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A AR R A A A o
=3 9t} (Niinomi 5, 2012).
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AH, =5 B 735Lxﬂ (bmdmg agent) T WE A
(foaming agent)E &&3F & baking i+ sinteringdli= WW So] A&
H3ltt (Jha 5, 2013). 53], thad Hetw 724 AZed= 7l A
AR o= Jpxol #WAHS o] 83 solid-state foaming®, polymeric
foam replication®] ¥ powder preform AZAYH 5 v}k ¥y o] A2y
AA " (Oh %, 2003), FZA 9 @3} 71F F2 B

7] o A AT HZell= Ve E2E vet

d ved HEbw 72 Alzte] 7bed 3D 29 E
electron-beam melting (EBM), selective laser melting/sintering (SLM/
SLS), laser engineered net shaping (LENS) 5= 483t o4 A7}
#x5a 9lth (Heinl &, 2008; Mullen &, 2009; Traini %, 2008, Murr &,
2010; Parthasarathy &, 2010; Bandyopadhyay &, 2010; Parthasarathy
%, 2011; Arabnejad Khanoki®} Pasini, 2013; de Wild &, 2013). o] &gk
3D Y HE A3 914 (topology), 718 %=, 7159 g} 27] 4
7159 As AZAAE (interconnectivity) 59 Fdo] 753t HE A
ol we HAHo g Fx2E AFTE 4 Atk (Khoda 5, 2011;
Sobral &, 2011).
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3} & At wAMTF e} BAdATe FHAd S
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1) 34 "€ EF (porous titanium) A &+

H A Hebge #I Be AFSo] wHHI g, 3 A
Z ¥4 (He %, 2012; Yook 5, 2012), 71A1% 54 #34 (Ahmadi
%, 2014; Sallica-Leva %5, 2013), ¥ W3} (Takemoto %5, 2006) = A

of 3t

Aol HF =L

A4 A (Fukuda %, 2011; Xue %, 2007) %
UTH Abghe]l =3 A 7AA EAS VHAE o8& A 55
ZA A 2SS 918Fe] powder sintering® (Li &, 2012), freeze casting™
(Jung &, 2013), space-holder (Jha &, 2013), 3D fiber deposition®
(Li %, 2007), gel-casting® (Erk %, 2008), self-propagating i< $FAH
(Chung &, 2004) % 3D ¥ ¥ (Campoli &, 2013; Heinl &, 2008;
Mullen %, 2009; van Bael %, 2012) 59 thdal Ax yAS % g3
A7 LEEA

Qumom Ad BE a7 Pdel dng vEy Huy TEA

Azl ALEE QAT (Kenzo 5, 1985; Pillar, 1998; Wen %, 2001; Oh

5, 2003), AAE A FRASS =S HA (brittle)S Holil, e

SHAAE Fde] A Zd%lﬂ—t— @ilo] R o, VAH 2 AL

stH EAol 4%e F & dt 71¥Y 27, BY, ¥ L X 58

dolz x437] offutes EARE A7|HACE EI HEA EE &§

FES e 9ol B I8 o9 ¢ R T 24§
o] A=

Kenzo &, 1985, Wen &, 2001; Oh &,
FAdst7] flste] ElelE 29 T EEE fiber &2, EEa0F 84
g (plasma spray coating) % 7]&-a% E3HA

A9k (Pillar, 1987), dZHES] t& <
A AYstes & o] e 7AA Ao HardE F de A

7 A715 Ao (Oh -5, 2003).
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2000 -3 & fused deposition modeling (FDM)®H el <7144 A A
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wER AESY A EFste Al WA olal, Vat Photo-polymerization®
S AR NG 2AE G ToE WE F FolA e RS XAL
of 7+33A 2AE A3AA wE=+= Stereolithography (SL)H 3 #-AF3k
Aot} Material letting® & Q=4 ZHEH =B ALE3dlo] Z2351E=
|™, Binder jetting™-> 4ol nvily FX|7F &4 Am o A

o A AFS Agsts ook

o

o

Powder Bed Fusion (PBF) s
= oo F2 odold T AANS ol & F& At 24zt
o] AlEH Tt} Direct Energy Deposition (DED)H 2 F=2 # o] A& A}
spdl, 149 dol Aol ERE BAlslel ARz Azan Azel

2lolt}. Sheet lamination® 2 7]&9] A F WA= AFolst
vo whmi WAolth, Fol® ol Elv Ei 3%

Azl 7hsst A F AFY AEH fd &k dF

ot H2AE vtEAY, 2= FAAA HFAE Holsk AlES A
xshe WAolth Ed ATt oldd WHe HPHom AHge:
Hybrid ®2]o] F7}5 At

3D =Y 7[Eo] theFgk v A8 Rl wet AF o] 21
AF ke Wakel wel 7 AA EAdo] FFS S Ak ¥ T (2015)
stereolithography apparatus (SLA), FDM, SLS, three dimensional
printing (3DP) % laminated object manufacturing (LOM) & 5% 3D
=g A ol ool AxAlN FAE BEAGom AV A%

sh9a 3D = WAe A3WF B JAY 542 vmsar,

)

2 o 053 oo &2

Alel Fejol ek oA, B

al
WA Gow BRE 4% AU (F 2013). A4 1w g T2 el

_10_

___;rx_-l! E CI.'II

1_'_] |

Bl



WoE B

o#avkv% ° W R -

T o E o SERZ R oM T o

= ° — _— ﬂAl = iy —_—

NI T o g ¥ 5X o % MR

g RN T N TR F L, T

Poa oy Al R T Mo M G Mo e o

= . X ~ © ﬁ = Ho m W No " = X %o N

— = < E o}/ = (24 ~ -

mﬂwwa% ,ﬂ_onwmﬁi =R a%%%m

N o = o B do o W Mw = g i o ~ ~+ 9

| . ~ o5 0 = . —_ 0 P D~

B T E Jo o M mﬂ ) PRI " I S
17ﬂ7ﬂﬂ1D\mn | & ® P ¥ o 2% . owm

o Mﬁ = I 3 SCIENE un o o — alh] olo = 2T pa w MW
X — 0 o = X

mtgiar._o% w o =2 owm o o T

%ﬂﬂ%&@%sﬂ# O @5%@%

- ' = < Tl G

T T s o Mo W N 5 e =

Mo ool S o A T NS o @ . o T w W

R 4 w2 © R g G ™ o

B o o B o X WoE o © B 2y oo

Y > M- Mo ok iy oA < N

‘ml ~ . = o (=U = . OC ‘ml &l o ‘Ur ,ﬁ AT j—
X Q ﬂ_wﬂ B == S
¥ AT BTy ro g 5w =
T o i _ o} I B R

o s o W o . o X o O 2 = N oy e —

s w0 E S = M ! = <r M ST

<0 X £ T = e G~ 5 W mo mo i = X

mo N oo Ao o 0 - e = iy S

. <0 S sl ™ i — o o Jo

e % £ 8 E - N8 o H| Mo BV = X X go P

olﬂrmm_ Jﬂqalz - o 3 R ol ~

= ® o O m 7 =K 1X_| = 0 N oor — o = %

o owr B JM%EE1rgEu S = - = = T
vE __F ubjumﬂiyﬂu%ﬂr.u T W
x & ﬂl = ~ +u it ) o = Bo Lf we 5 T N o

il D o Y _ N oy T = X — iy i

- < ) < ° T of

EO N N I - 4 5T R B S d o ow o

T oHp g o X = X o= 0 o X Bl = — o = N

Wy = = o T A EK NS ™ T Akh o [ B
x o & F T PR n 2 a £ T B

< F = —- W E 8 - W w N
g = o = . o
o o ~N 1__/| —~ 4_|A E_ 1Wr,_.c bo

™ o e _ o

® AN He

w3 gk (9,

1gog A&

&)
- 11 -

F2 oA

2 o} A

pzs

7]

e

3-2) FDM

2015).



il

)
o
olo

il
s

o)

of
W

—_

p

SR

hyA

=d, @4 7i18 3D

O
)

el

v = StratasysAH7F 7l

acrylonitrile butadiene styrene (ABS)7} AF& %™, polycarbonate (PC),
PC-ABS, polyphenyl sulfone (PPSF) % polyetherimideZl ULTEM & <]

], polylactic acid (PLA) &2 %

B

ol

A =

=

3-3) Poly Jet

27k AHg

3z
=

2 ARAAA Ages Yol T2 okad Adel

—

NV
T

)

ol

il

X0

%

Al 2ol 7Hs e,

3-4) SLA

gl

)
=

N2 A AR M &

)

t™, sharp

=
[€)

o] 7}

dhaolt, et wrke] Auleh #o]A

ol

B
X

[e)
IT

_12_



o]},

&

X
;OL

}

okt Al

olo

3|
~

—_
fite)

—_—

0
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3-7) Selective Laser Melting/Sintering (SLM/SLS)
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4-3) Manufacturing Tools
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m a7 Az 2 3y

1) d7A=

3D ZHHE AlAL AAF A7) 7F 15-45um HL Q! Ti-6Al-4V T+ &
9 (LPW-TI6-4-GD23-5; LPW Tech. Ltd., Sci-Tech Daresbury, UK)<
o] -&3}o] ProX 200 SLS Metal 3D Printer (3D Systems, USA)Z 7] &
= (porosity) & 5 7FA (0%, 10 %, 20 %, 30 %, 40 %)= =43t d&3
(A& 6mm x Zo] 15mm) A¥ EXP 1 Ad+ (EXP 1-0, EXP 1-1,
EXP 1-2, EXP 1-3, EXP 1-4)& Al#shsth (Fig. 2).

g3 AlE Sl AE 1.0m 3o (core)E FAT + HA AH
i (EXP 2)& Al #tste] Fdol @43 23 o7k v A 7]
v TS Hrheao (Fig. 3). 2 A 3 247 20 A

(a) (b) (c) (d) (e)

Fig. 2. Titanium specimens fabricated by SLS technique with different
porosities: a = 0% (EXP 1-0), b = 10 2% (EXP 1-1), ¢ = 20 % (EXP
1-2), d = 30% (EXP1-3), e = 40 % (EXP 1-4).
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(a)

Fig. 3. Two types of titanium specimens: a) EXP 1-4 =
without solid core, b) EXP2-4 = with solid core.

ASTM B348 Grade 23 (Standard Specification for Titanium and
Titanium alloy Bars and Billets)oll % §3F DynametA} (USA)S] 27 8
m¢l Ti-6Al-4V ELI(grade 5) ¥+ 953 (A& 6mn x Zo] 15mm)
o7 JIA 7tEE NS dxaom AR 71A e s Al e

ER 50m FEUG AR M=BEsY Feste] WA Gl A
gt JBUES Fud fA) HES Sk
2) AT

2-1) ¥ %= (density) =4
ANAHe e dhar 7377 24¢ KS D 0033:2011 &4 22 A 24

A= Alg e me S48tk o] A2 T4 e A

2738:1999, 1SO 3369:1975¢} -AFste]l F3A (permeable) &4 4

- (oil content) @ €% 7]¥ % (open porosity) &

E
==
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(22+2C)E FAESE A=

% (py)E 0998 g/cm = 3o AZXRIUE (DS ol Aoz AxtstAt. 2
A G 20709 NS S48t Hu gy xedAE ALe T
Az BE (Dy = (mpxpy)/(m; - my)
2-2) 71E¥% B R 2 24
ANAY 7lFEe WHE FZE 5L micro-CT (Skyscan 1172, Bruker,
Belgium)E ©]&3te] £438tA e 100 kV AL 100 A AFE 715t
x-A& Ao, oA HA (pixel) ZL7]= 9.86 m, 7hHlet A

S 1S5 me el ARe] 372 ol AE FAsIA LA 22
# (CTan, Bruken& ol §3te] 7|23 AWsea, 3249 v 2 A
Ay PR Az 34 B 98 Adgel QA wEsac,

2-3) A= A9 (30° compressive test)

Al e AgdEAEe g Ag = 1SO/DIS 14801:2014 Dentistry -
Implants - Dynamic fatigue test for endosseous dental implantsol w2}
SAsAY. 95y Al e 1A% kS 7ekr]l flste] EE
F TF (Ti-6A1-4V)o.2 7123 v pra S Aslon ~yHlas Jo
2 Xﬂ”a Xlloﬂ nAste] AlH e Fso] REsAIR TS stE S 30+
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loading device

= nominal bone level

= abutment

N w N~
|

= hemispherical loading member
5 = dental implant body

6 = specimen holder

Fig. 4. Schematic diagram of 30° compressive test set—up.

2-4) 32 A& (fatigue test)

J 2 AlgL2 ISO/DIS 14801:2014 Dentistry - Implants - Dynamic
fatigue test for endosseous dental implants®l] wz} Al st Akt
SAEAFAA S 59 80% #k# o] S 10% k HALY AF
oty TS Ak A 10HzE 71ste] T2 AlgS AAIEdt 3
A oldel Aol FAE F7135 G5 x 1090 REEAY g3 A &

F2 wAMEA AWS WAs] AY Afe] F-F)

2-5) W (fractured surface) ¥z 2 A 4
3D ZE"go=m Azg Al 3#dH 2 JA4S FAKAAAR A o=
! 133 v 2Agor gad A d3d
2AHS FARAAANF o2 EAs A Y. 54 2= ANOVA (a=0.05),
Tukey multiple comparisons test (WINKS 4.62)% #2135} t}.
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w3l (p<0.05)

BExr1
o BEXP2

Fig. 5. Density of titanium specimens as a function of porosities.



Table 1. Density of experimental groups

Groups I?geilcjrl?)’ Groups I?geilcill?)’
cp~Ti machined 4503 + 0.009 Ti6A14V machined 4.410 + 0.001
(grade 4) (grade 5)
EXP 1-0 ( 0%) 4.407 £0.051 | EXP 2-0 ( 0 %) 4.408 £ 0.050
EXP 1-1 (10 %) 4.295+0.083 | EXP 2-1 (10 %) 4.302 £ 0.073
EXP 1-2 (20 %) 4.254 +0.097 | EXP 2-2 (20 %) 4.265 £ 0.108
EXP 1-3 (30 %) 4.229+0.269 | EXP 2-3 (30 %) 4.240 £ 0.179
EXP 1-4 (40 %) 4195+ 0.215 | EXP 2-4 (40 %) 4.170 £ 0.185

Table 2. Porosity of experimental groups analyzed by micro-CT

EXP 1 Po(r;s)ity EXP 2 Pozr;s)ity

EXP 1-0 0.30 + 0.03 EXP 2-0 0.38 + 0.04
EXP 1-1 10.68 + 0.31 EXP 2-1 10.11 = 0.27
EXP 1-2 20.20 + 0.23 EXP 2-2 20.39 + 0.51
EXP 1-3 29.74 + 0.53 EXP 2-3 30.61 + 0.60
EXP 1-4 40.49 + 0.66 EXP 2-4 39.63 + 0.79
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Y Ho R A3 ElElw AW S micro-CTE ©] &3}

A= Fig. 63 70 UebH Fig. 6& A% #o 2 A
AP EXP 1S ddow 7ged me #3943 (Fig. 6a)3
iz Aapolty, AlE e FAE wAS o

EXP 1-0 (0%)

EXP 1-1 (10 %)

EXP 1-2 (20 %)

EXP 1-3 (30 %)

EXP 1-0 (0 %)

(a)

EXP 1-1 (10 %)
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EXP 1-3 (30 %) EXP 1-4 (40 %)
(b)
Fig. 6. Micro-CT images of experimental group (EXP 1) :

(a) horizontal view and (b) vertical view.

]
o
e

o] T7tH = Ao= #FAHAA N Fig. 6acllA] EXP
1-3 (MNFE 30 %) EXP 1-4 (71&% 40 %)9 AA 7+ F3he 23]
EXP 1-3°] o4& Y& o2 HYEd, Fig. 6bolA EXP 1-39 71%F
ol oF 290 mmO = EXP 1-4¢] 480 ym Bt} o} AlHe] AA 7] ¥ %=
= EXP 1-47} o 2 g Bt

2= Ax 7}
3

Fig. 7% %*‘Jl‘%oﬂ 31013“ 3“3?'5& Aeael EXP 25 A ow 7|F
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= ==
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EXP 2-0 (0 %) EXP 2-1 (10 %) EXP 2-2 (20 %)
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EXP 2-3 (30 %) EXP 2-4 (40 %)
(a)

EXP 2-0 (0%) EXP 2-1 (10 %) EXP 2-2 (20 %)

EXP 2-3 (30 %) EXP 2-4 (40 %)
(b)

Fig. 7. Micro-CT images of experimental group (EXP 2):

(a) horizontal view and (b) vertical view

Fig. TbollA 30 % 71& = 40 % 7] &%= AlHe FHoA Eeg &%
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20 % T8 EXP 1-1¥ EXP 1-29 A9dS5AEE A st 7+
7+ 1475 £ 323 MPa$}t 97.8 + 141 MPaZ H.it}h Eol&7 30 % 7&%
& 7HAE EXP 1-39] 3 A9gF4E7F 69.2 =
e BHAou 0% 71e s 7HA= EXP 1-4 (822 £ 6.9 MPa)ot+=
o gt Apol & HolA| eFekrt (p>0.05).
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Fig. 9. Shear compressive strength of experimental groups
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Weibull 35 (m)+ 4.64 -14.09¢] WS H=d, 40% 7|3%E 7}

A= EXP 1-47F 14098 7Hd =& #S Bion, 10% 713=s 714

= EXP 1-17} 4642 713 w2 S B4tk 939 gEo] 632%3 54
A% (09 718°] gle EXP 1-0°] 230.5MPa® 7F4 =9kal, 10 % 7]
TEE 7FAE EXP 1-12 1500 MPaz =LA #4% s

a
;a
.ﬂ
©o 9
-

_\:«:11 N

7187 20 %, 30 %, 40 %= S7FEA w2 5 A=e 47
MPa, 70.0 MPa, 82.3MPa< HSth EXP 2 A&7 9 Weibull &4 2
+ Table 49 Az s}t

Table 3. Weibull analysis data of EXP 1 groups

Group
Para. EXP1-0 EXP1-1 EXP1-2 EXP1-3 EXP1-4
0:(0.5) 228.0 150.0 96.0 70.0 83.0
m 5.83 4.64 8.20 10.61 14.09
0o 230.5 150.0 99.2 70.0 82.3
r 0.895 0913 0.900 0.894 0977
o; (avr) 2272 1475 97.8 69.2 92.2
N 13 13 13 13 13
SD 44.1 32.3 14.1 77 6.9

note: 0¢(0.5) = median fracture strength in MPa
m = Weibull modulus
0g = characteristic strength in MPa at P; (fracture probability) = 63.2 %
= Weibull distribution regression coefficient squared
o¢(avr) = mean fracture strength in MPa

N = number of specimens, SD = standard deviation
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Failure probability, P, (%)

Failure probability, P, (%)

Fig. 10.
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(a)
100
] A O ( O [ |
1 A O ) 0 [
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1 A O [ W [
01 a0 e =
1 A O eO B EXP2-1(0%) [
| A O [
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Shear compressive strength (MPa)

(b)

Weibull plot of the experimental groups: (a) EXP 1 (without
solid core) groups, (b) EXP 2 (with solid core).
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Table 4. Weibull analysis data of EXP 2 groups

Group
Para EXP2-0 EXP2-1 EXP2-2 EXP2-3 EXP2-4
0:(0.5) 320.0 135.0 115.0 64.0 84.0
m 15.85 4.50 6.03 12.88 20.17
o 321.6 149.0 1124 66.7 87.5
r 0.944 0.839 0.968 0.898 0.831
o; (avr) 3186 1472 110.8 65.9 86.8
N 13 13 13 13 13
SD 23.9 38.7 20.5 6.0 4.9

AT (EXP 1, EXP 2)¢] &A= =4 A3 Table 591 A28k
=g, FollA] LWl Ex}(a, b, ¢, d, e )7} TLa AP EAHO

2 o3 Zol7t gukeE AL uEt (p>0.05). YEFoE JNA E
3 iz SAASTE 28224626 GPaS H )

Table 5. Shear compressive modulus of experimental groups

Pl Ve B2 VGRS mel s
0% 22.21 £ 5.66° 0% 24.14 + 2.107 p = 0.267
10 % 21.23 +2.78° 10 % 20.19 + 2.29° p = 0.308
20 % 17.65 +1.90 20 % 18.27 + 1.90° p = 0412
30 % 11.78 £ 1.60° 30 % 12.85+ 1.78" p = 0.122
40 % 10.95 £ 1.75° 40 % 12.69 + 2,45" p = 0.049

note: same superscript letters in same columns showed no statistical
differences (p > 0.05).
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Al FAR ZoE AR @& AT EXP 1olA 0% 7]
7}A= EXP 1-09] &4 A5 2221 GPa® 7Hd =8 s B,
10% 71&& 7}A = EXP 1-1 (2123 GPa)¢t +9 3k o]+ At (p >
0.05). 20 % 71 &S 7FAE EXP 1-29 &A% 1765 GPaZ °F 205
% A% FAHA (Fig. 11). 30% 7137 40% 7135 7FA+ EXP 1-3
3 EXP 1-49] A% @A AFE F 50% A= ZAaHol 42 11.78 GPa

¢} 10.95GPas BA=d A= Fod Aol AT (p>0.05).

O

KeX
=

A BEHAoY, t-test A3 40 % 71&& 7HA= EXP 2-45
T4 3G (p > 0.05). 71&S

Shear compressive nodulus (MPa)

o IS o 3 R
-8 8 8 8 8

T T T T
(0] 10 2 30 40

Porosity (%) of experimental groups

Fig. 11. Shear compressive modulus of experimental groups
as a function of porosity.
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I+ Fig. 129} 2tk 7| AI7Fe e
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R4

JHe] 7

A3+ stress—number (S-N) Z1#]Z 2
Al o] ¥ 234 (fatigue limit):= 83

A AL A

7NEE=7F 0 %=

Z93 EXP 2-09 9234+ 50 MPa, 7] & =7} 30 %2 EXP 2-3& 34
MPa, 718 %7} 40 %% EXP 2-4+= 38 MPa9] J=Z3%AE Ho] 3D 2d
Yoz Azt AlHo] ZAVEEHOZ A2 AlHET s A v
252 BT (p < 0.05).
200 -
4
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1 O EXP 2-0 (0%)
150 m A EXP 2-3(30%)
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5 ] "
o X o
n IX - © o o R
i o)
50_ A vV, a o o
0— L T L T T
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Number of cycles

Fig. 12. S-N (stress—number) curves for experimental groups

of fatigue limit.
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Fig. 14. SEM pictures of EXP 1-1 at fractured area: (a) = x40,
(b) = x200.

(a) | (b)

Fig. 15. SEM pictures of EXP 2-1 at fractured area: (a) = x40,
(b) = x200.
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— 1111 Re—

(a) (b)
Fig. 16. SEM pictures of EXP
x40, (b) = x200.

f— YT —

Fig. 17. SEM pictures of EXP 2-2 at fractured area: (a) = x40,

(b) = x200.
7185 30 % 3t EXP 1-33 EXP 2-3 AlHEAANE & t3A
A e fAE S9G4S BT (Fig. 18, Fig. 19). 2842 250
2 FA%e] oS PG EXP 2-3 AWM moR geo] P=
o] o)z} walW #7k AP AL 2 5 AT (Fig. 19, 19b).

71E & 40 % 3k EXP 1-4 A8 SH 94 (Fig. 2009 78S 30
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73k EXP 1-3 A9 SHEA (Fig. 1®)dA= 7159 HAl A
B 5 e oud /1F UA Aok 10% JFE AolE F
T EXP 2-4)7F A1 EXP 1-3 (%= EXP 2-3)

0o Ee 4EYEE AT £ YRS it Aoz 238 5 3

e
o
Kl
>
)
I
>
)ﬁ
T
=~

N

(a) (b)
Fig. 18. SEM pictures of EXP 1-3 at fractured area: (a) = x40,
(b) = x200.

(b)

Fig. 19. SEM npictures of EXP 2-3 at fractured surface: (a) =
x40, (b) = x200.
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1mm

Fig. 20. SEM pictures of specimen surface: EXP 1-4 (a = x40, b
= x100), EXP 2-4 (c = x40, d = x200).
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-ABSTRACT-

Effect of pore fractions on the mechanical
properties of titanium specimens prepared
by selective laser sintering

Yun-Jeong Oh, D.D.S., M.S.D.

Department of Dental Biomaterials Science,

Graduate School, Seoul National University.
(Directed by Prof Bum-Soon Lim, PhD.)

Titanium and its alloys are promising materials used for bone
implants because of their unique properties such as high specific
strength, excellent biocompatibility and corrosion resistance. Unfortu-
nately, the mechanical incompatibility between solid titanium and
human bone has limited their applications. The mismatch in Young's
modulus between titanium implant and human bone may lead to bone
resorption and implant loosening associated with the “stress shielding”
effect. Porous structure in titanium is favored to decrease Young's
modulus by increasing porosity, which can solve problems associated
with the “stress shielding” effect. In addition, porous titanium can
promote the transport of body fluid and stimulate bone ingrowth,
which 1s helpful to improve the fixation of implants to the bone. The
use of 3D printing for dental implant gives greater design freedom
than conventional manufacturing techniques and also allows us to
combine solid and porous sections for optimum strength and
biological performance. The purpose of this study was to evaluate the
effects of porosity of the porous titanium implant on the shear
compressive properties.
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Cylinder-shaped (6 mm x 15 mm) 3D printing specimens with five
different porosity (0, 10, 20, 30, and 40 %) were fabricated by the
selective laser sintering (SLS) method using Ti-6Al-4V alloy powders.
Specimen sandblasted subsequent to machining of Ti-6Al-4V alloy
was used as control. Twenty specimens were prepared in each
experimental group. Porous titanium specimens were characterized by
density measurement, micro-CT scan and SEM analysis. The shear
compressive properties (yield strength, modulus) of experimental
groups were also investigated. Data were analyzed with ANOVA (a=
0.05), Tukey multiple comparisons test (WINKS 4.62), and Weibull
analysis. Following results were observed.

1. Density of porous titanium specimens was decreased with increasing
porosity which may produce the large amount of closed pores.

2. Some internal and external flaws in porous specimens were obser—
ved by micro-CT scan, and it may cause the large scattered data
in mechanical test.

3. Ductility of titanium implant fabricated by 3D printing was signifi—
cantly reduced with increase of porosity. Solid core addition to
the porous implants did not give any positive effect on the
mechanical properties.

4. Shear compressive strength of experimental groups with 10% poro-—
sity was much lower than those with 0 % porosity (reduction by
about 50 %), but there were almost no significant differences
between 30 % porosity and 40 %6 porosity in the shear compressive
strength of porous specimens.

5. As 10 % porosity could not reduce the shear compressive modulus
sufficiently, so more than 30 % porosity was necessary for porous
titanium specimens to get proper low modulus.

Key Words: 3D printing, selective laser sintering (SLS), titanium
implant, porosity, mechanical properties
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