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Introduction: Among the metallic implant materials, 
titanium and it’s alloys are widely used because of their 
excellent biocompatibility. The biocompatibility of 
titanium is closely related to the properties of surface. 
Numerous chemical and physical treatments of the 
titanium surface were proposed. Recently, microarc 
oxidation(MAO) was proposed in order to improve 
biocompatibility of titanium and titanium based alloys 
through formation of rough and microporous oxide layer 
on their surface.[1] In addition, fabrication of  
nanotubular oxide layer that has drug loading capacity by 
using anodizing process was reported.[2] This study is 
aimed at the fabrication of surface modified titanium 
implant that has enhanced biocompatibility and drug/ 
protein loading capability through the formation of both 
microporous and nanoporous oxide layers by using MAO 
and anodizing treatment, respectively. 
Methods: Polished pure titanium plates (cp grade 2) with 
dimensions of 10 mm x 10 mm × 1 mm were used as both 
substrate and target materials. MAO treatment of Ti 
specimens was carried out in an electrolyte containing Ca 
and P source (0.15M of calcium acetate monohydrate and 
0.02M of glycerol phosphate calcium salt), by applying a 
pulsed DC field with 270V [1]. Then, pure Ti layer of 5 
μm was coated on MAO treated substrate by electron 
beam deposition. Anodizing of Ti-coated substrate was 
carried out in an ethyleneglycol-based electrolyte 
containing 0.25wt% of NH4F and 2 vol% of distilled 
water by applying a DC field with 60 V [3]. The change 
in the surface morphology after anodizing was observed 
by field-emission scanning electron microscopy. 
Biocompatibility of anodized specimen was evaluated by 
in vitro cellular responses in comparison with that of 
untreated and MAO treated Ti. Drug loading capacity was 
evaluated by drug release tests. 
Results: Figure 1 shows the scanning electron 
microscopy images; (A, B) MAO treated and (C, D) 
anodized substrate after MAO treated. MAO treated Ti 
had uniform micro pore, and the crater was flat, as shown 
in Figure 1(A, B).  After anodizing it also showed typical 
morphologies of MAO treated pure titanium. When it was 
observed at high magnification, the crater showed 
nanopores on its surface with diameter of about 50 nm. 
From these results, it was confirmed that both 
microporous- and nanoporous-TiO2 layers were formed 
by e-beam deposition and anodizing process. The ALP 
activity of the cells on the MAO treated specimen after 10 
days showed a significant improvement compared to that 
on the untreated Ti substrate (p < 0.001).  After anodizing, 
the ALP activity of the cells on the specimen improved 
further (p < 0.005), as shown in Fig. 2. The evaluation of 
drug loading capacity is under progress. 

 
Figure 1. SEM images of (A,B) MAO treated , (C,D) 
anodized Ti. 

 
Figure 2. ALP activity of MC3T3 cells cultured for 10 
days on untreated, MAO treated and anodized Ti. (n = 3, 
*: p < 0.005, **: p < 0.001) 
 
Conclusions: Surface modified titanium implant was 
fabricated by MAO treatment and anodizing of Ti layer 
on MAO treated surface by electron beam deposition.  
It had similar microstructure to that of MAO treated pure 
titanium, except for the nanopores around the micropores. 
It is expected that this nanoporous  implant has capability 
of deliverying drugs or proteins. 
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