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Introduction

Several properties such as proper strength, high corrosion 
resistance, biocompatibility, low friction and high wear 
resistance are required for the biomaterials [1]. Though, the 
several developed biomaterials do not fulfil all of the above 
necessities. Wear and corrosion have been stated to be the 
main causes for the failure of implant components. Some of the 
claims of tribology in the biomedical field are as follows: wear 
of dentures [2], heart valves [3], plates and screws in bone 
fracture repair [4]. Wear is a main influence in monitoring and 
defining the longstanding medical performance of a metallic 
biomaterial. Therefore, the aim of this study is to outline the 
wear characteristics of Ti-based biomaterials and how wear 
is influenced by the kind of alloys, production processes, test 
methods, and characterization practices.

Desired Properties of Biomaterials 

A biomaterial should fulfil the principles given underneath 
[5]. 

I. Mechanical properties: Similar elastic modulus of 
biomaterials to bone (4-30 GPa) is required to inhibit stress 
shielding. 

II.  Biocompatibility: The biomaterial should be compatible 
with living systems. 

III.  High wear resistance: A high wear resistance and low 
friction coefficient are needed when sliding against body tissues 
to protect loosing of the implants. 

IV. High corrosion resistance: In case of having a low 
corrosion resistance can release metal ions into the body 
producing toxic reactions. 

V.  Osseointegration: Osseointegration is “a direct structural 
and functional connection between ordered, living bone 
and the surface of a load-carrying implant”. The roughness, 
chemistry, and topography of the surface play a chief role in good 
osseointegration. 

VI.  Non-toxic: The material should be neither genotoxic nor 
cytotoxic. 

VII.  Long fatigue life: A high resistance to failure by fatigue is 
essential to avoid implant failure. 

Wear of Ti-based Biomaterials 

The wear resistance of the biomaterial is important in the 
working of the material. Therefore, the wear resistance of a 
biomaterial is essential. Numerous investigations have been 
performed to study the tribological properties of established 
biomaterials. 

Wear testing methods 

The methods that are generally utilized in the previous 
work to investigate the tribological performance of metallic 
biomaterials are the block-on-disc [6], ball-on-disc [7], and pin-
on-disc [8], as shown in Figure 1.

Characterization techniques for the wear of biomaterials 

 Chemical analyses eg energy-dispersive spectroscopy 
(EDS)] have been employed for selected regions to define the 
composition. A scanning electron microscope (SEM) has been 
utilized to monitor the wear mechanism. A 3D Talysurf tool has 
been used to examine the 3D surface roughness [5].  
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Figure 1: Schematic of (a) ball-on-disc, (b) pin-on-disc, and (c) block-on-disc wear test configurations.

Wear Performance of Different Biomaterials 

Increasing the Nb content improved the wear resistance of 
Ti-based alloys [8]. Heat treatment improved the resistance to 
wear of Ti-29Nb-X due to the formation of oxide particles from 
Nb2O5. The tribological characteristics of commercially pure 
Ti, Ti-Al-V, and Ti-Al-Fe were studied in Hanks’s solution [9]. 
Wear mechanisms were detected as tribo-mechanical abrasion, 
transfer layer formation, and cracking. Comparison of the 
tribological behavior of Ti-13Nb-X and Ti-6Al-X was done under 
diverse heat treatment conditions [6]. The wear resistance 
of the Ti-6Al-X alloy was observed as higher to that of the Ti-
13Nb-13Zr alloy under all of the heat treatment conditions. 
The wear resistance of Ti-15Mo-XNb alloys was studied [10] 
under dry conditions. The friction coefficient was observed to 
increase with the Nb content. Adhesive wear was observed to 
be the primary wear mechanism. Also, the wear behavior of 
Ti-6Al-XNb and AISI 316L stainless steel alloys was studied at 
dissimilar sliding speeds and loads [11]. The similar friction and 
wear mechanisms were detected for the examined specimens. 
An increase in the friction coefficient with the sliding speed was 
observed for both alloys. 

Techniques to improve wear resistance of metallic 
biomaterials  

Several modification methods for the surface can be 
mentioned as ion implantation, nitriding, carburizing and plasma 
coating used to improve the wear resistance of biomaterials [5]. 

Summary 

I.  Addition of Nb to Ti alloys improves the wear resistance of 
these alloys and rises the friction coefficient due to the increment 
with the alloy hardness. 

II.  Abrasive wear has been detected to be the principal wear 
mechanism. 

III.  To develop the resistance of alloys to wear and friction, 
surface treatments and coating are essential.
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