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Fixation and replacement 
of bone tissues in  

orthopedic and dental 
implants

Develop surface modification strategies for 
titanium alloys using multifunctional barrier 

coatings containing bioactive and 
bactericidal compounds

PROPOSED STRATEGY

Ti6Al4V alloy
Biomedical application

Toxicity: release of 
Al3+ and V5+ ions

Biofilm formation

Bioinert surface

DISADVANTAGES

PMMA-silica coating: Reduces ion release (Al 
and V) and improves corrosion resistance

Hydroxyapatite and β-tricalcium phosphate:
Mimics bone composition, promotes enhanced 
bioactivity and biocompatibility

Silver phosphate: Prevents infection

BENEFITS

MMA + BPO + 
MPTS + 

2-propanol 

Polimerization

TEOS + H2O 
(pH1) + etanol

HA, β-TCP and Ag3PO4
80oC/ 4h

Sol-gel process

Reflux system
25°C/ 1h

Magnetic stirring

Addition of 
additives

Dip-
Coating 

3 deposition
Ti6Al4V alloy
 d ≈ 10 µm

Thermal 
treatment

Densification
60°C/ 24h
160°C/ 3h

Thermal initiator

Benzoyl
peroxide 
(BPO)

Coupling agent

3-(Trimethoxysilyl)propyl 
methacrylate (MPTS)

Monomer

Methyl
methacrylate

(MMA)

Tetraethyl
orthosilicate

(TEOS)

Alcoxide

1500 rpm/ 5 min

Corrosion protection in simulated body fluid (SBF) solution 1

β-TCP/ HA and    
Ag3PO4 modified 

surface layer 

PMMA-silica
Ti6Al4V

Biocompatibility

Blue: Cell nuclei stained with DAPI
Red: actin filaments of cytoplasm 
stained with rhodamine-phalloidin

5 µm

100 µm

Bio- and bactericidal activity2 3

1 day 21 days 60 days 300 days PMMA-silica
PMMA-silica-Ag3PO4
PMMA-silica-5HA-Ag3PO4
PMMA-silica-5βTCP-Ag3PO4

- Excellent anticorrosive performance
- |Z| @ 4 mHz for 300 days >10 GΩcm2

- Phase angle close to -90°

PMMA-silica-10HA-Ag3PO4

PMMA-silica-10βTCP-Ag3PO4

- |Z| @ 4 mHz after 300 days ≈1 G Ωcm2

PMMA-silica (Control 2)

PMMA-silica-5HA-Ag3PO4

PMMA-silica-10HA-Ag3PO4

PMMA-silica-5βTCP-Ag3PO4

PMMA-silica-10βTCP-Ag3PO4

After 7 days: 
Higher cell viability compared to control

SaOS-2 cells continue to proliferate

7 to 14 days:
Increase in alkaline phosphatase 

(ALP) activity compared to controls
Biomarker of bone formation

PMMA-silica-Ag3PO4

28 days7 days

Reduction in bacterial growth of up to 
97% compared to uncoated Ti6Al4V 

After 28 days in SBF (Simulated 
Body Fluid):

 Material’s ability to form a bone 
like-apatite layer

Coatings with excellent anticorrosion
protection in SBF (Simulated Body Fluid)

HA, β-TCP and Ag₃PO₄ promoted cell 
proliferation and osteogenic expression 
(Alkaline phosphatase ↑ 86.6%)

Bioactivity confirmed by apatite deposits

Effective antibacterial and antibiofilm activity 
against E. coli and S. aureus

Synergy between additive was essential for 
the multifunctional properties

Promising coatings for Ti6Al4V implants
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