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A study of loading property of the bioactive materials in
porous Ti implants

Yung-Hoon Kim

Department of Dental Laboratory Technology, Wonkwang Health Science University

[Abstract]

Purpose: Surface modification is important techniques in modern dental and orthopedic implants. This study was
performed to try embedding of bioactive materials in porous Ti implants.

Methods: Porous Ti implant samples were fabricated by sintering of spherical Ti powders in a high vacuum
furnace. It’s diameter and height were 4 mm and 20mm. Embedding process was used to suction and vacuum chamber.
Loading properties of porous Ti implants were evaluated by scanning electron microscope(SEM), confocal laser
scanning microscope(CLSM), and UV-Vis-NIR spectrophotometer.

Results: Internal pore structure was formed fully open pore. Average pore size and porosity were 10.253,m and
17.506%.

Conclusion: Porous Ti implant was fabricated successfully by sintering method. Particles are necking strongly each
other and others portions were vacancy. This porous structure can be embedded to bioactive materials. Therefore
bioactive materials will be able to embedding to porous Ti implants. Bioactive materials embedding in the porous
Ti implant will induced new bone faster.

Key words : bioactive materials, embedding, implant, porous, rh-BMP2, sintering, Ti
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B2 WAS Sell PHOE Ti %arzu} wﬂs, o
A, AE Bekady, FEAshY, GAkshEo] 9lu ¥
0| Ti ERo] B Rofsy] Sfat B, ol
F, 8o A2 So| WuEo] 91O (Choi et al,
2009 %@ EyA o] B AT

sh

(Cho et al., 2008). olefo] Z27]ol= YSHES] WA
= 98 deAde S7H7IE EHEA

O} QJZIE B EA] 1:412}—‘5 Aéﬂxﬂ%‘”‘*(bioactive)
o] 37| "ol o]Fofl= ¥ =
HojA| Hydroxy apatlte(HA)-‘l} % Pﬁ ’%‘iﬂ% AEES A
gsl7]o] o|=23th, Ty o] I E AARIEA

Y E= ool FAZE QAL A28 T FAHolA A
SHIEH O] WAo] FefHY, JEUE} A=A
O] Ag e oFgHE of gl A7kl AN R S5
71 fte] 2|&Ao] HojAl= wdo] 3o (Zhao et

., 2006), ol&f3t RAA|l= F= F7IF=A A
2l BMP-2 5ol Hlsl &34 50| HojXItfal Hilk
AcHLee et al., 2009).

Z|Zol= ZF¥A @A (Bone Morphogenetic
Protein, BMP)o] 341 £11 Ql=tll, FA7HA] E}Okﬁ}
recombinant human BMPE AJ4FE 5= Q1A =9
58] 74 o FHollA EHe Sl BaE gl
THKim et al., 2008). AJAHe BMPO] th2 o4
+ ¥EAYE o s wiE Q7] giZel 54 93
HEQLY] 55 Hrk= Zell AXA WA= polymer &
T AEY 24 AAAEZAN B2 A7 FREolH
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(Jansen et al., 2005), Hold AE FEavbso] B
A=A QI ol & dAtoll A= Wi s AdH
7H7]5"-°4 T2E 2= O34 Hebs dETHEE Ax
A2 W7 F7tel BMPeES AREdEd o) 'zt
ThsEA 9] el F& AEUE A e e
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1. 43¢ ElEts REEE SAIM M

Ao AREEE AlH-2 50um 0|5t A5 2= ¥
&4 HEHE(ep Ti, Gr.2) ET(TLS Technik,
Germany)< W7ol 4mQl A F(quartz)&ell 20mm 9]
77]'1] -3 12-F(10-Ttorr) 7|20 A 5C/min®] &

S22 900C7HA| 2EE ASAIA 2h $U% FAIA7

3L 2R oh Aol A Al Eefstal thA] il
A712o)A 5C/ming] $EER 120007 LEE

&A1A 2h St FAIRE F Agshs 22 W o] ofs)
AlZFsEAeE, AlH S P Tttt HARRIY] X3k A&

FEL}L fFARE AF 4mn, 0] 20me] ¥7]E FHE F
4071 A2Fst,

2.8 718371 R UF 75U A&y

o34 HeE YETE FAAE hot & cold
mountingdtd] F&22sH Ant B o what k&0
T FHAE AAISHL £ P —7—/\}*47\}@‘3]73(8—
4,700, HITACHI, Japan)o.2 #astglon) 3
7] @ 7l5E 5& 2 Tyl ofgt
(Auto PoerlV, Micromeritics, USA)E A3t &<l
skt

3. BRI EE B
A ol A= o] EA7F 7FsRA] o
aolslz] Ysll WA GFP(Green Fluorescence Protein)
£ "Asto] Aol AFAd A (CLSM) &&= w2t
shoiet, e B YRS 20 B Ael Bt o
A= rhBMP-25 A€sto] GA5F3a, A=



Fig. 1. SEM images of Ti powdefa) and sintered bodyb)
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(a) 100 C

Fofl TS et 23 (Fig, 2.(ap o A2t 2ol FX]A|
Witell 7]s-0] e Holx] ettt ol= 71%¢] 2717}
Ui 2ol dAntabof Al AHA|E Eleks IAkEo] AR
34\2 -’dn_ﬂoi hot mountmgo resm—J Q—FQEE

Fig. 2. Sectional images of hot mounted samples by setting temperature
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Hot mounting H4]& resing 8841713 ¢S
Aefol A WZAIZ1A =ARE cold mounting ¥4
0] W] EHe|FEo| F3AE EFete] AlHe
& A A3t =lmg FAAH O] WR71F7HA] A9

rsl r°l'

2|71 oJF}, Fig. 3.2 suctionHo 2 8-§% paraffin
cold mounting@t A|#H 2] AAube ohd
2 HoJET} paraffin waxZF At A& o]7] wfj&o F
o7 A Helg A=l 8l 715l A7

waxgs BAIgH &
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= AN W= 7 FEolAe B paraffin wax7} 7P Eol sk Sl 7159 271+ 7.904m He
HAE AE gl 4= Utk o, ot 718271 10.253um LIl 7] 8-&-2 17.506%
ik,
Table 1. Average pore diameter & porosity
Intrusien data measurement
Total pore area 0.023 m*/g
Average pore diameter 10.253 um
Open porosity 17.506%
Fig. 3. Residual paraffin wax in the inter pore site A EAZ A8st thBMP-2% F4 £143}7] o
ol Ste 2= HWAZF A=A Bl |7 o FH, o]
ts4d Elehs YETE GAA0 22 st 7] £ Hgs] ff8) & ddoMe =4 333 TiE(GFP)
& 9 Bt 7]3A7E ST A (Table Dol v & GAISH] ths4 EEks dSTHE GSAAIS] W7
Elj¢lon 71537]9] Eix= (Fig. 4o YerH AT #9435 GFP(Green Fluorescent Protein)7} ©A| &
=4 gelattt. 200ug/ml 52 GFP $9% suction
+ W& o] &sto] Aol FAIskaL W oA 30&1t A

D)
ot

A2 FABACt 24412 & CLSM(C1 PLUS,
NIKON, USA)2.2 GFP7} EA)% AlH 2| FH¥} Hrbd
a3 EHES WSk (Fig. S AlES] &
HORE GFP7} gH1s] Eefront (Fig. SbpofAet 2
o] HActiolAf= Ahg v A=9k0) npat WYzl 9
S A AR Qlsle] GFP7/F H41E9] Jej2 Yehitt,
" . K (Fig. 5ehi= NS AeshA] ¢k JHW%I 2ol
Sl A GFP

gl i

(a) surface (b) sectional part (c) fractural part

Fig. 5. CLSM images of GFP embedded in porous Ti implant
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rhBMP—-2(GENOSS)E Phosphate Buffer Solution
(PBS)Oll 300ug/me®] F== 3]A5IAL th5/d EEhes
USTE AJHo| DRIk 2het & & A5
918 GFPet 7k = 12} EA]= suction®, 22F ©A]
+ rhBMP-2 8o Al A3 ez X530
A= WS ARSI rhBMP-27F ©AJE Al
< 3m¢] PBS7} @1 Hio|d Wol| YWar 3709 g7
Basch 64 B2t o 24A7H0tct 8% rhBMP-2

i)

il phion
-—

(a) 1 day

4 ElEhs 9ETEY AEEd gASAl

r

o A7

9] ¢ & UV-Vis-NIR Spectrophotometer
(UV1012M254, USA)E ©l-&ste] HEsem AlHE
3mee] A PBS & oz wekstitt, 300ug/mlo] F=
514 rhBMP-2 §42 275m2] sHgo|A 332702
FE=E Uehidlen ol= 34899 exF5 ek
m 300ug/mé2] oA 3.0 Ao S¥EE, 20ug/ml
9] oA 0.2 1832 100ug/mee] s &=ollA 0.19] &3

£ Holn) (A0 R Fhashs A4S % 5 At

Fig. 6. UV absorption peak
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< 24ug©. 2 SHERt) WE WEE Al o= gk

il

T e b Rt I3 =2 VA8 A=
4o & 3t (Oh et al., 1998). A A A A
(biocompatibility)©] &2 EJERgS UAtoll Z-83517] A
et 78 Z-62Hosseointegration)?] 7ldo] FAH
1965346 o]chLee et al., 2009). Lefvt EEHES A
A or AdE F4go] =8l AF7|7to] An &

&0l IRtel AT ET ARl 7] mi2e] SHAE

e ——
2 days

ol gt i o) EAe dod 4= Qi o] & Heks)
7] $fsto] EjeRg ol QRS Folshr] ot 21
N 5o A7t ASEH L2 o] R0l AL AT HA=
e e Eolv ARdeds JETE vd
off MM Agste 5ol Hed Atk 39 Eeks £
e adsto] A2 A b YEHEE 2AE
= 7] WATT AR MA7A EE s 2lem Y
ol FAHANE taSole AREAEds J9AT
T AL, ASHE x| A TIvE2 SHAE}
F2pste] FAsE o et &E AE & ok &
AollMs FAIE ABEEEol skl F e
s 2YE e ol Eeeutnl 1Y 5o e
2 FY Besto] MM FEAE = S dohd &=
T2t 28 Ee AR} A7 oS ESA7]AL o
SUE A9 45ES ¥ 7 U= Ao, & &49]
Z A Zo| A o2 PHEE UEHUE Mee
e = A 2 Aol
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