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Usefulness of Brain Phantom Made by Fused Filament Fabrication Type 3D Printer

Lee Yong-Ki"-Ahn Sung-Min?

Y Department of Radiological Technology, Chungbuk Health & Science University

? Department of Radiological Science, Gachon University

Abstract The price of the Brain phantom (Hoffman 3D brain phantom) used in nuclear medicine is quite expensive, it is
difficult to be purchased by a medical institution or an educational institution, Therefore, the purpose of present research
is to produce a low-price 3D brain phantom and evaluate its usefulness by using a 3D printer capable of producing 3D
structures, The New 3D brain phantom consisted of 36 slices 0.7 mm thick and 58 slices 1.5 mm thick, A 0.7 mm thick
slice was placed between 1.5 mm thick slices to produce a composite slice. ROl was set at the gray matter and white
matter scanned with CT to measure and compare the HU, in order to verify the similarity between PLA which was used
as the material for the New 3D brain phantom and acrylic which was used as the material for Hoffman 3D brain
phantom, As a result of measuring the volume of each Phantom, the error rate was 3.2% and there was no difference in
the signal intensity in five areas, However, there was a significant difference in the average values of HU which was
measured at the gray and white matter to verify the similarity between PLA and acrylic. By reproducing the previous
Hoffman 3D brain phantom with a 100 times less cost, I hope this research could contribute to be used as the funda-
mental data in the areas of 3D printer, nuclear medicine and molecular imaging and to increasing the distribution rate of
3D brain phantom,
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2 ®HE sEo] Hojd S Soll FEO A EE A
5 = QUtH8]. PET/CTE| Ego] sodel wiel PET/CT
of et s H FHTYE 9T A= =
oAl QJtH9]. PET/CT =3t vl=77]5<3
(National Electric Manufacturers Association; NEMA)
oA A¢FEE NU 2-19949} NU 2-2001, w|=+o|ahe 2|5k}
& 5](American Association of Medical Physicist; AAPM)
o} GHMNOJE}5|(Furopean Association of Nuclear Medicine;
EANM)S} 28 §etalolq Alokelan sloml, 221e) 4
9% 279517] 219) A2 Phantom o} 8513 AeH10]
Ty BHAY BE SR A2 Tt 24l H O
S FsHA] 25 WEYSHA] 7] wmell Q17F 7 o] AR A
Ql #%25 WFYT Phantoms QR Fhf, dotofA A}
€%|= Brain phantom(Hoffman 3D brain phantom)2
¥ o] st 25 Wkgsto] AAHE 7] wiell ME=e
o7 FAE daYEE HIAESHAY, A A dAlelA
AlEdo]d H TlolEE o] &3t Aol 7HssitH11], 1
U Hoffman 3D brain phantom®| 7}4-2 Algs] a7to|=
2 &7} w7l SISkl ofggo] Sl o]
of 32k FxES e 4 = 3D ZHEE ol&ste] A
H3t 7149] 3D brain phantom A|AsL 1 §-&Al0]
ofsh Bkt e

2 Ao A= A3t 714 22 PhantomS A|ASH=
Bl pggom 74 70| Auet By A
A|Z% (Fused Filament Fabrication; FFF) ¥4]9] 3D =&
]9 CR-10S4(Creality, China)E AME3}9]0.0(Fig. 1).
A E 9] AFE= PLA(PolyLactic Acid)S ARE3ITH
712 Hoffman 3D brain phantomS £-48}31 3D 2@l&s}
7] S1all ARgE ikt TeEg 2] (Computed Tomography;
CT, Light speed RT16, General Electric, USA)& ARE-3}
Ao, ¥H50]%l Brain phantom®| 1-8/& B71617] 918}
o FAR W= Hitel T 712l Biograph 6(Siemens
Healthcare, Erlangen, Germany)S ARE-3}IT
Hoffman 3D brain phantom(Biodex Medical Systems,

o

G

Fig. 2, Hoffman 3D brain phantom

Shirley, NY)& A42el HollA] ol AIFSIeL
w3:e] 3380 AlBdod AR AFLE, Hoffman 3D

brain phantom-2 PF-FDGE ARR3to] AR W& A%
B w3 29 sjof 379 ou A B & Ak, Al
U9 B W QY A7} eI, SHA 9ol
A 41 g blES AlEY )t A o] A

o g ZA3A] = AAlo] £Askc} Hoffman 3D brain
phantome] 197)¢] S22l Selo|=t 417 23 W 23)

S oJa) 2 Aol Yol B 4 Uk, ALgAR= A4l

|

=

25 2GS A Fisle] BT 5 Ak w, A
MBS W AR ALESlol BRI AR AR
=21 (Single Photon Emission Computed Tomography;

SPECT) = A}7|3H I A (Magnetic Resonance Imaging;
MRD| 5-8& 4= QIchFig. 2).

2. G+ Y

Hoffman 3D brain phantomi} 553t Phantom= A|2}5}
7] olsto] WBsE WHZ o] o8] Hoffman 3D brain
phantom= CT scan 3}¢1al(Table 1), scan & Uo|A
DICOMAS X B2 AEA|AE(TPS; Treatment planning
system, eclipse 8,6, Varian Medical system, USA)Z o]-&
3} Phantom< H£415}99t) “18]3l 3D Slicer program
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Table 1, CT scan parameters

Parameter Value
kvp 120
mA 149
D-FOV (mm) 320
metrix size (mm) 512 X 512
Slice thickness (mm) 1.25
Reconstruction Kernel standard
Pitch 0.938
Table 2, PET/CT scan parameters
Parameter Value
kvp 130
mASs 240
D-FOV (mm) 300
CT metrix size (mm) 512 X 512
Slice thickness (mm) 3

Reconstruction Kernel H10s very smooth

Pitch 0.55
Radioisotope 18F
Dose (MBq) 37

PET metrix size (mm) 256 X 256
Iterations 8
Subsets 16

Filter (mm) Gaussian 2.0

(SlicerRT 4.4.0)S ©0]-&3}] STL(Stereo lithography) = #]
Zskoict. STLE A4 1t 3D ZHE|RE &25h7] 9fs
Simplify 3D program(ver 4,1,1)2 AR3}o] G—coding 3+
o ZER HlolEE ASA|A A=-2 3D brain phantomS
A, O SUSE A A Tl o
a}t‘ﬂ_l ¢l PLAZ} E}E B4 H1°H °l s

o] o
Hof| A %iijﬁ} | =¥ = _‘:S:YBO] “ﬁo}‘ji 3D
l.:_oq z?—lﬂzﬂ- i)
27} 9t} Hoffman 3-D brain phantom-\—]- New 3D brain
phantom®] Z}o|& H|a-2AE7] ffalf A5 Haq]
RS 37 MBq Yol 1557F whlsh § ofAz} w2 AEE
GSHYI7E o8t 1844 H7ISHAtHTable 2).

Hoffman 3D brain phantom®] A|AAS HZ=3517] Y5l
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Vinci 2,54 (MAx—Plank—Institute for Neurological Research

Cologne)ES &3}o] Hoffman 3D brain phantom} New

3D brain phantom®] AJA}e] VOI(Volume of Interest)S

st EEe S5k Al ANt Equation

1), VOIE= S 71202 Alo] et BE g
o] VOIZ 18 A3} rH(Fig. 3).

Ture value — Measure value

FErrorpercentage =
Ture value

Equation 1, Equation of error percentage

Fig. 3. VOI of PET image, Hoffman 3-D brain phantom(a),
New 3-D brain phantom(b)

2) 7= &4

5\

Hoffman 3D brain phantom¥} New 3D brain phantom
oM HE, Y, ST, T, ol Y 5
N gdof 243 mi' 7] 2]ROI(Region of Interest)S &-$
27y 370 A sFe] A& 7%= (SI, Signal Intensity)
2 248 0 BIYS WE BHGKF, 4)

3) 3|AA 3} WAZ o] Hounsfield unit &%

New 3D brain phantom®] A& = A% PLA2} Hoffman
3D brain phantom®] Z|Z Q1 o7 H1}] SAMNS: AE35H]
23 cT= st Jate] AT wiAlo| 88 mr 27] 2]
ROIE A3l HU(Hounsfield unit)S &435}o] vlnl 24
SFATHFig. 5).

4, SAH =AY

It

Az e WS EAZE 73 Statistical Package for
the Social Sciences(version 24; Chicago, IL, USA)7} o]
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Fig. 4. ROIs drawn on frontal lobe, temporal lobe and occipital
lobe in Hoffman 3D brain phantom (a). Parietal lobe in hoffman
3D brain phantom (b). Cerebellum in hoffman 3D brain
phantom (c), frontal lobe, temporal lobe and occipital lobe in
new 3D brain phantom (d), Parietal

Fig. 5. The red areas are ROIs drawn on grey matter, The blue
areas are ROIs drawn on white matter

259ttt Hoffman 3—D brain phantomi} New brain
phantomo| 4 243t A7 E @ HUO| HFZHS v)ws}
7] §iste] HHEE ¢ FHL shch

. 2

1. New 3D brain phantom AN|ZF ZIt=

Hoffman 3D brain phantom< 197}|2] &3} &elo|A7}
o, 1 Egt Lafo] A 0,06 inch(1.524 mm) F7]2]
ejol 2o FAIElo] glen, 19 B3t Lejols

0.06 inch F74|2] &alo]A 533t 0.03 inch(0,762) F7|
o] ol 2o FAdEof Qlrk Ueix] 2 189
7M1= 0,03 inch $7|9] = £8}o|AS 0,06 inch 57 3
7He] Gefo|A Atolof ujz|sto] ER} SefolAm Y5
o} 9F4E Phantom®] WEoi= 1.2 liter?d &8 A& 4
QA 443+, New 3D brain phantomS 3D ZZE| 9]
g Whgste] 0.7 mm FA|] F Setol A5 15 mm F
7 &elol A Afolof| MjRA|A B Lefo]ASE US4 9
=5 ZYsiglon, 94 SufolAE dFFol 235t
X

Fohict. AEE Lol o] WulA HAAS of
=

o

N

%a}oq gylom, Bol Ak 22 A5 gistel set
o2 FE3IYH(Table 3), (Fig. 6, 7).

Table 3, Specifications of the newly manufactured Phantom
and Hoffman Phantom

Specifications
Hoffman 3-D brain New 3-D brain
phantom phantom
1,524 mm X 58

1.5 mm X 58
Slice thickness

0.762 mm X 36 0.7 mm X 36
Cylinder _ _
. . 17.5 x 20.8 cm 17.5 x 20.8 cm
Dimensions
Fillable Volume 1.2 liter 1.2 liter

GO

Fig. 6, Slides created to a 3D printer, The red areas are glue
coated area

Fig. 7. Slides in a cylindrical case
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Hoffman 3D brain phantom< 3—-D ZJEZ 2|&st
New brain phantom®] A HZE317] Y5ke] v|aLE
S FEEe A AAlel VoI dAsk exkes
51Tt Hoffman 3D brain phantomo]| A &7 A|A+S]
Z E5-210939.7 mno]®, New brain phantomo]|A] &75t
AAFe] & B8 10590,82 miE Qg 3.2 %R LERT)

pS|

3. MzZdE &F

I

D 71e%A

Hoffman 3D brain phantomi} New 3D brain phantom
oM HEY, A, 25, FER, Lol Ssh 57)
F ol ROIE AA3Ie] AlFZ7=(SI, Signal Intensity)
=435l Ayt= Table 49]- 2t} Hoffman 3-D brain
phantom®] M7=, FHNH, SFHolA S8 Ao =7t
Z¥ZF 17963.68 * 1238.92, 18751.51 + 1184,28, 20561,93
+ 703,942 Y€} New 3D brain phantom®] A1$7}= B
O A ZAEgen, REAE A Z4Ec,
New 3D brain phantom®] S-FF3} Ao 4] AlS 7 EE=
747} 18316,69 £ 1003,55, 20619.29 £ 887 23= UER}

=

2) ZHURE ¢+ A4

Levene?] SHAF 714 AAZAn}l HE flo|gle {2
£0] 0,05kt A Ygkeng F Yokl KAk Zrha
&} 4= 9Jt} Hoffman 3D brain phantom¥} New 3D brain
phantom®] 57b o] Lehtts 57w B3t o
1l A= Table 48} Ztt AFHoA SH3 ASHE
o] 2ol 487 512 Uehton] §o08hE-2 02172
Shi, YA H AL 0282007 Lieh
W, GOSHES 01555 bt ZEeoH B3] 2ol
434 822 Uehton] §ojatEo 013002 Liehdt),
?«%%‘301]*1 B 2ol 499 6608 UEREoH 505}
22032008 Upeleh, oA Bae] Aol 57,35
=2 L}E} om §olEEL 0,782 UERGTH HE g
e §ojehgol 0.054c} A Hzel Aols}

=4 & 2{CH(Table 5).

HHAHXI O] Hounsfield unit =X

New 3D brain phantom®] &= A% PLAQ} Hoffman
3D brain phantom®] & Q1 o7 H1}] {SAMS: AE35H]

N =0 FEAA} 2 ZHE) o8] o1 Fdat oJake] 541U} W] ROIS A1get
Table 4, Results of SPSS descriptive statistics
Area N Min Max Mean SD
Hoffman 3D brain phantom 30 16039.90 20498.60 17963.68 1238.92
Frontal lobe
New 3D brain phantom 30 12702.80 19679.80 17332.97 1723.14
Hoffman 3D brain phantom 30 14789.50 20405.30 18751.51 1184.28
Parietal lobe
New 3D brain phantom 30 14275.40 20273.50 17442.29 1786.28
Hoffman 3D brain phantom 30 19368.80 22173.40 20561.93 703.94
Temporal lobe
New 3D brain phantom 30 12145.06 2047448 17476.17 1745.18
Hoffman 3D brain phantom 30 13663.60 18845.20 16704.77 1656.54
Occipital lobe
New 3D brain phantom 30 16292.85 20308.55 18316.69 1003.55
Hoffman 3D brain phantom 30 11642.11 19605.10 16942.63 2062.95
Cerebellum
New 3D brain phantom 30 18677.35 21880.05 20619.29 887.23
N: Number, SD: standard deviation
Table 5, Results of SPSS independent samples t test
Area t Mean difference p-value
Frontal lobe 1.248 487.51 217
Parietal lobe 1,440 628.20 155
Temporal lobe 1.534 434.82 130
Occipital lobe 1.003 499.66 .320
Cerebellum -.277 -57.35 .782
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Table 6, Results of SPSS descriptive statistics

Area N Min Max Mean SD
Hoffman 3D brain phantom 32 -4.76 6.64 -1.53 2.27
Grey matter
New 3D brain phantom 32 -4.01 6.64 1.57 2.75
Hoffman 3D brain phantom 32 58.74 78.65 69.23 4,08
White matter
New 3D brain phantom 32 38.25 75.78 58.30 11,23
Table 7, Results of SPSS independent samples ¢ test
Area t Mean difference p-value
Grey matter -4.926 3.1 .000
White matter 5.079 10.93 .000

o] HUE &4ttt 1 Ayt 3]XAo 4= Hoffman 3D
brain phantom-2--1,53 £ 2,27, New 3—D brain phantom
L 157 + 2,752 UERytl wAZ o A= Hoffman 3D
brain phantom¥} New 3D brain phantom 22} 69,23 +
4.68, 58.30 £ 11,2302 U¥EITHTable 6).

2) EHUEE ¢ g4

Levene®] 541 714 A4 A7), slade] HUE §-oj3h
kel

£ 06952 BAlo] Ztta & 4= Qt}. 18U WAz o] HU
L 00]8kg 0.00002 G7AES 7|zl g T Ztho] B
2t 3 4= 9tk EuE W] HUO| Bt

_rfr

[e]

H] 1= Welch—Aspin AAWHORZ AASH o 1 4
IH= Table 73 At} FoPE2 0.00022A Fol4E
0.050|4] S| dut WA o) HU Fatgho] B {27t 2b
o7} 9l Ao= EAETHTable 7),

HoJst FIALT A Fold A eerEe] A
W 2EE HHGA R QAR 4= Qlo] Aelekd |4
S Ay A, AR, A= & 45 24 9 AR A
Soll ol gEar ltii2, 13]. ZLEi; e}t PAFAAEL
st EgoIY AeHIIEA Y HE = ¥
& rlEel visl s =t Sol ¥ae] Akt fAIE 1t

710 2 Qg AR Q1) 802 ALE o

st Hopo]|A AMEE]E= Hoffman 3D
brain phantom< Wiy} S|uRZlo] F&H WOl o]} LA
LA o] O 7S kel ARSI O
@ Phantom® Hjs JpAlAgle] ATy daelE)
e
& 4= lri1e, 17],

184} Hoffman 3D brain phantom2 4=¢]of 2]&35}
T, w8 A0z Qs F|gelA Trlsked] ofehgol 9l
o}, ol2let ZAIHE JHAskaLAF HgddQl FFF W49 3D
ZYEZE 7]£9 Hoffman 3D brain phantomi} =53t
Phantom=r A H|-§-0.= AAbsal 71 §-8/42 H7skint.

AZFE New 3D brain phantomo] A S QAAE 5
AT F PR B AR DFAGS sjo] AL A
SRS 2 A0k 5] o] mielA o3 Ho|S
SOl e I BT T, S 3
}&= 0] EFHX}o A New 3D brain phantomo] =

] Ur%h:k o] FFF419] 3D ZRlE S50 o] uj
kA ool ARl FAolth Aol VOIE A7t
phantom®] =8 F2E0] &5 HAF 241 2448 3.2%
2 7]&9] Hoffman 3D brain phantom®] A&o] 2 o]F
o]7 AL oF 2= 9lolrh

HHH New 3D brain phantom®] Z2<1 PLA2} Hoffman
3D brain phantom A&l o}=7 A1} SAMAIS H7] 93]
S99} WAge) HUS 243 Aol 2 Holrt
A A e, ol ofanr} LAY WS
v, FrF WA9] 3D Zelele] SAEe o] A &
Qs or RAROR et B R B 4 gk 1o
L} Phantom®] M AL 22 YA 7] wiZel &2 HU
24 03} 7ol wolx] i,

SiAleh, 3 o15e] B 7hA] AR A7 1 g
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A,

A HA| FFFHE2]Q] SDEZHE= FHo| 1= X] B3}
AUk Wl 1 mm oj5te] Lefolxg FasHr
=o] AU, AA oF FAY ol 0.7
Elojof SEX|HF 1T FAA S E o] A Y] A¢lof W
AZto] 2= = Qi

= x| 3D ZTE]o| AFEE ARl PLAL 2& u-y\]oﬂ
Zezgayo] LR 4= 9lom ofad wr} Wy} w g

AR AT W59 WEs Holal gloit gl mﬂfz}

= AR Aol ok

9l A AHT FFF W9 3D T et Fuwdt
WA19] 3D TRAEI} TR AL ol §3to] F7hHIYl AT
7t o) olzitha 1tk JU Phantom AT 5 e

Z1o]t,

V.8 B
2 AFollA A HEE 7HA 9] FRFFA O] 3D I E|Z A
Z15F New 3-D brain phantom®] 2|5} HolofAo] 5-&
e Frlelr] Yaf Az s =43 A3} Hoffman 3D
brain phantomi}2] §2oJ3t 2}o]S Holx] gkttt E3L
A= Hesk7] flall Aol VOIE d4st] 5= 5
A%E A3} 71 2jo]i= 348,88 mm’E @ 2F80| 3. 2%= UrEL
U} 7]£9] Hoffman 3—D brain phantom®] A& o] 2+ o]F
AR, “Leltt A Mol ZA HUS 7|22
Hoffman 3D brain phantom®2t} Th24] &Aoo,
FAACEE 73t 2o 7t o= A= UEPHTHp) . 05).
o] Phantome] Alo] e} Leht Aiolu, thop
Aae) F7 o] Waio] Ghes Holzt ol
Aple] AT AESlole Blst, A QA @
= 435t 4~ )= Hoffman 3D brain phantome =&
7HA o= 7)olA sl oflzol et 1Y
3D ZHEE o] gsto] A73t H[-E 22 Phantom A|4}H0]
7153}9] Brain phantom®] BEgE©°] £old 4= Q& 7o
2 AlrEc), webd 2 A3 3D e Q) Hojst 9 B
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