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Construction of Hydroxyapatite Coating on Porous Scaffold Surface of
3D Printed Titanium Alloy to Promote Bone Growth
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Abstract: In order to solve the stress shielding problem of artificial joint prosthesis, an X-type porous titanium alloy
scaffold with 70% porosity was designed based on 3D printing technology, and a hydroxyapatite (HA) coating was
constructed on the surface of scaffold. The effects of reaction time and different pretreatment methods on the
deposition effect of the HA coating were investigated. It is found that the HA coating has the best effect after 12 h of
hydrothermal reaction, and acid etching, pre-alkalinization, and pre-calcination treatments. The X-shaped porous
Ti6Al4V alloy scaffold with HA coating is co-cultured with mouse MC3T3-E1 cells to evaluate their cytotoxicity,
biocompatibility, cell proliferation, and osteogenic ability. The results show that the HA coating can enhance the
biocompatibility of porous Ti6Al4V alloy scaffold, making it easier for MC3T3-E1 cells to adhere and spread on the
porous Ti6Al4V alloy scaffold. It promotes the deposition of calcium, phosphorus and other elements, thereby
enhancing the mineralization ability and improving the osseointegration ability of the scaffold.
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Fig.2 Photo of X-type porous titanium alloy scaffold
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Fig.3 SEM images of HA coatings forming at different hydrothermal reaction time:

(a) 12 h; (b) 16 h; (c) 20 h; (d) 24 h
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Fig.4 SEM images of HA coating on the surface of X-type porous Ti6Al4V alloy scaffolds under different pretreatments:

(a) acid etching; (b) acid etching plus pre-calcification; (c) acid etching, pre-basification and pre-calcification
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Fig.5 XRD pattern of HA coating on the surface of X-type
porous Ti6Al4V alloy scaffold
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Fig.6 FTIR spectrum of HA coating on the surface of X-type
porous Ti6Al4V alloy scaffold
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Fig.7 EDS spectra of HA coating on the surface of X-type porous Ti6Al4V alloy scaffold
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Fig.8 Morphologies of cells on the surface of different specimens: (a) HA coating specimen; (b) no coating specimen
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Fig.9 Live-death staining patterns of HA coating specimen co-cultured with cells for different time: (a, d) 1 d; (b, e) 4d; (c,f) 7d

10 HA BRI S A0 dL 55 57 AN RN ) J5 1) DAPI Ze (s 5]
Fig.10 DAPI staining patterns of HA coating specimen co-cultured with cells for different time: (a) 1 d; (b) 4d; (c) 7d
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Fig.11 CCK-8 results of different specimens co-cultured with MC3T3-EL1 cells for 1, 4, and 7 d
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Table 2 Relative growth rate of cells on the surface of different specimens

Relative growth rate/%

Specimen

1d 4d 7d
No coating 89 57 85
HA coating 97 98 112
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Fig.12 ALP results of no coating and HA coating specimens co-cultured with cells for 7 d: (a) ALP staining diagram of no coating

specimen; (b) ALP staining diagram of HA coating specimen; (c) ALP stained area percent
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Fig.13 Alizarin red staining results of no coating and HA coating specimens co-cultured with cells for 21 days: (a) alizarin red staining

diagram of no coating specimen; (b) alizarin red staining of HA coating specimen; (c) alizarin red stained area percent
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