA (national electrical manu-
facturers association) IEC (international electrotechnical com-

mission) Body Phantom (Data Spectrum Corporation, USA)

(hot lesion), 28, 37 mm<] = WY 4x(cold lesion)Z A3}

Fig. 1. AAPM CT Performance Phantom was used to evaluate
the noise and spatial resolution of CT study.
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Fig. 2. This picture shows air holes size of resolution insert part.
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Fig. 3. NEMA IEC Body Phantom was used to evaluate the
%contrast of SPECT/CT study. The activity ratio between a hot
sphere and background is 8 to 1.

o} "Te WA QlokE-S o] 83tod, l:'H?'Y‘E'W%bacl{ground)
= 1144 kBg/mL =2 19} FH 5T H|8-2 8u) JAI5)
X cHFig. 3).

2. SPECT/CT2} CT ZH| & FMEE

CT #H]+= BrightView XCT (Philips Healthcare, Cleveland,
USA) 9] flat panel CT¢} Brilliance 16 CT (Philips, Healthcare,
Cleveland, USA)9] helical CTE o]-&3}%thFigs. 4, 5).
] = A - 3R] W CT L2 EF(protocol)S FYLsH

A gsto] Y= d5sren RS ALt 7 =4
2 Zol5lA 4AsHgIc) SPECTAH]: BrightView XCTS
0]8-5}+31 11, bone SPECT 2 EZ2 #-85lo] GAS &
Sh3k
3. Al

1) CT phantom 4 g

AAPM CT phantom= thAlo2 T2 120 kVp= 12
HeliaL, TARE BuE CTe] 4 ol W 2 2742
20, 30, 40, 50, 60, 70, 80 mAE 7|F 0 2 AFEE TA =]
146, 219, 292, 365, 438, 511, 584 mAsE T AH]of Z=US}A|
A3t A Earg]E2 'High' (shape & high reso-
lution)2 FL3HA #8321, bone filter, 512x512 ma-
trix size, trans axial FOV (field of view) 140 mm (227), A&
2005 mme] AR 2712 SUaA A 8sick 2w
FE& #83lo] AAPM CT phantom®| &% ¢ % 'High'
orE|ze] HAHR Slote] %8 2lA}ol ol Z(noisc)2t
F % (image definition)?] 7|7} 7153t alignment pin part
(water tank)@} resolution insert part 5+ FHAA FALS &
EstFom, 2} 24| whE CTZY A] dose profile®] Z=
ko] A s AU FAE e #4k%1 CIDI (computed

= =1
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Fig. 4. BrightView XCT (SPECT/CT) was used for experiments
of flat-panel type CT.

PHILIPS

Fig. 5. Brilliance 16 CT was used for experiments of helical type
CT.

tomography dose index)®} CIDIof| Z= WaF ZAH o] &
ZolE 3t 4422 DLP (dose-length product)ghrS AHE3d}

.

2) SPECT phantom 2§

NEMA IEC Body Phantom& ©]-8-5}%] bone SPECT
ZEZS AL3l9a, EAANSG 30x4] 56° 1A &=
64 frames2 BE3IE A4 T2 T332 Astonish (Philips
Healthcare, Netherlands)& ©]-83}31 01, 2|14 WIS iter-
ative 4, subsets 162 A3, CT AEE 0]835}1o] 744
RBA, AR shelet. CT271-2 CT phantom A7 5
si7l 28319105, 7F CT2700] T2 SPECTAS % 73]
o= 7, AT
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1) CT 9457}

AAPM phantom W]€] alignment pin part (water tank) %
AFS YaAHol4d EBW (extended brilliance workstation,
ver. 4.5)5 3l 2415tk Phantom A Ao ufe} JAF
A 2 Z(window width)S 100-3002.2 417 3t & water-tank
o] 6A] HFGF BlTt 1/4 Aol 4x4 em’ (16 crsq) 2] AFFE
ROI (Region of interest)S 18 0|25 3354 43I TH

(Fig. 6). TAF Walo] ulet H5 22e] AR FUAR
oo 2 2451900, 1 7 SPSS ver.182 olgslo] &

A A8

AAPM phatom®] resolution insert part®] FAS I
glo]Ad EBW= 2435}tk Phantom A Ajof wla} JAk9]
window width 300, A ZX|(window level) -1500.2 4% &

7)ol 212537] 1.75, 150, 1.25, 1.00, 0.75, 0.61, 0.50,

v

AT 26010 ™M 5
AV; =07 HU

SD: 365

Fig. 6. The ROl is drawn in alignment pin part image for CT noise
test.
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Fig. 7. This pictures show a visible estimation for spatial reso-
lution test.
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2) SPECT gAr37}

CTz719] ¥zl utg} NEMA IEC Body phantom ©]
83to] SPECT /=& E53a13lal $=2HE|o]d EBW NM
(Extended Brilliance Workstation NM, ver. 2.01)2 53l &
Asiich NEVA 3 35k 2 39 2010} 4 2
Hol= 34 &atol [E4x(thot sphere)?] H-¢- X A&
U= geto] A5 2ot 7ttt} ROIE 37 mm = 107
cnt’, 28 mm = 7.1 e’y 22 mm = 4.3 em’, 17 mm = 2.4 cm2
13 mm = 1.4 ey, 10 mm = 0.9 e’ 2 ARSI, A
= 5i51cKFig. §). 2 Fokch ek RO 503t 2171
ROIE & 127§R(& 727)) A3k phantom FHHEOo] w
Tehe= qfelol] QT 10 AANL F A% e 3

A8, 127) et s Aee] Hig 8k thFig. 9).
el 2} F-9] Zhhot spheret= max}, cold spheret= mean

_IlN'

Fig. 8. This picture is a representative slice of NEMA IEC body
phantom with position of lesions ROIs and background ROls
indicated.

Fig. 9. This pictures show background ROls against lesion ROI.
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Fig. 10. These pictures are noise test images of helical (left) and flat-panel (right) CT.

Table 1. Analysis of ROIs (AAMP CT phantom)

mA 20 30 40 50 60 70 80
mAs 146 219 292 365 438 511 584
Noi ﬂat—panel 63.0 55.8 49.0 433 41.6 38.9 34.8
oise
helical 75.6 61.7 53.9 47.8 43.3 395 36.9
CTDI flat-panel 3.8 5.6 7.5 9.4 11.3 13.1 15.0
helical 11.3 17.0 22.6 28.3 34,0 39.6 45.3
DLP flat-panel 54.0 81.0 108.0 135.0 162.0 189.0 216.0
helical 177.4 266.1 354.8 443.5 532.2 620.9 709.6
. flat-panel 0.75 mm
Resolution i
helical 0.75 mm
Noise ot
5. valuein ROTsq)
80.0
el o Yocontrast Qy; for each hot sphere
HEHelical C — C .
60.0 Qi = #i LETRNS 100%
'H, 0
50.0 ! CHJ + CB,J'
400 i o Yocontrast Q; for each cold sphere
30.0 Cn
Quy=1— =[x 100%
20.0 | ’ B.j
10.0
0.0 L EET L | . = e e
20 30 40 50 60 70 80 S 7Ed J_-'-}

Fig. 11. This graph shows results of noise test.

L CT @4 2 miZ M2 Tt

ET Sl 2] WaekeE Btgh(12709] Bath)S of
9] T AL 0]83}0] Y%contrastS AAFS AL, SPSS ver.18-2 AAPM CT phantomg ©]-83F CT 0|2 7oA A
0|8 A EAI5HTE Yocontrast= Tyt -2 FA1S o] Z 712 20 (146), 30 (219), 40 (29), 50 (365), 60 (438), 70
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(511), 80 (584) mA (mAs)= HIZHAZIE wf, HHE CTo =
O] & 72 63.0, 55.8, 49.0, 43.3, 41.6, 38.9, 34.8%2 Hx} T4
a1, UAE CTl o] X Zhe 75.6, 61.7, 53.9, 47.8, 43.3,
39.5, 36.92 A} 7F48FHth(Fig. 10, Table 1). HYU3F =4
o of Py CI7F YAE CTHEE o]= gho] ARgtom,
T gke] Foli= A M| 2AUSE Z/bsckFg 1)

HeF27AmA)e] Watel] T2 SjEM FriolA Hee
CT9] CIDI #+2 3.8-15.0 mGy, DLP ¢+ 54.0-216.0 mGy-
mo® ZAY Zrlo] wel Z7skli, Y CTY
CIDI %} 11.3-45.3 mGy, DLP g} 177.4-709.6 mGy-cm
oz 231 F7tel wet S7FskgtTable 1). 59U 231Y
o} Bk CT7h Lpig CTa} sl adepo] gion, 1 gk

CTDI

)
o
o,
N
)
=2
=

46.6+9.9, L}JAE CT 51.2+13.70]0, 4.62] x}o|(F 4 0.6-Z]
o) 12.6)7} 91Tk E3t CIDI 7o) 79 Hud CT 9.4x4.1

mGy 9] Z}o](F]4 7.55-Ff] 30.3 mGy)7} AAfTE 22 =4
oAl DLP %t2] -9 HHFCT 135.0£58.3 mGy-cm, LHA1H
CT 443.5+191.6 mGy-cm%3l, 3085 mGy-cm®] *}o|(F|4
123.4- 2]t} 493.6 mGy-cm)7} AT Table 2).

mGy*Cm DLP

mGy
50.0 800.0
1 Flat-panel
45.0 LIFlat-panel - O p
40.0 EHelical HHelical
600.0
35.0
500.0
30.0
25.0 400.0
a0 300.0
15.0
200.0
10.0
5.0 100.0
\
0.0 mAma 00 T o A (mAs)

20(146) 30(219) 40(292) 50(365) 60(438) 70(511) 80(584)

20(146) 30(219) 40(292) 50(365) 60(438) 70(511) B8O(584)

Fig. 12. This graph shows dose analysis through CTDI (left) and DLP (right) of CT test.

20mA 30mA 40mA

50mA 60mA 70mA

80mA

Fig. 13. These pictures are Spatial resolution test images of helical (left) and flat-panel (right) CT.
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Table 2. Statistic of whole ranges at CT test

YRR 2 521, 4 - SfA| # SEPCT/CT HAIIM g CTY WEXZ ol
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No. Mean Max Min SD
noise 7 46.6 63.0 34.8 9.9
Flat-panel CTDI 7 9.4 15.0 3.8 4.1
DLP 7 135.0 216.0 54.0 58.3
noise 7 51.2 75.6 36.9 13.7
Helical CTDI 7 28.3 45.3 11.3 12.2
DLP 7 443.5 709.6 177.4 191.6
Resolution 0.75 mm
Table 3. Similar noise values (image quality) were compared through CT study
Group (noise) 1 (40) 2 (43) 3 (48) 4 (54) 5 (62) Average comparison
flat-panel 438 365 292 219 146
mAs . 21% decrease
helical 511 438 365 292 219
flat-panel 13.1 9.4 7.5 5.6 3.8
CTDI . 74% decrease
helical 39.6 34.0 28.3 22.6 17.0
flat-panel 162 135 108 81 54
DLP . 75% decrease
helical 620 532 443 354 266
. flat-panel 0.75 mm
Resolution j
helical 0.75 mm
Table 4. Same dose values (CTDI) were compared through CT study
Groupl (CTDI 11.3 mGy) DLP 162-177 mGy-cm
) flat-panel 41.6
Noise . 45% decrease
helical 75.6
) flat-panel 0.75 mm
Resolution i
helical 0.75 mm
7 CTOJH 50 mA (365 mAs) 2702 29 A| ko] 7569] 4|2 2gEiglen] Bad CI7} Lhald CTan

Z 7o 43303 1HAE CTolA] 438 mAs] 27 0= 2o
3} o] ghah ZeHTable 1). o]} Zhe vpH o] HEda] GA}
0| & ZF 40, 43, 48, 54, 6202 ZA L= X AERE 152
Usle u, B 438 mAset LAIE 511 mAs, HuHg 292
mAs®}t }AE 365 mAs, HIE 219 mAset LAE 292
mAs, B2HE 146 mAset LHE 219 mAs & 5715°] A
gk eo|= gho g ZAE|Qlom, 7y g b HlaLo| A A=k
Z7(mAs)2 Fg CI7F YAE CTETE 73 mAsy] Wol
21% 7rAE|Q o, 1o uk2 CIDI= 74%, DLP: 75%7%
T ZFAE|QIrHTable 3). & CTo|A 60 mA (438 mAs)
Z70= 29 A] CIDIZE 11.3 mGy2A] U418 CTojA]
146 mAs9] 2702 o 3t ujo] 711} ZriTable 1). =3+
DLPZS 162-177 mGy-emO.& H|$:3}t 0] mZ ek
Hork o]} o] FUgh HIAMTF oA 9] F Au] AL
o]9] o= Hi= HIE CTo|A 41.6 LAg CTolA

21
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2. SPECT GNTI}

NEMA IEC body phantome- ©|-8-¢t SPECTHA} & H7}
oAl e 27 mA (mAs)E CT A1t 5L3HA 20 (146),
30 (219), 40 (29), 50 (365), 60 (438), 70 (511), 80 (584)= W3}
ANA GAEsE = A4 3 ARt Bt g 14). 2t
sphere®] %contrast 712 cold sphere 37 mmof|A] 59.9, 59.8,
58.7, 59.0, 58.9, 60.0, 60.5= 28 mmol|A] 43.1, 44.5, 44.6, 45.2,
44.1, 43.8, 42.6 ©.2 A=E Utk hot sphereof|A] 22 mm&=
82.8, 82.0, 81.4, 81.2, 83.0, 80.5, 83.2, 17 mmo||A] 69.4, 70.1,
71.5, 69.2, 68.3, 68.9, 71.2, 13 mmoj| 4] 50.8, 49.0, 48.8, 50.6,
520, 51.1, 49.3, 10 mmojlA] 36.1, 35.0, 35.4, 35.1, 35.3, 35.5,
36402 AZEQlc) ZF 2 A9 u}2 BE cold sphere?} hot
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sphere®] Y%contrast3t .2 F-8| % TQCI (total quality con-
trast index) ZE2 20 mA©]A] 42.1, 30 mA©°]|A] 3404, 40 mA

. . .
i 20mA e 30mA A 40mA
i g -
|
. . .
‘ S50mA 60mA 70mA
.
80mA

el

Fig. 14. This picture shows Images of SPECT test for each mA.

Table 5. Analysis of ROIs (NEMA IEC Body phantom)

of| 4] 340.5, 50 mA©°JA] 340.3, 60 mA©j|A] 341.7, 70 mAS]| 4]
339.8, 80 mA©||A] 34320 & AMZEE|QITHTable 5).

A A A, 2F S 271 AgRd(mA)S] Hato|
2 %contrast= 37 mmoj|A] H 59.5+0.6%, 28 mmoj|A]
Bt 44.0+0.9%, 22 mmoj|A] Bt 82.0+1.0%, 17 mmojlA] H+t
69.8+1.1%, 13 mmoj|A] 50.2+1.2%, 10 mmoj|A] H4t 35.5+0.5%
2 YEPGEO ™, £0.9%2] 2}o|7} 1t Table 6). Hot sphere
2} cold sphere®] F-& §lo] FA+e] ZwHAQl 2= Eajls
7ol 2ol TQCIFES 341+1%9] ghs R tHFig. 15).

2

il

SPECT/CTe] i3} 37 1R|e] 7154, sjsista) o4k
XSS sl R0] s Egie ol Bakd A
g sike] AAAT} ool e 248 £ §tolu)d
o]

3 ok Aeltn glov), A 1WA 1 @

KX
=

mA 20 30 40 50 60 70 80
mAs 146 219 292 365 438 511 584
Cold 37 59.9 59.8 58.7 59.0 58.9 60.0 60.5
(o)
28 43.1 44.5 44.6 45.2 44.1 43.8 42.6
22 82.8 82.0 81.4 81.2 83.0 80.5 83.2
Ycontrast
I 17 69.4 70.1 71.5 69.2 68.3 68.9 71.2
ot
13 50.8 49.0 48.8 50.6 52.0 51.1 49.3
10 36.1 35.0 354 35.1 35.3 35.5 36.4
TCQI SUM 342.1 340.4 340.5 340.3 341.7 339.8 343.2
TQCI = total quality contrast index.
Table 6. Statistic of %contrast for each sphere
Cold Hot Sum
Sphere 37 mm 28 mm 22 mm 17 mm 13 mm 10 mm TQCI
Y%contrast
ean 59.5+0.6 44.0+0.9 82.0+1.0 69.8+1.1 50.2+1.2 35.5+0.5 341+1.0
TCQI
SUM %
400.0 - = = B = < 343.2
4 o ¥ L S g i +
300.0
200.0
100.0
0.0
20(146) 30(219) 40(292) 50(365) 60(438) 70(511) 80(584) MA(mAS)

Fig. 15. This graph shows results of TQCI for each mA (mAs).
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ARolA CT gz S8 Ag271s 2851902 1)
hot sphere®} cold sphere®] %contrast”} UAsHA| A==
Y= HAAr mEka] SPECT/CT| &9 24014 Bad
CTe] 4lek27(mA)e] sk SPECTS} CT 9i4ko) o] 2
VI A Fon, E2AF daans 7 4= ek
SpAIk A14) SPECT/CTo] 23 LA CTole] 4344
ol ul3} o]0} 4] L, CTe} SPECTe] chopst of
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Som=, arel A fAlo) AlofA F71Hel e B4
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