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ABSTRACT

This study developed a metal filter and shielding device using FDM-based 3D printing to reduce the radiation
exposure of the operator to the reproductive organs during C-arm-guided nerve blocking. Three filters made of
copper (Cu), aluminum (Al), and nickel (Ni) were combined with a copper filament housing to create a composite
shielding device. When the dose measurements were compared with and without the filter at 60, 80, and 100
kVp, Filter A 45%, Filter B 63%, and Filter C showed a high dose reduction rate of 74%. image quality was
evaluated quantitatively Contrast to Noise Ratio (CNR), Signal to Noise Ratio (SNR) and qualitatively (Likert
scale), and although there was a slight decrease due to the use of the filter, the clinical impact was minimal. The
developed filter effectively reduces operator radiation exposure during C-arm-guided nerve blocking, and the C
filter shows high practicality and dose reduction ability. The implementation of these filters is expected to
contribute to enhancing the operator’s safety and minimizing radiation exposure.

Keywords: Filters, 3D printers, Filaments, Combined shields, Image quality evaluation
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II. MATERIAL AND METHODS

1L 4348 2 3|

(b) c-arm equipment

(C) Survey dosimeter

Fig. 1. Apparatus used in this study.

1.1. 3D Printer

2 A= HHE ALetr] S8 Rdy =
2719991 Rhino program(Rhinoceros, McNeel &
Associates, USA)E ©]-83}91 21, Fig. 1 - (a)¢} 2]
FDM(Fused Deposition Modeling) 22| Ultimaker
2 E|(S3, Ultimaker, Netherland)S A}-&3to] =9

ST

12. A% A3 4H

1208 Fol7] fe A= As e e g
(Copper; Cu), ¢FvE (Aluminum; Al), Y#A
(Nickel; Ni) Al 7] &< -9t Hl&& 77t
tE HE= uiEste] 371419 dHE Type HE
FolstAl ARttt ¥ Av 40 : 35 @ 25%,
L B 45 :30 : 25%, EH C= 50 : 40 : 10%=
zkzh 24 wgste]l Xeray Tubeoll Al A sh=
128 A A = ¢ e 39 55 ZEHE
Fig. 2%} #o] Zﬂ”ObiU‘r Zk7ko]l HE = Xeray
Tube FFel Bt P o= A A5l on A5 :
9.2 cm, 7 : 1.3 cm«] 2o A7|E A e T
e 8 s t2A skl

il

TypeQ! C-arm (Anyview - 500S, Eecotron, korea) &
HE AHgSelth A% 542 AA Fig. 1 - (0]
ZAAZE A (Cobia Smart R/F, RTI  Electronics,
Sweden)E AF8-3to] ZAMAFS AT
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Fig. 2. Flowchart of the process in the study.
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3. I8 HrtE A% 293 (A AF¥

962 Frd ABde AN F RS
Copper Filament-e— A4 98 moko] oA
Fig 37} 2o] 2aloe. £24 8947 DS
zHstel Cam Ao A8 £ de 2HY

Ao AE St

Fig. 3. Output of housing produced through 3D
printing.

4. ¥¥ 4% HIME A% A% B7 P

Carm Rl AZe AHE AgSHAL 1
E

ZAE = Ao 7 g3E glsty] s I
2 A8k 2S Wk A, B, C LA‘«] IHE
AHESE S W o] A wlaskglth & Al Table

7} Detector 7+ A#E 50 cm, 60 cm, 70 cm= ¥
7:‘3}04 AT #9202 6 mAsE 1L
a1, AL 60, 80, 100 kVp= Al 7}A] 11
}30}04 Table 13} #o] =&alqitt. & A3
741% Table 91ol YXAA z2+ &4 z7inic}
103] A 54 & Hdghs AEste] AR
)\'E‘ Tt

fo 22 Qﬂ

Table 1. Experimental variables

Parameter Value
Tube voltage [kVp] 60, 80, 100
Tube current [mAs] 6
Table — Detector Distance [cm] 50, 60, 70
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60, 80, 100 kVpz WA FHFstx

Detector AF0]9] AEES 50 cm= 37_73, HAFE S
mA=Z 31433 PhantomS AMS-Sho] F 12789 o
S ZFsth Aoz Jite F48 HUks)
7] $13l Image J program (National institudes of
health, kensington, USA)= ©]-83}o] 1279 F4&
L-spine?} Background F-91°4 88 mm x 83 mm®]
ROIE AA3sld A5 o FFSH|(SNR; Signal to
Noise Ratio)2] ¢ Eq ()% 22 2oz 313
oy ER= Z-H](CNR; Contrast to Noise
Ratio)®] 74-t-oll+= Eq (2)9} 2 &2hS AHE-sHolth

Si nal ean
SNR = IR e 1)

Background Standard Deviation

CNE — |Signal ., — Background,y,,,| 2
BaCkgroundStandard Deviation
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III. RESULT

1. A% vl 7}

1.1. TableZ} Detector 7+2] A€ 7} 50 em & ] A=
72 7} (60, 80, 100 kVp, 6 mAs L74)

C-arm “gH[A 2] A7} 50 em & we] M=
2 Mgk 7448 A 3= Table 29F 2, 60 kVpol A
ZE7F 98 ul 25.9 mR, A filters 13.01 % 49.77%,
B filteri= 7.06 mR=Z 72.75%, C filterv= 4.94 mR=
80.93%°] M &S AT + AUATh 80 kvp

M= eI 91S w 53.66 mR, A filter: 30.17
mR=Z 43.78%, B filter:= 19.26 mRZ 64.11%, C
filter= 15.28 mRZ 71.53%<] Az 7285 &<l
g 4 AL 100 kvpoll A= FE7F 1S o 97.33
mR, A filteri= 45.91 mR= 52.84%, B filtert= 31.25
mRE 67.9%, C filter 26.29 mRE 72.99%°] A=k 7+
&S Fig 4 - (& &3 9T 5 AAgTh

1.2. TableZ} Detector 7Fe] AZ7F 60 cm & W)

AeF 7 97F (60, 80, 100 kVp, 6 mAs 1L7)

Carm FH|o|A 2] A7} 60 cm U weo] A A
M 7Ha] 8 A= Table 29F 2tk 60 kvpoll A 2
B7h 91 w 43.89 mR, A filters 22.27 mRE
49.26%, B filter" 12.11 mRZ 72.41%, C filter:=
8.65 mRE 80.3%° A% &S AT + AN
a1, 80 kvpellAl ZEI7F gls wl 90.29 mR, A filter
= 51.12 mRE 43.39%, B filtert 32.85 mR%
63.61%, C filter= 26.56 mRZ 70.6%2] A& 724
&S st = AATE 100 kvpel A ZE 7 §le
] 131.4 mR, A filter= 77.97 mRZ= 40.67%, B filter
= 5324 mR 59.49%, C filters 44.44 mRE 66.18%

S Fig 4 - ()9} Bl FAT 5 AT

=

1.3. Table®} Detector 7+ A&7} 70 cm ¥ o
Ak 2+~ H7) (60, 80, 100 kVp, 6 mAs 1L4)
C-arm “gH[A 2] A7} 70 em & we] M=
2 Mgk 7448 A 3= Table 29 2, 60 kVpol Al
A7 915w 69.29 mR, A filter:s 3593 mRZ

48.14%, B filters= 19.34 mR= 72.08%, C filter:=
13.44 mR= 80.6%°] A% &S AT + 3
ATk 80 kvpollAl ZEI7F ¢1& W] 146.5 mR, A
filter™ 83.01 mRZ 43.33%, B filter:= 53.09 mR=Z
63.76%, C filters= 41.48 mRZ 71.68%2] A= 7+2]
&5 #eld = JATh 100 kvpeld ZEI7F Q1S
wl 214.5 mR, A filters 127.4 mR% 40.6%, B filter
= 8626 mRE 32.29%, C filter:™ 71.03 mR=Z
66.88%2] A 7F3 &S Fig. 4 - ()¢ 2ol gAT
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Table 2. Results for dose and shielding rate for each variable

C-arm
None A filter B filter C filter

cm kVp mAs Dose Dose shielding Dose shielding Dose shielding
[mR] [mR] rate [%] [mR] rate [%] [mR] rate [%]

60 6 2591 13.01 49.77 7.06 72.75 4.94 80.93

50 cm 80 6 53.66 30.17 43.78 19.26 64.11 15.28 71.53

100 6 97.33 4591 52.84 31.25 67.94 26.29 72.99

60 6 43.89 22.27 49.26 12.11 72.41 8.65 80.36

60 cm 80 6 90.29 51.12 43.39 32.85 63.61 26.56 70.68

100 6 131.41 77.97 40.67 53.24 59.49 44.44 66.18

60 6 69.29 35.93 48.14 19.34 72.08 13.44 80.62

70 cm 80 6 146.51 83.01 43.33 53.09 63.76 41.48 71.68

100 6 214.53 127.4 40.62 86.26 32.29 71.03 66.88

Table 3. Likert scale results of patient umage cases evaluation items

Evaluation Item score
< Is this image useful for diagnostic evaluation? Very bad Bad Moderate Good Very good
1 60 kVp, None filter @ @ ® @ ®
2 80 kVp, None filter (@) @ ©) @ ®
3 100 kVp, None filter ) @ ® @ ®
4 60 kVp, A filter @ @ @ @ ®
5 80 kVp, A filter @ @ ® @ ®
6 100 kVp, A filter @ @ ® @ ®
7 60 kVp, B filter @ @ @ @ ®
8 80 kVp, B filter ©) ) ® @ ®
9 100 kVp, B filter @ @ @ @ ®
10 60 kVp, C filter @ @ ® @ ®
11 80 kVp, C filter @ @ ® @ ®
12 100 kVp, C filter @ @ ® @ ®
Table 4. Mean value of images by condition
kVp
Filter Mean
60 80 100
none 42 4.4 4.4 4.33
A 34 4.0 4.0 3.80
B 3.6 4.0 4.0 3.86
C 3.6 4.0 4.0 3.86

644



"J. Korean Soc. Radiol., Vol. 18, No. 6, November 2024"

120

100

&0

40

20

140

120

100

&l

40

20

250

200

150

100

50

Fig. 4. Results of graph for shielding rate according to the type of lens in the C-arm.

50cm, 6 mAs
97.33
53.66
45.91
259 30.17 31.25
19.2¢

III 7.06

none B filter B filter

ma0kVp m80kVp m100kVp

(a) Results at a height of 50 cm

60cm, 6 mAs
131.4
9029
77.97
51,12 53.24
32.85

none A filter B filter

me0kVp mB80kVp ml00kKVp

(b) Results at a height of 60 cm

70 cm, 6 mAs

214.5

148.5
127.4

23.01 86.268
69.29

33.08

19.34

none A filter B filter

mE0kVp m30kVp wl00KVp

(c) Results at a height of 70 cm

26.29
15.28
4,594
|
C filter

44,44
26.56
3.65

C filter

71.03
41.48
13.44

C filter
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Table 5. SNR and CNR values for each classification

Signal Mean Signal Std.Deviation
kVp classification SNR / £ % CNR / + %
Background Mean Background Std.Deviation
174.734 15.215
None filter 15.89 - 6.11
241.995 10.994
96.020 22.642
A filter 192,597 50,944 4.58 / - 346% - 470 / + 130%
60 . :
104.527 19.618
B filter 206238 18.030 5.79 / - 274% - 5.64 / + 108%
94.433 19.064
C filter 182617 16249 5.81 / - 273% - 555/ + 110%
90.696 19.519
None filter 5.32 -5.24
180.061 17.032
148.797 17.164
A filter 28361 2019 12.38 / + 232% - 6.61 / + 126%
80 : :
152.973 17.872
B filter 231961 13,660 11.19 / + 210% - 578 / - 110%
152.790 17.665
C filter 36,639 13890 11.05 / + 207% - 6.06 /- 115%
154.841 17.808
None filter 11.09 -5.89
237.078 13.962
170.624 15.752
A filter 213,610 1500 1483 / + 133% - 6.84 /- 116%
100 : :
169.772 15.605
B filter 20490 1537 1471 / + 132% - 612/ - 103%
169.523 15.670
C filter 36,846 1249 13.57 / + 122% - 538 / + 109%

IV. DISCUSSION

, B2, dzo] wAlste] A9 o] HA % A
S A FE wasp g
237 Slsl we Avsel 2
oo w2, Copper
Filamenti= A4 gt} &9l djgkoz A4
AP 7E ATEL dd FE H5E T8

A Al FEH W, B ATl A= 3D T

£ ALgste] A29E A AE A=skaL, Cu, Al Ni
Z w599t 9 wdS o2 A 3 A 71
o= ZE ¢} Copper FilamentE A}E-3F 3}
s FHste] A% AAAE HIANAL, &
of tig M= E AN FFEL HrE
g3t A% S7o| A= Table?} Detector 7t
o] A& 39450, 60, 70 ecm)E, HALE 397
(60, 80, 100 kvp)= 7t Z7imtt} 10 3|4 A 5
gste] W Htx o] AFgS AFgste], 7 A}
TGl e A A¥ 9 7 dEjo] A9 a&
T ARk 2 A Ay} Agte A
192S i, None el wjo] w3l A ZH
= Table®} Detector AFo] A&7} 50 cm & )
49.8 %, 60 cm ¥ W 3t 44.44 %, 70 cm¥
T 44 %A% Aol 7+ 53l B HE ol A

i o ¢
2 e
oo 9
ol m?l_[

2
=T

3

£ o
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T

A rhe ol oA ekgkeh WAl WAL FF

= Table¥} Detector AF°] A7 50 cm¥ )
uf o me} FH < Aol getd 4 v} I elgy
o

68 %, 60 cm¥Y A 65.1 %, 70 cm¥Y

3

0.

56 % QX AwFo] 7h& 3 th C HE oA = Table 2o ogFe AAF S w8 2 AR el
3} Detector Aol A7} 50 em ¥ wl H 75.15 HA st dYeo Aes Hrhsta vlashs A+
%, 60 cm¥ W B 7236 %, 70 cm¥ W B 73 7 sttt 5 ATele A A eSS4
% % Aol A ES gttt 94 F4 3 d F Ade AFAE o] &3t FACE ™S =
Ve AR, 444 JUrE Ao, AgH Aetal, Algtel A% AEAE AFESIS o A
7t A= HHE AFEgE 4732 SNR A4lol A Ao AAF-Qof| wE M A A Zas
AB,C ZH EF, BHE AMESHA] %k wel ¢ Aoz Alg ) ole} Bl G4 FH ) A
Bt} 60 kvpel Tl = b 300% FHAshe A 7Fe] trade-offt= U4 JAMAA A Fa s
o] wRAISIITE SHAI T 80, 100 kVp= TS g0t AFS Fole AL Ao WAL =&
o] Z7F &4E HF 150% A% kol F7hsk, A, = HARATIARE ol 4 F4 AR oo d
B, C dH =7 #Hste] &5 Hle SNR#t T ATh 2 AFdAE IEE AFES H9 SNR
S HAdtE AL gt CNR ALt A = o] frastE ATS Hloy, #ste]l FrhEel
60, 80, 100 kVp B HF ¥ o2 HEIE A8 we} SNRo| thA] F7bshes A3E yERTh oY
S w v x 30% @ HEZ Zag AolE g A= A A 44 B4 mAE dEE
Btk webA] G4 Jor A, A= 4 Sl H sk &S AAFEE wEbA, FE 9 ALgo] o
3l e & AHEe Y AFA FA= FHE AL & FA A= AFS HASIsHHA = AR
|oA o> e wje] Aol vl A ®stH LES Y 7 UE UHE AEH R AT
A gtk AAA It AE, HAE HEFE o & Aol Fastrt Tk oheFet 7oA o EE4 &
ste] Qe A& G sta WAMAAL sE ] AT & 2 sk wiste] gk A 3Es Frkste 3o
Al A FEE AFESHA] 2 AHd W 7 3 Tastth 9 AFdME Yo AdH 27t
o F W 433709 ARE ADHAA Y 7 G713k Abgel AFIAE AESE A7 2
dAg H F Hgo 387, BLE A 7 94 g ojoF & Flo|t}, theFst o5 | Hol| A= |
oF ¥ F He 3.86%, CEE Ao BAYg ¥ F o T, &9 WA, g LA 54 Fol ol
HitS 38682 A, B, C ¥ 5 B, C ZE|7} 7} st7] wiitol 3D ZdY V=S 483td IHE
2R Hagks Below, fhAgke] AXgko} HAHupol=ste] 54 o8 HAHlo] wtEF o
Ale Aldle Aol gls ez gdr & A Aze = 9ol e 9] dnks) 7HeAdS Fole b
TolA Az ¥ dY F 7PY AR A E0] B2 1998 & A& Aoz AlsHh 99 2E AS
AN FAHIE 58 ¢ BEE Aol AlsE Aol Zeta AdAE A8 S w A=
kel EE Qg I AFS Fol7] 93 871 S FAR FoEY, S Adstrld 2 F3
7F =& Ao® ALRETE E AT AR E S T4 gEte AdA 2 AT g9E = F
AA, ATl AL-gH AFAE A AFAZ, AL ATH

AgAe] 547 Abebad s SAH3 o o5 Al

g 2 &S S8 AE Rl AT EA, V. CONCLUSION

° B AFo A= C-arm FH| 9] Xeray FHO| 2%
AZE AR ol A welel el b b T D e e g
X Felal= o] ojg o] AUTE A, A Lo L e e o e
o B B L . a2 AZste] A3y AAHAE skt Al
T RE AT A el S A B e e mobel A 70% o] Ae] o A
gl — e S 0 o A N |

A A7} ol Phantom @2 23S N a)ste] AA 3 - -

2 7k~ 98-S ol oA} ER HyLE o) A

Ao AAA S T Ane] ok ek w g o Aoo= BAAL B e B7hE Ss A
S e e cre s & A=A, 444 F7F A3}, SNR, CNR 7He A
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