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[Abstract] Objective The aim of this study was to evaluate the effects of collagen modification on the osteogenic
performance of different surface-modified titanium, including alkaline etching, alkaline etching followed by silaniza-

tion, and alkaline etching followed by dopamine modifi-

[YrFs EEA 2023-12-25; [fE&EIEHA] 2024-03-18

cation. The proliferation, adhesion, and osteogenic differ-

[(E2IH] mdE AARAEEE T B H (2022J011408); K2fEg entiation abilities of MC3T3-E1 cells on the surfaces
BUBT RN NI (202312631025) 5 BT ER 5 B e Rkt B with collagen modification were analyzed and compared.
(K2023-01)

[fE& ] #SHE, ¢+, E-mail: ddd_danny@163.com

Methods Collagen was immobilized on the surfaces of

[(BE1EE] WiFia, #PZ2, 1+, E-mail: dentistyz@126.com pure titanium (Ti-C), alkaline-etched titanium (Ti-Na-C),
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alkaline-etched and silanized titanium (Ti-A-C), and alkaline-etched and dopamine-modified titanium (Ti-D-C), with pure
titanium (Ti) as the control group. The surface morphology was observed by scanning electron microscopy (SEM), and the
surface elemental composition was analyzed by X-ray photoelectron spectroscopy (XPS). Contact angle measurements
were conducted to evaluate the hydrophilicity of the surfaces. MC3T3-E1 cells were cultured on the surfaces, and their
proliferation, adhesion, and osteogenic differentiation abilities were assessed using CCK-8 assay, laser scanning confocal
microscope, alkaline phosphatase (ALP) staining, Alizarin red staining and quantitative analysis, as well as real-time quan-
titative polymerase chain reaction (RT-qPCR) to evaluate the mRNA expression levels of osteogenic-related genes, includ-
ing ALP, type I collagen (COL-1), osteocalcin (OCN), osteopontin (OPN). Results SEM and XPS results confirmed the
successful immobilization of collagen on the titanium surfaces, with the Ti-Na-C group exhibiting a higher amount of col-
lagen modification. Contact angle measurements showed improved hydrophilicity of the surfaces after collagen modifica-
tion. CCK-8 results indicated good compatibility of the materials with MC3T3-E1, with enhanced cell proliferation on the
collagen-modified surfaces. Cell fluorescence staining revealed better cell spreading on the collagen-modified surfaces,
and ALP and Alizarin red staining results suggested that the Ti-Na-C group exhibited the best osteogenic performance,
with significantly higher absorbance values in the Alizarin red quantification analysis. RT-qPCR analysis showed that the
Ti-Na-C group had the highest expression of the osteogenic-related gene OPN. Conclusion Among the different colla-
gen modification approaches employed in this study, collagen modification on alkaline-etched titanium surfaces showed
the most conducive effects on MC3T3-E1 cell adhesion, spreading, proliferation, and osteogenic differentiation. This ap-
proach can be considered as the optimal collagen modification strategy for enhancing osteogenesis on titanium surfaces.
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collagen; osteogenesis
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Fig 2 SEM images of the material surface morphology
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Fig 3 XPS analysis of the surface elements of the materials
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Fig 5 CCK-8 assay results of MC3T3-E1 cells on the material surfaces at 1, 3, and 5 days
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Fig 6 Cell adhesion morphology of MC3T3-E1 cells on the material surfaces
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Fig 7 ALP staining results of MC3T3-E1 cells on the material
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