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A Study on the Fabrication and Comparison of the Phantom for Computed
Tomography Image Quality Measurements Using
Three-Dimensions Printing Technology
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Abstract Quality control (QC) of Computed Tomography (CT) devices is based on image quality measurement on AAPM
CT phantom which is a standard phantom. Although it is possible to control the accuracy of the CT apparatus, it is ex-
pensive and has a disadvantage of low penetration rate. Therefore, in this study, we make image quality measurement
phantom at low cost using FFF (Fused Filament Fabrication) type three-dimensional printer and try to analyze the useful-
ness, compare it with existing standard phantom, To print a phantom, We used three-dimensional printer of the FFF sys-
tem and PLA (Poly Lactic Acid, density: 1.24 g/cm’®) filament, and the CT device of 64 MDCT (Aquilion CX, Toshiba,
Japan), In addition, we printed a phantom using three-dimensional printer after design using various tool based on exist-
ing standard phantom, For image quality evaluation, AAPM CT phantom and self-generated phantom were measured 10
times for each block. The measured data were analyzed for significance using the Mannwhiteney U-test of SPSS (Version
22.0, SPSS, Chicago, IL, USA). As a result of the analysis, phantom fabricated with three-dimensional printer and standard
phantom showed no significant difference (p)0.05). Furthermore, we confirmed that image quality measurement perform-
ance of a phantom using three-dimensional printer is similar to the existing standard phantom. In conclusion, we con-
firmed the possibility of low cost phantom fabrication using three dimensional printer.
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Fig. 1. Used FFF type 3D printer:
(a) (Ultimaker3 Extended, Ultimaker Netherlands), (b) (almond, Opencreators, Korea),
(¢) (mannequin, Opencreators, Korea), (d) (N2, Raise 3D, USA).
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Fig. 2. Used Device:
(a) Computed Tomography, (b) AAPM CT Performance phantom
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Fig. 3. 3D printing production process,

(e
Fig. 4. 3D CAD design of the phantom for image quality

evaluation:

(a) slice thickness phantom, (b) linearity phantom, (c) spitial
resolution phantom, (d) case and cap design and contrast
resolution phantom, (e) image quality phantom
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Table 1, Main site setting value of 3D-printer

. . . . ", . costrast
case slice thickness linearity spitial resolution )
resolution
cap and body  support fixture cylinder body case measuring part body
Layer Height 0.2 mm 0.2 mm 0.2 mm 0.4 mm 0.2 mm 0.06 mm 0.1 mm
Shell thickness 2 mm 1.2 mm 0.8 mm 2 mm 0.8 mm 1.2 mm 2 mm
T at f
CHPErAre © 220C 210C 205¢C 210C 211C 210C 210C
printing
bed temperature 70 50C 60 50T 70C 60 60
Infill Density 15 % 100 % 100 % 20 % 20 % 100 % 100 %
used . . . . .
. N2 ultimaker3 manequin ultimaker3 almond ultimaker3 ultimaker3
3Dprinter
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Fig. 5. Image quality phantom assembly and post-processing:

(a) Aluminum pin, (b) silicon 7T and silicone plug
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Fig. 6. Phantom scan position:
(a) CT number calibration block, (b) spatial resolution block,
(c) slice thickness block, (d) linearity block, (e) contrast
resolution block,

MPAMIAL 10l BAH 7t
s1o{cHFig. 6],

i
>
o
o
2
Jo
1o
ox
tlo
jany
olN

4, tlolgl Xz

Z4% gloJElollA 7]&2] AAPM CTHE I} A=
HE o]gsto] Azt @ FES5H WHe HloleE
Ywo} o]z GHFA S, A4, FdelAe SAA

AlZA 2|5 SPSS (V.22.0, SPSS, IL, USA)XZ 2 139]
Mann—Whitney U testZ ©]8&3}o] BA5I o, pite
0.05 oJatd ¢ fe)/do] = AR HHSIATH p<0.05).

598 Journal of Radiological Science and Technology 41(6), 2018



A TRl 7)eg ol8d ARy B 248 WY Al 4 wa Ay
o|z T
. # = 2) wmolz Bt

A2bel WMo & Zo|7} 315.3 mmo|w, Z-L 216 MO 2
Aol it 2k 54 Fele0] A Hes
A= 0111 ELE Eole-S Aol v Fofl F2HAIE
ARgsto] AL, B3 A Qe A ZRIE
2 A YEE %E% Agste] HsITHFig. 7.

CT number calibration £¢5 AMGF GAo|A], 4 cm
X 4 cm®] ROTZ 6A] W, 124] WFaE, 34| Wk 9A] wbaF
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Fig. 7. Completed Phantom using 3D printer:
(a) cap, (b) slice thickness phantom, (c) spitial resolution
phantom (d) linearity phantom, (e) contrast phantom,
(f) self production image quality phantom,
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Fig. 8. Image quality phantom CT scan image.

(a) uniformity measurement image, (b) noise measurement

image, (c) slice thickness measurement image, (d) linearity
measurement image, (e) spitial resolution and angle, diameter
measurement image. (f) contrast resolution measurement image.
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HE o A= Acrylic2123.58+0,41 HU, Nylon2 93,0010, 31
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Table 2, Measurement result

A= 138,6+0,86°7F 24 =9l o], Bt A= 139,6+0.49
mC 2 ZE UL, AA|AZE W of A= 139,740,832 mn=
S ACE 7 WS Gelx e S0k A5 A] 9] Hlal
Bk ool EARCR [ott AolE yehfA] it
(p0.05).

6) s&3ls Bt
SRS s Ay, EEWHLS 1.00 mm7A] ERltk
gk e 19, 0.7 mn 8%, 0.5 mn 108 vebde)

*Qualitative evaluation of 10 radiological Technologists

Index The acceptance criteria AAPM CT phantom Image quality phantom Pvalue
Uniformity 6 HU within 2.03%0.75 HU 1.98+0.69 HU 0.595
Noise 5 HU within 5.69%0.26 5.7510.15 0.190
Slice thicknes
fce thickness <+1mm 11.97+0.14 mm 11.98+0.08 mm 0.623
6 mm
Slice thicknes
fce thickness <+ 1 mm 6,000 mm 6,000 mm 1.00
12 mm
linearity - acrylic 110 ~ 130 HU 123.78+0.82 HU 123,58+0,47 HU 0.520
linearity - nylon 82 ~ 102 HU 92.93+0.38 HU 93.0+0.31 HU 0.761
linearity - Polycarbonate 92 ~ 112 HU 100.24+0,60 HU 99.9840.82 HU 0.649
linearity - Polystyrene -34 ~ -14 HU 99.7310.34 HU -99.7520.23 HU 0.426
linearity - Polyethylene -102 ~ -82 HU -93,90+1,20 HU -94,06%0,85 HU 0.495
Angle 140 + 10° 138.2+0.73° 138.610.86° 0.463
Diameter 140 = 10 mm 139.6+0,49 mm 139.740.32 mm 0.565
1 mm-1 Imm - 1
Spatial resolution* 1.0 mm Identifiable 0.75 mm - 8 0.75 mm — 7
0.5 mm -1 0.5 mm - 2
6.4 -2 6.4 -1
Contrast resolution* 6.4 mm Identifiable > A
3.2 mm - 8 32mm -9
10 - m AAPM 10
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Fig. 9. Measurement result :

Low contrast (mm)

(b)

(a) Spatial resolution qualitativeassessment results, (b) Contrastresolution qualitative assessmentresults,
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