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Abstract: This study was to evaluate the usability of self-developed phantom for evaluating automatic exposure con-
trol (AEC) using three-dimensions (3D) printer. 3D printer of fused deposition modeling (FDM) type was utilized
to make the self-developed AEC phantom and image acquisitions were conducted by two different type of scanners.
The self-developed AEC phantom consisted of four different size of portions. As a result, two types of phantom (pyr-
amid and pentagon shape) were created according to the combination of the layers. For evaluating the radiation dose
with the two types of phantom, the values of tube current, computed tomography dose index volume (CTDIvol), and
dose length product (DLP) were compared. As a result, it was confirmed that the values of tube current were properly
reflected according to the thickness, and the CTDIvol and DLP were not significantly changed regardless of AEC
functions of different scanners. In conclusion, the self-developed phantom by using 3D printer could assess whether
the AEC function works well. So, we confirmed the possibility that a self-made phantom could replace the com-
mercially expensive AEC performance evaluation phantom.
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Fig. 2. Four steps of phantom production (Modelling, Segmentation, Printing, Assembling)
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Table 1. The specific dimension of the self-developed AEC phantom (unit: mm)

Number Width (X axis) Length (Y axis) Hight (Z axis)
1 117.0 175.0 25
2 167.6 251.1 25
3 235.2 352.6 25
4 285.8 428.7 25

*Note: Number = four sizes of axial portions in a self-developed phantom. The first is the smallest one and the fourth is the

biggest one.
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Fig. 3. Two types of self-developed phantom (a) Pyramid shape (b) Pentagon shape
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Table 2. Scan and image acquisition parameters

Parameters Somatom Definition Edge (Siemens Healthineer) Discovery 750HD (GE Healthcare)
Scan type Helical scan
Tube voltages 120 kVp
AEC mode CARE dose 4D (X, Y, X axis) Auto mA + Smart mA (Z axis) + (X, Y axis)
Tube current(s) Ref. mAs = 400 mAs mA range: 100 ~ 835 mA
Rotation time 0.5 second
Slice thickness 5 mm
Interval 5 mm
Kernel B3of Median smooth
Pitch 1
ShQATh WA, Zh o] o7t ¥R (Tube current) 215 2]aL HARIA AlE== Dose Reporte] CT A71e] CTDIvol
A Hrlela=dl, = 19 HEY ZF e =29 B+ (CT Dose Index Volume)i} DLP(Dose Length Product)

e vlastgon dAlEQl Tz R e Seleiik. 1 gho R A etsto] AR vz =g ety g o



Journal of Biomedical Engineering Research 41: 147-153 (2020)

oE.

3. SAIEY

whe] A TR 2719 7 W] Bl A THRmAY
Z71 B A 42 g Y8l SPSS(Version. 18, Chicago,
IL, USAE ARg51od, v]&4= 7]HQl Kruskal- Wallis H testE
A3PstHar, AFSEAS Q8|4 Mann-Whitney U testS
o] &5ttt P-valuer= 0.055 ARg-3H3IT.

nm.z 1
. BEF(MA)
(1) "=y WE (JFAARE A §A)

i =g Wg-S A8 A1}, Siemens?t GE ] 2

5 717t 47)o) Bele) SIS v BAT SH7
%”3’—, EAACE FOfgt Atol7t IUH(P<0.05)(Table 3).
wetn)=g FzolA Holst /g 2 AR g 2 At
A & ) 73 EE A, B, C, Dot ARE o, H ¥
AF A= o2 2ttt Siemens AH|2 AECE o]&-
Al AolA 71 BFe 4=22]Q1 68 mA, BojAl= 156 mA, C
o= 357 mA, FAE 7P A% DofMs 7MY w2
z]¢1 651 mAZ} =9t} vz 2 GE Aol AEC
2 Hg AoE Aol 7bg e 2219 TRl 100 mA,
BojlA= 199 mA, ColldE 592 mA, Dol|d& 71 &2
Z]9l 834 mA7} TEEcH(Table 3)(Fig. 4).

(2) HEeprs HARAAZL F 1A
uiﬂ%“é “ﬁ‘%‘% iﬁ?‘& Avte Siemenset GE 4H| &
2 o 77| W3lol| wet Pt BHF

2

f
o
gl
iy
=4
19
L

E 3. wjeiu|= g ek WS ol 83 BF A7t 44

Tube current (mA) of
Pyramid Shape's phantom
1000

800

< 600

400

200

0
A B C D
Each axial portion
—B—Edge —®—750HD

a8 4. 9= &t HARF
s} A2 D% ow DA eAjHom 2 47}Xl a7lo u
WMo 4g

Fig. 4. The graph of tube current (mA) with the two different
AEC function by using the pyramid shape self-developed
phantom. This phantom consists of four part of different
thickness. From A to D, the size is sequentially large
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Table 3. The results of tube current (mA) with the two different AEC function by using the pyramid and pentagon shape

phantom
Phantom shape Axial portion Somatom Definition Edge Discovery 750HD
A 68 100
B 156 199
Pyramid shape C 357 592
D 651 834
p-value <0.05 <0.05
A 153 134
B 566 767
Pentagon shape C 486 573
D 294 207
<0.05 <0.05

*Note: For Pyramid shape, From A to D, the size is sequentially large. For Pentagon shape, the size is the smallest

in A and the biggest in B (the specific size; B>C>D>A).
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Fig. 5. The graph of tube current (mA) with the two different
AEC function by using the pentagon shape self-developed
phantom. This phantom consists of four part of different
thickness. The size is the smallest in A and the biggest in B
(the specific size; B>C>D>A)
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