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Purpose: With dental implants becoming the treatment of 
choice for the replacement of missing teeth, a need for 
continued improvement of implant survival and success 
rate exists.  Historically this is seen through the 
transformation of the implant body itself to the surface 
modifications that have been added to enhance cell 
interactions and osseointegration.  In this study, a 
systematic approach on the development of an innovative 
anodizing process to fabricate nanotube structures on 
titanium (Ti) implant surfaces and coat them with a 
calcium phosphate sol-gel to produce nanocrystalline 
hydroxyapatite (HA) was proposed.  The objectives of 
this study were to produce and characterize the material 
of nanotube and nanocrystalline HA surfaces, and to 
determine the biological characteristics of the nanotube 
and nanocrystalline HA surfaces. 
Materials and Methods: 
 Nanotube fabrication and coatings: Prior to nanotube 
formation, grade 2 Titanium surfaces were airborne 
abraded using resorbable blast media (RBM).  This was 
followed by formation of nanotubes on the RBM surfaces 
using an anodization process.  In this study, anodization 
was carried out at 20V (DC) for 10 minutes and in an 
electrolyte containing 1M H3PO4 and 1.5wt% HF solution 
(pH of 2~3) at room temperature.  All samples were then 
washed in water for 20 minutes and dried for 24 hours in 
an oven at 40oC.  Heat treatment was then carried out at 
200oC for 1 hour.  The anodized surfaces were then left 
uncoated or coated with HA sol-gel. The RBM surfaces 
served as controls.  All samples were gas sterilized using 
ethylene oxide. 
 Materials characterization: Structural and 
morphological characterization of the surface was 
performed using field emission scanning electron 
microscopy (FE-SEM; S-4700, Hitachi, Japan) after 
coating the samples with platinum for 60 seconds.   
 Human osteoblast cell culture: ATCC CRL-11372 
human fetal osteoblast cells (HFOB), an osteoblast cell 
line, were cultured in Dulbecco’s modified eagle medium 
supplemented with 10% fetal bovine serum and 1% 
antibiotic/antimycotic, 100μg/mL L-ascorbic acid, 10mM 
B-glycerophosphate, and 100nM dexamethasone at 37ºC 
with 5% CO2. Cells were maintained in culture flasks 
with media changes every 2 days and passaged at 
confluence using trypsin prior to experiment start. HFOB 
cells were counted using a Beckman Z2 coulter counter, 
and 20,000 cells were seeded per disc samples (n=3) 
loaded into non-attachment 96 well plates. 
 Cell proliferation assay: At 3, 5, and 7 days, cell 
proliferation was analyzed by quantification of double 
stranded DNA. The cells were washed 3X with phosphate 
buffered saline and then treated with 100µL denaturing 
cell extract buffer. Samples with lysate buffer were 
repeatedly frozen/thawed to -20ºC and collected for DNA 
quantification. Lysate volumes were compared to a 
standard curve prepared using the Quant-iT Picogreen kit.    

 Alkaline phosphatase activity assay: Osteoblast 
differentiation was analyzed by measuring alkaline 
phosphatase activity. Briefly, after 1, 3, 5, and 7 days 
culture, cell lysate collected was assayed using an alkaline 
phosphatase detection kit, and absorbance was read at 410 
nm using a plate reader.  Samples were compared to a 
standard curve provided by the manufacturer. 
 Statistical analysis: Significance in cell proliferation 
was analyzed by one-way ANOVA with Tukey’s multiple 
comparison procedure. Significance levels were set at 
p<0.05. 
Results: 
 Fig 1 shows the SEM micrographs of ordered 
nanotubes produced in this study.  The nanosized 
structures were less than 100 nm in diameter, with tube-
like ordered structures of 300 nm long. 
 
 
 
 
 
 
 
 
 
 
 As indicated by the dsDNA concentration, it was 
observed that nanotube and HA-coated surfaces exhibited 
a significantly greater cell proliferation at day 7 when 
compared to the control RBM surfaces.  Additionally, no 
significant difference in alkaline phosphatase activity was 
observed for all surfaces at days 1, 3, and 5.  At day 7, Fig 
2 shows a significantly higher alkaline phosphatase 
activity on nanotube surfaces when compared to the HA-
coated and control RBM surfaces. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion:  It was concluded that nanotube surfaces 
induced higher degree of osteoblast differentiation. 
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Fig 2. Alkaline phosphatase activity of cells on 

different surfaces over time. 
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Fig 1. SEM micrographs showing a) top-view of 
nanosized structures of less than 100 nm diameter, 
and b) side view of tube-like structures of 300 nm 
long. 


