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Introduction and Aim of Research 

 

In the field of human implantology, a wide variety of metal and ceramic-based material 

systems have been developed over the past 50 years to replace bone deficiencies due to 

various causes. However, the development of suitable bone substitutes requires material 

systems that, in addition to having appropriate mechanical properties, should stimulate 

osteointegration through the metabolic processes of the human body. This thesis deals with 

the preparation of new types of bioactive biomorphic composites and the study of their 

physical, chemical and biological properties as a function of composition and technological 

parameters. 

In the Department of Materials Engineering, bio-glass-ceramic composites using bovine 

bone have been successfully produced in previous years, showing excellent mechanical and 

bioactive properties. These materials were successfully used to form coatings on titanium-

based substrates by plasma sputtering. In my research work related to this topic, I used 

pretreated bovine bone as a substrate on which I intended to develop a bio-glass-ceramic 

coating by impregnation technology. 

The aim of my doctoral thesis is to increase the mechanical properties of the pre-treated 

animal bone scaffold by using bio-glass based coatings and to develop a coating with different 

solubility of with calcium phosphate additives, which solubility can be controlled by its 

composition in simulated body fluids. In addition to these properties, I investigated the 

correlation between the raw materials, the structure of the developed coatings and the 

impregnation parameters used, and verified the cytotoxicity of the test specimens by a 

succinate dehydrogenase-based viability test. 

A further aim of my research is to determine the dependence of the properties of 

magnetic hydroxyapatite composites on the fabrication parameters. The nanocomposites are 

prepared by a wet-chemical route, by precipitation of magnetite and hydroxyapatite phases in 

parallel and in two separate steps, respectively. In this part of my PhD thesis, I investigate the 

influence of the preparation method on the phase composition and microstructure of magnetic 

nanocomposites, the relationship between the magnetic properties of the single- and two-step 

composites and the colour coordinates, the behaviour of magnetic hydroxyapatite composites 

in simulated body fluids, and the dependence of bioactivity and magnetic properties on the 

preparation parameters. 

 

 



 

Experimental 

 
In my doctoral thesis, animal bone, bio-glass and calcium phosphates was used to 

produce a composite material system that is novel based on the literature discovered during 

the research. In the experiments, I developed a bio-glass based coating of different 

composition on the surface of pretreated bovine bone used as a bio-template, using an 

impregnation method. The quality of the impregnant, dry matter content, amount of excipients 

and coating conditions were systematically varied to optimise the production parameters. 

After determining the appropriate manufacturing parameters, bio-glass-ceramic composites 

with different phase compositions and solubilities of calcium phosphate containing bio-glass-

ceramic coatings suitable for bone grafting were prepared. The experiments were carried out 

to investigate the elemental and phase composition, thermal properties, microstructure, 

mechanical properties, bioactivity and cytotoxicity of the heat-treated bovine bone, the bio-

glass frit and the test specimens coated with different additives (mixtures containing 

hydroxyapatite, β-whitlockite and α-whitlockite). The microstructure was studied by 

investigating the crystalline phases formed and the thickness of the coating formed. The 

thermal properties were characterized by measuring the coefficients of thermal expansion, 

apparent porosity and body density. The wetting of the biosemplate surface by bio-glass melt 

was investigated by heating microscopy. The mechanical properties of the specimens were 

determined by measuring Vickers microhardness, flexural- and compressive strength. The 

bioactivity of the biosheets with different composition of coatings was determined by 

simulated body fluid solubility assay and cytotoxicity was checked by mitochondrial 

succinate dehydrogenase viability assay. 

A further aim of my research was the preparation of magnetic iron oxide 

nanocomposites embedded in hydroxyapatite. Two different wet chemical synthesis methods 

were used to prepare the nanoparticles. The properties and applicability of the 

nanocomposites were determined by examining the phase composition, magnetic properties, 

solubility in simulated body fluids and color finger properties. The phase composition of the 

composites was characterized by X-ray diffraction and the microstructure by electron 

microscopy. Magnetic properties were investigated by measuring the susceptibility and the 

colour coordinates of the nanocomposites were determined by color measurement. The 

bioactivity of the particles was characterized by their solubility in simulated body fluids. 

  



New scientific results: thesis statements of the doctoral dissertation 

 

1.) I was the first who formed a homogeneous bio-glass based coating on the 

surface of pretreated bovine bone using an impregnation method without the use 

of excipients. I have demonstrated that using ethanol as dispersant, a suspension 

with an average particle size below 5 µm and a dry solids content of 5 m/m% is 

optimal for the preparation of the coating (Jakab et al. 2021). 

2.) By determining the thermal properties of the coating materials, I have 

demonstrated that the bio-glass I use wets the substrate surface well and forms a 

compressive stress coating upon annealing. I have demonstrated that the 

application of bio-glass coatings containing hydroxyapatite, β-whitlockite and α-

whitlockite crystalline phase can increase the microhardness, compressive and 

flexural strength of animal-derived template (Jakab et al. 2021). 

3.) I have demonstrated experimentally that the use of hydroxyapatite with an 

atomic ratio of 1.67 Ca/P, β-whitlockite with a Ca/P ratio of 1.52 and α-

whitlockite with a Ca/P ratio of 1.44 can control the leaching of Ca and P in 

simulated body fluids and increase the bioactivity of scaffolds compared to bio-

glass frit and pretreated bovine bone (Jakab et al., 2022). 

4.) Using a succinate dehydrogenase-based viability assay, I demonstrated that a 

bioglass-based coating on the surface of biosheets reduces cytotoxicity compared 

to a heat-treated, protein-embedded biosheet (Jakab et al. 2021). 

5.) I have demonstrated by X-ray diffraction and electron microscopy studies 

that the rate of crystallization of magnetic hydroxyapatite composites can be 

controlled depending on the preparation method. Furthermore, I have 

demonstrated that the crystallite size of magnetite and hydroxyapatite produced by 

co-deposition of phases is nearly the same, but significantly smaller, than that of 

nanocomposites prepared in two steps (Jakab et al. 2019). 



6.) Through the determination of magnetic susceptibility and color vibration 

characteristics, I have demonstrated that the susceptibility of nanocomposites 

prepared by parallel synthesis of magnetite and hydroxyapatite and the change in 

color shift relative to magnetite are inversely proportional, while there is a direct 

proportionality when precipitated in two steps. My experiments have demonstrated 

that the CIELAB colour coordinate measurements can be used to estimate the 

magnetic property of nanocomposites as a function of the preparation method 

(Jakab et al. 2019). 

7.)  Using simulated body fluid precipitation studies, I have demonstrated that 

co-deposition of magnetite and hydroxyapatite can produce a nanocomposite of 

higher bioactivity (Jakab et al. 2019). 
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