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Introduction:  
Direct osteointegration of titanium and its alloy represents 
one of the primary goals of biomaterials research for 
many dental and orthopedic applications. The aim of this 
study is to investigate the physical, chemical and 
mechanical properties of a new biomimetic treatment on 
titanium and to assess its in vitro mineralization potential. 
The new surface is obtained by Anodic Spark Deposition 
technique (ASD), which allows to develop a thin and 
porous surface layer enriched with selected ions from the 
electrochemical solution. The developed biomimetic 
treatment was compared to another ASD surface 
(BioSpark™ -Nanosurfaces Srl, IT) [1] which is currently 
used in clinical practice. 
Methods:  
Four surfaces were prepared using commercially pure 
grade-2 titanium samples (12 mm diam., 0.5 mm thick.): 
i) Ti: machined titanium used as control;  
ii) BS (BioSpark™): Ca-P coated titanium by ASD 
treatment followed the procedure reported by Sandrini E. 
et al. [1]; 
iii) SiB: novel biomimetic  treatment involving  a single 
ASD step in a solution with silicon, calcium and 
phosphate ions; 
iv) SiB-Na: SiB followed by alkali etching in NaOH. 
Surface properties were evaluated with scanning electron 
microscopy (SEM), electron dispersion spectroscopy 
(EDS), inductively coupled plasma-optical emission 
spectrometers (ICP-OES), thin film x-ray diffraction (TF-
XRD) and laser profilometry (LP). Optical contact angle 
measurements, in static conditions, were used to 
investigate the surface’s wettability. 
Mechanical properties of ASD-based coatings were 
studied measuring the coating’s hardness with a micro-
hardness Vickers indenter (Schimatzu) with a load of 50g 
for a loading application time of 10 seconds. Adhesion 
performance of the coating to the titanium substrate was 
evaluated by a three points bending test. 
Mineralization potential was investigated using SEM after 
soaking the samples for 1, 3, 7 and 14 days in 12 ml of 
Kokubo’s simulated body fluid (SBF) [2]. The calcium-
phosphate layer thickness was determined after 14 days in 
SBF by optical microscope observation of the specimens 
cross section.  
Results:  
The results show that biomimetic treatments are 
characterized by a microporous (Figure 1) surface 
enriched with silicon, calcium, phosphorus and sodium 
elements. ICP/OES analysis emphasizes that SiB and SiB-
Na samples possess a higher calcium and phosphorous 
content than BS; the alkali etching treatment was found to 
enhances calcium/phosphorus  ratio.  
XRD analysis showed the presence of TiO2 with anatase 
structure (2�=25°) for all ASD treated materials. 
 

 
 
Mechanical characterization highlights that the surfaces of 
SiB and SiB-Na are harder than controls and strongly 
adherent to the substrate, and any delamination of the 
modified oxide coating to the substrate was not observed. 
The novel biomimetic surfaces, in particular SiB-Na, was 
found to possess an excellent hydrophilicity compared to 
machined titanium Ti, showing a contact angle as low as 
10° (Figure 2). 
SFB soaking mineralization tests pointed out a calcium-
phosphate (hydroxyapatite) coating formation for ASD 
modified materials, that after 14 days reached a thickness 
higher than 10 �m for SiB-Na treatment (Figure 3). No 
hydroxyapatite formation was observed on Ti material. 
 
     

 
 
 
 
 

Figure 1: SEM pictures at 500X of  Ti (A) and  SiB-Na (B) 
 

Figure 2: Optical contact angle on Ti (A) and SiB-Na (B) 
 
 
 
 
 
 
 

Figure 3: Optical Metallography on BS (A) and SiB-Na (B) 
Conclusions:  The new SiB and SiB-Na ASD 
modification treatments performed on titanium showed: 
- micro-porous morphology, 
- Si, Ca, P, Na enrichment of the surface, 
- high wettability, 
- high hardness and adhesion to the substrate. 
These properties suggests that the silicon based treatment 
could have a highly applicative potential for orthopaedic 
and dental osseointegrated implants. 
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