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Usefulness of Carbon Fiber Reinforced Plastics as a Material of Auxiliary Tool for
X-ray Imaging
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Abstract When taking X-rays, various auxiliary tools were used to fix a patient’s exact shooting position and posture, In
this study, we evaluated the usefulness of carbon fiber reinforced plastics(CFRP) 3K as a material of auxiliary tools by
comparing poly methyl metha acrylate(PMMA), polycarbonate(PC), and CFRP 3K each of which has high radiolucency.
X-ray radiolucencies were measured by stacking 1 mm panels of each material, and contrast to noise ratio(CNR) and sig-
nal to noise ratio(SNR) of images of each material were measured by comparing with None, which stands for images that
are taken without any material, All three materials showed over 90% X-ray radiolucencies within 2 mm thickness, and there
was no significant difference, PC, PMMA and CFRP 3K had high CNR and SNR in order, and CFRP 3K showed the clos-
est CNR and SNR to those of None. While taking X-rays, by using CFRP 3K material within 2 mm thickness as a material
of auxiliary tools, which are used to reduce re-shooting and X-ray exposure by fixing a patient's exact shooting position
and posture and improve the quality of medical images, a high X-ray radiolucency of over 90% would be obtained, and
the influence on the image could be minimized.
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Baje] ol e Fols) Slo) B A LHL
Byon Sgsle Rirye FRZE waRul, o2
H(acrylic), Z2]7}H |o]E(polycarbonate, PC), &x, <&
2o, E(foam), A (latex), AE|ZE(styrofoam) 5
o] thefet w7t AREEAL Sk, &G FATE aR AR 9]
ek Bol= HewTto] 577} gfoke -2t 9 AAE
FrAsHHA AAFE Ymgidel dFe HaTem FAH
ofof gt} v Y FAVF FHL FAE AF BEE
T FAZE FAYHCEN oungided dFe & o+ U
o}, webA 7]1E Hamaho] Ad) go] A T
EOHMNE Tt 2 HEEo] fr EAJo

2000t 2RHLE AX=S FHOE F49
A=A el AAATAOR AT @ o=r| 7o A
224 A A8 735t ZelAE (carbon fiber reinforced
plastics, CFRP)S 212402 g3k3 gk, Sefubelo]
A 2 AN B8 AL SR e oa
N FagE 29 zhwo] Amglol o] WS g
Exo 2 A2 (computed tomography, CT), 4=
&8 Hol, o B, WA AR AR, ox
Al t]gE|(detector) 5oll ARGEIL QlTH4-6],

ol AN BRETE) AR A Eipo] &
T A SR B HaTew SA] Sl
E e S AR R Bl A = S i
= A2 Fapdo] zoba] oA Et A= A
|5 PC, of=d 9] tha2]el Eejv|dretolad 0|
(poly methyl metha acrylate, PMMA), CFRP 3K& H|1L
sjof ol 89 A] BRETS] ARZME] $84E 24
shiat g,

1. 2e M=

CFRP: 0,005~0,01mm 27]9] mj& 7} eha 4o
AEZE 3KE ARSI, )74 K= Kilo & 1,00071-2
ojujgick, ol B9 A FHEE AFE 2401 99
PMMA, PC, CFRP 3KZ 7}2, A2 100 me] HAzZra, =
A L Fe= 212} 1044 AekicFig, 1. Hekg 3
AR 2EA) AF2] = DR X-ray System(comed TITAN 2000,
gemss medical, Korea)o & XA AHo]AX|(EVA-HF
750—CT)Q} 1A AR (EVA-HF750—HT) & Al A4

T x| (E7252X, TOSHIBA)Z FHJ= o] Qlct Alme] F+
A B A S48 fI8l et s Ao U8
7o o G AlRolA 2 ’E AR Te] 21 3
shof A oA AEAA] A 7E 1,500 mn, A E= oA
detector7IA] Agl= 45mm, 117 ZEIE A == A
2kst et Fig. 2], w=R]E A=o T A 54 AHl=
Magicmax Universal?] XR detector (S/N:R22-0777, 1l
Al 2022.10, A|ZA} IBA dosimetry, A|ZFAF Germany)
= AMESIGITHFIg, 81, FAE7HE Slol Y m A A
Al 2Ell(picture archiving and communication system,
PACS) Z & 13 (Infinitt) ¥} Java 7|4t ou|x] BA 27
9 ImageJE AMESISITE.

PMMA [ME CFRP

Fig. 1. 1 mn thickness panels of PMMA, PC, CFRP 3K
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Fig. 2, Testing apparatus for using narrow beams
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2w 29 227 AL 5 mPb, A2 el A=At
A 72l 1,500 m, AzolA] Aok A5 20 me] U
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Fig. 3. Magicmax Universal XR detector

100mm
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3 = w2} 2 mn FA ] 3744 A=
4o g2 A(50 kVp, 100 mA, 0.1sec)ol|A] 21} o]

7F A 82 1,100 mn, ZAPF 17X17"2 717} 43]
4 Bste] Sughe AAS] 918 M Aot 2 1512
AASH 38 ZAgre AHEstelch AHE 9ARS PACS
RIS 2Esto] g fAd G D FAldigital
imaging and communications in medicine, DICOM )i+&]
YL 2E000] Image) T2IPL ALGElo] G AE
ool 712, A& 300 pixel 2] TG H(region of interest,
RODE A3} iz = off 3-2H|(contrast to noise ratio,
CNR)2} A% off #-&H](signal to noise ratio, SNR)S H| &}
At Q=7 P& w) FAF] ROI pixel ZF2 background =
5Flal, CNRZ 4(1), SNR A(2)5 F3fl HluLskirHsl.
CNRZ} SNR Alo)|A pixel AR ZFe g5 AMESH ROL
average’} A&7} §l= background average 2T} A 2
Zro &2 ROI average©l|A] background averageS W|5o]

Aoigre Aekstack

(ROISI,,, — BackgroundSI,,,)
CNR = A J Ay 2(1)
\/ ROISD?* + Background SD?

(ROISI,, — Background SI,, )
SNR = - RO[S;]) - 4@

3) BA &4

Babwol Gavle] ASE dolHe B ERuAE
Uehiar, Azt g1 wieh 371 RS AREFHS wE B
sl A et 4 e Fokeel lol
l57] $138ll Pearson RS- AASIG L, ZF A2
Rolo] uhe: a80] jojo} At i 710] Aole] ol
2 A7) YA viE HAWS! Kruskal-Wallis A
HE 2B E3E AR o= AH] A (pairwise
comparison)& Al3Ysto] 72| Apolof whE TRl 4t
JE ghol Apolo] oS AAsHT SA Z=aH
IBM SPSS Statistics(ver,29,0.1.0, USA)E ©]&3}% T},

ru{o o)

. 2 =t

Fot= EIt

Pt AR WE -8R0 o I AldollA H2
5 AR wjo] 24 7|Eo 2 370 S FA 1~10 7k
A s 22 HYxplol Fes S5kt A=
7F b o S7E ARk 68,45 1GyollaL, Zt A&l whet
1~10 m7}A] 2% A5 PMMA 66,0~45.36 ¢Gy, PC=
65.04~46.71 uGy, CFRP 3K+= 65,71~43.21 uGy= =4
EQct HARA EaleE v wshH PMMAS 96.42~66, 26%,
PCE= 95.01~68,23%, CFRP 3K+ 95.99~63.12%7} 23]
ct.

37HA Mg BEFE 2m FAZA] FEE 90% o]dolql
a1, 57 3mm o] FRE RE AE7E 90% "o g ZAE
et 2m FAA FIHE= PMMA, CFRP 3K, PC =]
QUAEE Zpoli= 0,45% % oW & wlj-- Zqkeh FA7F 10 mn
of 775 Fike= PC, PMMA, CFRP 3K <=o|3ith
(Table 1),
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>~.

1) FAC Fakgo AuaA &4
FAL 57} 7 Q7] FHETE F2gt Aol Ql=A
golsl7] 93| Pearson AAEAS AAEMgct 1 Axt
79t CFRPE| it Afo]o] AhattA| r=

’

—-0.996, p<0.001
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Table 1, Mean of radiolucencies of each material according to thickness

Thickness (mm) None PMMA PC CFRP 3K
0 68.45 + 0.24 - - -
1 - 66.00 £ 0.55 05.04 t 012 65.71 + 0.59
2 62.45 £ 0,12 62,76 £ 0.48 62.62 £ 0,59
3 - 60,01 £ 0,55 59.65 £ 0.26 59.70 £ 0.87
4 - 57.59 + 0.45 57.72 £ 0.01 56.75 £ 0.09
5 54.60 £ 0.01 55.71 £ 0.56 54.48 £ 0.28
6 - 52.65 £ 0.07 54,55 £ 0.31 52,78 £ 0.72
7 - 51.58 £ 0.39 51.92 £ 0.30 49,78 £ 0.18
8 48.81 = 0.13 49.35 = 0,16 47.37 £ 0.25
- 46,73 £ 0,26 47.86 £ 0.54 45,55 £ 0.07
10 - 45,36 £ 0,57 46,71 £ 0.20 43,21 = 0,02
1) PMMA : poly methyl metha acrylate
2) PC : polycarbonate
3) CFRP : carbon fiber reinforced plastics
Table 2, Correlation Analysis of thickness and radiolucency of each material
Thickness PMMA PC CFRP
Thickness 1
PMMA -0.994" 1
PC -0.993" 0.995" 1
CFRP -0.996" 0.995" 0.995" 1
'p€0.05, “pC0.01
1) PMMA: poly methyl metha acrylate
2) PC: polycarbonate
3) CFRP: carbon fiber reinforced plastics
2 7MY 22 ()Y S Bk B E, FA19F PCe ofli= thaH] i (pairwise comparison)E &3l oJH =2

E3lz Ato]o] AFEA r=-0,993, p<0.0018 7FF 2R
F(-) 9] IS 7HATE PMMAS} PCO] A, PC
9} CFRP] AH¥¥H7), CFRP9} PMMAS] A AL =

5 r=0.995, p{0.0012 &2 H(+)9 A AE 7Hch

(Table 2). 37} A& BE =70 & Exjrl Al
7110l 77kdaL, Ajzmol whE g 1ol Z7H7IA]

FUF SHE TP A0 BHEg

2) 29 E38-9] Kruskal-Wallis A&

7} Al A o] ko] ato] Ajsef| utet foet Ato]
7F QEA BRI 9JsiA ANOVAS] W 779 <el

Kruskal-Wallis A4 ©]-&35}o] AJ8§slct 1 23 1
~4, 6, 7o SAGALE £3189] Bl Azl uket fo)
gk Zpol7} QIS EIE o= glleh L, 5, 8, 9, 10 mn
FANA = 95% Al=|Ft7toll A Fake-o] Bato] A=ef wh
o ol Aol Mtk

=aige) gato] Amol ujet felapA o]t s A

y-Ke)
o
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Fateol thE A o] FHE9| 2po|7t [F-oFHA] FRlske]
t} 1 A3} 5, 8, 9, 10 mm F7o|A] CFRP 3KQ] Exlri=
95% A=k 4] PMMAS] £il= f-2J5F 2lo]& Ko
A FUARE, PCO| BEeh= 93t Aol & Hol= A
ERlstSiti Table 3).

2. B gt
2o glo|EollA] A& 9o whet AAE DICOM FAS
PACS Z21Hof|A] 253} Imaged ZRIIH O 2 FAJ5}

et AE7} ¢S W) ROI pixel AH FH 1702.41, EIH
0] 90% oJAro]YE 2 mm PMMAL= 1791.29, PC 1836.64,
CFRP 3K 1786,760]9]CHTable 4y, A&7} 9 wf ROI
pixel ZFS background2 AAsFo] A% CNRE CNRpymia
0.85, CNRpc 1,28, CNRerre 0.800]90t}. SNR-S SNRpwia
1.18, SNRsc 1,79, SNRerpe 1.120]9)T}. CNRI} SNR H3F
PC, PMMA, CFRP =08 =7 Ueldth(Table 5).
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Table 3, Kruskal-Wallis Test of Radiolucency of each material

Thickness (um) Material N Mean = SD Kruskal-Wallis H Pvalue
PMMA 3 66.01 £ 0.55
1 PC 3 65.04 = 0.12 3.200 0,202
CFRP 3K 3 65.41 = 0.59
PMMA 3 62.45 £ 0.13
2 PC 3 62.77 £ 0.48 0.267 0.875
CFRP 3K 3 62,62 £ 0,60
PMMA 3 60.01 £ 0.56
3 PC 3 59.66 £ 0.26 0.800 0.670
CFRP 3K 3 59.71 = 0.88
PMMA 3 57.59 £ 0.46
4 PC 3 57.72 £ 0.62 4.863 0.088
CFRP 3K 3 56,75 £ 0.09
pPMMA"C V) 3 54.60 £ 0,01
5 pc®? 3 55.72 £ 0.57 7.200* 0.027
CFRP 3K* 3 54.36 = 0.16
PMMA 3 52.66 £ 0.08
6 PC 3 54.55 £ 0.31 5.600 0.061
CFRP 3K 3 52,78 £ 0.72
PMMA" ¢ 3 5158 + 0.39
7 pce? 3 51.92 £ 0.31 5.956 0.051
CFRP 3K‘ 3 49.79 £ 0.19
PMMA" 3 48.81 = 0.13
8 pct? 3 4935 £ 0.16 7.200" 0.027
CFRP 3K° 3 4737 £ 0.26
PMMA® ¢ 3 46,73 + 0.26
9 pc? 3 47.87 £ 0.54 7.200¢ 0,027
CFRP 3K‘ 3 45,56 + 0,07
PMMA" ¢ 3 4536 £ 0.58
10 pc? 3 46,71 £ 0.21 7.261* 0,027
CFRP 3K° 3 4322 £0.02
'p0.05
1) @, b, ¢ stands for rank which is the result of pairwise comparison
2) PMMA: poly methyl metha acrylate
3) PC: polycarbonate
4) CFRP: carbon fiber reinforced plastics
Table 4, Pixel mean value in 2 mm thickness
Materials Mean + SD
None 1702.41 £ 73.23
PMMA 1791.29 £ 75.32
PC 1836.64 £ 74.90
CFRP 3K 1786.76 £ 75.37

1) PMMA: poly methyl metha acrylate
2) PC: polycarbonate
3) CFRP: carbon fiber reinforced plastics

w7638 20239 Al464 AI3E 201
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Table 5, Comparison of CNR and SNR in 2 mn thickness

Contrast to Noise Ratio

Materials

Signal to Noise Ratio

(CNR) (SNR)
PMMA 0.85 1.18
PC 1.28 1.79
CFRP 3K 0.80 1.12
1) PMMA: poly methyl metha acrylate
2) PC: polycarbonate
3) CFRP: carbon fiber reinforced plastics
Table 6, Kruskal-Wallis Test of ROl pixel of each material
Material N Mean £ SD Kruskal-Wallis H Pvalue
None® V) 3 1702.41 + 73.23
PMMA" ¢ 3 1791,29 + 75,32
9.402* 0.024
pc™? 3 1836.64 + 74.90
CFRP 3K*° 3 178676 £ 75.37
"p(0.05
1) @, b, ¢ stands for rank which is the result of pairwise comparison
2) PMMA: poly methyl metha acrylate
3) PC: polycarbonate
4) CFRP: carbon fiber reinforced plastics
Table 7, Kruskal-Wallis Test of ROl pixel of each material
Meaterial N Mean + SD Kruskal-Wallis H Pvalue
PMMA 3 0.85 £ 0.01
CNR PC 3 1.28 = 0.06 5.695 0.058
CFRP 3K 3 0.80 £ 0.07
PMMA 3 1.18 = 0.01
SNR PC 3 1.79 + 0.09 5.047 0.059
CFRP 3K 3 1.12 £ 0.09
1) PMMA: poly methyl metha acrylate
2) PC: polycarbonate
3) CFRP: carbon fiber reinforced plastics
1) Kruskal-Wallis 773 2 o] 83S wjo] gAF HE Fates Folgh AlolE Holx]
oYok 3 o] A} &) o Aas
Azt Gg ) AE QA2 m AN AR oy St SR PMMASY CRRP 3KS] 94 ghe Al s

o] ROI pixel AKX ZFo] AL S v|wslal, 1 Zhe EU=
A50] 2Jo]of we} ROI pixel . gro] H-olt Zol S w0
ol=7] 21817 $13) Kruskal-Wallis 775 A13ach,
o 2w A7t g wiek A= A To] ROI pixel 7t
o] W 95% AFTLINA S5 Hol7} Qs Aow
shekE| 9,

AERA o tEHag o A, PoE AFHS uo]
B AR G ARE ARSI 2ok vt 95% fole
oA §-2l3t A0S AT, PMMAL} CFRP 3KE 7|2

ARESHA] gidke wie] 94 AR A FefRt AlolE Hol
A| ¢ITHTable 6).

2) CNR¥} SNR9] Kruskal-Wallis A%

A|gzo] w2 CNRY} SNRO] o]z} 2Igt 2fo]7} Q=
A Bolstr] 9314 Kruskal Wallis A4S A|3¥stact 1

A3}, CNRT} SNR L5+ A 5ol o3t xjo]= F2]akA] ok
Ao 2 HWAE Tk Table 7).
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