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Abstract: Scaffold fabrication technology using a 3D printer was developed for damaged bone tissue regeneration. A
scaffold for bone tissue regeneration application should be biocompatible, biodegradable, and have an adequate
mechanical strength. Moreover, the scaffold should have pores of satisfactory quantity and interconnection. In this
study, we used the polymer deposition system (PDS) based on fused deposition modeling (FDM) to fabricate a 3D
scaffold. The materials used were polycaprolactone (PCL) and alginic acid sodium salt (sodium alginate, SA). The salt-
leaching method was used to fabricate dual pores on the 3D scaffold. The 3D scaffold with dual pores was observed
using SEM-EDS (scanning electron microscope-energy dispersive spectroscopy) and evaluated through in-vitro tests
using MG63 cells.
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Fig. 1 Polymer deposition system based on fused
deposition modeling;(A: top view of PDS, B:
front view of Z axis)
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Mixing materials for 5~8 min
at 100°C on hot plate

| The blended material solidify
| for 5 min at room temperature

Insert into the syringe and
fabricated 3D scaffold by PDS

The salt-leaching process in
water bath for 5 day at 37°C

Water bath
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Fig. 2 A schematic diagram of fabrication process about
3D dual pore scaffold

The dry process in oven
for 24 h at 30°C
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Table 1 Process condition of 3D dual pore scaffold by

PDS
Condition PCL ]Sil:/rll)dgg
Nozzle size 500 pm
Feed rate Avg. 250 mm/min
Temperature 100°C 110°C
Pressure 500 ~ 550 kPa
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Blended SA(10wWt%)/ | SAGO0WI%) | SA(S0Wt%)/
materials PCL(90wt%) | PCL(70wt%) | PCL(50wt%)
Before

salt-leaching |

After
salt-leaching |}

The weight
reduction rate

3.1% 23.4 % 48.3 %

Fig. 3 The weight reduction rate of a mixture according
to mixing ratio of salt

The weight reduction rate of scaffolds
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Fig. 4 The weight reduction rate of 3D dual pore
scaffolds according to salt-leaching time
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After salt-leaching

Fig. 5 The salt-leaching result of SA(20 wt%)/PCL(80
wt%) scaffolds; (A, D: 3D view, B, E: line width
view, C: Na mapping of B, F: Na mapping of E)
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Before salt-leaching
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Fig. 6 The salt-leaching result of SA(30 wt%)/PCL(70
wt%) scaffolds; (A, D: 3D view, B, E: line width
view, C: Na mapping of B, F: Na mapping of E)

Fig. 7 The SA-leaching result of SA(40 wt%)/PCL(60
wt%) scaffolds; (A, D: 3D view, B, E: line width
view, C: Na mapping of B, F: Na mapping of E)

Fig. 8 The surface of 3D dual pore scaffolds; (A: blended
SA(20 wt%)/PCL(80 wt%) scaffold, B: blended
SA(30 wt%)/PCL(70 wt%) scaffold, C: blended
SA(40 wt%)/PCL(60 wt%) scaffold)(arrows:
macro pores)
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Cell proliferation result of scaffolds

1.6 4
PCL scaffold (control)

SA(20 wt%)/PCL(80 wt%) scaffold

u SA(30 wt%)/PCL(70 wt%) scaffold

u SA(40 wt%)/PCL(60 wt%) scaffold
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T i i
0 T T
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Fig. 9 The cell proliferation result of PCL, SA(20 wt%)/
PCL(80 wt%), SA(30 wt%)/PCL(70 wt%) and
SA(40 wt%)/PCL(60 wt%) scaffolds
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