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ABSTRACT

Metals are often used in a wide range of biomedical applications since they have good mechanical char-
acteristics, like higher strength, ductility, and toughness. However, the primary disadvantage of metallic 
biomaterials is their rapid reactivity, which causes corrosion when exposed to physiological conditions 
like body fluids. When exposed to body fluids, the metallic biomaterial is subjected to wear and corro-
sion; hence, the mechanical properties are reduced. Corrosion resistance, which also has a significant 
impact on biocompatibility, affects the efficacy and longevity of an implant material. In this chapter, the 
body environment will be carefully examined and the potential impacts of corrosion on the biocompat-
ibility of various biomaterials will be highlighted. The fundamentals of implant failure, recovery, and 
failure mechanisms will be mentioned, and the most common in-vitro and in-vivo corrosion processes 
will be discussed. Finally, the different methods for preventing biomaterial corrosion will be emphasised.
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1. INTRODUCTION

According to Williams, biomaterials are described as “the materials which is used to interact with bio-
logical systems to analyse, improve, or substitute any tissue, organ, or part of the body” (Callister & 
Rethwisch, 2007). In order to minimise the negative consequences of various illnesses, infections, or 
damages that can impact a patient’s health, biomaterials are used to develop biomedical devices. The 
skeletal and muscular systems, which are made up of bones, cartilage, ligaments, muscles, and tendons, 
give the body stability and motion. Devices intended to aid in healing or replace functionality include 
joint replacements, bone fixation plates, and muscle structures. Because the musculoskeletal system bears 
the weight of the body, the mechanical characteristics of implanted biomaterials have a big impact on 
how long medical devices last. Metals are therefore employed as implant materials. Generally, bio met-
als and alloys have elements joined together through metallic bonding, with the positively charged ions 
oriented in a crystal structure and encircled by an electron cloud (Revie, 2011). This atomic structure 
gives metals characteristics including outstanding thermal and electrical conductivity, high strength, 
stiffness, and toughness, as well as moderately good malleability and ductility (Revie, 2011). Addition-
ally, the metal’s characteristics can be changed by mechanical or thermal processing. Contrarily, most 
of the bio metals have a built-in propensity to corrode and transform into more stable states, particularly 
in aqueous solutions with dissolved oxygen and ions, as is the case with physiological fluids. Metals 
with strong corrosion resistance are typically employed for numerous biomedical fields. High resistance 
to corrosion is a property of passive metals, which can react with their surroundings to generate a very 
durable and protective oxide coating that covers them from further corrosive action. The main catego-
ries of passive metals that are most frequently used in the biomedical field are titanium alloys, stainless 
steel, and cobalt-chromium-molybdenum alloys. Corrosion is the degradation of a material as a result of 
its environment’s reaction with it. Chemical, electrochemical, physical, or a mixture of these reactions 
may result in the material degrading (Sin, 2015). In low and stable energy such as oxides, sulphides, 
silicates, etc., metals can be found in ores. The stable chemicals in the ore are broken down into a low 
stable metallic form during processing. Thermodynamics dictates that metals in a high-energy state 
are more likely to interact with nearby species and return to much more stable states. Biological fluids, 
which are aqueous fluids including various nutrients, electrolytes, organic entities, etc., are exposed to 
metals implanted into the body (Eliaz, 2019a). Electrochemical mechanisms dominate the corrosion of 
metallic biomaterials due to the watery nature of bodily fluids. The many species that are carried by 
biological environments can alter the ion mobility inside the fluid, which can alter how quickly metallic 
implants corrode. Additionally, even while human fluids typically have a pH of 7.4 since they are buff-
ered solutions, their pH might alter due to illnesses or during surgery (Eliaz, 2019a), which will impact 
the corrosion of materials in contact. Different types of corrosion can occur when metals are exposed to 
corrosive conditions. The material’s entire surface is equally affected by general or uniform corrosion. 
Pitting corrosion is a sort of localised corrosion that causes tiny cavities to grow on the metal’s surface. 
Lower pH is caused by the oxidation reaction in the pit, and chloride ions move there to balance the 
charging of the metallic ions. This intensifies the corrosion locally and makes the environment more 
hostile, penetrating quickly. When different materials come into contact and are exposed to a conducting 
fluid, galvanic corrosion can occur. The far more active material tends to experience more corrosion due 
to its various potentials. When a metal implant surface is usually hidden from the environment, such 
as through small gaps, joints, or deep fissures, crevice corrosion a localised kind of corrosion occurs. 
Because of the difference in aeration with the bulk environment, the anodic processes preferentially 



 

 

26 more pages are available in the full version of this document, which may

be purchased using the "Add to Cart" button on the publisher's webpage:

www.igi-global.com/chapter/corrosion-behaviour-of-metallic-biomaterials-in-

physiological-environments/323402

Related Content

Mechanism of Fracture in Pre-Cracked Single-Edged Notched Bars With AI2O3-TiO2 and WC-

CO Coatings
K. V. Arunand  Manjula S. (2021). International Journal of Surface Engineering and Interdisciplinary

Materials Science (pp. 40-57).

www.irma-international.org/article/mechanism-of-fracture-in-pre-cracked-single-edged-notched-bars-with-ai2o3-tio2-and-

wc-co-coatings/281248

Finite Element Based Unloading of an Elastic Plastic Spherical Stick Contact for Varying

Tangent Modulus and Hardening Rule
Biplab Chatterjeeand Prasanta Sahoo (2013). International Journal of Surface Engineering and

Interdisciplinary Materials Science (pp. 13-32).

www.irma-international.org/article/finite-element-based-unloading-elastic/75563

An Overview of 3D-Printed Smart Polymers and Composites
Amithkumar Gajakosh, Suresh Erannagari, R. Suresh Kumar,  Thyagaraj N. R.,  Mallaradhya H. M.and

Rudresha S. (2023). Development, Properties, and Industrial Applications of 3D Printed Polymer

Composites (pp. 130-148).

www.irma-international.org/chapter/an-overview-of-3d-printed-smart-polymers-and-composites/318976

Characterization of Cold Sprayed Copper Coatings on Al Alloy Substrate
Tarun Goyal, T. S. Sidhuand R. S. Walia (2015). International Journal of Surface Engineering and

Interdisciplinary Materials Science (pp. 41-53).

www.irma-international.org/article/characterization-of-cold-sprayed-copper-coatings-on-al-alloy-substrate/138562

Self-Healing Materials Systems as a Way for Damage Mitigation in Composites Structures

Caused by Orbital Space Debris
Brahim Aïssaand Maha Mohamed Khayyat (2014). Handbook of Research on Nanoscience,

Nanotechnology, and Advanced Materials (pp. 1-25).

www.irma-international.org/chapter/self-healing-materials-systems-as-a-way-for-damage-mitigation-in-composites-

structures-caused-by-orbital-space-debris/107959

http://www.igi-global.com/chapter/corrosion-behaviour-of-metallic-biomaterials-in-physiological-environments/323402
http://www.igi-global.com/chapter/corrosion-behaviour-of-metallic-biomaterials-in-physiological-environments/323402
http://www.irma-international.org/article/mechanism-of-fracture-in-pre-cracked-single-edged-notched-bars-with-ai2o3-tio2-and-wc-co-coatings/281248
http://www.irma-international.org/article/mechanism-of-fracture-in-pre-cracked-single-edged-notched-bars-with-ai2o3-tio2-and-wc-co-coatings/281248
http://www.irma-international.org/article/finite-element-based-unloading-elastic/75563
http://www.irma-international.org/chapter/an-overview-of-3d-printed-smart-polymers-and-composites/318976
http://www.irma-international.org/article/characterization-of-cold-sprayed-copper-coatings-on-al-alloy-substrate/138562
http://www.irma-international.org/chapter/self-healing-materials-systems-as-a-way-for-damage-mitigation-in-composites-structures-caused-by-orbital-space-debris/107959
http://www.irma-international.org/chapter/self-healing-materials-systems-as-a-way-for-damage-mitigation-in-composites-structures-caused-by-orbital-space-debris/107959

