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Сучасні підходи до проектування інформаційних систем надають 
гнучкі та масштабовані рішення, які можуть адаптуватися до змінних 
вимог бізнесу та технологій. Вибір конкретного підходу або їх 
комбінація залежить від специфіки проекту та вимог замовника. 
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As it is well-known, implants are used for the purpose of full or partial 

replacement of lost or diseased organs to restore their form and function and 
are made of natural or artificial biomaterials. In particular, diseases such as 
osteoporosis (weakening of bones), osteoarthritis (inflammation of bone 
joints) and injuries are the reason for bone replacement. As the majority of 
the population over 40 years of age suffers from degenerative diseases and 
the number of elderly people is increasing, biomaterials help to improve the 
quality of life and longevity of people and show rapid growth to meet the 
needs of the aging population. 
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According to the impact of implants on the body, the following are 
distinguished: toxic materials causing negative immune and pathological 
changes; bioinert ‒ non-toxic materials, resistant to biochemical effects of 
the body and limited to a layer of fibrous tissue; and bioactive, which 
integrate with bone tissue, are gradually resorbed and replaced without 
toxicity [1, p. 815]. In order for the implant to perform the specified 
functions, the material from which it is made must have certain properties: 
biological, physicochemical, and mechanical. 

Materials used for orthopedic implants, especially for load-bearing 
applications, must meet the requirements for biocompatibility: high strength 
and a low elastic modulus, high fatigue, wear and corrosion resistance  
[2, p. 400]. Regarding the biomechanical compatibility of many metallic 
materials, Ti-based alloys appear to have an overall advantage, even though 
they are more expensive. 

Until now, the most common material for manufacturing implants  
is technically pure titanium VT1-0. In particular, pure titanium has a fairly 
high corrosion resistance and is resistant to salt solutions, which  
are considered aggressive environments. Therefore, titanium is biologically 
inert and one of the most suitable materials for bone surgery, orthopedics, 
and dentistry, but the strength of pure titanium does not allow its use  
for the manufacture of implants capable of withstanding significant loads  
[2, p. 403]. 

The combination of low reactivity and high strength makes titanium-
based alloys one of the best materials for use in bone surgery [2, p. 403, 
412]. For a long period, the main biomedical titanium alloy was Ti–6Al–4V 
(VT6) developed for structural materials, but it has some disadvantages, and 
its use as a biomaterial is gradually declining. When the alloy is implanted 
into the body's physiological environment, metal ions are released over time, 
so it must have a non-toxic chemical composition. Alloying additives VT6 
(V, Al) improve the mechanical properties of titanium but significantly 
worsen the biological ones due to a certain cytotoxic effect of vanadium and 
the negative impact of aluminum on the human body. In addition, the 
elasticity modulus of Ti–6Al–4V [2, p. 402] is incompatible with bone tissue 
that can lead to stress, bone resorption, and premature failure of the implant. 
New types of alloys that do not contain toxic V, such as Ti–6Al–7Nb and 
Ti–5Al–2.5Fe, have been created [2, p. 403, 411]. These alloys are wear-
resistant, used mainly in dentistry, or in joint prostheses, and are usually 
produced by casting. 

Titanium alloys for biomedical use without V and Al, which are harmful 
to the human body, containing non-toxic bioinert elements Nb, Ta, Zr, etc., 
have also been developed [3, p. 5706]. These are mainly β-alloys with a high 
content of β-stabilizers, which lower the modulus of elasticity, thus bringing 
it closer to the modulus of elasticity of bone. β-Titanium alloys also have 
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many advantages in mechanical properties, such as improved wear 
resistance, high ductility, and excellent cold and hot formability. 

Modern research is aimed at creating materials with greater 
biocompatibility for a new generation of implants ‒ alloys based on the  
Ti-Nb system [4, p. 125] which are doped with β-eutectoid silicon stabilizer 
[5, p. 887], [6, p. 815]. Biocompatibility of pure niobium in vitro was shown 
when it was used as a coating on a stainless steel implant [7, p. 72]. Silicon 
has a positive effect on regenerative processes in bone tissue [8, p. 902]  
and enhances the osteointegration properties of implants. 

In Ti-Nb-Si alloys, due to the combined action of niobium and silicon 
alloying elements, both solid-solution and dispersion strengthening  
is realized as a result of the release of silicides [9, p. 363]. For greater 
strengthening and reduction of the elastic modulus, these alloys are 
additionally alloyed with biocompatible zirconium [10, p. 237]. Such alloys 
can be used for osteointegration prosthetics, which has become very relevant 
for high amputations of limbs in the conditions of military operations  
and has been actively developing recently. 

Considering the high cost of niobium, research is also being conducted 
into the possibility of reducing its content in biocompatible alloys  
of the Ti-Nb-Si system [11, p. 1061]. Alloys with the structure of metastable 
β and αʺ phases have a reduced modulus of elasticity, with its minimum 
values in the areas of critical concentrations of the alloying element ‒ α′/αʺ 
and αʺ/β transitions [12, p. 2777]. Thus, new biomedical titanium alloys  
with Nb content ≤ 18 wt. % have recently been proposed and are currently 
under development. 

A lot of attention is now also paid to another area of development  
of materials for implants ‒ the study of biomedical alloys doped with 
antibacterial components [13, p. 2569], especially Cu [14, p. 5212]. Implant-
related infection or inflammation is fairly common cause of failed 
implantation, while antibiotic therapy is not always helpful. However, 
further prospects for the development of titanium alloys for implantation lie 
not only in the creation of new alloys, but also in the development  
of technologies for their production, traditional and additive, related to 
powder metallurgy and 3D printing [15, p. 1709]. 
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