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Abstract: Rapid prototyping was used to design and develop a three-dimensional (3D) scaffold for tissue engineering
application. In this study, the nozzle guide (TB-CP-HN, MUSASHI ENGINEERING, INC., JAPAN) used with the
syringe of the polymer deposition system (PDS) was evaluated by measuring the scaffold line width and height. 3D
scaffolds were fabricated using a biodegradable polymer called poly-caprolactone (PCL). The PCL polymer can be
deposited from the needle of a syringe using a 200-um precision nozzle, at a pressure of 600 kPa and temperature of
125°C. The advantages and improvements in this nozzle guide were addressed through washer scaffold fabrication.
Overall, this research indicated that the fabrication of a complex-shaped scaffold using an enhanced polymer deposition
system may have potential for tissue engineering.

S fd WETE7F 23S 9 A (interconnectivity)©]

1. Ao 2 glojof 3} 6O guma AEAIAS =AU &

AE 3 AL FERE H AFAAA B AF

22 &8 (tissue engineering, TE)o A= &4 <l %] AT A fHol Z AN AT Fg
S(bone) AYS St FUAL F5pore) EEL gaje) Hm gy o FeME, A% 2
2 W/eE 44, 19a ¥5ES 7R AR (rapid prototyping, RP)S A+ 34 A Z(solid
g 3 Akl o] 1A A A (scaffold) A 2] freeform fabrication, SFF) W2l o2 A 7t&a 4=
A3 AwEa Qe ol @ AFAAASE g3 AFE ] 9a AolE= AT Zoln 3 A
ME ol23} F2 Z18]al ¥ 33 A (vascularization) 9 Txw Axslete] o =R Mol LA A=

g Jbsst @O Ao bEF A% AxH
231 Q1 FA| A A

Y

§o] =S 2012 X 3] A8ks] upol o ¥

! § _ N multi-head deposition system)= ©
) 3] (2012. 3. 28.-30., AEd]) FE =Y ( P ystem) < ]

T Corresponding Author, jykim@andong.ac.kr Alztell ek gt rEw )&

WA SR <
© 2012 The Korean Society of Mechanical Engineers FAAAE w2A AL e FA

ol g

tlo




250

@ olw]  AEEA  FA 1 E X} (biodegradable
synthetic polymer) ¢! poly ( ¢ -caprolactone) (PCL)Z}
poly-lactic-co-glycolic acid (PLGA) &= ©]&3% <
T7F Bol Wawa k. ol A AunE
eEE ) A §EAN Fol wEEL Fafo
Ask WA 3 A4 ABAAANS Ak

ol g5a gtk o] W zizte] AA AREL nf
@ HER7A shdslel Bk w544 Fe
A4e AT dol £e FLG ol gAY LE
£ Foldl sw Lejo] 4AL 4e 5 olo] AT

N

| A A A=F Aol ares]ojop & Apglo]rt G0
2 AFolA = EEn A5 Al&Hd =5 7)ol
5 dzste] 3 A AFA A A ek A= F
< st YW AF AES 98 ARE-
A== PCL, PLGA, 12|l 50% : 50% <] -7
©]-§-3}] YH= blended PCL/PLGA ©]
ol=g Azslr] Hd Fo T 4
A HJ7be 8 435 F9 Eol
Fo=a g1yt wehA], PCL &
O1-F ] %] A (washer scaffold) #| 2}l
AZtE M JAFAAA = F5F 1A
A (pedicle screw)dt A ALE

5_<ﬂ|
= N o o
ste I = § 2HE 94& 7 US o=

il
2

>
N
)

o
il
e
fo o fo

ol
ol
Rl

32 8
o

> 2 O R oo T to i ox A
ofo ofo :
=) H
iy &
N

2. Mz 3 i

3 A AFAAAE AZE7] 9d] PCL EE
PLGA &% °]&3 AF7 &3 FadsH 3l
ch b 2o Ao s ZEly HF o o
SAY JAFAAA AS Far] fls Fda
221 PCL(average M,, 65,000)2} PLGA(average M,,
50,000-75,000, lactide : glycolide (85:15))5 A}-&3}31
o} AEslA AEQ PCL 2 60T oA H+= 54
s 7HA A e ZIAA A
2ATH PLGA £ 100C2] =
wove JIAH A= 2l
2 A AFSE PCL A8 &
Qo AZL 36 mm + 300

PLGA A5+ FHg A5 Ho 2Fo] 3.0
300 um 2 S =T

il

i
N
i
i)
L
s
&y
m
o

O

T
I
o
r
.
b
_|L
El

oA o AE AFol s AA ARS
AAE A4 8 AA A
N 2B AFESATE Fig, 1(a)s

e e

A §

)
i
o2

Polymer deposition system [

Fig. 1 Composition images of (a) polymer deposition
system, (b) pressure and heat regulator, and (c)
control system
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Table 1 Process condition for deposition width and
height test of synthetic polymers

Condition PCL PLGA PCL
/PLGA

Molecular M, M,, -

weight 65,000 | 50,000~75,000

Chemical - 85:15 -

composition (lactide:glycolide)

Syringe 10-cc

Nozzle 200 um

Nozzle TB-CP-HN

guide

Pressure 600 kPa

Temperature 80~ 130~ 130~
130(C) 150(C) 150(C)

Feed rate 50~400 mm/s
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(a) G-code software

b) Deposition test

Fig. 2 Actual images of (a) G-code system software and
(b) Fabrication process for deposition test using
polymer deposition system
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Fig. 3 Actual images of (a) before washer and (b) after
washer scaffold fabricated by polymer
deposition system
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Fig. 4 Flow chart of scaffold fabrication using polymer
deposition system
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Fig. 5 3D modeling of CAD/CAM-based the washer
scaffold using code-coding software

HE X-Y-Z &
Fx, T4 /EE, 193 oF Fro xHd
] H ] th Table2 &= 44 21
& nojFE)
A5 Ay Ry pCL A =9}

g A, 2283 200 um 9] AE =
Z 5% AT B AR ALS

=
C

Table 2 Fabrication condition for the washer scaffold

Condition Washer scaffold
Material Poly (e-caprolactone) (PCL)
Syringe 10-cc
Precision nozzle 200 um
Nozzle guide TB-CP-HN
Pressure 600 kPa
Temperature 125TC
Feed rate 50 mm/s
—— 1
) WK N |
(a) Nozzle guide (b) Nozzle

Fig. 6 Images of (a) structural drawings of a nozzle guide
and (b) used a nozzle
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(a) Before

(b) After

Fig. 7 Images of (a) before application and (b) after
application of a nozzle guide to a syringe
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Fig. 8 Deposition width and height results of applied feed rate using PCL, PLGA, and blended PCL(50%)/PLGA(50%)

polymers
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Fig. 9 Deposition width and height results of the applied temperature using PCL, PLGA, and blended

PCL(50%)/PLGA(50%) polymer
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Table 3 Process result of fabricated washer scaffold

Condition Washer scaffold
Deposited width 700 £+ 10 um
Deposited height 200+ 10 pm
Hole size(Bottom) 15 mm

Hole size(Top) 6 mm

Fig. 10 SEM images of a washer scaffold: (a) 45°; (b)
inner side; (c) cross section
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