
Biological characterization of a novel silicon-based biomimetic treatment to improve the osteointegration of titanium 
Della Valle C, Chiesa R, Candiani G, Pezzoli D, Giordano C,  Cigada A. 

Department of Chemistry, Materials and Chemical Engineering “G.Natta”, Politecnico di Milano, Milano -Italy. 
 

Introduction: Current biomaterials research is focused on 
the effect of different chemical and electrochemical 
treatments on the bioactivity of implantology materials 
such as titanium (Ti) and Ti alloys with the goal to 
modify the titanium oxide layer by mimicking 
hydroxyapatite mineralization and osteoconductive 
properties. 
The aim of the present work is to assess in vitro biological 
characterization and bone cellular response to 
physicochemical and topographical properties of  new 
biomimetic surface obtained by an electrochemical 
technique which owns a porous morphology surface 
enriched with silicon, calcium and phosphorous. The 
novel surface spontaneously promotes calcium-phosphate 
cluster nucleation even after short-time simulate body 
fluid (SBF) solution soaking (data not shown). The 
developed biomimetic treatment was compared to another 
anodic spark deposition (ASD) surface (BioSpark™ -
Nanosurfaces Srl, IT) [1] which is currently used in 
clinical practice with excellent results. 
Methods: Four surfaces were prepared using 
commercially pure grade-2 titanium samples (Ф 12 x 1 
mm3): 
i) Ti: machined smooth titanium used as control; 
ii) BS (BioSpark™): Ca-P coated titanium by ASD 
treatment as 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 surface followed by an alkali etching in 
NaOH. 
MG63 (ECACC 86051601, human, osteosarcoma) cell 
line was cultured in EMEM. A suspension of 1×104 cells 
were seeded on the specimens previously sterilized in 
ethanol absolute followed by UV irradiation (254nm).  
One, 3 and 7 days after cell seeding the cellular adhesion 
and morphology was evaluated by means of scanning 
electron microscopy (SEM). Direct cytotoxicity was 
assessed with Alamar Blue Assay. 
Type I Collagen deposition was evaluated using the CICP 
ELISA kit, quantifying the levels of C-Terminal of Type I 
Collagen (CICP) in cell culture supernatants. Osteocalcin 
levels were investigated in cellular lysates by Gla-type 
Osteocalcin ELISA Kit. 
Protein absorption on the samples was evaluated after 
incubation of each sample with 300 μl of human serum at 
37°C for 4h. After protein desorption, the level of 
fibronectin adsorbed on sample surfaces was quantified 
with an ELISA kit while the albumin levels were 
investigated by Western Blot in 10% Acrylamide/ 
Bisacrylamide gel. 
Results: SEM images of cellular spreading showed that 
cells were strongly adherent on the sample surfaces after 
7 days of culture. In particular on SiB-Na samples cells 
form a confluent layer (Figure 1). 

 
Figure 1: SEM pictures at 500X of MG63 cells cultured for 7 
days on Ti (A) and SiB-Na (B). 
 
For all samples, the growth curves showed very similar 
kinetics, indicating that cell proliferation was affected by 
the chemically altered titanium surfaces. After 7 days 
cells plated on SiB-Na showed higher activity compared 
to the other surfaces, as already observed at day 1. 
No significant differences in Collagen I deposition were 
observed among the titanium surfaces from the 1ST and 
the 7TH day. Osteocalcin deposition is higher on the SiB-
Na samples at day 7 compared to the other treatments. 
Serum protein adsorption studies showed the favourable 
effect on preferential protein deposition of the different 
surface treatments compared to pure titanium. In 
particular the SiB-Na surface had the highest preferential 
absorption of fibronectin in comparison to albumin 
(Figure 2). 

 
Figure 2: Fibronectin and albumin adsorption ratio on the 
samples surfaces. Data are the mean values of three individual 
cultures ± Standard Deviation 
 
Conclusions: Among all treatments, SiB-Na gave better 
results in vitro than BioSpark™ and pure titanium in 
terms of osteointegrative properties. The silicon presence 
in the oxide layer and the alkali etching played an 
important role on osteoblast activity stimulating process. 
Thanks to its note worthy mechanical properties and the 
excellent mineralization potential previously 
demonstrated (data not shown) SiB-Na can be considered 
a suitable treatment as osteointegrative implantology 
material. 
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