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Usefulness of an Auxiliary Tool for Hand Radiography by Using 3D Printing

Ji-Won Kim"-Bon-Yeoul Koo?

Y Department of Radiology, College of Radiology and Medical Science, Daejeon Health Institute of Technology
? Department of Radiology, Vision College of Jeonju

Abstract As an auxiliary tool for fixing the patient's posture when taking an X-ray, sponges with high radiolucencies are
laminated in various thicknesses. This study aimed to evaluate the usefulness of an auxiliary tool for hand oblique projec-
tion X-ray by manufacturing it with a uniform thickness by 3D printing and comparing it with existing sponge tools. In
the auxiliary tool, radiolucency was measured at the stairs where each finger was located, and pixel information values
were compared in the digital imaging and communications in medicine(DICOM) image. Contrast to noise ratio(CNR) and
signal to noise ratio(SNR) were compared by shooting the hand phantom and the auxiliary tool together, As the thickness
of the sponge tool increased, radiolucency decreased by 15.52% and pixel information value increased by 20.61%, The
transmittance of the 3D printing tool increased by 0.82%, and the pixel information value differed by 5.66%, CNR and
SNR increased by 20.03% and 22.42% in 3D printing compared to existing sponge tools, while taking hand oblique pro-
jection, maintaining the thickness of the auxiliary tool uniformly through 3D printing maintains high radiolucency and min-
imal impact on medical images, and increases CNR and SNR, making it useful as an auxiliary tool for taking hand obli-
que projection,

Key Words : 3D printing, Hand radiography, Auxiliary tool, Radiolucency, Medical image
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ST, AR REERE & AP 2ol 15T Jy
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& AAR= 10°2 AAEHA) 3D =S Moment M350
(Moment, Korea)2- ©]-85}] FFF(fused filament fabrication)
HFA O 2 Slicing 393, YE+= Z8]ZAKpolylactic acid,
PLA)3} carbon fiberS &§F3t carbon fiber PLA filament
2 ALgsiolc A2 & OaM B HEETE o

= E3]H o ESEYU(EYHT 10—-2023-0133362) =3
tHFig, 1].
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(a) 3D CAD design

(b) 3D modeling (c) sponge tool

Fig. 1. 3D printed auxiliary tools and existing sponge auxiliary
tools
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Japan)& ARSI, B5H G B7h= ITmaged (W=
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(b) Magicmax universal

(a) X-ray machine
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Fig, 2, Test tools for X-ray taking
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Fig. 3. Evaluation of pixel value in ROI
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Fig. 4, Evaluation of pixel value in ROl
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SNE = ROISD
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1) ROISI4y - average signal intensity of region of interest
2) ROISD : standard deviation of region of interest
3) BackgroundSlayg :

4) BackgroundSD : standard deviation of background

average signal intensity of background
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Table 1, Radiolucencies according to location of auxiliary tools

Location Tool N Mean +SD («Gy) Radiolucency (%) U Pvalue

Sponge 5 111.52+0.17 84.76

Finger 1th 0.00 0.008
3D printing 5 126,68 40,26 96,28
Sponge 5 115.94 £0.08 88.12

Finger 2th 0.00 0.008
3D printing 5 126,06+ 0.32 95.81
Sponge 5 121,04 £0.35 91.99

Finger 3th 0.00 0.008
3D printing 5 125,60 £0.29 95.46
Sponge 5 126.40 £0.36 96.07

Finger 4th 7.50 0.310
3D printing 5 126,18 £0.42 95.90
Sponge 5 131.78 £0.30 100,15

Finger 5th 0.00 0.008
3D printing 5 126,10 +0.17 95.84

2. EXRE0f| 2 FAEIt

Fte Z31} 53U FY2doA Brert ¢ls o A
e FAolA pixel HHEZEE Bt 233, 710]{ch
AHA] Epof| A ZF Ae] ROIGIA Z7% pixel HHZE
289.91, 274,88, 261,41, 249.75, 241 730 & H 263,54
o|gitt, 3D ZEY LIl 24334, 246,31, 250,24,
248,33, 256,572 Hat 248 96°]%]},

BHRE7F & U pixel ARG 7|E0 2 AHA &
T 103,43~124,04%= SAE AL, ZF Ao FAE 5
7VeaE R ZEe 7hAaske] 20.61%2] o7t %ith 3D
TPl T 104,12~109.78% 2 ZA %L, ZF Ado)
A 5.66% AFolE HYGTt pixel JRZFS AHX] =57} 3D
LY = B} Pt 5.85% = Ié‘— JE= ATk, HEEAo

o pixel 7‘*171'% 2712 1~3, 59 ¢R|oA= gol3t
ApolE Hlal, 4W fA|oA= v«@ 2pol7t glgich
{Table 2>_

Table 2, Pixel value according to location of auxiliary tools

7)
& WS AR tq1 *4111 of| A background
249,60 £ T o) 4] 247 4 + 2,300]ct AHA]
Eeh & WS AMRS o) 7F &1 Aupwola S4%
CNRL- 80,28, 78.81, 81.14, 69,42, 66.04% Bt 75.130]%}
t} 3D ZHE L L= 89 47, 90,23, 101,28, 84 412 H4
90.10]3it}. CNRE 3D =¥ Ty} AHR|Ho; Bt
20.03% =9},

AR =et & WEE ARSFS W SNRE 82,26,
80.38, 82.52, 70.55, 67.69_ Ht 76.660]31T}. 3D 2
e £l 93 44, 93,08, 105,49, 83,48, 83.760% 3
o 93.850|9Jt}, SNRL 3D Z@g Z=7} AW Er} 3
o 22.42% =TH Table 3).

Location Tool N Mean = SD u Pvalue

Spongy 5 289.91+4.69

Finger 1th 0.00 0.008
3D printing 5 243.34+5.23
Spongy 5 274.88 £ 4.64

Finger 2th 0.00 0.008
3D printing 5 2460.31+5.27
Spon 5 261.41£4.27

Finger 3th poney 1.00 0.016
3D printing 5 250.24%5.34
Spongy 5 249.75£4.22

Finger 4th 11.00 0.841
3D printing 5 248.33£5.19
Spongy 5 241,73 £ 4.06

Finger 5th 0.00 0.008
3D printing 5 250,57 £5.36
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Table 3, CNR and SNR according to hand phantom and auxiliary tools

L ocation CNR SNR
Spongy 3D Printing Spongy 3D Printing
Finger 1th 80.28 89.47 82.26 93.44
Finger 2th 78.81 90.23 80.38 93.08
Finger 3th 81.14 101.53 82.52 105.49
Finger 4th 09.42 85.28 70.55 88.48
Finger 5th 065.04 84.41 67.63 88.76
Mean 75.13£6.91 90.18 +6.83 76.66 £7.04 93.85£6.91
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G 733} Z2FEl(carbon fiber reinforced plastics)2 of w2} 5.66% x|t A FIREL}; np7ER| 2 3D

7]* ol=Z & (acrylic),
S T A=

2 2]7} R Y| o] E(polycarbonate) 2}
AN BEte7t 2 E4o] &

B Rl Y

TEEe WEP R AFekaL vk
h-g-oto] AR FA okl = Hol At
= AFolA= 3D ZRIF O R & AN
AAF EZ:E—?— 7\1] 2 913l carbon fiber2} PLAZ} £¢+%
carbon fiber PLA UMW EE A7 2 A3t} 3D =
B3t Tl 7]E sponge A4 HRETLL}F AAM Edle
oF FFe] pixel FHEZLE vlaste] Brisiict
&Y HolE SaloA Rt gle o S8E A=
7|&0 8 AHR B Bl 84 76~100,15%% Atk
o] FAYHATE Fillle Fasto] 15.52% Atol7t AL,
3D ZEElL 95 46~96,28 %= Atho] whal 0,95% o=
At ST AHA AR WErF WA Al
FIET} oA AAL Al BREL Q22 o] AL
|53 QAT FEr) dobA 54 FEHV FAE A ASH
sl FAE S7HAIAE Bt ey shuke] FzEof tf
E FAE A8sHH 2R TV FUSHA] gobs] Fake
7F GERAEH o2 ]E(umformlty)ﬂ— topd 4= 9t} wEh
‘jo“\} 1 Ealdo] 22 PVC ARE 5% P
FoF AR FATE gEpA A AuR|ef

o A A

T

=
=

2215 =04 pixel YHZk WE Ko 2L e FA

FAR Qs Y W] "ol Iy 7 &7k
XA FEFEHAFS] Hal-S WA 4,37, 3D ZRIY 5,27

2 3D ZYgo] AHX| R} ZL(noise)o] Z7}sFSI T

®

i i
i i
i i

1
+ L]

=<6

thickness :

@®>@>06
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