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Laser Additive 
Manufacturing of 

Titanium-Based Implants:
A Review

ABSTRACT

Titanium and its alloys exhibit a unique combination of mechanical, physical prop-
erties and corrosion resistance behaviour which makes them desirable for aero-
space, industrial, chemical, medical and energy industries. The selective addition 
of alloying elements to titanium enables a wide range of physical and mechanical 
properties to be obtained. Ti-based alloys are finding ever-increasing applications 
in biomaterials due to their excellent mechanical, physical and biological perfor-
mance. Intense researches are being pursued in the development of new Ti-based 
alloys with bio-functionalization closer to human bone, owing to their excellent 
mechanical strength and resilience when compared to alternative biomaterials, 
such as polymers and ceramics. Several manufacturing techniques are capable of 
producing porous materials. There is a need to control pore size, shape, orienta-
tion and distribution. This work reviews the application of Ti-based alloys in the 
biomedical industry and also proposes laser additive manufacture process for the 
manufacture of medical implants.
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1. INTRODUCTION

Metals and their alloys are widely used as biomedical materials. Metallic biomateri-
als like stainless steels, Co-Cr alloys, commercially pure titanium and its alloys are 
extensively used due to their excellent mechanical properties. However, metallic 
materials sometimes show toxicity and are fractured because of their corrosion and 
mechanical damages (Yuhua Li. et al, 2014; Kannatey-Asibu, 2009).

The family of titanium alloys offers a wide spectrum of strength and combinations 
of strength and fracture toughness. This permits optimized alloy selection which 
can be tailored for a critical component. The development must be performed on 
the basis of metallurgy and the resultant alloys must have a good balance between 
mechanical properties and corrosion resistance. Among metallic materials, titanium 
and its alloys are considered the most suitable materials for biomedical applica-
tions due to their superior properties. They satisfy the requirements of implantation 
materials better than other materials (Elias et al., 2008;Temenoff & Mikos, 2008).

Laser additive manufacturing is one of the processes for manufacture of titanium 
based alloys. The process has many variables that can influence the soundness and 
mechanical properties of the resulting part by affecting characteristics such as surface 
finish, porosity, residual stresses/cracking, microstructure, and texture. The variables 
include laser type, laser power and power distribution, laser spot size and shape, 
laser traverse speed, line spacing, layer thickness, deposition pattern, powder shape, 
size, and size distribution, powder feed rate, powder velocity, substrate temperature, 
substrate surface finish, substrate thickness, substrate microstructure and texture, 
and the size and shape of the deposit (Gu et al., 2012; Kobryn & Semiatin, 2001).

The composition of implant biomaterials must be carefully selected to avoid ad-
verse reactions. Metals such as Ti, Zr, Nb, Mo, Ta, Sn are non-toxic and have good 
compatibility. β-type Ti-based alloys have high strength and low elastic modulus 
compared to pure titanium, hence they are used as a starting material for the im-
provement of mechanical properties of porous compacts. Although, fabrication of 
implants from materials with lower elastic modulus can reduce stress shielding effect, 
the modulus mismatch to bone is still substantial. To provide a way for living bone 
to attach itself permanently to an implant, an artificial bone should have a porous 
structure. Porous titanium implants demonstrate an important gain in promoting 
tissue in-growth and in the firm securing of an implant (Elias et al., 2008).

Porous materials in implants are increasingly attracting widespread interest of 
researchers and desirable by the biomedical industries. The mechanical properties 
of porous Ti-based alloys are dependent on porosity, pore morphology, pore size 
distribution and microstructure. There is a need to come up with a novel method of 
manufacture of the porous Ti based alloys with a keen control of pore size, shape, 
orientation and distribution. There is also need to develop analytical models to predict 



 

 

10 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/laser-additive-manufacturing-of-titanium-

based-implants/149843

Related Content

Morphology and Functionalization of Metal Foils and Other Surfaces for

Electrochemical Applications
Martin Rozmanand Miha Lukši (2022). Handbook of Research on Tribology in

Coatings and Surface Treatment (pp. 359-389).

www.irma-international.org/chapter/morphology-and-functionalization-of-metal-foils-and-other-

surfaces-for-electrochemical-applications/301925

Advanced Machining Techniques for Fiber-Reinforced Polymer Composites
Inderdeep Singhand Kishore Debnath (2017). Materials Science and Engineering:

Concepts, Methodologies, Tools, and Applications  (pp. 112-135).

www.irma-international.org/chapter/advanced-machining-techniques-for-fiber-reinforced-

polymer-composites/175691

Development and Assessment of a New Flow-Through Test Instrument to

Study Wear and Erosion Effects of Nanofluids
Gustavo J. Molina, Fnu Aktaruzzaman, Valentin Soloiu, Mosfequr Rahmanand

Kenshantis Martin (2017). International Journal of Surface Engineering and

Interdisciplinary Materials Science (pp. 58-74).

www.irma-international.org/article/development-and-assessment-of-a-new-flow-through-test-

instrument-to-study-wear-and-erosion-effects-of-nanofluids/173733

3D Printing and Actor-Network Theory
Graham Harman (2017). 3D Printing: Breakthroughs in Research and Practice  (pp.

48-56).

www.irma-international.org/chapter/3d-printing-and-actor-network-theory/168213

Wear and Friction Effects on Engine Materials of N-Butanol in Ultra-Low

Sulfure Diesel Mixtures
Gustavo J. Molina, John L. Morrison, Valentin Soloiuand Cesar Carapia (2022).

International Journal of Surface Engineering and Interdisciplinary Materials Science

(pp. 1-11).

www.irma-international.org/article/wear-and-friction-effects-on-engine-materials-of-n-butanol-in-

ultra-low-sulfure-diesel-mixtures/298707

http://www.igi-global.com/chapter/laser-additive-manufacturing-of-titanium-based-implants/149843
http://www.igi-global.com/chapter/laser-additive-manufacturing-of-titanium-based-implants/149843
http://www.igi-global.com/chapter/laser-additive-manufacturing-of-titanium-based-implants/149843
http://www.irma-international.org/chapter/morphology-and-functionalization-of-metal-foils-and-other-surfaces-for-electrochemical-applications/301925
http://www.irma-international.org/chapter/morphology-and-functionalization-of-metal-foils-and-other-surfaces-for-electrochemical-applications/301925
http://www.irma-international.org/chapter/advanced-machining-techniques-for-fiber-reinforced-polymer-composites/175691
http://www.irma-international.org/chapter/advanced-machining-techniques-for-fiber-reinforced-polymer-composites/175691
http://www.irma-international.org/article/development-and-assessment-of-a-new-flow-through-test-instrument-to-study-wear-and-erosion-effects-of-nanofluids/173733
http://www.irma-international.org/article/development-and-assessment-of-a-new-flow-through-test-instrument-to-study-wear-and-erosion-effects-of-nanofluids/173733
http://www.irma-international.org/chapter/3d-printing-and-actor-network-theory/168213
http://www.irma-international.org/article/wear-and-friction-effects-on-engine-materials-of-n-butanol-in-ultra-low-sulfure-diesel-mixtures/298707
http://www.irma-international.org/article/wear-and-friction-effects-on-engine-materials-of-n-butanol-in-ultra-low-sulfure-diesel-mixtures/298707

