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Evaluation of the Applicability of PET/CT Phantom as a 3D Printing Material

Ju-young Lee"-Ji-Hyeon Kim?-Hoon-Hee Park®
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Abstract The purpose of this study is to present objective information in applying 3D printing technology for PET/CT
(Positron Emission Tomography/Computed Tomography) performance evaluation and use it as a basic research that can
be applied to various purposes in the future. Phantoms were manufactured with step wedge of ABS(Acrylonitrile
Butadiene Styrene) and ACR(Acrylic acid) material. The counts for each ROI(Region of Interest) were analyzed through
image acquisition in PET/CT. And the variation rate of counts and CNR(Contrast Noise Ratio) was evaluated. In the
counts analysis, the effect of thickness occurred, In addition, in the variation rate analysis, the thickness setting of steps
wedge 4 to 5 levels should be considered first. These results minimize quantitative and qualitative changes in the phan-
tom manufactured based on 3D printing, and enable more stable PET/CT performance evaluation. Based on 3D printing
in PET/CT, various phantoms are expected to be produced in the future, If the characteristics of each material are con-
sidered and applied through the basic research such as this research, the result of the phantom manufactured through 3D
printing can be more meaningful and will be used in a wide range.
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ABS(Acrylonitrile Butadiene Styrene), ACR(Acrlic acid)
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qF @=L SRk Qlom, ZhE Tl 7)ol 2lHskal
ot A&AQ1 Eo] atE AL Qlry, =R AAIAQ] 7]
o] B9} o] ash yolrl PET/CT G439 E+38t
(normalization), £} 7(transmission scan), 714X %
(attenuation correction), &3l%5(resolution) =3} ZH&
aRlof| et AFAQl Aryke] o] Sa/do] Al qlrk
(4], SEAIRE chefet 45871 a8 A4S
A 4= 3= WY Aol tiet ot minlRt AAolH
ol AR ] A=Y S Sl iRt FEo] HEe
AZFSEAL 4], Bzt B Algto] EaL glom,
8] AERAo| W ARk g AR} w2 HE Al
g Az HE A Aol HAI7F UeHs].
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1. HE M=

Wy 2Ae] vlwE 5lo] A2(140 X 62 X 35 mm)¥H

Ak 87)step wedge) o A4S Hgto 2 247} oz ol
Eg Helrtolol AEFOJHI(ABS, Acrylonitrile Butadiene
Styrene) $%]2} o} HYAKACR, Acrylic acid) A7j2] #H
e 5US 7|2 AlRslelth ABS Al #7]= 37H4] ©
FAZE A9 4 Xli 3D ZHE 7|&of AEE= 7
O EEE 22 A2E %A, ACRS 28} Holo| A Hm
S fsll AR EE ﬁ%h—} YT AR ol 2E A=
A2 Ack(Fig. D).
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Fig. 1. Step wedges are made by each material : ABS
(Acrylonitrile Butadiene Styrene)(A). ACR(Acrlic acid)(B)

2. 3¢

Jok
n

PET/CT Ingenuity TF 128(Philips, Cleveland, USA)
ZHE At o WY A2 NEMA(National Electrical
Manufacturers Association) NU2-1994 H&E 2] WHE |
A3l ABS, ACR At #7]5 72t 2|2 E(styrofoam)
= olgsto] WME o] APAIZ Aefoll A A da
(saline) 81¢] ®F-FDGZ 4.0 mCi(148 MBg)E 1wy |&
salste] e YEE b 27k glo] A A|Fe T GRS
Bl 55kGlrh(Fig. 2).

PETQ] GABIEL 9027} 1 bed 2
Fe Bssiglen, orel G4

o=

AAJs}o] W=(emission)
= O

mEZA

(matrix)

£ 512 X 5122 A#3}o] CTAC(Computed Tomography
A gsi9ick

Attenuation Correction)<

Fig. 2. Image acquisition by inserting step wedge into
NU2-1994 phantom in PET/CT : PET/CT front part(A), PET/CT
posterior part(B), phantom position on PET/CT table(C)

3. G4 BN o Hot
1) FA G H(ROI, Region of Interest) A3
5 G4 E4S 93 TG 9 WY WE Ea(hot
region)= WY F4]72] MR(Mid Region: W Z419)
2022
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Ak H7] 2] PM(Periperal Mid: Algt 7] 2HI ),
PR(Periperal Right: At #7] £=99), PL(Periperal
Left: Ag7] A&cgel) 2 Astaict

e U5 YA (cold region)= A 7] 52 EM(Edge
Mid: A7) 499, ER(Edge Right: A9#)7] &=
o)), EL(Edge Left: A &7] &g oz HAs1%
o} #Ag 9F WA =E BKG(Background: H|SHARS)E A
Aston, 7k gl 37)E 20401 mig 2451
thFig. 3, 4).

(@] » BKG: Background (cold)

» MR: Mid Region (hot)

(@] —» PM: Peffperal Mid (hot)

PR: Periperal Rt (hot) | | BL: Periperal Lt (hot)

W

Fig. 3. The ROl of phantom is divided into hot region and
cold region, and the size of ROl is 20+0.1 m

Fig. 4. The ROI setup and measurement example

A2 5314 A 4]

HAE ALkt F sHAE SHsHA o= 1S {8
AREE AE| R3] 7MY NEMATE O] 2w SOl
ojgt AIRHIS] GaEe ghol ek heg Helst A
Q5T
3) W= (variation rate) B]al
Ak 2712] Ao okt PMI} MRo]| sligeh= 13]<]
Als=2]2} CNR(Contrast Noise Ratio)?] HE52 AF=3}
AR W19 Bs S wslol] B RS Telsi
th(Fig. 5).
O » BKG: Background (cold)
(&) » MR: Mid Region (hot)
O » PM: Periperal Mid (hot)
O_ = * EM: Edge Mid (cold)

Fig. 5, ROl setting to calculate counts and CNR variation rate

A2 HEE(%)-2> 2+ Al H719] SAE 57 ¥zt

£ HEAAS B Slsll 7H FAE aRe Al 271
2HA|e] FAE 7|0 R AT Fr Wl utE A
HEA (%) ERlsdct.

CNR B15&(%)> 7+ Ad 719 SAE 57 s}l ot
£ CNRE| H3}E #4517 flall thad] ¥4 ARttt
(Eq. 1.).

mlm

CNR— Cbnt?“ast _ ‘Ml_/@‘ By 1

Noise / a? + Ug
® |, b = mean values in two different ROIs

® g, o = SD in two different ROIs

4) A &4

EAEAS 95 SPSS ver 27.02 ARE3 o0, ABS,
ACR AEh7]9] Aol mE dole BRslo] fol4e ot
JetAom, TARAS Bgste] sl ZukAE A

=
SFRAT
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o)z 7179 - 0t &3]
n. z o o AR #4719 S FAYREE da FAE e
o), ARA o BRI} EL o] AT 7] 2, seAoAE
| ABS EHAE Az HlT Aoz AL BYAR, 4~9ekAGIAE FA0l up
2 YAsHA| 7Skttt BKG g HollAl= 18.6~33.89] A
ABS A)7]9] Al S8 flsll HAME F4F 285t 2212 eI 7 S 21o]= Povalue 0,05 o|3}E
Act(Fig. 6 EAA R FolstrhTable 2),
1) ABS €4 TAE A<4X v
2. ACR EHAH Al+X| Hlw
ABS Al #|7]19] F49] AlpeA]= AR Il F el o
g} ?jlxéz:;‘ o.% /\é% UFE]'LHZ] ol—ohq_ Aﬂ 49& pRg]. PL ACR 7:]]@ &Hﬂ—‘] ZHTX] é é‘% ‘(H"_SH '1:_]‘74]% og/\ol- Z%Lg‘
7¥e] 2 2jol7} Gl9lom, MRI}F PM He] 2 o]/} ¢l otalrh(Fig. 1)
o} ZF @A *}o]+= P-value 0.05 o|s}2 FAZ Oi 7
o151 TH(Table 1), 1) ACR €2 ©AE A$A v
ACR A #719] HA40] Alg=x]= e TG oo up
2) ABS ¥ g ASA o} e AL LiehfA) SIskom PR, PL, MR, PM
ABS A &|7]9] WA AleA]= AAgE TG w 7re] zjol7} whAgslR] ekt Z TAIE Xlol= P-value

2 step 3 step

4 step 5 step

6 step 7 step 8 step 9 step

Fig, 6. Image application to measure the counting value of the ABS stepwedge

Table 1, Hot region counts according to ABS steps

Steps PL MR PR PM

Counts ~value Counts p-value Counts value Counts value

2 2,026.4 0.00 1,970.0 0.00 1,966.6 0.00 1,920.6 0.00
3 1,976.8 0.00 2,022.8 0.00 1,995.0 0.00 1,981.8 0.00
4 2,003.0 0.00 2,032.4 0.00 2,063.0 0.00 2,005.8 0.00
5 2,013.0 0.00 2,053.0 0.00 2,035.2 0.00 1,994.2 0.00
6 2,005.4 0.00 2,102.6 0.00 1,968.0 0.00 2,066.2 0.00
7 1,980.6 0.00 2,121.6 0.00 2,095.2 0.00 2,030.2 0.00
8 2,023.8 0.00 2,067.4 0.00 1,978.6 0.00 1,980.2 0.00
9 2,019.4 0.00 2,078.2 0.00 1,956.4 0.00 2,029.2 0.00
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Table 2, Cold region counts according to ABS steps

EL EM ER BKG
Steps Counts pvalue Counts Lvalue Counts p-value Counts value
2 1,111.6 0.00 1,145.8 0.00 1,542.4 0.00 18.6 0.00
3 957.2 0.00 830.6 0.00 1,181.8 0.00 20.0 0.00
4 798.2 0.00 419.0 0.00 814.4 0.00 19.0 0.00
5 699.8 0.00 381.0 0.01 069.0 0.00 22,0 0.00
6 655.0 0.00 350.2 0.00 654.4 0.01 22,6 0.00
7 615.6 0.00 307.8 0.00 634.4 0.01 33.8 0.01
8 562.6 0.00 266.4 0.00 604.8 0.00 25.2 0.00
9 508.0 0.00 258.4 0.00 557.6 0.00 31.4 0.01

2 step

3 step

6 step

7 step

4 step 5 step

8 step 9 step

Fig. 7. Image application to measure the counting value of the ABS stepwedge

Table 3, Hot region counts according to ACR steps

PL MR PR PM
Steps Counts o-value Counts value Counts p~value Counts o-value
2 1,638.4 0.00 1,606.4 0.00 1,636.2 0.00 1,626.6 0.00
3 1,661.2 0.00 1,614.0 0.00 1,684.0 0.00 1,644.6 0.00
4 1,690.2 0.00 1,632.4 0.00 1,670.0 0.00 1,636.0 0.00
5 1,657.0 0.00 1,062.2 0.00 1,705.6 0.00 1,674.6 0.00
6 1,673.4 0.00 1,710.0 0.00 1,626.6 0.00 1,677.6 0.00
7 1,620.0 0.00 1,727.8 0.00 1,677.4 0.00 1,681.4 0.00
8 1,663.0 0.00 1,702.6 0.00 1,6601.4 0.00 1,689.2 0.00
9 1,706.2 0.00 1,747.4 0.00 1,650.8 0.00 1,724.2 0.00
0.05 oJstz FAZ o2 {25t tHTable 3). 2t At #7190 FAZ FAYPEASE i FAE e
2) ACR W& A A2 H]a o} AREZAOS=Z EL, EM, ERYYLE AXFoz2 dAE=ZE
ST =)o) whe} 748kt BRG ool A 3.8~15.09] 7
ACR At #719] W4a0] AlgAl= ARt Al g ool w 25 Uehda zF e 2ol P-value 0,05 o|3tE
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0|79 AH - uE )
FAASRE FolettHTable 4). o2 5903} tHTable 5).
3. ABS, ACR CHAl# 2| Hlm 2) ABS, ACR ¥z oA A43] HlaL

ABS A7) S 7120 & ACR Al #7]9] d40] AL

A% ulmet 243} 7 e 27 4~38129) A% Hlel
ABS I IS 71E S ACK AT VIS SRy xps A a7t Segtom, 98 Aol WA o

3= 51 2 ¥ =] ~ 2]

FAE vlugk 23 7 %741? 291.0 4iz.894 ﬂlTTlH T orct. zF thAE ZJoli= P-value 0,05 o|3l2 EAX o=
[e) =0}0 Z L dkME

FlellA ABS At 717k wqkom, DA Aol= WA o o151y (Tale 6).

2] okoktt zF TAE xjol= Pvalue 0,05 o5t EA14

1) ABS, ACR B4 ©AE A3 H|aL

Table 4, Cold region counts according to ACR steps

Steps EL EM ER BKG
Counts pvalue Counts value Counts p-value Counts pvalue
2 1072.8 0.00 898.0 0.00 1385.4 0.00 15.0 0.00
3 888.4 0.00 501.6 0.00 965.8 0.00 14.6 0.01
4 651.8 0.00 391.6 0.00 6006.6 0.00 11.6 0.00
5 4306.2 0.00 334 4 0.00 454.6 0.00 11.2 0.00
6 353.8 0.00 257.4 0.00 312.0 0.00 6.4 0.00
7 287.8 0.00 204.2 0.00 262.0 0.00 11.8 0.00
8 231.8 0.00 135.0 0.00 234.6 0.00 3.8 0.00
9 139.0 0.00 130.8 0.00 176.4 0.01 7.2 0.00

Table 5, Differences in hot region counts accrding to ABS and ACR steps

PL MR PR PM
Steps Counts o-value Counts value Counts pvalue Counts o-value
2 388.0 0.04 3063.6 0.00 330.4 0.04 294.0 0.03
3 315.6 0.02 408.8 0.02 311.0 0.02 337.2 0.04
4 312.8 0.00 400.0 0.00 393.0 0.03 369.8 0.00
5 356.0 0.04 391.0 0.00 329.6 0.00 319.6 0.02
6 332.0 0.00 392.6 0.00 341.4 0.00 388.6 0.00
7 360.6 0.00 393.8 0.00 417.8 0.00 348.8 0.01
8 360.8 0.03 364.8 0.00 317.2 0.02 291.0 0.01
9 313.2 0.00 330.8 0.00 305.6 0.00 305.0 0.01

Table 6, Differences in cold region counts accrding to ABS and ACR steps

EL EM ER BKG
Steps Counts o-value Counts value Counts p~value Counts o-value
2 38.8 0.00 247.8 0.00 157.0 0.00 3.6 0.00
3 68.8 0.02 329.0 0.04 216.0 0.04 5.4 0.02
4 146.4 0.03 27.4 0.02 207.8 0.03 7.4 0.00
5 263.6 0.00 46.4 0.03 214.4 0.00 10.8 0.00
6 301.2 0.01 92.8 0.00 342.4 0.00 16.2 0.00
7 327.8 0.02 103.6 0.00 372.4 0.00 22.0 0.03
8 330.8 0.01 131.4 0.00 370.2 0.00 21.4 0.00
9 369.0 0.00 127.6 0.00 381.2 0.02 242 0.00
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4. H4%|9 CNR HEES(%) Hl
1) ABS, ACR TAE AR HEE(%)

Ak 719 FA7L 7GR 2BAIE 7= R ZF oA
H Ala=2)9] HakE Friet Auk, ABS MROA] 2.7~7.7%,
PMOJ| A 3.1~7.6%2] HEE(%)S 53 1l, ACR MROA|=
0.5~8.8%, PMol|A 0.6~6.0%2] HEeES Hctk A
#7190 FAl WE AgA HEEC] 5% vkl WA=
ABS MROA 2, 3, 4, 5, STAISIL, ABS PMOJA 2, 3, 4,
5, 8HAIFLh ESF ACR MRoJ|A= 2, 3, 4, 54|, PMO]
A 2, 8,4, 5,6, 7 8TAACt ABSS} ACRO|A F-E4°S
2 AgA] §EEC] 5%19He] ¥ 2~5TA AL, 7P
FARRE HEES 1ol tHlE 5THAIR LERtth(Table 7).

2) ABS, ACR @A} CNR H15E(%)

Ak #712] FA7F GAF FL vR]E G dopral
A CNR-& AbEs1laL, ZF Al &j71¢] FAjo]] w2 CNR ®
E80 ABSO|A] —4.3~-1.7%%1, ACROIAE= -2.7~1.9%
%ch. ABS@F ACROA] Ak #7]12] 7 ¥ste] 25k CNR
O] MEES B 5% u|ho|9) o™, ABSQF ACR B 714

7t
e WEES el Wl 4R YehithTable 8)
o FE
A w7, O § AR AT FHOR A
2¢] B4 913 8D 2R 7|5 7)& 9 88714 At
23] olojx 3 ek, 53] AR o33t Hopel glof
20009:& A o] FDM 7|0l 7k A A3 3
AL 2 g3te] 22F3HE AFAANE 2% A2kl
whe} 3D TP vlo] 2. 27 7)< 2Hgol AZFE IEHT).
%ZH% gt AARS dolA] @A) ool Akt o
o] wheh R vy S ARIOR Q1 Hef
AR B 9 G A 5 E0E 9eel o)
ol QdrHsl. FF et 7 7] A
AT A g0 HEA NsAE 7t
ato] AA71e 8-871%0] Aol weh gk
23 Ag 0 AE Yol o] oleld How 1
AeHo, 101, whebA] 8D ZRIY 71| ofmAtelel] A
T QS n)A JoR s, 53] o] Hofof 9]

Table 7, Counts variation rate(%) of MR and PM according to ABS and ACR steps

Steps ABS ACR
MR(%) PM(%) MR(%) PM(%)
2 0.0 0.0 0.0 0.0
3 2.7 3.2 0.5 1.1
4 3.2 4.4 1.6 0.6
5 42 3.8 3.5 3.0
6 0.7 7.6 6.4 3.1
7 7.7 5.7 7.6 3.4
8 4.9 3.1 0.0 3.8
9 5.5 5.7 8.8 6.0
Table 8, CNS variation rate(%) of MR and PM according to ABS and ACR steps
Steps ABS _ ACR _
MR(counts) PM(counts) Variation(%) MR(counts) PM(counts) Variation(%)
2 1969.8 1920.5 2.5 1606.1 1626.5 1.3
3 2022.3 1981.5 2.0 1613.8 1644.5 1.9
4 2032.0 2005.7 -1.3 1632.0 1635.9 0.2
5 2052.5 1994.1 -2.8 1661.9 1674.4 0.8
6 2102.0 2066.0 -1.7 1709.9 1677.5 -1.9
7 2120.3 2030.0 4.3 1727.6 1681.4 2.7
8 20664 1979.7 4.2 1702.4 1689.2 0.8
9 2077.7 2028.9 2.3 1747.3 1724.1 -1.3

w7 €38 20229 #4540 ASE
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ol g3t My Azhe] At HlE E3t F7Fskal QIrH13].
weba] o] 23t 3D ZRIY 7]we] A-gof wE A 4]
B|wof Aot Q%L 9low, o]F V|22 3 F0bE
Aryte] o] Fa/do] 5= AL QirH14], sFA|¥F PET/CT2)
g 540 254 o= AlxARE HA 39| Aozt
7] wiZoll T 71w ol gk A& =71 A7t
& Q3T 15],

AA 3D ZHH Z]gof ohh o) Ago] AleEar
UARE 2 AolA= 3D ZHY 7]zollA] 7P Ao
AMEEl= ABS 2 E A-gsto] AT H7|1E AlRslaL
71&9] 9m7)7] B HEolA HuHow Z*»%‘
1 9l&= ACR aAje} v|n Brlskeich

A|2Fst ME o] ABS, ACR Algt #7]0] thal] IAiet Wi

of AT *“40}04 7;ﬂ‘T‘X]E Hlustglom 7 o
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o
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tlo o

o A} S7kelel At M7 A7} 27N
S A4AE gaoks $EE A trehic E3t ABS
A7) 71202 ACR AR #7] G A4S vl
9 Aageol BAER o] 9l Ko EX 4
e QAT Yadelo s A 47)e] 9, = )
7} SRS ABS, ACRTLY] Kjol} A%o] ket 24
o w2 ezt astcha oA,

ABS, ACR A% #17]2] A7)8k FA7} A%Ae] 1]
GaFE kA FAN A e 28 VR0 2
SN ASA) WstE e A, BEAOR ASe)
RIE-80] 5% 1Ykl Jole 25 TR AAe] dae
Haspsto] 2 g3 e A T olste] WA A
$o] WA S0 BISHAL), ABS, ACK ATt 417]0]
A3k F77F ONRel) m|xl Ak elgt Ak ABSS)
ACR B BB Xjol2 Holx] gkt 4uAlA]
Vg Ae WEES Uea, A4 CNRS] WES
5% ABSS} ACRE] Mol A ABS AT #7] 4~5%4) 4=
0] 57 Mgo] $4# 0% TejEich 3D Ll F|uke.
= Az Mgl Ak, A weks Ak, 7%
o ACR Mol SAMS 7P 2 uhgst 24 TR AL
mHt
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