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Evaluation of the Effectiveness of the Shielding Device and the Organ Dose of
Subject During Bone Mineral Density

Cho Yong-In”-Kim Jung-Hoon?

Y Department of Radiology, Dongnam Institute of Radiological & Medical Sciences Cancer center

? Department of Radiological Science, College of Health Sciences, Catholic University of Pusan

Abstract Bone mineral density is a examination to measure the amount of bone in patients with metabolic bone disease.
It is a low dose, but may cause unnecessary exposure to the gonads and other organs located in the periphery when
examining the lumbar and proximal femurs, Therefore, the purpose of this study was to evaluated the exposure dose for
each organ exposed during the bone mineral density through simulation, and analyzed the applicability of the subject to
radiation shielding devices using 3D printing materials. As a result, the highest dose was shown at 11.47 uSv in the
breast during lumbar examination and 8,98 uSv in the testis during proximal femur examination. Also, the farther away
from the examination site, the lower the effect of the scattering-ray. The shielding effect of using 3D printing shielding
device showed high results in proportion to the effective atomic number and specific gravity of the printing material,
Among the printing materials, ABS + W showed an effect of at least 78,72 to 96.39% compared to the existing lead
material,

Key Words : Bone densitometry, Scattering-ray, Simulation, 3D Printing shield, Radiation Protection
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Table 1, Technical Specifications of Dexxum T device
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ZAGEREA S A4 7R E MCNPX(Monte Carlo
N Particle eXtended, Ver, 2.5 0)= E3l AAEALE 4=
stict. olFollA) XA Ere Ba BUEEAY)
of gt HMAHARE 98l AFHOeE AREE= Dexxum
T(Osteosys Co., Ltd., Korea) Ax]of o3t 7|42 & Ho

L.

el ARSI O™, AAHL AFE, 4 59 AlFEAEE

(Specification)+= Table 13} ZtH6], ZAVSE 7]3k8H4
2 Erj2 34 A Hlol, XA FH SE 52 ue @

Aigten, e Badlfe FASHIFE. 1

At A SR QA A1) o AEAkE 9l
ORNL(Oak ridge national laboratory)oj|A] 72Fst MIRD
(Medical Internal Radiation Dose)d HE-2 AR5} S
o, A 3 Al AdEe] ek RS FA 271 S8l A
&/ MES o]&sto] AL Hol& flol fAAIZH &
T 9 9] HER FAF Al S E = AR o digE =
AS ]3] IPEM(Institute of Physics and Engineering
in Medicine) oA Al 3-3l= XA AHER YA L2739
SRS-78& o] &35l om, HAF ZA(L—spine : 83 kV, 1.5
mA, 187 sec, Femur : 83 kV, 1.5 mA, 119 sec)@} XAl &

Technical Specifications

System X-ray system DEXA (Dual Energy X-ray Absorptiometry)
Scanning method Pencil beam
Perfo31rmance Scan site AP Spine, femur (dual femur)
Scan type Non-stop scan (AP Spine, dual femur)
Scan time AP Spine : 3 min, 07 sec, Femur : 2 min (Normal)
Precision/Accuracy ( 1.0%
Measured parameters BMD, BMC, area, tissue thickness
Calibration system Automatic calibration, daily QC phantom
Patient positioning Laser aid positioning (plus shape type)
Image transmission DICOM system
Dimensions Dimensions Medium size @ 1900 x 800 X 1221 (mm)
& Weight Weight 130.5 kg
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Fig. 1. Simplified model of BMD Device (a) Osteosys Dexxum T device (b) Simulated geometry
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Fig. 2, X-ray Energy Spectrum distribution by SRS-78 Program
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Table 2, Information of FDM 3D printer materials

BMD K X
madeling /
Tz

MIRD Phantom

Patient Table

(b)

FDM(Fused deposition modeling) ¥4]9] 3D Z&E zj&
of thall AP ZAFSIAL, = AtoflAl+= PLA(Poly lactic
acid)@} 2> ety Ay S5A 9ol £ AR F
= olgstslon, 3% W HISE Table 29} 2t} 7|
& AP AollA ASH ol duE o]8ste] BMDHAL Al
WA 2|7 R=A 0l Aad B7EE fls A HARRE
MIRD e HAHFO] = 7, A, A Felol AL
7V SejE 3D ZalEl e @ SA4(5, 10, 15, 20, 25 m)
of & AH|7|FE T HAFRITE

2, A
D) ZH=HAL Al 3AY] AR o et A H7t
A AR a5 B 9] thER GAF Al 12T 3 AbekAd

off oJgt QA A7E W EAT S-S sl XA AR

A HARRE XA FH =9 SRR AAst e, HA

A B2ke] At B 39 W A} 7] (Spine : 160 1 X

192 mn, Femur : 120 mn X 180 mn)E 12jale] HAPH QIS

A7skAtHFig, 31, AAE Al EAF9] QA A7 B

&l U (Breast), H(Lungs), $J(Stomach), ZHLiver), 2]

% (Esophagus), ZAF41(Thyroid), 4x(Testis), th*=|(Brain),

AlZHKidney), EFHAI(Salivary gland), % (Pancreas),

o

HbEH
o=

3D Printing Materials

PLA PLA+Cu PLA+AI PLA+SS PLA+r ABS+Bi ABS+W
CgHy +
. CaHsOp + CgHsOp + ,02 CgH4O2 + C3H3N+CqHg+ CgH3N+C4HO+
Composition C3HsOo Stainless .
Cu(40%) AL(60%) Fe(40%) C2H3+Bi(40%) C2H3+W(40%)
steel (40%)
Specific gravi
pecilic gravity 1.24 2.46 1.48 2.4 2.4 2.7 40

(g/cm’)

*PLA : Poly lactic acid, ABS : Acrylonitrile butadiene styrene
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Fig. 3. Simulation model for exposure dose assessment during

dual energy X-ray absorptiometry
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Fig. 4. Effective dose distribution according to human organs during lumbar spine and femur neck examination
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2 9.3~Ht)| 82.2%, 1A 7.6~34 9%, A4 5.8~11.1%,
U 2. 4~11,2%, = —6,4~-2.9%, Q3 0.0~0.1%22 7}
e MRgAmunE Rert oo us YRl

ABS+WE] 79, fridolA 2|4 78.2~2tf 80.4%, 1A
63.0~86.4%, 4> 49.0~50.9%, i 28.1~32.5%, =

5.1~7.0%, Q5 1.8~2.2008 7P &2 Aetaans
UERSsh 11 9] 3D =ZRIY Ajme] digt Brhad,
ABS+W, ABS+Bi, PLA+SS, PLA+Cu, PLA+Fe, PLA+Al
SA R Az dadapise) Wi njeste] 2 AR
&aIE HERIEK(Table 3).

Table 3, Dose reduction effect according to thickness(5 ~ 25 mm) of 3D printing material during lumbar spine examination

Organ (Unit : %)
Breast Thyroid Testes Ovaries Eyes L-Spine
PLA 9.3 ~ 322 7.6 ~ 349 58 ~ 11.1 24 ~11.2 6.4 ~-2.9 0.0 ~ 0.1
PLA+AL 253 ~ 589 15.1 ~ 56.0 15.0 ~ 27.3 5.4 ~17.6 0.7 ~ -0.4 0.2 ~ 006
PLA+Cu 72.7 ~ 79.7 55.0 ~ 85.2 44.8 ~ 48,9 231 ~ 31.4 43 ~65 1.2 ~ 2.1
PLA+Fe 68.8 ~ 79.0 50.5 ~ 84.1 421 ~ 47.6 20.7 ~ 30.6 3.8 ~59 1.1 ~ 2.0
PLA+SS 76.3 ~ 80.3 59.5 ~ 86.1 47.6 ~ 50.3 257 ~ 321 51~7.0 1.6 ~ 22
ABS+Bi 77.4 ~ 80.3 61.4 ~ 86.3 48.4 ~ 50.6 27.2 ~ 323 51 ~69 1.6 ~ 23
ABS+W 78.2 ~ 80.4 63.0 ~ 86.4 49.0 ~ 50.9 28.1 ~ 32,5 51~7.0 1.8 ~ 22
Pb 81.2 ~ 81.3 09.8 ~ 87.7 522 ~ 53.1 31.4 ~ 33.6 62~77 22 ~24
Table 4, Dose reduction effect according to thickness of 3D printing material during femur neck examination
Organs (Unit : %)
Breast Thyroid Testes Ovaries Eyes L(eipl;;);;e L(el\iiczl);e
PLA 32~ 41 115 ~ 42,5 9.4 ~ 39.0 43 ~ 144 43~ 24 0.6 ~33 0.1 ~02
PLA+AL 12,1 ~ 19.4 22,6 ~ 56.8 227 ~ 627 7.3 ~ 214 2.8 ~ 4.9 1.1~ 49 0.1 ~ 0.6
PLA+Cu 32,0 ~ 33.3 61.8 ~ 71.4 727 ~ 84.4 27.3 ~ 36.0 3.4~ 14,0 46 ~93 0.8 ~ 1.5
PLA+Fe 30.6 ~ 32.6 59.4 ~ 71.1 67.7 ~ 83.9 245 ~ 351 23 ~13.1 4.0 ~ 9.0 0.7 ~ 1.5
PLA+SS 33.4 ~ 34,1 64.8 ~ 725 77.5 ~ 84.7 30.2 ~ 36.9 43 ~ 151 53~ 9.6 0.9 ~ 1.6
ABS+Bi 33.5 ~ 34.0 65.8 ~ 71.9 79.1 ~ 84.8 315 ~ 37.2 44 ~ 151 57 ~9.7 1.0 ~ 1.6
ABS+W 33.8 ~ 34.2 66.4 ~ 71.9 80.1 ~ 84.8 32,5 ~ 37.4 4,0 ~ 149 59 ~98 1.0 ~ 1.6
Pb 35.4 ~ 35.5 69.7 ~ 73.4 843 ~ 851 36.3 ~ 38.4 5.0 ~ 16,1 6.9 ~ 10.2 1.2 ~17
uhAbA7|E#E 20209 Al43W Al3E 191
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Fig. 5. Comparison of dose reduction effect according to shielding materials (ABS+W, Pb) during dual X-ray absorptiometry exam
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