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Current state of knowledge

The presented habilitation thesis deals with titanium and titanium alloys in relation to
their application in dentistry. The theoretical part of the thesis presents a summary of
current knowledge about material properties, depending on their chemical
composition and manufacturing technique. Attention is also paid to the
biocompatibility of these alloys Special attention is given to the effects of alloying
elements (Ta, Fe, Nb, V, Mo) on the material properties of titanium alloys and surface
treatment methods to facilitate osseointegration. Factors influencing the
osseointegration of titanium and its alloys are presented and described, especially
the process of TiO2 formation on the alloy surface and coating of the surface with
materials to promote osseointegration. Attention is also paid to current trends in the
research of titanium and titanium alloys for future use in dental implantology and
clinical trials.

Objectives of the work

The experimental part of the work summarizes the long-term research of the above-
specified topics carried out in the period of 2005-2011 within the Stomatological
Center of the Medical Faculty of the Masaryk University and in the following years
within the framework of partial projects. The aim of the research work was to
characterize the properties of titanium alloys with addition of niobium and tantalum
(Ti-38Nb, Ti-35Nb-6Ta and Ti-33.5Nb-5.7Ta) in terms of material properties, ion
release from the alloy, corrosivity and biocompatibility evaluated by biotests. The aim
was to quantify the influence of alloying elements of titanium [ alloys on their
cytotoxicity. Another aim of the work was to test the growth rate of osteoblasts and
osteoclasts on the surface of hydroxyapatite-coated alloy using cell adherence and
proliferation tests, and specific markers (amount of DNA and alkaline phosphatase
activity). Last but not least, the aim was to apply mathematical modeling procedures
to calculate stress distribution in dental implants of various types, in the implant-bone
tissue system and in the jaw.

Methods

The following methods and procedures were used for the experimental and clinical
part of the habilitation thesis: biocompatibility tests consisting of cytotoxicity tests, cell
adherence tests, and quantification of osteoblast growth. Simulated body fluid and
determination of released ions was done by X-ray photoelectron spectroscopy and
used to quantify the corrosivity of titanium alloys. The adsorption of fibrinogen and
deoxyoligonucleotides was monitored using a laser diffraction sensor. Cell adherence
and proliferation were monitored by DAPI staining and microscopy. In vivo implant
osseointegration assays (done on Ti38-Nb6-Ta alloy) were performed on minipigs
using the relative percentage of bone-to-implant contact and implant stability (ISQ).
Analysis of the surface microstructure of titanium alloys was performed by microfiling
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using digital 3-D microscopy methods. The ANSYS version 3.5 software environment
and the ADPL (Ansys Parameter Design Language) programming tool were used to
model stresses in implants of various types, stress distribution in the implant-bone
system and to model periodontal properties.

Results

The main results obtained using the methods specified above, which are the subject
of published professional work, can be summarized as follows:

Tests of the cytocompatibility of titanium alloys and alloying elements have
shown that the suitability of ialloying elements decreases in the order of Ta Ni
Va Mo.

In the experiment using simulated body fluids to assess the corrosivity of the
Ti-Nb-Ta alloy, low corrosivity was demonstrated and stinaTi-33.5NI-5.7Ta
was characterized as biocompatible and suitable for the production of dental
implants.

Tests of cell adherence to the surface of titanium alloys and various alloying
elements (Ta, Fe, Nb, V, Mo) have shown that Fe and V ions reduce the rate
of adherence and the surface coverage of the tested material.

Tests have shown that the surface treatment method significantly affects the
growth of human osteoblasts on the Ti surface. The growth of osteoblasts was
supported on the polished and etched surface compared to only the polished
surface. Fibrinogen adsorption was promoted by surface treatment: titanium-
enriched hydrocarbon coatings.

The microroughness of the material positively influences the adsorption of
deoxynucleotides on the titanium surface. A suitable micro- and nano-structure
can be monitored using a diffractive optical sensor.

An in vitro study demonstrated the suitability of coating the titanium surface
with hydroxyapatite (sputtered HA) by evaluating cell adherence, density and
growth (stromal cells of laboratory rats), selected markers (amount of DNA
and alkaline phosphatase).

Tests of VP dental implants performed in vivo in the tibia of minipigs (in
collaboration with Tokyo Medical and Dental University) showed very good
osseointegration and stability in bone (ISQ - implant stability qoutient).

The micro- and nano-structure of the surface is important for the biointegration
of the dental implant. Using AFM (Atomic force Microscopy) and 3-D digital
microscopy techniques, the suitability of the surface structure created after the
end of the technological phase, i.e. after individual types of surface treatment,
can be effectively checked.

Mathematical modeling in the ANSYS software environment can be used to
determine deformation analysis of parts of dental implants (blade, cylindrical,
disc implants are presented in the habilitation thesis), which show critically
high stress values after insertion into bone tissue. Thus, potential fractures of
dental implants can be indicated

Mathematical modeling of the implant-bone system and simulation of variously
large masticatory forces acting on the implant can be used to simulate and



predict the occurrence of critical stress in the periodontium and surrounding

bone. These sites pose arisk of potential bone resorption.

The author's share in the preparation of published professional publications
excerpted in the WOS database was in the range of 10-40% for publications with
foreign co-authors. In the case of publications with national co-authors the share

achieved 20-70%.

Conclusion

Based on the results presented in the habilitation thesis, it can be concluded that
most titanium alloys are fully biocompatible or biotolerant. The issue of titanium and
its alloys is developing dynamically in the field of medical research and clinical
practice and, thanks to the rapid development of technologies, is promising for a wide

application of these materials in dentistry.
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