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ABSTRACT

DXA is the most commonly used BMD examination equipment with the best performance on reflecting the
biological alteration with tiny change of bone density. In spite of the importance of the quality control to maintain
the accuracy and precision of the examination, considerable number of hospitals are not conducting QC due to the
difficulty and high cost of the phantom product. This study develops the cross revision phantom with 3D printer
and the change of the degree of infilling filaments which can be readily secured, and provides the usefulness
assessment of the developed phantom by comparing with existing products. The Hounsfield Units of ABS, TPU,
PLA, 30% Cu-PLA, and 30% AI-PLA are assessed. The Hounsfield Units result at infilling rate 100% was
-149.74+2.36, -55.62+7.14, -7.68+3.82, 87.53+1.07, and 1795.20+16.15. The L1, L2, L3 BMD of 3D printing
phantom with linear regression model were 0.620+0.010 g/cm? 1.092+0.025 g/cm? 1.554+0.026 g/cm* which are
statistically relevant to the existing phantom products. This result provides the base line data for various medical
phantom produce and capability of proper quality control of DXA equipment.
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II. MATERIALS AND METHODS
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Fig. 1. 3D Printing process.
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(a) Soft tissue (b) Bone

Fig. 3. Modeling for HU evaluation.

Table 1. Characteristics of materials.

Density (g/cm3) Melting temperature (C)

ABS 1.04 220~260
TPU 1.12 210~230
PLA 1.24 190~220

Table 2. The output parameters of 3D printing.

Parameter Value Parameter Value
Printing type FDM Layer height 0.5 mm
Nozzle 0.4 mm Infill 20% ~ 100%
diameter . 0 °
Nozzle 190 _ 249 T Fill overla 15%
temperature P ’
Heating bed 49 _ 115 °C  Printing speed  70~100 mms
emperature
Chamber P Build plate
temperature 40 ~50 C adhesion raft
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(a) Top view (b) Front view (c) Side view

Fig. 4. Diagram of 3D printing phantom.
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III. RESULTS
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Fig. 5 CT scan by infill.

Table 3. HU measurement result by infill.

20% 40% 60% 80% 100%
PLA -803.66 + 3.17 -583.48 + 1.80 -378.09 + 4.21 -189.28 + 10.12 -7.68 £ 3.82
ABS -826.49 + 2.22 -649.61 + 2.05 -467.61 + 2.59 -307.35 + 3.50 -149.74 + 2.36
TPU -844.43 + 1.48 -663.16 £ 6.12 -550.15 £+ 4.10 27460 £ 14.37 -55.62 +£ 7.14
30% AI-PLA -780.86 + 2.86 -553.95 + 1.62 -319.52 + 2.44 -86.87 + 4.92 87.53 + 1.07
30% Cu-PLA -358.55 + 1.64 78.61 + 895 654.56 + 11.98 1167.32 £ 1.91 1795.20 + 16.15
3 Z4U% g7 A
G Zwe 2% A= Table 49 2tk ESPol| A =
" ‘ A L1, L2, L3 U5 e 0.615£0.009 glem?,

1.103£0.014 g/cm’, 1.548+0.012 g/em’ .=, ] 7]
& AW T 22.94%, 10.30%, 3.21% A A EA
th &3k 3D ZHEHE AA&E WES 1.503+0.020
g/em?, 2.428 +0.048 g/em?, 3.337+0.052 g/em’O. 2 =

Ay
(a) Bone model (b) Completed model g = ATk
Fig. 6. Completed device in use for examination. A 2= WElwt gspe] #HEAL W7 9ste] A
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Table 4. BMD Measurement result. (unit: g/cmz)

3D printing Apply linear
ESP :
phantom regression model
L1 0.615 + 0.009 1.503 + 0.020 0.620 + 0.010
L2 1.103 + 0.014 2.428 + 0.048 1.092 + 0.025
L3 1.548 + 0.012 3.337 + 0.052 1.554 + 0.026
L1-3 1.125 + 0.008 2.418 + 0.027 1.086 + 0.014

1.8
y =0.5089x - 0.1443
R?=0.9995

14

1.0
o
&
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1.0 15 2.0 2.5 3.0 3.5

3D printing phantom

Fig. 7. Linear regression model of 3D printing
phantom BMD values to ESP BMD values.

IV. DISCUSSIONS
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V.. CONCLUSIONS
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