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Fundamental research for clinical application of highly osteoconductive titanium
implant to osteoporosis
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Micro-/nanostructured implant surfaces mimicking natural bone architecture
are expected to have positive effects on osteoblast proliferation. In this study, to clarify the
optimal microstructure scale on micro-/nano-titanium surfaces, highly controlled microstructure
surfaces were fabricated with a titania nanotube oxide layer by sandblast treatment and
electrochemical anodization. Average surface roughness (Ra) and mean width of the profile elements
(RSm) increased in proportion to the size of the blasting media. Osteoblast-like cells showed
reduced spreading area on smaller microstructure surfaces after incubation for 24 h. Cell
proliferation assays, including cell counting and cell cycle analyses, showed that
micro-/nanosurfaces with smaller microstructures (Ra = 0.6 pm, RSm = 11.1 py m) had the most
positive effect. This result indicated that smaller microstructures of hierarchical surfaces
enhanced cell proliferation.
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1 Surface morphology of the micro nano
Ti substrates observed by SEM.
(@MP, (b)TNT, (c)SB30TNT, (d)SB9OTNT,
(e)SB180TNT. Different scaled micro
craters depending on the blasted zirconia
beads’ size and aligned nano tubes
approximately 110nm in diameter were seen.
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2 (A) Profiling images of the vertical
section. (a)TNT, (b)SB30TNT, (c)SBIOTNT,
(d)SB180TNT. (B) Surface roughness(Ra) and
mean spacing of profile elements(RSm)
dependent on sandblasted zirconia size.
Both roughness parameters increased in
proportion to the zirconia beads’ size.
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3  Fluorescence images showing
morphology of MG63 after 24h incubation.
(@MP, (b)TNT, (c)SB30TNT, (d)SBIOTNT,
(e)SB180TNT. MG63 on TNT and SBTNTs showed
smaller cell area than MP, though
stretching their cell process further.



Among SBTNTs, cell area increased as the
size of the micro crater increased.
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4  (A) Flow cytometry analysis of cell
cycle on each substrate after 24h
cultivation. (B) Percentage of the number
of cells in GO/G1l, S G2/M phases on each
substrate (*: p<0.05, **: p<0.01). Cell

number decreased in S-phase and increased
in G2/M-phase significantly when cultured
on TNT and SBTNT compared to MP, and on
SB30TNT compared to TNT.
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SB30TNT Ra=0.6 um, RSm=11.1 pm
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