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Brief Review
Large bone defects caused by traumas, tumors, and/or infections 

[1] which size exceeds critical value of 20 mm do not have the 
ability to self-regenerate [2]. In clinical conditions, bone substitutes 
are used to heal such defects. Three-dimensional porous structure 
that provides support and allows cells to adhere, proliferate and 
differentiate to restore the functionality of bone is called scaffold. 
The reconstruction of hard tissue seems to be a big challenge, since 
both mechanical conditions and biological requirements comprising 
a number of physical and chemical properties of the biomaterial 
must be taken into account. The material, especially for load bearing 
applications, is exposed into risk such as long-term mechanical 
stress, bone microtraumas around the implant, inflammation, and 
friction of material and bone with variable amplitude leading to 
destruction of the bone-implant bonding [3]. Thus, the material 
should be characterized by the excellent properties including 
biocompatibility, a lack of cytotoxicity, corrosion resistance in body 
environment, high fatigue and wear resistance, ductility, as well as 
it has to demonstrate an excellent combination of high strength and 
low modulus [1,4]. The widely used materials for bone scaffolds 
are: metals (e.g. titanium alloys), ceramics (e.g. hydroxyapatite) and 
polymers (e.g. PLA, PCL) [4,5].  Polymers, despite their great ability 
of controllable biodegradability and osteo conductivity, have the 
mechanical resistance not fair enough. On the other hand, ceramics 
are characterized by better mechanical strength, however they are 
sensitive to brittle fracture [6]. Over the years, researchers have  
looked for the optimal solutions taking into consideration metals, 
particularly titanium alloys as a good alternative for load bearing  

 
applications. This short article briefly presents the hopes and 
limitations concerning the titanium scaffolds, based on recent 
research. 

From a mechanical perspective, the most critical properties 
to be matched by the scaffold are bone loading stiffness, strength 
and fatigue strength. Implants with an appropriate elastic modulus, 
mimicking that of natural bone, can prevent stress-shielding [7]. 
Although titanium alloy modulus ranging from 110 (pure Ti) to 
55 GPa (Ti35Nb7Zr5Ta) is much smaller than conventional alloys 
such as stainless steel (210 GPa) and chromium cobalt alloys 
(240 GPa), this value is still higher than that of natural bone (4 
to 30 GPa depending on the type of the bone and the direction of 
measurement) [5]. Titanium and its alloys possess an excellent 
biocompatibility, corrosion resistance, high strength-to-weight 
ratio, but their wear resistance under load conditions is very 
limited and tends to wear heavily [4].

Considering biocompatibility in terms of cell attachment and 
proliferation as well as lack of toxicity and inflammatory reactions, 
it may be said that titanium and its alloys are well tolerated and 
are almost inert materials in the environment of the human body. 
Nevertheless, recent literature reports indicated undesirable side 
effects originating from an accumulation of some toxic elements 
causing allergic reactions (i.e. Al or V) [8]. What is more, some 
researchers pointed out the necessity of improvement the osteo 
conductivity of titanium due to improvement of its osseointegration. 
One more limitation of titanium is the lack of its biodegradable 
property, causing that scaffold would not be a preferable temporary 
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Abstract
The state-of-art on titanium scaffolds is briefly reviewed. The real hopes from medicine associated with scaffolds are indicated. The limitations 

of different scaffolds associated with their mechanical, chemical and biological properties are discussed. The great importance of titanium scaffolds 
is demonstrated as the materials of high biocompatibility and corrosion resistance, fair mechanical properties and important biological behaviour.
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solution. However, the performance of titanium and its alloys can be 
significantly increased by developing the appropriate architecture 
both alloy and scaffold, as well as by their surface treatment. 

A wide spectrum of microstructures is possible to fabricate, 
depending on alloys’ chemistry and thermomechanical treatment. 
Hence, the titanium alloys seem very susceptible to customizing its 
properties according to specific requirements. The confirmation 
might be the development of low-alloy beta-titanium alloys that 
consist of compatible elements and have a proximal bone module 
[8]. In addition, theoretical research has shown that Nb, Zr, Mo and 
Ta are the most suitable alloying elements that can be added to 
reduce the modulus of elasticity without losing strength. Zirconium 
has the best mechanical properties and high resistance to crack 
propagation [9]. 

Recently, a breakthrough and a milestone in improving 
titanium alloys occurred by of manufacturing the metal scaffolds 
by controlled process of additive techniques (e.g. selective laser 
melting, electron beam melting) [10]. Those techniques show 
several advantages over conventional ones, including the ability to 
create arbitrarily complex 3D structures with highly accurate and 
predictable architecture. The studies have shown that the relative 
volume fraction of the porous structure, the degree of porosity, the 
size of the pores and their shape affect the mechanical properties 
of the implant, and along with the method and parameters of the 
surface modification process - also the in vitro biological properties 
[11]. Hence, already mentioned problem with mechanical 
properties and osseointegration of titanium alloys may be solved. 
Introducing controlled porosity to solid material makes it possible 
to obtain the mechanical properties similar to those of the host 
tissue (Young`s modulus), provides a pathway for cell growth in 
a porous implant, support nutrients and waste transfer as well as 
improves angiogenesis [12]. 

Equally important for the success of the loading-bearing 
scaffolds is the surface treatment procedure which can lead to 
increase of the titanium wear resistance, as well as improvement 
of osseointegration. Surface chemistry, surface roughness and 
surface topography play a major role in the development of good 
osseointegration, additionally coatings and specific growth factors 
provide the necessary bioactivity [13]. Many methods are known 
for both, surface treatment [14] and coating implementation [15], 
but in most cases they involve rather rough than porous structure. 
The big challenge is to determine the methodology of deposition 
of the coating inside the pores as well as the methodology of 
examination of the results. 

Developing the proper microstructure with optimal mechanical 
properties is a difficult problem in the field of titanium alloys. 

Although the titanium-based scaffolds are considered to have 
limited prospect in clinical applications, it can be noticed that 
research progress systematically goes towards elimination/
reduction of their weaknesses. It seems that a big potential of 
titanium in application for load-bearing scaffolds is worth the 
researcher’s affordances.
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