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Previous studies pointed out that the optimum pore size for bone tissue engineering
scaffolds was in the range of 100-350 um. Recently another study found out that the
proliferation of osteosarcoma cells cultured in scaffolds with pore size of 700 um has
no significant difference with that of the cells cultured in scaffolds with pore size of
350 um for 7 days. However, most of the experiments described in the literature mainly
investigated the effects of pore sizes of scaffolds on bone cell proliferation through
fabrication of several types of porous scaffolds with various pore sizes, and so in the
literature there is a lack of understanding of the effect of the structure of scaffolds with
narrow groove-like configuration and groove widths of 200 um or less designed within
them on the bone cell proliferation and differentiation.

The purpose of this study is to investigate the optimal groove width between struts
within the scaffolds for the growth and osteogenic differentiation of osteoblast-like cells
when they are cultured on scaffolds with narrow groove-like configuration and groove
widths of 200 um or less. In this experiment, scaffolds having a structure in which a
basic unit that consists of a strut and an adjacent gap reappears ("strut-gap-strut-gap"
structure) was printed by a fused deposition modeling type 3D printer. We have
designed three kinds of scaffolds with different preset gap widths of 100, 150 and 200
pum and referred to as G100 scaffolds, G150 scaffolds and G200 scaffolds, respectively,
and the preset value of the strut width in all three groups was 270 pm. We also created
a kind of flat type scaffold with fully flat surfaces as the positive control group. When
the printing of the scaffolds was completed, we at first examined the actual widths of
the struts and gaps within the scaffolds under an optical microscope. The in vitro static

degradation experiment of the scaffolds was also carried out, and the pre-printing and
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post-printing materials were analyzed by differential scanning calorimetry (DSC) to
explore the changes of the thermal properties caused by the printing process. The
change in molecular weight and molecular weight distribution of the materials before
and after printing was measured by gel permeation chromatography (GPC). In the last
part, MG-63 osteoblast-like cells were cultured on each scaffold group for 1, 4, and 7
days, and then the MTT assay was performed to compare the differences between each
group in cell proliferation. In addition, the ARS assay was performed to compare
whether the amount of calcium deposited by osteoblast-like cells cultured on each
group of scaffolds and induced by osteogenic induction medium for 4, 7, 10 days was
different between each group.

The experimental results show that the actual gap widths within the G100, G150, and
G200 scaffolds are 87.8+23.7, 142.5+20.0, 188.3+£23.5 um, respectively, and the actual
strut width within each group of scaffolds are 279.4+15.6, 274.8+14.0 and 276.5+14.1
um, respectively. After the 22-week in vitro degradation period of the 3D-printed
polylactic acid scaffolds prepared in this study, no obvious weight loss was observed,
and the degradation fluid did not show a significant decrease in acid-base value due to
degradation of polylactic acid. DSC analysis showed that the Tg (glass transition
temperature) of the printed polylactic acid became inconspicuous in the pattern due to
an increase in crystallinity of the printed polylactic acid. The GPC results showed that
the molecular weight of the polylactic acid decreased and the molecular weight
distribution became narrower after the 3D-printing procedure. The results of MTT assay
showed that after MG-63 osteoblast-like cells were cultured in each group for seven
days, the proliferation of cells on the G100 scaffolds was significantly higher than that
of cells on the G200 scaffolds and on the flat-type scaffolds, but there was no significant

difference when the proliferation of cells on the G100 scaffolds was compared with that
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of cells on the G150 scaffolds; as for the amount of proliferation of cells on TCPS, it
was the highest in all groups and there was a statistically significant difference
compared with the other four groups. According to the ARS results, on the 4% and the
7" days after osteogenic induction started, the cells cultured on the G100 and the G150
scaffolds had higher calcium deposition results; on the 10" day, the cells cultured on
the G150 and the G200 scaffolds had higher calcium deposition results; however, on
the 4™ and 10" day, the calcium deposition results of cells on TCPS were still
significantly better than that of cells on all the other four groups.

In this experiment, we successfully fabricated three-dimensional printed scaffolds
with acceptable dimensional accuracy, and we discovered the optimum gap width for
the proliferation and osteogenic differentiation of MG-63 osteoblast-like cells when
they were cultured on scaffolds with narrow groove-like configuration for a short-term
culture days (7 days for cell proliferation and 10 days for osteogenic differentiation) is
between 142.5+20.0 um. (The scaffold type which resulted in the best osteoblast-like
cells’ proliferation performance within 7 days and the best osteoblast-like cells’
osteogenic differentiation performance within 10 days is G150 scaffolds in our
experiment.) We hope that our experimental results can attribute to the advancement of

the field of bone tissue engineering.

Keywords: Bone tissue engineering, Fused deposition modeling, Polylactic acid,
Scaffold architecture, MG-63 osteoblast-like cells, cell proliferation, osteogenic

differentiation
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#& £ ¢ (National Science Foundation, (NSF) ) #7# {7 - B4 £ 1 48] 2 € 3R 44

41(R. M. Nerem, 1991) > 2 T 1988 &£ 4~ » & — =X rJ’J‘E"f, 1A € R AR Y
¢ Lake Tahoe # {7 » T # &&=t § 3R > #1205 #5° Tw8a 42 | ¥ & (Skalak
& Fox, 1988):

ERI AR A E S P OREe E B HD F fop i
Bodr i) SN M A R TREE IR H0 R N4 s AE R e B D
EE e e S

BI2-1#777 5 s fzih= L 4a(pillars)—

fmie s X oD B o BT H A

enfmPe > ¥ 1R §F ko #2 (Stem cells) g w?z (progenitorcells) » ¥ 3 § % >4 it en
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e (fully differentiated cells) - e fg+ ¥ e prlg & B8 7 43 ehim e 1838
Fd xR m"@’]"é%ﬁ'f?_é-od_d@l:g s en

AN X
A~
gehig e LT N AAF & ho S HRY TF L ez o 2 (cell therapy) ¥ f

oo A

CRNEIETER SEE

o

YEi% fm e ;‘vﬁwgo GELF AL A ¢ 5 4 & F]F {odk it F]5 (Robert M. Nerem
& Schutte, 2014) - i i fw e ~ L 2 fo iz BLEe 2R e T‘ ‘1 Az gk A §= ] (basic paradigm)
Penz Ao RIEZ F A - TERPARET o R RTINS 2P
- & B sl é%lgfk £ 24 e g & A (matrix)m 7 F & fwrz e o oh g
SR E R s FRAE  RE LM AR DR F 2 AR

AR L imre ki L ATane %3 s v d §)2-2(Vacanti & Langer, 1999)

~i

HEr PR A AKA PSP IBT p e A R Wwre > AR IRE T 1 A L e

2-2 ¥ ¥ BRI ARG Y hlete fiAE

FEER TS E LR E TN S LR LR RE A

g & 7 (acellular scaffolds)fr# 3 Jo % 12 7 (cellular scaffolds)(Atala, Kasper, &

Mikos, 2012) » %%”’“ O FARPN AL Flwre B R otk RigE

- HE S ERATE R ] B FRIETL - Blwie BRI A G AL A i
£ mre & F_B A e LR h 32 & (in vitro cultivation) T 3 78 {5 5 £ ,fﬁ—d & 2 Bt
e AP o P ARE gt e ‘%.ﬂ 4 2% i 47 (Vacanti & Langer,
1999) -

2

B AR L Y TR Y e AT 0 £ 4R E G AT 3 H 6 e ani 4 eh

i

"§rimre 012 e AR 2 TR R me 5 ¥ b L 5 @ 0 me $k(cell line)
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c%g F 4n e (osteoblast-like cells) o #% im¥e » 2 H fmPe kihx & 5 2 Mikimie ~
¥t {ok ¥ § i §% 72 (induced pluripotent stem cells (iPSCs)) - i7= + & % > 4
A YEE e e e o 8 R 0 dm e g R chBIE R TR 0 4TI F AR kAR S
TR ERiere (¥ LR B¢ iw? 103 (Meinel et al., 2004; Yousefi et al., 2016)
P TRRFE A - AR e (¥ Eirwe F 2 e A )
AL S - RS mrechd ERA AT L T T PR E 1B

% (co-culture) @ fEimPe 3t L 2 F WFHwme X L BB T NE S fFlwie 5 pp T

T L phiF s AR o

2-3 FERIRAEATE & gL
¥ E_{.s‘«:!. e ® i@ Y gl 7 E B - A A M (Bose, Roy, &

Bandyopadhyay, 2012) # 3% :

1. 2 % 4p % {2 (biocompatible) : % 2 ch4 4p % Makdy it 5 H L 1 § e Bl
(¢ 424+ @1 & i(molecular signaling systems))sfaic 4 » £ ¥ 75 1 BRI
T P R 3Rr & seend (1T % (Williams, 2008) o

2. 53 i § o (mechanical properties) @ I 8 # X JE i R F RS H A
F R WA TR TS e E R F R E ) A (load
transfer) o &% Sk b PIA FTH o F 3R LB AL o LT i il b
15 3] 20 GPa 2. fF » /& Sk & cff S #5082 0.1 ] 2 GPa 2 fF « A F 4 R
2 & 7 100 3] 200 MPa 2. & » ja 5 % ad B 5 B 2 3] 20 MPa 2. o d 3%
AREE R RS RARGE A g R EFE R TR L
(Olszta et al., 2007) o

3. R ZEPMIVk e~ | (poresize) s - R E R F hA BF AT il ity o #

PIVENE ST NS 100ume M R ST EF R EIE F S HACURR v
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i# 7% & (Rouwkema, Rivron, & van Blitterswijk, 2008) » # @ > Murphy % & + &9

T HIRA 200 2 350 pm = Fp SEXRIVER: - i g R (e A TR LN

~|

it ¢h(Murphy, Haugh, & O'Brien, 2010) = #* * » Woodard % & § ch#2 3 & p1 > i
EMBEACEBRICH AR RIS BT UL EER L ELRL
(Woodard et al., 2007) » # % chi_» 34 I 5 "% 147 R0 > bR EER R 0 X
oo TRt g o B AR RE S T AP
ERFETIIAF-RRAFBIMEIRRAEATIRT CRI-REP
WEABEF v H (550 5 A RA B AP RNBRE £ LA AR
fEfE M- WS o X e 0 & & B dEF & 0 Ap M 9k 42 (Rezwan, Chen,
Blaker, & Boccaccini, 2006) °

4. 4 ¥ szt (bioresorbability) : 2 4= ¥ st 4L 2 A F .ég.?%kql 49y - B
B 4 F]1% (Williams, 2008) o — BIZ 8 end 2 7 W2 5 22 7 4 e shodp i o
ME o BETET RPN (invivo)SE F PF R TR R do % T oA i b E 5 -

BRI CE F TR B2 BRI BB R TN o W

Wi £ 3 @ Fpi=ew 2 $ & (targeted biomolecules) ¥ L F{r2 4+ 7 S jz b &

%

l\“‘

P IR R e a2 e 'R 34 5L 28 (multi-scale porous scaffolds) © &% 4 & e
75‘« A2 ¢ X2 G A = B F 2F - o B 4P B (Lichte, Pape, Pufe, Kobbe, &
Fischer, 2011; Olszta et al., 2007) °

5. &y iikw ¢ 2 = (vascularization)

¥ - i B A A 2 e 5 M (bioactivity) o T H 22 % FlE e kS &E T A
3 8% g 4 (Roseti etal., 2017) o & st #» era(passive) 2 F AR A R
hg7 Tk 5 %2 3% (cross-talk with the environment)shit 4 o B 2 $o 5 M st 5 RALE 3
*OTGRAE g e B A A A 1L AT S (tissue neoformation) 2 H £ 7 4 AR
AR 0 W I3 LB A2t 597 2 (Chen, Roether, & Boccaccini, 2008)

5
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£ F 0 3 F 3t 5 (porosity) feat i B 3 APl (e IR G AL R
LH o R F F A A FIRETE A ERPN IR SR
RA B A AL NPT o 2 AR e R ey e H N IRA el 5
BF oy R AT L % B3V F 9 5 90%(Polo-Corrales, Latorre-Esteves, &

Ramirez-Vick, 2014) - X @ Gregor% & H jpl3# 1 A A5 5 2 L F Flftm 3 3

Wit R g3DF| P RFE L 0 BT il & B T F e ¥ 3 (bone tissue
replacement) sl 28 e RV I 5 BHF 9009 0 S 2 0 TERZ A RICHFF

AT U A LR E g R oo ph b o s i R H B3 h AL
Z2_@ % gk(Whang et al., 1999) ¢ #7i& 2% & §](0.2- 0.35 mm) e & (7= 0.7 mm) > &
¥ g Ll

7 B2 58 ve 1 78 (Gregor et al., 2017) -

244 FlaRift YT Rl

é%jééﬁ%ﬁﬁ%ﬁﬁﬂﬁ@*%ﬂﬁ%ﬁ%lﬁi#’*ﬁi?ﬁﬁ

T A IRRREF R EF WA~ £ BN {o4F & L (Polo-Corrales et al.,

2014) -

1. = 2REEHF ¢ ¢ %R 39 (collagen) ~ A 7 F pE(chitosan) ~ si(silk) ~ /& Epe @
(alginate) ~ 3% P T fi% (hyaluronic acid)£? »~-k 5% %} (peptide hydrogel)

2. & RFEES ¢ @ I F fa s (polyesters)fr i F 4+ (copolymers) o F g g ¢ - 11
g 3% %% F_fin #f (aliphatic polyesters) =7 & + f% & (polyglycolic acid) ~ ® 5 p&
(polylactic acid)fe % & P fiz (polycaprolactone) 3 (8 1 42 ¢ £ ¥ * et 28 4L
(% 2-1): viFME RS A f s 2 A RPN > TR AR RA AR DR o

R R A AR - BRI TR R R E A SR EY o ViYL R
PAHR AL U EHE R ORI RS E R AE .

3. MM APMIAMRLE AL APTF G T DR &G AP L ik
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BR LG BEARURER S AR 2 h LE ki v SR g
REBEFHAREERY hI RS L S hd FRE A" S0 e ol o
T 2 F Y EF # ¥ g(Hutmacher, Schantz, Lam, Tan, & Lim, 2007)

4 BT d HAHEE G B RN AR Lot FL T PEE a7 4

o

frd pAgEd R TERA PR NFRE X G s Y T Rk L
Far T REL R P e e 744k 316 L~ 104G AR E £osk
Eho e £ a8y d A rELiERD FERN G F £ BT
Fal o B EHE UrE RS b e BRI R e Edd o g
oot H M e R R F e e AP 0 v PATE 4 R iR end)]
geicl o et o o v pdg o 00 3 AR eh & B (Ti-based metals) d
SEAE S AR AR e 0 At S (porous structure){o 2 e 4p F £ A ¥
* %% 3 X $ (Polo-Corrales et al., 2014) -

5. HEMK  REMGLEY PR FEHL IR T A IREFIRI - EH/BR

f“"f'— BIRE o= 5 -

ST E G St e B e B b ehflama a0 ik H A
R (s < k¥ A L @ (conventional) #] 47 f- 372 (advanced) [ 4z o 1§ 2L
¢ 7 3 # M2 (gas foaming) ~ 4 i ¥z % (freeze drying) fr i3 #| 45 ¢ (solvent
casting) ; 3t AT & W AR h P F # T ¥ 3% (electrospinning) fe #- i & A (rapid

prototyping)(Roseti et al., 2017) -

2-5-1 i suffgent (73 1

AAE G RR N ERREF B RIBFBELEF FL S 9303 4 G DB
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Foeid Al ¢ e e BRI EE 0§ T PR~ A T R R ok BiR

AARR S PR AR L RARE S AL EE S 3 & BB
B ISR FEI LT 7T 0 e B R 805 45 (Bajaj, Schweller,
Khademhosseini, West, & Bashir, 2014; Thavornyutikarn, Chantarapanich,

Sitthiseripratip, Thouas, & Chen, 2014) -

2-5-2 Fr@ gl Agent it ;%
FREO T FEEIHRPPFER N e % T BA S R
F oA B R B ekt £ BT e WX Wk g R Bz aé«&:;—f# o LI %
Lw AR FERETERET AR BRTATESKEE . T
FHRILIRT RFDE GRS T AT T RMEIT RV U EHET R IR ARE
FAgy > B DU A el R R AR o W AT FF OFE RS
ZL3 g 4k a7 (Bajaj et al., 2014; Pignatello, 2013) -
ATE AL O ﬁryk4’#iyw~&wwﬂmﬁloT—%#ﬁ~&w

B R A 4 o

2-6 & 5.2 WA ErAE RS

'

AT E R RO B AR e 1 A B BR AN A REER R > 2
tEliFL 2o A 2 d A H R T i B4R 2 (CAD)Y T Ml 24 Wi (CAM) > £ 4 + 38
HodriEde L (B R A ) RIE s W A B B AR S 1 W AR ATEE L | iR 2 B 5
H g N AT AR e Fo X Z | B R +§§éﬁ£§pﬁ:’,? Ry

%?%%ﬁﬁwwﬁ?%%%%%ﬁ\ B %) 1E 5 B PR, e
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2-6-1 Three Dimensional Printing (3DP)
Z e (3DP) g 1 g P oo i Bef & AR RE £ &R R Bk R
B+ li¢ 3D & 4(Cima et al., 1994; Griffith et al., 1997; B. M. Wu et al., 1996) = ¢ >t
S PHEA S AR 0 T R Y S SR T A e %A
AB— Rl A3 BB AFEY o W BEFH M R L RRF ORI
* A 0 XY #imk Sifes| B EE o F|Err R i 2D ) % (Billiet, Vandenhaute,
Schelfhout, Van Vlierberghe, & Dubruel, 2012) « % M/E % » s &k foffi » T4 BT
—RAkRCEHIA-BR-FICREE EIFRINE A o 4 “,ﬁ%%.f%é: ks & BT
D AR o F YL B TR g ) B ER R TR TR i g R & A R 3R KL
]

Bt Lo 1 iR WS ) e R R Bk i

4

Cima, & Science, 1999) o #igid if ch & 5 sk X E P IA

Hibe 1} sk AT A fris g H(F 2-3) -

2-6-2 *j p A = 3] 3% = 5] & (Fused deposition modeling, FDM)
pTAE S Al =2 e o 2 1803 5l iE (Fused filament fabrication, FFF)

FlE (e R E 6 Nz BA B r o9 Hppavlile 858

P

=

AP FEL Y Y4 PLASPCL~ ABS) > Flpt 24 L e e

FRITIAR S hz rEr vz - o B RILS - Jhd & iSRR3O R

=

i SUR B R AR D A g R R r kS R R F ke i

(] 2-4)(Chia & Wu, 2015) -

2-6-3 Stereolithography (SLA)
=48k (SLA) 35 A% — B & 4l fe » £20 20 2 & 80 & i S48
B [32] o BA= e SLA #F HeCd jcsk di8 7 4 Frdy o 10 5 FF 3 S04 & F i 9y
& 2D B % ¢ % & (Fisher, Dean, & Mikos, 2002) &5 & F {5 - ' F 5 FHi 4

9
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Hen® SRR Ap T Y T a8 - KA R AN
ACB B BFFEARME L A AT E kARSI E P
TP AR BoA AN F R A e E B AT (B 2-5)(Melchels, Feijen, &
Grijpma, 2010) » & BEP FWF K216 0 BALBPELEP F L4 T A
R RF AR ORI R A RSP F L R R oA T - ke F
FAFE TRl 0 o S0k ok WA P o R ALEY < B3N E S R R
FHT- XA BRRE SR S B KR ARE R A
HBUVH 4P i (715 B0 7 ke @ A F ol B 1 5 (2% 2 (Wang, Cheah, Fuh,

& Lu, 1996) -

2-6-4 Selective laser sintering/melting (SLS)

EHE P EEES (SLS) d 44 fEgdr~ £ 1989 & # 4 o ",ﬁ% T COg sk
k *b > SLS #f 103t 3DP #-4 R 3pkfk & - 42 (B 2-6) (Pattanayak et al., 2011) o
BT N2D B EF Rk A RREFIER DL G T ERT PRI ABES

BRMY RES e REREARY oL FRR B R G A F PRATERAP B2

ARG AR K2 E M MR SR T AL G b R B AR
AHALE N F AR T T - ko F R Bk SRR A

3 PRERAILIET R ERAE - ZSLAG K > F RSB T A
BEAFHA R FE P RS N ERB AN RER G TR T
P RS BRIV 0 £ T 0 4ed & B R foH LR & 4+ (Chia & W,

2015) -

2-6-5 3D Plotting/Direct-write bioprinting
3D plotting >+ 2000 & .2 % FF 4l 3 P A B Ik o * M LE e E
2%t o 3D plotting A>T #-k p 4o BIL B B e MR (L F 2300 0 BAA

10
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ROPFNTIE G TR B R AT o BT A £ ik AR R R
RAKED PE B UR 0 A2 TR 0 3D AR~ BE B R R
(Landers, Miilhaupt, & Engineering, 2000) 3% > ¥ 2 2. B 3 R T &7 » 27
# 2 FDM ¥ g P enig % 032 2 AF Bl ¥ 30 X R4 SR A 2 R

(] 2-7)(Chia & Wu, 2015) -

2-7 B &L med Rend LT

Yang # £ &+ 2001 4 5 & ch¥ Jrawiins 0 T A S H L p i &
4 K3t TS o] DT R f AT (neovascularization) i B 3L AT 5 ) G Sum s &
A e B £ O~ (ingrowth) B 75 5-15 um 73t JF 5 3 F5R w2 B 2t R o~ BT 20
um EtE ¢S ¥R L d b 4w chl 4 B Bt S % ) 5 20-125 um
#g 7 (osteoid) B if *t £ » 4T 40-100 pm 034k ¢ F R A4 hBofItis s o) 3
100-350 pm ° 4k M F e S (fibrovascular tissues) 7 & < ¢ 500 pm 3% 14 1] Peid eh
& f A% % feAk # 48 %7 073 75 (Yang, Leong, Du, & Chua, 2001) -

X @ Gregor % %ﬁ PR A AR A P32 (0.35 mm /0.7 mm): 3D 7 Er R
Fepe 2 o Iy P B lwe (osteosarcoma cells)ifss &3t H ¢ i ~ =~ S X
{0 e el 4 (proliferation) i) e BB LG AT HF LR > FILH B EEP
TR EYHBIFE AT LE LA /I;Je(Whang etal., 1999) ¢ &% # [(0.2- 0.35

mm) = & (7 T 0.7 mm) > @ B 58w v 5 58 (Gregor et al., 2017) o

2-8 F 3@k (Poly(lactic acid) or Polylactide, PLA)

R ph 0 - fa4 & ¥ ' fZ(biodegradable)£? # ¥ w jc(bioresorbable) % A~
FREP - BRI pAD Sph(lacticacid) E R R & @ = o FUpk (2-55 A ) P B 50
% CH3;-CHOHCOOH - #_ & R £ 75 g 38 % fk (Madhavan Nampoothiri, Nair, &

11
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John, 2010) - 5*fit # - 48 PLA thie & & = » d t 5t & - 484 {24 3 (chiral
molecule) » Ft ¥ B § & f4L 0GR H4 ¢ L-5 i fe D-54 fi(H] 2-8) c PLA £ § = ##
£ 4+ » 4c poly(L-lactide) (PLLA), poly(D-lactide) (PDLA), and poly(DL lactide)
(PDLLA)- $*fe 7 11 g 4 B fi 7 & 2 Fim(blded B & 3o ) e K 1% -
F]#t > PLA € - 84 f§ % 44 & 5(Farah, Anderson, & Langer, 2016) » # ¥ 12 %5 d
R e Rl EEAD -

R AP T EfRAY S FUR FURT B NIRRT Bfsd

FoF g o

2-9 BRI pen'E f2ip

RAp iR AR AR FRPGREY Y FasEarkjEr o BRI phavk iz &
~ BAFSEEEAT 0 & T B % R e s Fadin¥T A S TR B R gt
R fE e BERGE RS FRARE oA H SRR RIS A A S
BoA [ 2R fRen i Feng iR o RS S ARF P & E 4 5 a Rl

2017) -

2-10 23 &8 p e R Sin 2R

TR G HRRGE AR A DA IR p g AR hd R
SR SIVEAE I MR HE R MR FEE e & o
FEFLEEPF LIRS « AP 7O DEFH TR me g A0 LG R E
AEHR G Y BN AP E A 200um 1T ek L pE s B e 4 £
BAFLALOERTREL P FLAFLH j{%ﬁé ZAar T R
FrAlers| e At 2 B et G enipgk > WIEABR S TG 2 R ER TR D
BB AE  ERMG-O3F wres A3 ol B i bk 3 RIET

12
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TR LR DR oA 0Dl PR RE R TR % LA R
et H b el 4 fo A b eh o

MR R B ARG 4o B] 2-9 Ao o

13

doi:10.6342/NTU201903812



PR HBEAR

3-1 RA&EKA

1.

BRI S A 2 g

R W - Ultimaker

A %5 Ultimaker 2*

Hi:0=x7 %5 &

B2 S Ap i A kB BRI

R . Zeiss

A5 Axiovert 200M

Hi:0=x7 %5 &

e 3¥ T+ B

R %% HITACHI

A5 TM3000

B~ BERTIHEEETPEHNFLEREY )
EP T

R %% HITACHI

A1 %55 E101 Ton sputter

Er o A BBRT S EREFFEHNFTELERE? )
=7 B2 % ¥ (Critical Point Dryer)

R HITACHI

A5 HCP-2

Er o A 2BRT S ERETFEHNFTELERE? )
e+ R E

B A&D
14
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10.

11.

12.

A %.: HR-200

09 %5 &

ek & B T35 2. 1548 (pH meter)

R JENCO

A5 6010M

09 %5 &

e & P| T3+ 20 & RHF 44 (probe)

R JENCO

3] 55 PH690

Hix:0+7 %5 &

7 £ # € # k(Differential scanning calorimetry, DSC)
R 1% TA Instrument

4] %5: DSC Q20

Hi:0<7 EPS &

T £ 4w £ F ik e 2 (Refrigerated Cooling System)
F 1% TA Instrument

A 5%: Refrigerated Cooling System 40

Hi:0=x7 EPS &

#% % 4P & 7 R (Gel Permeation Chromatography)
R % : Malvern Panalytical

A %5: Viscotek GPCmax VE 2001 GPC SOLVENT/SAMPLE MODULE
L LR E

% ¢ 5 & 7 p # 2|3 #%(ELISA reader)

R 4% - BioTek

A 55: Synergy HT
15
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Efl’i:éﬂ”?%ﬁ,ﬁ‘s

32 RERA ~ B3R
1. Ry s (PLA filament) :
F 1% . Ultimaker
3] 5L:PLA TRANSPARENT 9020
2. ¢ g Ethanol: 99.5%
R 4% : Ferak Berlin GmbH
3. = 7 A &4 Dimethyl sulfoxide (DMSO), (CH3).SO:
R SIGMA-ALDRICH
4. 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT):
R SIGMA-ALDRICH
5. 4% % B " fF (4% Paraformaldehyde):
R4 . CIS-Biotechnology, Taichung city, Taiwan
6. FUka fa(fais & C):
R SIGMA-ALDRICH
7. B-glycerophosphate:
R SIGMA-ALDRICH
8. Dexamethasone:
R SIGMA-ALDRICH
9. & % %= S %4 ¢ &|(mineralization assay kit solution I):
R W . CIS-Biotechnology, Taichung city, Taiwan
10. Mineralization assay kit solution II

R 4% . CIS-Biotechnology, Taichung city, Taiwan

16
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11. Dulbecco’s Modified Eagle Medium (High glucose)
R . gibco, Life Technologies Corporation
: 12800-017 10X 1L

12. Dulbecco’s Phosphate Buffered Saline
R 4% - gibco, Life Technologies Corporation
REF]: 21600-010 10 X 1L

13. Fetal Bovine Serum (FBS)

R : gibco, Life Technologies Corporation
REH: 10437-028 500 mL
LOT: 1947369

14. Penicillin/Streptomycin/Amphotericin B Solution
R4 :BI, Biological Industries
REH: 03-033-1B  100ml

15. Trypsin EDTA x10
R % :BI, Biological Industries

REH: 03-051-5B  100ml

3-3 4 ZE B ITALH A

*Z e I R VR L i AR A B] 3-1 ToF o L v 3t CAD $idg
(computer-aided design software)SketchUp » 4§ &l £ 28 #t ) > X 28 2 ¢ 2, RIARLB 2 &
et G RET R BACR 32977 o d AR T HFEHEF AR TR
PR AR (the gap width between adjacent struts) | 2. = 57| Br B JU AL L 28 4430 4
WA wie 2 g VAR T X F A AR R R R R

(the gap width between adjacent struts)#-= 5 F % ¥ ek (T %> H X 2# B3 2 2

17
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WP M A e DT H AR L AR S & § 4 L E A (strut width) ~ 2
1+ ® A (strut height) ™2 2 & 4% 5 & (baseplate height) » B >3 2% ¥ chi- 4] ] » 7~
Tk en LY Gl FEE AR o AR R - KT Z BB A PR
H@RMrFRERENLZE > HFBEAZ KR TEA S S 100~ 150 2 200 um » i i
B fAES G100 k2~ G150 ke fr G200 o vf 1 BiEsiE= 2§ 7 RIERA K

=7

TREDLES > 7y FRIF- B 22T i e RPRL BT HHES
2> A4 2 (flat type scaffolds))# i 5 it ¥4 ke (positive control) o e A7 7 - = @]

ffhw et pehz GA RSP L % B L2

7
7~ ~

-
3
\\\Xr

Hok

S

i

(a}

2 £

75T

34 3] e

F k% a2 g9l o # SketchUp #4445 chB17) 5 & DAE # -
#8152~ DAE #h#5 41 1 Blender #i4% - Blender #c4 # #- DAE Hhi4h & STL 4
FF oL Mt STL# % » 2 Cura #5088 > Cura 3088 5 - xR o> B u = aen
STL BI#hi& 7+ k& (slicing)i&8 & » 4 H 27 B F F {
gecode A% > M (S WA E(FAFT T R Y 2 = A5
7| &7 % Ultimaker **)3f B~ geode 416 > H i § 47 7] & 4 ¥ 2

AP FEY RFRTLZan el Feahple 2 RIS R 275w
AR IT LA SRR T SRR AIGNE T 2 S| B p  fa E
2 & i1% < 4 & (dimensional accuracy)s& F ~ ¥7 | & Boehd g M A g £ 8
Flg o ML P E Ap eI T A ) 2250 um o BT A Er > R oEUR R K = 3190
Cr " RAARYBFAFFHIOCHAFHRINERIEAEDEET A 3 ) 1]

=T RPRDEJIRE S D R oo FHORAR R R T R P RSB A A Asis

o B DA BRI AE P BE O BEREEFRT KHP & o

18
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3-4 = mr R L ZE 2 ¢ 1 R (dimensional accuracy) 4 7
3-4-1 4 * 152 ;N 4p = £ % § B fiedh (inverted phase contrast light microscope) 2
PRESIFLECIHRHR

HEd R rAN B FRARAFE RN L kg
B oo 10RFET(PERF S 10 B)» BB L oL 2 Bty
PR AR S > RS T Axiovert i %8 (Zeiss, Germany) £ (B # i £ £ B
G100 & ~ G150 24r G200 iz = e X 2EH 2 f @ M4 B & (gap width)2 £ 415 &
(strut width)z. F % @ c A ¥ = @A Er L FHR2Z FRE L7/ T P 0§30
G100 & ~ G150 f4r G200 iz = fBaF %N £ 2 % & E B 3 5 A (4oBl 3-3)% *0 4
B TR T I EE - PHRAY LR I0ET B B Y o d A 10 B
PFETIED Foor - REMER TR F 3~4 iE L fa(struts) 1 2 2~4 BRI
(gaps)(4v ] 3-4) » T BB F 2 A H 3 dpdEp F - AR A B30 %2 FARKT
PR R P i F et A e F TR ERIF LAY L B2
WE B E ~ 72~106 B B BB (gap width) & 27 71~105 B & 4% & (strut width) & -
ERP AT R LB A IR AT R EfA LT AT R ELTI5E

+1& % % (standard deviation) % 7= °

3-4-2 1% & 3% T+ B #céi(scanning electron microscope, SEM)BLZ 2 2 & 78 %

% 3 &

}_Fg

RN MAEDT SR LR N TS BB R P52 G

frendE B AR A R B E R L FER A L R B R

}u-
P
(\x
s

® ¢ 4% £ (gold sputtered coating) > £ " T F BAE T BR L AN Y
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35 R R I RAEGELEEFE
AR BRE T2 EfRREB 2 AR 37 CHkR B ¢ #2 i (static degradation) T 0 &
fe 2R BRARANPE A WAk RIE T pH B 5 T4~ 1B it B & 9% ik (phosphate

buffer saline, PBS, 1X) ? » & [ — FRPFERF {5 > f*ﬁr} BB B2 2 FIVNE F

o &t PBS M Ak B0t 0 RHHA B2 B R % e R 502
AR aEaT LI LA AREPHORK R LFE L B R

R R E R e B L Y RSB REE R PBS ik R
Ris#FE® ITCHEEmEREZH? 20 HTEFRI FEPE- L EREMRK

G d B frizie 4 %R 5 PBS chpH o

3-5-1 A FEEFLER
AR SEBPI T TR E B A F A E % 35 D GI00 &
G150 24r G200 iz = fasgnlend 112 - v D frdlleal § 2 2T h i

m e LA L 2 (flat type PLA scaffold) o o & f@agwendt 2E 445l e 2 55 F gy

(n=5)> = = Rl &3 ¥ 2 A e E R (WIS (9] 38 P 2 A £ £ % 427 40~65mg 2
FERIP ) g PR BuE s - B KT SmL @ PBS 2 20 mL S5 o 3

PEFL L R R R R sl 418 0 Bk ST T 2 parafilm B VERCEI 1 it (B
R AR COHTRDTHE) RiSE > TCERmSeB LY 5% § 7
TERILFHHRBP L E R A PR BT R B 530 RS B0 A
SRR LY AR T R Y A G P ahk g PBS Y chBaEe & 4%
% TS%FRE e R Y 'JﬂF%ﬁr’ FPE 2 403 T Big R A g 2 ke d A @ i
MBEARGLES L0 R KA o AR EHBE  BLREFE ~ 40T

YAl 120 A RPN BERFEEEE T ONPEERESLELA
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2 d .
ggﬁiqzmu?x1m% (4 3-1)

d O AR BRI L R R AR R L 223 Tl E - SRR LR

Y
IR

W RS §RRER Y v R AR SE LT PBS ok gAgY 0 FE
¥tk F-F T Y parafilm L YERCE {8 R 32 0 £ xw 37 CIEBE @R X a7 F3E
FT-XEREER T DERFIE AR L B L@ PP T (7 0 BTt BT

EfREARY hE R L RPN -

3-5-2 pH &% $F il

# G100 2~ G150 ffr G200 itz A % 02 ¥ — (5 0l ey T3
B s LRz BARE LB 1S AN PRAEY 0 L L BRI YR
AE O~ 20 mL HR &Y 0 PR KR - BRERARESHLIT XA BLFART o B
W - ERREDOREFAGESE N FETF ISmLPBS - B 20mL & &AL ¢ o
3 E - m R PR 3 BEET Aot P F P R &EF(n=3) > X 112 parafilm
BATEFLT B F 3T CER e E Y c VU FR o r - BRFEG 15mL
PBS *t i 5¥1® @ AR » A R PR E > W Fleeg R CO2 3y
NPBS P rERPpH ETSehtgR O E o

e LRl R BL T k B 0 0 fREG BRI RN & S fk SR PBS chpH & o o
WA BRI AR E 223 F]ME - BRI A PR RS K SFL N PBS gk
# B {5 > € £ )2 parafilm B4 E R &L 0w 3TCERmPEE £ f8¢ 5%

T AP EE kTR B AR R e

3-6 115 £ %4 £ #2 (differential scanning calorimetry, DSC)4 15 %
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FUR AT Z A {8 enE | T T

ARRURFIER TR AP R ASE RSN 2 a2 gl
2050 AR R FABPSLEELA T IRE Y B FHH L R DT R
Wb A2 R meend BB AT L2 PP s o ¥ R IUE R
PRI AE S A 2 AR B d 8 S (S e T B (e I AR B (T e 2 (Tm))
LR AR A GEL P w RO RS RRAERM RS E SEGRICH S D
Rz a2 flaga §6G100 - GIS0 efrx T )iz ek HHHE SRS 5
d T AFRHERGHE e BREEFAT > NEFHREL DL AR SR

T £ #F 4 £ £/ > 45 International Confederation for Thermal Analysis and
Calorimetry (ICTAC)*t2014# 2 # cnfi s 5 B cn L3 faf > - AR EE » - B
TR &S - B 5y 5P Fofin 2 B oL B aafp(Lever etal., 2014) -

FHREFZEREA wfp ¥ fosp L F 809 - wf i 4L 2 Ap 2 Rl

i - BB LA SHERSARE(REEE.

PN

QA3 3~5mg &) A&
BHE BRGNS PSR L E TR R A mARK e
FEEFLPREASA BRY > AT 5T ERY V- AR&ERY (M7 FRIR
&) e RS HRE F R D 0 FARREN TG RARA NG LB P D
KF ARG F TSR R SRR £ RS 2 R B
BT AF S E AR e Bop N B E SRR E R A 47 0 2 50/min 2 A

i B-100~22000 s BN 32 79 5% -

3-7T BB ENZ AR B LT ERI LI ELF P2
i

FASREF IR DS - HE ] ARATRSR SF R adas Sl
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A3 EE- BTEER 2 B B PP T § A foii(dispersity) o X 3 F
AFREEF TS FE 2 A7F 0 SEED THLAFEM)RATL 0 r F B
BEE TN T EMw)d 72 o
SAATET 0 AR lic d k- BE G REFESEA T o 2 RBOR T
ZiMwMne § 23 E22-pF d=l; § 2 FELFAXTFE dm)i}:i\‘\ o
# %% % % k& 7 R (Gel permeation chromatography, GPC)# 8 * & & 47 F & + 0
LT FENE LI ELAT o FFFARERA LTS ALY nE o a d s
EAHE AR GLF TR A PR A FHREF AR ARE LG F I ORI E
AT E Y i R EF AR A SRR AT RS RS R RY
B A DF A+ (HAr3 84 RAFIEZFICE X E AP IVF P > 2111 § R
Prbr U R R IR g A F (B3 2L BOPDRIFIE ¢ 3

FCE N FUF R FREBIH N R T DR RE -

38 HREAWEF A FRRFRAAA LRI FRTREARIFBRLAE L

2 MG-63 g F wieigi7d Efeo it (75 445

3-8-1 ‘m?%% 32 % (cell culture)

52 MG-63 5% ‘¥z (7 L A7 % fm e 7] (cell model) -

#-MG-63 #g ¥ w1 &30 %5 7~9mL 2 7 e 7 10% FBS(fetal bovine serum)
Fr 1% penicillin/streptomycin 7 DMEM-HG (Dulbecco’s Modified Eagle Medium-high
glucose)ss % ;% ¢ 10-cm dish ¥ » & 2~3 X {#— LB Hp - § we 4 L E 1Y
70~80% confluence P » i # 10-cmdish ¥ 2_ 3% % % 4 H > 12 PBS TS S 0 e
» 1 mL 0.05% Trypsin-EDTA X {$ #-dish *x » £ £ §5 ¢ & & 4~5 £ 45 > F Trypsin
fr Tim e B3R R RN 4ER S 0 4o r 3mL 7 3 10%FBS 23 & % & e Trypsin-
EDTA 4wz 2_ (5% > 288 #3345 7 B 2 4mL % R 5 F enlm e e 48 12 pipette
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BB DB o 2o FRes 4502 1000 rpm cPg S 3R AL S A 4 o B = R0 (S
FUE N f?‘u T 374 ~ ii—_!é__fc% %;‘z-r,'\ R ? ¢ jq_—g ] plpette EEAVIT) Uy ,__;gg_.u ?
Fhenimie pellet 3747 0 @ w2 L SXBIEN AT r A R P 0 @ E L 1:3~1:4

WG e A AR 0 R e N & o

3-8-2 L2 EE oS

igd = Amrler g2 ahz 2 (7 G100 2~ G150 e G200 )5 § # IR % 4P
MABFRVRFREREDLENE FLfpdllemz 2T 2 EFHaOLELR
B XL BEILY 1S A PFAGES S SFEE 2B A EY o a BRE A48
RP L@ - - I RRET L BEREFAHET K TRBRFEQ P

FEEAe Rt o RE - PP T R 2RI kL R # 4T R

(w,

Ty XA R 4P o4 RS BT BT R (SRR vk f
AR ) ETTREPLE G X kR4 ] pF o

oo bRz vk e R BRI FRES o MR - B3 T B 3t 24-well plate(Costar,
US.A)ea - Bwell K38 3% @ SiF R 8B B FAORR(Gemf 4 42 7
A)F 2 oM AE BRE G AERE Y hwell? M2 AR G A ERY RN ET Y
B PE7n € f¢ % 3| tissue culture polystyrene well (TCPS well)® 4e » 75%iFp i i 1
] PE e 2 {8 U PBS ik m i A T5% F P e i 1 chwells S S AR RFEAL = 2R E
B {8 H “@wﬂﬁwﬂﬁuTﬁg,ﬁgﬁxr—ﬁg——%@%@ﬁﬁiﬁia

+ 2 TCPS wellsp -

3-8-3 w¥2 i {8 (cell seeding)

®FAa P T “,% /% (Trypan blue exclusion assay)i& {7 m? - #c > & k35§ % 3
finre A R AL D AT thin®e A (cell density)i - #-© 3 fie T 3 X A ch
fwPe At 1 mL/well enE 4o » B3y 2R T chwells ¢ 2 7L TCPS $tfe e
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7 A EE P wells ¥ (A% P SRR F R M e A 1 2 4 B A A
LA g Bk iaid * 24-wellplate) » X8 > e r w2 £ 57 BB AR o & 5 X L -

N X
TERIR o

3-8-4 w3 R iTE A
3-8-4-1 MTT sm®% 2 £ i#5% (MTT assay)

MTT assay * # & tetrazolium assay > 5 & * ** LA FA 8 » T & KPR
FFALARFHEITREY L oA L e R AL - AR RS 2
MTT ® § ¢ -RKj3 12 tetrazolium B+ & M8 ¢ 2 gh1a e 3 3 fF(dehydrogenase)
£% » 3 tetrazolium ring *» %7 > A5 % § 4 2. fromazan H 1 > £ f1* = 7 L T4
(dimethyl sulfoxide » DMSO)#- 5 4873 3 > A, % 3 2 7% - pL3 27 d A K 5 570nm
2 FREFREPIEL TR od WEwe ] LR TR EF k¢
BF e g S %‘Jﬁﬁb Blnie p MM AE R iR kol i chd &)
(Mosmann, 1983) -

AP AV MG-63 sf wmie B 2 RIEREFR R AR B2 = &7e PLA

r2 A R el 4 x 100/mL 2 RAERENIEATHETAEL L 100

Xy

st
um (G100 ‘) ~ 150 um (G150 )% 200 um (G200 =)= % 5]Er PLA £ % + » 1
B AT A L frdlesn 2T @ B W flat type( 2T A= s er

»fe T A f gl TCPS ¢ v 53 1~ 4407 % A it 7 MTT 3#5% » 1 $ i
et w ARV AL JE e TCPS F endifsasg i (7 8 L an® g o

BB FAeT o 4 0y 24-wellplate ¥ e & R 150 11 PBS ik & B owell B =0
= FE B owell ¢ & 4 x 100 pL 92 mg/mL MTT i3 7% > SR is 3 » 37 CIE R w2
BARHYRFE 3 P FF @%M;/qu%% MTT 3% > £ 4 » 200 pL &5
DMSO i3k » F Jis 14 kb » F s £ 42 5 30 20 B 1 2 % 50 rpm chid & i
Bk 2 0 25k enl & %8R B E AT B well B9 1000l 7372 4 1 96 well-
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plate ¥ 1 fix#% 4 % & 47 R (ELISA reader)ip] =g £ 5 570 nm PF e L i@ o #rjp| ¥
i - i owell kB FEREIAFFE A AFE AP wiviE F Eanxk

G LSS S T ENENS U FACNERER S

3-8-4-2 SEM #-# 8 % 4o 11 SEM BB fmre 3t 4 % + ehd £ 35
SEMBELRET L MG-63 M F me LG A R KPR TR @2 2 A
PLA £ % F 2 4 E M35 dimv 12 4 x 104Y/mL 2. % & 32 %+ G100 &~ G150 ‘& ~

G200 212 ¥ - Wit & grdledz > p g 7K (flat type)eh= @ 7|e PLA %

Exy

FO AR SR ALE L 1S 242 [ 0 X B2 ¥ 24-well 1 &
enwell ? ) fri® 5 f 74 2 (negative control) s TCPS + > #3882 & 1 X ~3 %

53407 A mPET R %N e SEM A EE {112 4 SEM e 7

o

=g

KA Y B 24-well me s %4 0 4 x,értf—; ik A PBS FiEd X BF
& B well # &4~ 300 uL 1 4% paraformaldehyde (PFA)*t % 8 & # 2w 20
AdE o RS PBS ik iikie s B owell 5 0 & 15 A4 o BFEE R R
R E#E (50%-60%-70%-80%-90%-100%-100%) » #+ — f& ik & 2 iFpE % 2 500
mmmﬁ@ﬁﬁﬁiuuw@%dfﬁ%&i&ﬁ@ﬁi%«@@UW%ﬁﬁ’
T EAF 100%IFpHiRie ey B =t > MR MR R 2o FRBINRSRAZ AL
PR LR, 3RS 2 W F R A RN BT RSE 0 B F RR AR T 100%F)
SRRt “&f?ﬁ B RBE AL FRAELCARE? o 2 (8 REE 3 100%IF ¢
etk Al B 3o g0 BhE2 s 49 (critical point dryer)ph iE 7§ B2 (critical
point drying, CPD) ° B {$ » Jf #-#k * % w 4% £ (gold sputter) > 1 it >t 7T F B icdi ™ B
BL PR Bt A AL e 2 A fi ot £ o

- - T A L RN ﬂ?l‘%éﬁ;}i:}i%ﬁ«gj RY s T T ORAE SKV feid TR

TRAREF we g Rt L eul A L 1 35407 A5k p et B
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3-8-5 e A {7 5 A4
3-8-5-1 * 3 MG-63 5 F e S F AL 2 H 2 KRR

AFTF P AT 2 GER R A 1t h & % (osteogenic induction medium, OIM)‘%
7z 7 100 U/mL penicillin ~ 100 pg/mL streptomycin 12 2 10% FBS 7 DMEMHG
b > g 4e b 50 pg/mL 2. ascorbic acid ¥ 10 mM 2z /3 -glycerophosphate » 14 %
5 x 10%M 2 dexamethasone > #* = fE= 4~ £ - &b F Fwme A TH - FHRPEF @

* s & (Nohutcu, McCauley, Koh, & Somerman, 1997) -

3852 # %% S %4 2 H & £ #% % (Alizarin Red S staining and its
quantification assay)

~F % f]* Alizarin Red S staining(ARS) % B % 4 ™ osteogenic induction
medium (OIM)#: & MG-63 #g ¥ % >t G100 2 ~ G150 2 ~ G200 e 28 12 % % &
T dlEan > TAI L S e RS o S et & mul L A ande
AT PR B RAES M)EF T LY

#-MG-63 FgH w12 1.9 x 10°/mL 2. fm¥e % B fEfe 3t & 2 % 2 TCPS }»
Il RN 24 IR RRD - BB AR OIM 2 F S X
{#-=xOIM-if 237 ARS %4 2 HZ & A {73 R EL S p { # 5 OIM
Kok e Bhe A 2 pPRATE B X S X ot X {8 o B % BTt Ao T
AFRpF e b et Earhawell ¢ g RS0 & B owell ¢ & 4
» 300 uL £174% PFA >+ 2 8 7 Fl 2 wre 20 » 45 0 @ {6 4% PFA » = = kKi*
# = = (0.5mL ddH20/well/=x) » £ >+ & B well ¥ % % 4c » 0.5 mL ARS /3 /%
(mineralization assay kit solution I, CIS-Biotechnology, Taichung city, Taiwan) » X {$ #

B304 FRINE B ",% well p 9 ARS 4 & &> 1 = s = =t Rk ik 3~4 &

b
1

e x § R chs Zok(0.5 mLiwell) X3t B B 4k - A4 o d 3t ARS %4 #|

AR FEF pH B2 Rt a e RHppd > FlP PR Y B - RO L
27
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PR o § B IRA ] Bk A A o Bofh e

r-.t«'-:’

B Btk d L - B
> 535100 pLiwell) = 2ok 3 e & 0 @ 4w 5e FIc % A RURE A1 © 4 B e E
B ARS 46 (52 B PO MM T MBS ik L BTG d S enihi

BT
%o E A AL R e 418 0 B f8 4 » 200 pl/well 9 mineralization assay kit

solution IT (CIS-Biotechnology, Taichung city, Taiwan) » &% 8T B — /] FFis » %

P~ 100 pL/well % % 96-well plate o well ¥ » 12 ELISA reader 3 2~ 2 562 nm % &

7L
B ©°

3-9 L 47
*F % & * SigmaPlot # %2 (SigmaPlot version 12.5, Systat Software Inc.)¥t % ‘e

L B AL F A AT 0 B A A - BT ttest 0 § p B3 0.05 pF & T
WP ORFILA G EHEREA

IO BT T HRER Y F L Ry E D]
= .E‘_ﬁis?] rendedp TALA R At test e 3% B3R P (1L & % fic(dependent

variable): 2 HA L FHEF LA T 2.3 PR APFBEFLFLAG 2 B L g

B Bl F1 o) #$k Mann-Whitney Rank Sum Test > 4 p -] ** 0.05 pF 4 77 3% 7

PHPFTALE D Y CHRFFOLE G ETAF I HFLR
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yrg 2%

4-1 =253 P FFRFRTRESZ BIECRPRAFRFE A

R A

$HhF %z ar e A2 GI00 2~ G150 2o G200 sz e % 0 gd 1Y
ERIFHERERE S LFHMET TR Y IR el FE LA hl
% & (strut width)fo B K % & (gap width)en§ | & > 2 T 35 @& +4% & X (standard
deviation) & I > B % 7|3t & 4-1 -

G100 & ~ G150 2f- G200 e = e chfF B A F % E L 5 87.8423.7 um -
142.5+20.0 pm fr 188.3+23.5um > o ™ F Hc @ v PR T| > L e TR TR T EE
LT PERRFREL ) FHLEOFRTARREDEE LG - RIE(Y
20~23.7 um) -

¥ G100 & ~ G150 & ~ G200 = fr > T 3] e £ 28 0T + BACE R & 4o Bl 4-1 7

4-2 z A EF R B E 2 W # L CE 2R (in vitro static

degradation test)

AR PP L e BB RIRL B FE37C - B PBS P iEF TR

RS £ BT I BB 4-2(A) 47 0 G150 ok ZE R Bt

R
R
“ﬂ-

EEDF 16FFNRT 355 0.04%NE 2L Fom §F % 18 T £4
2543 0076%(H s % 16 FFEEHF A F 0.04%:05 ) Ka gt ,;/T*‘ﬁ:},i’ré_
0.076%m # £ 7 3 +c48% - G100 =~ G200 efr> T3 eiz= o o BB 127 %
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EEHFR AT B R TR ErE R gl o

4-2-2 e L %2 PBS 32 pH &1
AE BB L 3TCT e 2 IR A %0 H N chPBS 3R B

TP S H pH @81 hiF25 40 B 4-2B)*77m o & F 84 B AP chd o ik e

BEOEETA 24 (EFREFRA o L et L P EALR] (T ofkek B0 Ry
Flempii E2LF RIT BRARL L ePRkEY 9E 268 2+ Lie- $%

W
N

2k B =
f.\,ﬂ'\

xg

|32 % f0 ¢ - & CRLA S 23 7% PBS P AR o

1:\'&

4-3 7 L HFH £ #HRMSCO)A $53 = 5| e &1 5] B 15 BB L ey

.t}_?j’%gu

Bl 4-3(A)5 & 5% BT ft % 20 2 5 Er L R i 4 (PLA filament)
MR B A lAEa BT S S GI00 2 GISO Eird T AL % > ke fAH
g SR A 1R o F Bl 4-3(A)F LRSCEAH RS ITRIA T MR- LA
Tg B2 (B* FB) > 5E= arerffgn @72 5G100 &~ G150 2fr 2
TA| X EHRE 2 B ATRIA L A A a R Al Tg B2 -

d B 4-3(B)F LI w 46 P R S A 1 Bl en ABF AT 02 T LU

I

AT B RAFERPNG - ) EH I T RE S RENEL-FI-F

A5 & R EE o

34

S L LRI e

“J\F
\m’r\

il

Fibw AR S A IR R R (Te) et B(Tm ) e d 42 %7 o

L4 BRI BHEN AN DA B2 AT EZI AT ELF LN

d 4437 o d RS Rt S A 2 are e w RS R AH E Mw
30
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% 103,294 > Mn % 66,880 » Mw/Mn 3 1.544 ; 78553 g ff = 450 2 ar|er
i et ZHAHESE Mw 5 54,917 > Mn 3 39,065 Mw/Mn 3 1.406 - & 12
PP ELRT|F| S Mw/Mn B E 0 B w ek o) o Bon S | sl
FREIERE DL I ELTREF > dERALFELFTRF DR FIELS| @

AP R R E G RO PLA KB T 2 4 5 H £ P ig S PLA R E &

HEEWEFIRFRFE IR EOE ERPBLE 2 MG-63
htwieiFdEferiti7aod

4-5-1 MTT % & [ 38

F MG-6358 % fmre 4k 124 x 10* /mL2 ‘% % R £ e = 5o B iLpe

Xy

oo e e 2B R EAMITERTEE S 40T 30 2 o ¥
G100 ~ G150 2 4-G200 i3 = 2 & f MTTi B8 > T 4] 2 foTCPSieisd % %
pah Et o B P P EFLE > ¥ Gl00E ~ G150 G200 & p avf B
(0.108+0.029, 0.123+0.015, 0.104+0.02) % % &_2 T 4] . fcTCPS % p 3# (0.054+
0.025,0.058+0.018) ¢ & 5 ¥ ¢t p| £ G150 cvzf B A4p 1t >0 G200 F Szt B 4
Bostw X g TCPSE E 4 £ B c73f 2(0.5£0.095) % 22 H by mfp it % 4 A3t b &g
FAP G0k ~ G150 frG200/ e i = /o i W2 2 T 4] lmdpit 4 30 Sipt b BEF
L2572 #BE EG100%2 ~ G150 2 4-G200 52 2P EBA BT a0l o B A
FREFLR - APEHTCPSEM AL F BB il 1(1.83240.132) 7 22 H 4o 249

pLovk

£ St P EEE LB S TCPSi v eh > Bl A GI00EE § % w3 @(1.6460.17) >

"D

HF 55 2G200efr> T A eiza o & p ovf 8(1.46310.156, 1.254+0.195) fa vt $i >

vb

~=h

ERESF P REFAR > £GI00%F EE B2 G150k 9 5(1.455+0.196)4p v B
£GP EE LB (R4 -
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4-5-2 11 SEM BB 4 % wie | G ied £ 35

¥ MG-63 %5 % fmre 4kl 4 x 10 /mL 2. jm* R R fEHE > & e = Bl Rt
A% I JeTCPS 2§ - A ~2 3 ~T 2= 2. 1B 4 (5 ¥ H T &7 SEM
TR KA S SEM R e A fk o 4 SEM BB ¥ R | chiF2) dm it 4o
T oo lmre Ak AT L ez B RSUR L £ 2 TCPS - x> d G100 e

G150 2 fr G200 mefric* B 5 5 500 & h + AR ¥

1:,]4 s

lH
.
hpa
Sy

—m\H
"

T 2 B RE Y G e bt o 2w EL (DA fastrut) BN R T A m o
Q)& H(strut)-2 PIEEZ o F HG)F M(gap) AIRT & F o ¥ ¢h o b ) MG-63 5 #
ez AR %2 TCPS A a7 PR 45 F chwe 41 j > ¥ %
Tl TCPS Féhimie + 5 Bt & 5k 0 & AP A chdm e T4 W 1.4 (cytoplasmic
extension) ; I >t A B LA L P me e R H ¢ R KR A himre v b S B
e EApft TCPS @ 3 > RS EL & Fepbmre 19 5 RF v bl F IR 2544 5k end
WAGKR(eFEG A FIR - = 2202 v fA)) 0 @ 2w AW R Rs P
Eg i TCPS } enim®e & thie () 4-5) -

T MG-63 sgF me gz 30 L ez By RS pL £ 2 TCPS + = X 48
WEELFRABFOTFHMER L PV REEI e o B R - X R AeF
5 o d G100 2 ~ G150 24r G200 2o+ B F 5 500 & h7 + s B ¥ B
Iiwre g et i (strut) EIRCRT)E e o~ A fa(strut) 2B RIEEE & o (gap)
AIVTE G FigZ BRE TG wie B F IR foort m e R VR L 7 & TCPS %
G b fE 0 TR & TCPS b ehimee T 300 dichimie Fag © 305 4= i BFLAL &

?;lg Pm‘m”?”ﬁ‘lﬂ’ 41’ fm Pe ’Fﬁ‘ﬁf_ it ""3/4.7\ PN g‘gt ’m'v\(,%]46)
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Inkjet head
Roller V (liquid adhesive delivery)
Y,

Powder bed

Powder supply platform Fabrication platform

Figure 1 3D Printing schematic. 3D printing is a layer-by-layer
process of depositing liquid binder onto thin layers of powder to
create a 3D object. Reproduced with permission from [11].

\ J

] 2- 3 Three dimensional printing(3DP)# % & 72 (Chia & Wu, 2015)

liquifier head (moves in X and Y)

/

rd extrusion
nozzles

= supports
= .""*.// Foam slab

build platform
Support_—1 {moves in Z)

material DH
spool build material spool

Figure 4 Fused deposition modeling schematic. In fused deposition modeling, a filament of thermoplastic is heated into liquid and extruded
through a nozzle in a specific lay-down pattern to create a scaffold. Reprinted with permission from [39].

] 2- 4 FDM # % J 72 (Chia & Wu, 2015)
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LCD graymask:
digital mirror
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laser (left) or top-down setup with digital light projection (right). Reproduced with permission [59].

Figure 5 Stereolithography schematic. Stereolithography is the polymerization of photocurable resin by a bottom-up system with scanning

===

Bl 2- 5 SLA # E /& 32 (Chia & Wu, 2015)
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Figure 6 Selective laser sintering schematic. Selective laser

layer. Reprinted with permission from [83].

S\
Final
roduct

sintering uses a laser to fuse together powder particles to create a
3D scaffold. Thin layers of powder are spread between each fused

B 2- 6 SLS # % /& 32 (Chia & Wu, 2015)
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Merging of the
bio-ink particles

‘— Bio-paper

Figure 7 Bioprinting schematic. |n bioprinting, small balls of
bioink composed of cells and hydrogel materials (e.g. alginate or
decellularized extracellular matrix) are printed in a desired shape.
\ Reproduced with permission from [11].

5] 2- 7 3D Plotting/ Direct write bioprinting /& 32 (Chia & Wu, 2015)
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