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ABSTRACT 

Biomaterials encompass extensive tissue engineering technology that allows the development 

of materials to restore or replace parts of the living system. Demand has grown quickly in 

recent decades due to the worldwide phenomenon of population aging, being that the risk of 

hard tissue failure is greater for the elderly. The main objective is to obtain a longer lifespan 

of the biomaterial implanted or that the same lasts until the end of the life without flaws or 

need of revision surgery, helping to enhance the quality of life of the patients. Thus, is 

required of the biomaterial to satisfy several properties compliant to specific application, such 

as adequate mechanical strength, high corrosion and biocompatibility, high wear resistance, 

low friction and mechanical compatibility. The present work has as purpose to describe the 

main properties for the choice and development of biomaterials, with greater attention for 

metal biomaterials in the replacement of hard tissues, especially titanium and titanium alloys. 

 

Keywords: biomaterial, hard tissue, biocompatibility, titanium. 

 

1. INTRODUCTION  

A biomaterial can be defined as a material which is used on a form or specific structure in 

order to manufacture prostheses and biomedical devices intended to replace or restore 

impaired body function in order to save or improve the quality of life [1]. They are materials 

used for the manufacture of devices that can interact with biological systems to coexist for a 

long time of service with minimal failures [2]. 

Although several definitions are employed to describe them, biomaterials are natural or 

synthetic materials that are useful for the repair of damaged body parts, through interaction 

with living systems [3,4]. Biomaterials used to maintain or replace functions in the human 

body consist primarily of metals, ceramics, or polymers [5,6]. Historically in relation to metal 

biomaterials, stainless steel was first used in the surgical field, and success was achieved 

when aseptic surgery was established. After vitalium, alloys based on cobalt and titanium and 

their alloys were put into practice (Figure 1), with titanium and its alloys becoming the most 

popular and attractive class of metal alloys [7-9]. This is due to excellent corrosion resistance 

to biological environments and mechanical properties, higher strength / weight ratio, higher 

adhesion to bone tissue, low density and high toughness of Ti and its alloys compared to 

several other metal biomaterials [7-11]. However, the metallic materials may be made of 

stainless steel, titanium or titanium, cobalt-chromium, magnesium, tantalum or niobium 

alloys, for example [12]. 

https://www.linguee.com.br/ingles-portugues/traducao/compliant.html
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Figure 1. History of metals, plastics and ceramics for biomedical applications [8 - 

adapted]. 

 

These materials are used to replace a component of the human body or to support 

physiological functions. As such, biomaterials interact with human cells, tissues or organs 

and sometimes even perform their biological functions [3]. Functional repair engineering uses 

biomaterials to recompose different tissues with the aim of improving patients' health and 

quality of life [3,13]. We also find the term "nano biomaterial" that comes from the 

combination of biomaterial and nanotechnology[14]. 

The ability to exist in contact with the tissues of the human body without causing an 

unacceptable degree of damage to that body is the most important factor that distinguishes a 

biomaterial from any other material. The way in which mutually acceptable coexistence of 

biomaterials and tissues is developed and sustained has been of interest to biomaterial 

scientists and users of medical devices for many years [15].Thus, when considering a 

biomaterial for implantation or medical use, the first and most important requirement is non-

toxic, non-immunogenic, chemically inert and acceptable to the human body [16]. 

Over the past fifty years, biomaterials science has investigated different types of 

biomaterials and their applications to replace or restore the function of compromised or 

degenerate tissues or organs [3]. Every year, more than 13 million prosthetics / medical 

devices are implanted in the US alone [3,16]. Biomaterials are used in different parts of the 

human body such as artificial heart valves, stents in blood vessels, replacement implants in 

the shoulders, knees, hips, elbows, ears and orthodontic structures. It is stated that around 70-

80% of the implant materials are made of metal biomaterials, these being of great importance 

in the restructuring of tissues that have suffered some type of damage, especially the hard 

tissues [9]. A schematic illustration of a human body of hard tissues is shown in Figure 2. 
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Figure 2. A schematic illustration of a human body of hard tissues [17 - adapted]. 

 

The main required property of a biomaterial is that it does not trigger an adverse 

reaction when put into service, which means to be a biocompatible material. In addition, good 

mechanical properties, osseo integration, high corrosion resistance and excellent resistance to 

wear, ductility and high hardness are required [5,18,19].However, the properties of an ideal 

biomaterial may change depending on the exact location of your implantation and even the 

medical history of patients. They should take into account the structure and function of the 

surrounding tissues and organs so that it does not disturb or interfere with their functioning. 

An acceptable reason for the increase in the number of revision surgeries is due to the 

longer life expectancy [19,20]. In this context, the life expectancy of Brazilians, following the 

world trend, has also increased. IBGE data indicate that by 2050 Brazil will have 

approximately 30% of the population over 60 years old (Figure 3a) [21]. The proportion of 

elderly people in representative countries is growing rapidly, as shown in Figure 3b [8]. 

 

a) 
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b) 

 
Figure 3. a) Percentage of the Brazilian population over 60 years from 1940 and a 

forecast up to 2050 [21]; b) change in the population of old people in each country [8 - 

adapted]. 

 

Consequently, the scenario has changed now, due to advances in medical technology, 

people live longer and moreover, the prognosis should be better for those who are physically 

traumatized due to sports or incorrect or exaggerated exercise habits or due to traffic road 

accidents and other accidents [18]. Thus, implants are expected to act much longer or to the 

end of life without flaws or revision surgeries, which is not inexpensive and has a lower 

success rate than the first implantation surgery[18]. Consequently, the development of 

suitable material with high longevity and excellent biocompatibility is highly essential. 

Although various materials are currently in use as biomaterials, titanium alloys are rapidly 

emerging as the first choice for most applications [9,18,19,22]. 

 

1.1 Aspects to be considered for a biomaterial selection 

1.1.1. Biological compatibility or biocompatibility:  

Biomaterials must be biocompatible, i.e. safe for the host organism. This means that 

they cannot cause harmful effects locally, in the area of implantation, nor for other tissues or 

organs [23]. There can be no adverse effects on the implant or host organism. 

Biocompatibility has traditionally been related to implantable devices that were intended to 

remain within a person for a long time. For those who were developing and using the first 

generation of implantable devices during the years between 1940 and 1980, it became 

increasingly obvious that the best biological performance would be achieved with materials 

that were the least chemically reactive [15]. Biocompatibility is defined as the ability or 

capacity of the material to be used in close connection with living tissue without causing 

adverse effects to them[24,25]. The materials used as implants are expected to be highly non-

toxic and should not cause any inflammatory or allergic reactions in the human body. The 

rejection of an orthopedic implant due to the toxic release of metallic ions, for example, will 

lead to the final failure [26]. The patient body parts or tissue of who comes into contact with 

the implants should avoid any physical irritation, inflammation, toxicity, carcinogenic or 

mutagenic action [27,28].  
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The "fibrous capsule" surrounding the implant is also the basis of the biocompatibility 

of the biomaterials, and the final stage of the implantation process is represented by this 

capsule, which begins when the plasma proteins come into contact or are adhered to the 

repair [29, 80]. 

The biomaterials success depends mainly on the reaction of the human body to the 

implant and this measures the biocompatibility of a material [15]. When implants are exposed 

to human tissues and fluids, various reactions occur between the host and the implant 

material and these reactions determine the acceptability of these materials by our system. 

Problems related to biocompatibility are (1) thrombosis, which involves blood clotting and 

adhesion of blood platelets to the surface of the biomaterial, and (2) encapsulation of fibrous 

tissue from implanted soft tissue biomaterials [18]. 

However, the biocompatibility of implants also depends greatly on their corrosion 

behavior [5,30]. Therefore, the greater the corrosion of the implants, the more toxic ion rates 

are released into the body routinely and higher risk of adverse effects can be expected 

[5,18,31,80]. 

The human body consists of a significant number of natural elements with water (H2O), 

comprising about 65 to 75% of the total composition in weight. Consequently, most of the 

mass of a human body contains oxygen and carbon [26, 32]. Table 1 shows a list of elements 

found in the human body. Where, about 96% of the available elements are oxygen, hydrogen, 

carbon and nitrogen, which are the building blocks of water and proteins. Additional ~ 4% of 

body mass comes in the form of bone minerals and blood composed of Ca, P, Mg and 

extracellular fluids comprising Na, Cl and K. As such, any implant developed on the basis of 

these elements would be compatible with the human body [5]. However, there are few trace 

elements that are toxic at high levels. Therefore, the appropriate composition required for the 

metal implant cannot be toxic [5]. Therefore, the implant will not release toxic metal ions, 

which causes inflammatory or allergic reactions in the human body [5,9,18]. 

 

Table1. Human body elements [26,32]. 

Element O C H N Ca P K S Na Cl Mg 
Trace 

element 

Wt% 65,0 18,5 9,5 3,3 1,5 1,0 0,4 0,3 0,2 0,2 0,1 <0,01 

 

1.1.1.1 Biocompatibility of titanium binder element 

Titanium is not found in the human body, and plays no known biological role in the 

human body [33], and is nontoxic even in large doses [26].When humans ingested quantities 

of 0.8 mg of titanium daily, most of titanium was eliminated without being digested or 

absorbed [34].  

Titanium implants are usually not rejected by the body and generally make good 

physical connections with the host bone. In vitro assays have shown that titanium can, 

however, inhibit osteogenic differentiation of mesenchymal stem cells [35]and may cause 

genetic changes in connective tissue [36]. 
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1.1.1.2 Biocompatibility of titanium alloys 

Compared with stainless steel and cobalt alloys, titanium alloys have proved to be superior in 

terms of biocompatibility due to their excellent corrosion resistance [26,37]. In general, 316L 

stainless steel shows a relatively good biocompatibility, but at a less satisfactory level than 

CoCrMo and titanium alloys, due to the higher corrosion rates, as outlined below [26,38]. 

The first generation of titanium alloys, represented by the Ti-6Al-4V alloy, has been 

reported to cause allergic reactions to the human body [9,39]. The second generation of 

titanium alloys (titanium alloys β) has been developed and investigated with great interest. 

Some stabilizing elements of the fase phase, such as niobium, tantalum and zirconium, are 

used as alloying elements and are considered relatively safe when compared to vanadium and 

aluminum [8,40,80,81]. 

The increased use of titanium and its alloys as biomaterials comes from its superior 

biocompatibility and excellent corrosion resistance because of the thin layer of surface oxide 

and good mechanical properties such as a certain modulus of elasticity and low density that 

make these metals present a behavior mechanic similar to the bones [9,19]. Lightweight, 

strong and fully biocompatible, titanium is one of the few materials that naturally combine 

the implantation requirements in the human body. As titanium and its alloys, commercially 

pure titanium (cpTi, grade 2) and Ti-6Al-4V (grade 5) are widely used as replacements for 

hard tissue in artificial bones, joints and dental implants [19]. In replacing hard-bone tissue, 

as the smallest modulus of elasticity fits in the direction of reducing the effect of voltage 

shielding, the low modulus of commercially pure titanium and its alloys is generally seen as a 

biomechanical advantage. 

Viteri and Fluentes[19]also point out that another property that makes titanium and its 

alloys the most promising biomaterials for implants is that titanium-based materials generally 

have the formation of an extremely thin and adherent protective titanium oxide film. The 

presence of this spontaneous oxide film in the passivation or repassivation process is an 

important criterion for the excellent biocompatibility and corrosion resistance of titanium and 

its alloys. 

Regarding the medical applications of these materials, the use of cp (commercially 

pure) titanium is more limited to dental implants due to their limited mechanical properties 

[19]. In cases where good mechanical characteristics are required, such as in hip or knee 

implants, screws and plates, the Ti-6Al-4V alloy is widely used [41,42]. One of the most 

common applications of titanium alloys are artificial hip joints which consist of a joint (head 

and femoral cup) and stem bearing, where the metal cup and hip stem components are made 

of titanium. In addition, they are also often used in knee joint replacements, which consist of 

a femoral and tibial component made of titanium and a polyethylene joint surface. Titanium 

and its alloys have also been used in cardiovascular devices in recent years, such as heart 

valves, heart pumps and vascular stents. However, titanium is a thrombogenic material [43]. 

A large amount of research was conducted on titanium surface-induced coagulation and 

several methods were applied to improve in vitro biocompatibility. A harder and thicker 

protective oxide layer was obtained with the incandescent discharge treatment and air-furnace 

processing performed on Ti and Ti-6Al-4V alloy, thus presenting better biocompatibility 

HUVECs (human umbilical vein endothelial cells) [44]. ToKumariet al.[45] diamond-like 



European International Journal of Science and Technology  ISSN: 2304-9693  www.eijst.org.uk 

 

 

30 

carbon-coated titanium (DLC) may improve cytocompatibilityin vitro for HUVECs. HUVEC 

cells were cultured and a native extracellular matrix (ECM) was obtained on the surface of 

pure titanium, demonstrating that this ECM produced by HUVECs not only can improve the 

adhesion and proliferation capacity of endothelial cells, but also inhibit the adhesion and 

activation of the HUVECs. platelets, which provides a basis for the preparation of modified 

surfaces in the application of cardiovascular implants [43]. 

 

1.1.2. Mechanical Compatibility 

In addition to the biological biocompatibility discussed above, mechanical biocompatibility is 

vital for long-term implantation. Mechanical compatibility refers to the appropriate 

mechanical properties according to the function to be performed and the site to be implanted 

[39]. Furthermore, bio-implants must have suitable mechanical strength to withstand all the 

forces and related charges. Primarily, the material selected for a specific application must 

have the ability to withstand the load, therefore, they will not be susceptible to fracture [5]. 

For a specific function, purpose or application, the mechanical properties determine the 

type of biomaterial to be chosen. Tensile strength, hardness, osseo integration, modulus of 

elasticity, wear resistance to corrosion are some of the properties that are of fundamental 

importance. Thus, if during the application the biomaterial will be subject to repeated cyclic 

loads, success over the use of the implant subjected to this type of loading is determined by 

the fatigue strength of the material. The cyclic load is applied to orthopedic implants during 

body movement, resulting in alternating plastic deformation of microscopically small areas of 

stress concentration produced by grooves or microstructural heterogeneities [20]. Fatigue 

resistance of the alloys is related to the composition of the alloy and the previous history of 

thermomechanical processing. Fatigue resistance is also highly affected by surface 

processing, finishing and thermal treatments. Thus, the alloys have such a wide range of 

mechanical properties and can be controlled with suitable processing and thermal treatments. 

It is well known that the higher the fatigue strength of an alloy, the longer the life of an 

implant made from it[20]. Therefore, the long life of the implant, which is related to its 

resistance to fatigue, is a crucial property of the implant materials. 

Generally, Co-Cr alloys and Ti alloys of α + β type have high fatigue strength when 

compared to other metallic biomaterials. The titanium alloy of type β TNTZ (Ti-29Nb-13Ta-

4,6Zr) presented high resistance to fatigue with appropriate thermomechanical treatments 

[46]. 

The biomaterial that will replace the bone must have a modulus of elasticity equivalent 

to that of the substituted bone. The bone modulus varies in magnitude from 4 to 30 GPa 

depending on the type of bone and the measurement direction [47,48]. Current implant 

materials that have greater stiffness than bone prevent the necessary stress from being 

transferred to the adjacent bone, resulting in bone resorption around the implant and, 

consequently, to the implant loosening. This biomechanical incompatibility that leads to the 

death of bone cells is called the "stress shielding" [9,47,49]. Al-Tamimiet al.[47]describe the 

bone fixation implants commercially available (i.e., external fixators, internal fasteners 

intramedullary pin) are constructed with metallic biomaterials such as stainless steel, 

titanium, cobalt and their alloys (e.g., Ti6Al4V and CoCrMo), indicating that in In a large 
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number of cases, these implants are permanently left in the body, leading to long-term 

problems such as possible release of metal ions, inflammatory reactions, risk of infection, 

loosening of screws and, mainly, bone resorption due to the effects of the shield of tension or 

stress shielding. 

The production of low elastic modulus biomaterials is greatly stimulated by the 

development of β-titanium alloys [9,40]. Thus, a material with excellent combination of high 

strength and low modulus closer to the bone should be used for implantation to avoid implant 

loosening and longer service period, avoiding revision surgery [18]. For Ti and its alloys the 

modulus of elasticity varies from 110 to 55 GPa compared to 316 L stainless steel (210 GPa) 

and chromium-cobalt alloys (240 GPa). The modulus of elasticity of various biomedical 

alloys is compared to the bone and shown in Figure 4. 

 

 

Figure 4: Modulus of elasticity of biomedical alloys [18 - adapted]. 

 

If an implant fractures due to inadequate resistance or divergence in mechanical 

properties between the bone and the implant, this is referred to as biomechanical 

incompatibility [18]. 

 

1.1.3 High corrosion resistance 

Biomaterials must be resistant to corrosion. This is a problem especially in the context of 

metal implants. The presence of body fluids allows metal implants to release metallic ions 

that may accumulate in nearby tissues or be transported to other parts of the body. Corrosion 

is one of the major processes that affect the life and service of orthopedic appliances made of 

metals and alloys used as implants in the body [2].Biomaterials are usually exposed to the 

critical level of humidity and in an environment with high percentage of localized corrosion 

[5]. The low corrosion resistance of implants in body fluid results in the release of metal ions 

not compatible with implants in the body[18]. It has been found that released ions cause 

allergic and toxic reactions[18,50]. Corroded implants in the human body cause excess of 

harmful and toxic metal ions such as Fe, Cr, Ni, Co, and Ti released into the body fluid [5,51]. 
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Initially, these main trace elements in metallic implants would not be harmful by the released 

ions. However, when implants begin to corrode, these trace elements aggressively diffuse 

into the body. Excessive release of these harmful metal ions may cause adverse effects to the 

human body [5,80]. 

When the oxide layer on the metal is broken, corrosion occurs and a metal ion is 

released. The outer layer is then repassivated in a process known as regeneration. The 

regeneration time or repassivation time of the surface oxide layer is different for various 

applied materials [26]. The rate of corrosion and the release of some metal ions are highly 

dependent on the regeneration time [52].  

From the observation of the regeneration time based on the formation of surface oxide 

layers, it was found that the regeneration time for the 316L SS alloy is longer compared to the 

CoCrMo and Ti-6Al-4V alloys [52].Thin layer formation through surface modification 

improves the biocompatibility performance with wear resistance and corrosion resistance [5]. 

Among the metal biomaterials, because of the properties of insufficient corrosion 

resistance in the living organism 316L stainless steels are not suitable for use as hip joint 

biomaterials for a long period [5]. Through the failure analysis it was shown that in the 

surface layer of both rods there was corrosion after 9-21 years of service of the implant 

manufactured with the specification AISI 316L [53](Figure 5). Moreover, as a result of the 

release of Ni in the body, 316L steel is not only susceptible to pitting corrosion but can also 

lead to allergic reactions in the human body [54]. 

 

  
(a) (b) 

Figure 5. (a) Corrosion scale on a Charnley stainless steel rod; (b) Pitting and corrosion 

on a Müller stainless steel rod after removal of the implant [53]. 

 

Hatem et al.[55]state that one of the major disadvantages observed in the use of 

titanium alloy implants is premature failure due to excessive wear and corrosion. They add 

that these often lead to a total revision arthroplasty caused by a variety of diagnoses, with 

increased recurrence of infection, mechanical loosening, breaks, and dislocation. They 

describe that the process of tribo-corrosion, which involves sliding corrosion and fretting 

under body fluids, generates wear debris from the implant that leads the surrounding tissue to 
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inflammatory reactions, bone resorption and low osseo integration of the implant, which may 

result in a complete revision. 

The tribo-corrosion process can expose the human body to harmful elements when they 

are present in the alloy composition of the implant. In the case of Ti-6Al-4V, a titanium alloy 

widely used in biomedical applications, the vanadium ions released from the implant can 

generate cytotoxic reactions and neurological disorders in the patient [56].Modifications in 

the surfaces of the implants to improve the tribo-corrosion behavior can be very promising to 

overcome the causes of mechanical loosening, especially in Ti-6Al-4V alloy implants [55]. 

Nevertheless, because titanium and its alloys have low tribological performance, such surface 

modifications are required for these alloys when the implant will be subjected to this type of 

stress as described in the requirement for high wear resistance. 

In general, in the in vitro studies, the general conclusion is that the presence of metal 

ions in the body leads to biological responses [51]. Although the release of metal by 

corrosion and wear may be considered in principle to be very limited, long-term metal ions 

accumulation and particles in the human body is of great concern. Studies show that 

corrosion occurs slowly due to the electrochemical reaction, once a metal has been implanted 

in the human body [52,2].The presence of metallic ions in the tissues around implants has 

been reported to cause carcinogenicity, hypersensitivity, allergy, local tissue toxicity, 

inflammation and genotoxicity [51].  

Notably, corrosion is not only dependent on the metal chemical properties, but is also 

influenced by mechanical forces. During the time of use, the friction between the implant and 

other tissues may increase the release of ions [23]. Remarkably, some biomaterials use an 

opposing approach and are designed to undergo degradation within the host organism. 

However, even so, it is important for the compounds that the released degradation product is 

biocompatible with the living organism. 

Thus, the development of implants with high resistance to corrosion and wear is of 

prime importance for the longevity of the material in the human system [18].The prevention 

of biomaterials corrosion has become crucial, particularly to overcome the inflammation and 

allergic reactions caused by the implants of the biomaterials towards the human body [5]. 

Ions resulting from a corrosive process can have adverse effects on host health, which makes 

the materials non-biocompatible. Its release from the implant can also reduce implant life, 

thus requiring revision surgery. 

 

1.1.4 High wear resistance 

The low wear resistance leads to the release of wear debris from the implant into the 

surrounding tissue which can produce an adverse cellular response leading to the release of 

harmful enzymes, inflammation, osteolysis, infection, pain and bone resorption [18,57].  In 

general, wear occurs in the articulation of artificial joints as a result of the mixed lubrication 

regime. 

The wear resistance of the material plays a significant role in the biomaterial proper 

functioning, avoiding loosening of the implant and reactions in the tissue in which it is 

deposited, improving the quality of life of the patient [58].  
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Although titanium and its alloys have excellent mechanical and physical properties, 

such as high corrosion resistance, high strength / weight ratio and excellent biocompatibility, 

they present poor tribological properties with a high coefficient of friction and wear 

[10,11,59,60]. This fact limits its applications in wear situations involving wear and many 

works have been carried out by researchers in order to solve the low tribological behavior 

associated with titanium alloys. The adequate surface treatment expands the use of titanium 

and its alloys in the biomedical areas, being one of the most effective methods to improve the 

wear resistance of titanium alloys[17,39].  

The plasma nitriding of titanium and its alloys has been used for wear protection [61-

63]. The treatment produces high hardness and a chemically inert layer that overcomes the 

poor wear resistance of titanium alloys [64]. Nitrogen has a high solubility in α-Ti, so that it 

significantly strengthens the surface layer [61]. The titanium plasma nitriding process based 

on the thermal diffusion mechanism can produce a composite layer formed by TiN at the top 

and Ti2N below, with a hardness that can reach 1500 to 3000 HV [61-63]. [61-63]. In short, 

several researches[62,65-68] report plasma nitriding as a very effective method that improved 

the tribological properties of titanium and its alloys. 

Coating with thin films allows a considerable increase in wear resistance and enables a 

significant increase in the component life. In these techniques, coatings can be produced by 

physical vapor deposition (PVD), chemical vapor deposition (CVD), electrodeposition, ion 

implantation, among others. For example, coatings such as diamond-like carbon (DLC) and 

titanium nitride (TiN) are used in joint implants because of their excellent tribological 

properties [69]. TiN offers advantages such as high hardness and wear resistant, low price, 

corrosion resistant and biocompatible [69-71]; DLC has the advantages of high hardness, 

high resistance to corrosion and wear, biocompatibility and is a solid lubricant, chemical 

inertia; however, disadvantage as fragile, presents poor adhesion and high internal residual 

stress [55,69,72].   It has recently been shown that graphite-type carbon (GLC) and tantalum 

(Ta) have good potential as a coating because they have mechanical properties similar to 

bone - high hardness and high flexibility [69].  

High wear resistance avoids loosening of the implant and reactions in the tissue in 

which it is deposited, improving the patient quality of life. A description of the importance of 

metal biomaterials wear performance was carried out in previous work by the present authors 

[58]. 

 

1.1.5 Osseo integration 

Osseo integration refers to a phenomenon where an implant becomes so fused to the bone 

that it cannotbe separated without a fracture, and when an implant is osseo integrated there is 

no progressive relative movement between it and the bone, with which it has direct contact, 

meaning that osseo integration is necessary for the long-term stability of the prosthesis [73]. 

It is defined as the direct anchoring of an implant by the formation of bone tissue 

around the implant without fibrous tissue growth at the bone-implant interface [74,75]. 

The inability of an implant surface to integrate with adjacent bone and other tissues due 

to micro motions results in loosening of the implant. A fibrous tissue is formed between the 

bone and the implant if the implant is not well integrated with the bone. Thus, materials with 
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a suitable surface are highly essential for the implant to integrate well with the adjacent bone. 

Surface chemistry, surface roughness and surface topography play an important role in the 

development of good osseo integration [18]. 

Osseo integration is the stable and functional union between the bone and an implanted 

surface. This phenomenon occurs after the device insertion into the bone and bone’s cells 

migration to the bone surface [76]. Among other factors, roughness and wettability are very 

important in osseo integration, and the implant needs to have adequate nano and micrometric 

morphological characteristics [77].The final efficacy of osseo integration depends on the 

topography of the surface of an implant. The implant surface properties are crucial for the 

adhesion and differentiation of osteoblasts during the initial phase of osseo integration, as 

well as for long-term bone remodeling [78]. 

The implant design is one of the significant parameters for the performance of 

osseointegration, however, so far, the ideal design for the stability of the timeless bone 

implant has yet to be determined [79]. 

The osseo integration of a bone fixation is defined as the intimate apposition of newly formed 

bone and reformed in congruence with the fixations, including surface irregularities, so that, 

with the analysis by light microscopy, there is no interposition of connective or fibrous tissue 

and is established a direct structural and functional connection, able to withstand normal 

physiological loads without excessive deformation and without initiating a rejection 

mechanism [54]. 

The presence of toxic elements in alloys can also affect osseo integration. For example, 

vanadium ions of the Ti-6Al-4V alloy subjected to a tribo-corrosion process are related to the 

problems of cytotoxic reactions and neurological disorders [56], and these toxicity reactions 

of vanadium ions may be detrimental to local cellular regeneration and contribute to poor 

osseo integration [55,80]. 

 

2. FINAL CONSIDERATIONS 

Biomaterials are primarily used to replace a defective tissue in order to improve the patient's 

quality of life. Regarding the use of biomaterials in the long term, the following factors are 

paramount: biological biocompatibility and mechanical biocompatibility, resistance to 

corrosion and wear and osseo integration. The host's response to the implantation and 

presence of the biomaterial cannot have adverse effects on the implant or host organism. 

Therefore, biological biocompatibility is the primary point of choice, and titanium alloys are 

superior in terms of compatibility compared to stainless steel and cobalt alloys. The nature of 

passive oxide films formed on the surface and the mechanical properties of the materials form 

some of the essential criteria for the selection or development of new biomaterials. The high 

corrosion resistance avoids the degradation process and consequently a reduction of the 

structural integrity of the implant and the release of degradation products, which may react 

unfavorably with the host organism. High wear resistance avoids the generation of wear 

particles, which can stimulate an adverse cellular response leading to implant loosening and 

revision surgery. It is expected that the biomaterial used to replace the bone has mechanical 

properties similar to this, as an example, having a modulus of elasticity equivalent to that of 

bone, avoiding the effect of stress shielding and its consequences. 
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