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Introduction 
Zirconia ceramics has been commonly used in the dental 
industry because of its excellent biological, mechanical 
and aesthetic properties. This material, however, is 
classified as nearly inert. To bioactivate the ceramic 
surface, biomimetic deposition of calcium phosphate 
(CaP) coatings has been established [1]. Another 
important aspect in the dental field is antimicrobial 
character of applied materials to minimize or even avoid 
bacterial infections and tissue inflammation. An addition 
of Ag nanoparticles could improve an antibacterial 
character of coated material. Thus, the co-deposition of 
HA-coating was the focus of the present research. To 
obtain antibacterial properties of the HA-coating, an 
additional substance, nanosilver was applied. Nanosilver 
was co-precipitated simultaneously with the CaP-coating 
by soaking in the supersaturated simulated body fluid 
(SBF) solution.  
 
Materials and Methods 
2 times concentrated SBF-solution was prepared to 
precipitate a HAp coating on zirconia surface. Zirconia 
substrates were pre-coated with CaP-layer by soaking in 
the SBF-solution for 4 days. Subsequently, three different 
charges were manufactured. In the first charge, the 
soaking process in the same SBF solution was continued 
for next 4 days (1x SBF). In the second charge the 
solution was refreshed by the new SBF-solution and the 
samples were soaked in the new solution for further 4 
days (2x SBF). In the third charge, the residual solution 
after 4 days was replaced by a fresh modified SBF-
solution, containing silver nanoparticles (2x SBF+Ag) in 
concentration 0.5%. The reaction of SBF-solution with 
Ag-nanoparticles was performed for 4 days. 
Subsequently all samples were removed from the 
solutions and gently rinsed with purified water. 
To characterize the topography of the surface and the 
chemical composition SEM-EDX-analysis was applied. 
The phase analysis was conducted by using X-ray 
diffraction. Moreover, supernatant solutions were 
investigated according to the chemical composition while 
depositing by using inductively coupled plasma mass 
spectrometry (ICP-MS). 
 
Results and Discussion 
The successful coating with initial HAp-layer after 4 days 
soaking in the SBF-solution could be verified by SEM on 
each SBF-treated sample (results not shown).  

The coating, deposited by changing the SBF-solution 
after four days resulted in thicker CaP-layer in 
comparison to the samples prepared without exchanging 
the solution and those, containing silver nanoparticles. 
This effect could be observed on the SEM-images (FIG. 
1) and XRD diffraction patterns (FIG. 2.) 
The SEM images show significant difference between 
crystal structures of HAp after different treatments. 
Without changing the solution (1x SBF) HAp-crystals 
were much smaller than crystals obtained by refreshing 
SBF-solution after 4 days (FIG. 1a). The ICP results have 
shown no changes in the chemical composition of the 
solution after 3 days of soaking, which indicates that ions 
resources within the solution after this period were 
completely exhausted. By exchanging the solution with 
the fresh SBF, new ions were provided to the system and 
crystal growth could be continued (FIG. 1b). Interestingly, 
an addition of Ag-nanoparticle to the solution inhibited a 
HAp-crystal growth (FIG. 2c). Ag-nanoparticles were 
incorporated into the solution in their metallic form and 
additionally a new cubic phase within the CaP-coating 
was precipitated (FIG. 1c).  

 
FIG. 1. SEM images of ZrO2 samples after soaking in 2 
times concentrated SBF solution for 8 days (a), for 8 days 
refreshed after 4 days (b) and for 8 days exchange after 
4 days by Ag-containing SBF solution (c). 

FIG. 2. XRD patterns of HAp deposited coating on zirconia 
substrates by using deposition in concentrated SBF solution for 
eight days (lower pattern), for 8 days refreshed after 4 days 
(middle pattern) and for 8 days exchange after 4 days by Ag-
containing SBF solution (upper pattern). Following phases were 
interpreted: • - ZrO2, ○ – Ag, s - AgCl, and § - HAp 
 
Conclusions 
Coatings obtained by biomimetic approach seem to be 
promising for implant integration with the surrounding 
hard tissues compared to coatings obtained using other 
synthetic methods. Moreover, additional antibacterial 
nanosilver could be co-deposited to prevent bacterial 
infections and enhance integration of the implants in vivo. 
Cell culture and bacterial tests are ongoing to evidence a 
multifunctional character of the new coating.  
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