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Effect of porosity of modified porous titanium on osteoblastic cells
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Abstract: The metal injection molding (MIM) method was used to fabricate porous Ti implants, the surface modification
of the porous titanium was performed using alkali-heat treatment and biomimetic hydroxyapatite (HA) deposition. The
influence of modified porous titanium on the cell toxicity, adhesion, proliferation and differentiation of the osteoblast
cells were investigated. The results show that the modified porous titanium is nontoxic to cells. The morphologies of the
cells vary with change of porosity of porous titanium. After cultured 7 d, MG63 is flat on the surface of 5% porosity
titanium implant and extends to amphi-edge of the pore on the surface of 30% porosity titanium implant. The titanium
implant with porosity of 60% can be clearly noticed that the pseudopodias adhere deeply to the hole wall and form the
cell bridges, and the cells can grow into the pores. The number of the cell proliferation in high porosity groups is higher
than that in low group. The alkaline phosphatase(ALP)content is influenced by the porosity of porous titanium, there is no
significant difference between 5% and 30% porosity group (p 0.05), the ALP content of 60% porosity group is higher
than that of low porosity group.
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(Hydroxyapatite HA)
HA
[5]

HA

1.1
HDH Ti( 77 um) TiHy( 65 pum)
NaCl( 290 pm)

55%
107Pa

MIM
1100
d 8 mm><3 mm

5 30 60 5~300 pm

1.2
5 mol/L NaOH
80 48 h

5 /min 600 1h

(Simulated body fluid SBF) Kokubo’s SBF!®

SBF SBF 1 1
L 1 mol/L HC1 pH
7.25 3d 21d
1.3 (MTT )
5 mL/g
10% RPMI1640

72 h 4 L929

1 SBF

Table 1 Composition of SBF solution

Reagent Purity"/% Mass/g
NaCl 99.5 7.996
NaHCO; 99.5-100.3 0.350
KCl 99.5 0.224
K,HPO,-3H,0 99.0 0.228
MgCl,-6H,0 98.0 0.305
CaCl, 95.0 0.278
Na,SO4 99.0 0.071
(CH,OH);CNH, 99.9 6.057
1) Mass fraction.
3 000 96
5%CO0O, 37 1d
100% 50% 10% 3
10% RPMI1640
0.064% 3
d MTT 4h DMSO
490 nm
14
1.4.1 MG63
0.25% MG63 10%
DMEM 1.5><10" /mL
2 mL 5%
30% 60%3 24 3
5%CO, 37
7d
1.4.2 MG63
0.25% MG63 10%
DMEM 1.5><10* mL™
2 mL 3
24 3 8d
4 2.5% 4
(JSM-
6360LV)
143 (Alkaline phosphatase = ALP)
0.25% MG63 10%
DMEM 1.5><10* mL™
2 mL 3
24 3 8
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Fig.1 SEM images of porous titanium with different

porosities: (a) 5% group; (b) 30% group; (c) 60% group

Fig.2  Surface morphology (a) and XRD pattern (b) of

alkali-heat-treated porous titanium with 60% porosity
2.3 L929 (MTT )

4 L929 3d
4 3

2 L929
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L929 100% 50% 10% 3
3d
MTT 490nm
MTT OD R,
R=D./D,><100%(D, OD D,
oD ) R
(Crs) 2 3
R (p 0.05) Crg
0
GB/T 16886.1— (b) B i
2001
P Ca
2 L929
Table 2 Results of cytotoxicity test of alkali-treated porous
titanium with L929 Na
Group A R/% Crs p c Me
100% 0.399 1.153 0 0.05
Leaching . . \ ;
50% 0.388 1.121 0 0.05 0 1 2 3 4 5
liquor ElkeV
10% 0.368 1.064 0 0.05
3 SBF 21 d SEM
Positive liquor 0.082 0.237 - EDS
Negative liquor 0.346 _ _ _ Fig.3 SEM image and EDS spectrum of alkali-heat-treated
1) Compared to positive group. porous titanium after treated in SBF for 21 d

4 1929 3d
Fig.4 Morphologies of L929 cells cultured with leaching liquor of alkali-treated porous titanium for 3 d: (a) 100%; (b) 10%;
(c) Negative liquor; (d) Positive liquor
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Fig.5 Comparison of cell proliferation of MG63 and modified HA Ca P
porous titanium after modified for 4 and 7 d
(Fibronectin, Fn)
25 MG63 (Vitronectin, Vn) Fn Vn
6 [11]
MG63 8 d 6
MG63
MG63
MG63 5% MG63 30 um
30% MG63 MG63
(6@ (b)
60% MG63 MG63
( 6(c) (d)) MG63 MG63
MG63
MG63 30 um ZINGER [



754
MG63
8d
Fig.6  Surface morphologies of MG63
cells cultured for 8 d on porous titanium
with different porosities: (a) 5% group; (b)
30% group; (c), (d), (e) 60% group
ALP
[13]
7 MG63
7d 14d ALP 7
7d 5% 30%
ALP (p 0.05) 60% 5%
10~15 pm 30% (p 0.05) 14d
40 um 30 pm 60% ALP (p
10~15 pm 0.05) 60% MG63 ALP
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60%
2.6 MG63 ALP 60%
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Fig.7

Alkaline phosphatase activity of MG63 cells and

modified porous titanium after cultured 7 d and 14 d
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