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Abstract. Additive manufacturing (also known as 3D printing) process is an emerging technique for the 
fabrication of biomedical components. Selective laser sintering or melting is one of the widely used additive 
printing technology for manufacturing of metallic and non-metallic components used in the industry. This 
review paper presents, a summary of the published research papers on the fabrication of biomedical 
components using selective laser sintering technique. Therefore, author meticulously attempted to 
investigate individual biocompatible material-wise review which includes Ti6Al4V, Ti-7.5 Mo alloy, β-
Ti35Zr28Nb, PEEK, PA2200, and Polyamide/Hydroxyapatite. In addition, this article also explores the 
effects of the various laser sintering process parameters such as laser power, scanning speed, density of the 
material on the mechanical properties, tribological properties, porosity and surface roughness of the 
fabricated alloy. Moreover, the author also investigated challenges and future prospective of the laser 
processing of biomedical implants. 

1 Introduction  

Additive manufacturing is a manufacturing technique 
where a 3D product is created by adding material in 
successive layers (as opposed to removing material from 
a block). There are various types of additive 
manufacturing state-of-the-art and techniques in the 
design and development of various 3D components [1, 
2]. Recently, researchers are involved in the design and 
fabrication of improved biomedical implants used in 
knee and hip joint replacement for Osteoarthritis (OA) 
patients [3-5]. Osteoarthritis (OA) is a form of 
degenerative joint pain caused by wear and tear on 
joints. The soft bone cartilage in the hip, knee and 
shoulder joints joint wear away over the passage of time 
and the condition becomes very painful. Hence, there is 
a need for providing improved biomedical implants that 
are resistant to any wear and tear. Selective laser 
sintering (SLS) is one of the additive manufacturing 
processes for fusion of powder materials to build 3D 
components using laser power energy. This process is 
widely used for the fabrication of metal matrix 
composite for making precision components such as 
biomedical implants for better tribological and corrosion 
resistance properties of the fabricated components. 
Figure 1 shows different steps of selective laser sintering 
process. Now a day, many research articles have been 
published which includes design and fabrication of 
biomedical components such as 3D printing of bone, 
prosthetics, intervertebral discs, medical equipment, 
heart valve, etc. using this technique. This review article 
mainly focused on the research work that has been 
published on additive manufacturing of 3D biomedical 

components using Ti6Al4V, Ti-7.5 Mo alloy, β-
Ti35Zr28Nb, PEEK, PA2200, and 
Polyamide/Hydroxyapatite composites.  

2 Selective laser sintering and melting  

2.1. Selective laser sintering of Ti6Al4V 

The authors [6-8] reported fabrication of 3D metal 
matrix composite (MMC) used for the implants is 
fabricated using laser sintering process. In order to 
enhance the service life of the implant existing implants 
Ti6Al4V is mixed with the wear-resistant and 
biocompatible nano cBN/TiO2 reinforcements. On the 
basis of good wettability and bonding between Ti6Al4V 
and cBN, such composition is considered in the present 
invention. The method comprises fabricating a 3D MMC 
implant using DMLS (additive manufacturing) process 
in which a solid body is fabricated layer by layer where 
the high-intensity laser is scanned over metal powder 
bed [9,10]. This is a laser additive technology for 
making precise and complex objects. If needed, further 
optional secondary manufacturing and finishing steps are 
carried out. Whereas [11] carried investigation on 
selective melting of Ti6Al4V powder to find out surface 
roughness and porosity and reported that the fabricated 
component has an average surface roughness (Ra) of 
17.6 ± 3.7 μm and less porosity as compared to the 
component fabricated through conventional techniques.  
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Fig. 1. Different steps of Laser sintering process 
 

 
Fig. 2. Schematic representation of the direct laser sintering 
arrangement [6]

2.2. Selective laser sintering of Ti-7.5 Mo-alloy 

Recently, researchers around the globe have shown keen 
interest in fabrication of dental implant and skeletal 
repair using Titanium foam. Researcher [12] reported 
preparation porous Ti-7.5Mo alloy from mixed power 
using the SLS technique. The author has concluded that 
after the sintering of this material, the pore morphology 
changes from open to close pores on variation of 
temperature from 1000 to 1200 °C. Whereas, from the 
compressive stress-strain curve, it is observed that on 
decreasing porosity, Elastic modulus and yield strength 
increases in the range from 3.26–12.7 GPa and 58.6–
182.5 MPa respectively. Whereas [13] carried out 
preparation and characterization of high strength and low 
modulus Ti-7.5Mo from powder mixture using SLS 
technique. The results of this paper indicate that sintered 
alloy has a high tensile strength (>700 MPa) and 
ductility (9%) with low Young’s modulus (70 GPa). 
However, [14] prepared Ti-Mo alloys using SLS 
technique and performed a study of its microstructure 
and tensile properties. The author has reported that the 
density of the fabricated sample was very high 
approximately 99 percentages with special conchoidal 
structure along with 70 GPa and 700 MPa as the modulus 
and ultimate tensile strength. 

2.3. Selective laser sintering of β-Ti35Zr28Nb 

Many researchers [15, 16] carried out investigations on 
fabrication of β-Ti35Zr28Nb scaffold using SLS 
technique for a bone implant and reported that the 
fabricated alloy has excellent biocompatibility with good 
anti-corrosion properties. The fabricated alloy also 
exhibits excellent mechanical properties of trabecular 
bone with the elastic modulus (0.2–5) GPa and 
compressive strength (4–70) MPa. Whereas [17-19] 
performed an experimental investigation on the 
corrosion behavior of Ti35Zr28Nb in Hanks’ solution at 
37 °C and 3.5 wt% NaCl solution at 95 °C. These 
investigations indicate that there was no evidence of 
crevice corrosion under various conditions.   

 
Fig. 3. Custom-made skull plate manufactured in medical-
grade titanium using SLM technology [18] 

2.4. Selective laser sintering of PEEK 

3D Spinal Implants for the future generation can be 
implemented for old age patients. Because the implant is 
only designed and developed for a particular patient and 
surgery, it can be costly to produce as referred to an off-
the-shelf implant. Presently modern scientific innovation 
is involved to improve the physical condition of victim’s 
spines. 3D manufacturing technology enables a health 
care professional to develop a prosthetic that smoothly 
fits the anatomy of a patient [20]. For manufacturing 
medical instruments or implants the best option to use is 
Polyetheretherketone (PEEK), Such components are 
usually made using traditional manufacturing processes, 
such as injection molding. Using Selective Laser 
Sintering (SLS) can give greater versatility to the 
components fabricated [21, 22]. However, [23, 24] have 
performed fabrication of scaffolds of PEEK using SLS 
technique and reported that the tensile strength and 
elasticity modulus of CF/PEEK composites higher than 
injection molded pure PEEK.  Whereas, [25] 
investigated a material which has excellent mechanical, 
thermal, rheological and chemical properties used in 
aerospace industries. There are many ways of fabrication 
of composites using graphene and PEEK which possess 
all the mentioned properties.  However, [26] investigated 
critical barriers in 3D Printing of PEEK due to the higher 
temperatures needed for melting, lack of availability of 
appropriate feedstock, time-consuming, concerns over 
poor adhesion between layers, and noneconomic 
processing steps. The author also discussed feasible 
solutions and mechanisms for the processability of 
PEEK.  Figure 4 shows comparative properties of EOS 
PEEK HP3 produced using selective lasers sintering 
against injection molded PEEK 450G and 
PA2201/PA12. 
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Fig. 4. The comparative properties of EOS PEEK HP3 produced using selective lasers sintering against injection molded PEEK 
450G and PA2201/PA12[21]

2.5. Selective laser sintering of PA2200 

[27,28] carried fabrication of 3D scaffolds made of 
PA200 using SLS technique and reported that the 
fabricated polymer scaffold has higher strength. The 
author has also reported that a differential mechanical 
property of PA2200 parts can be achieved. Moreover, 
[29] investigated the effects of the process parameters on 
the mechanical properties of the PA 2200. Different 
parameters considered for optimization include 
orientation, position and preheating temperature. The 
reported results indicate that the optimal preheating 
temperature is 170° for the sample fabricated at 0 ° (Z) 
whereas 171° C for the sample fabricated at an inclined 
angle of 45°. 

2.6. Selective laser sintering of 
Polyamide/Hydroxyapatite composites 

2.6 Recently a thick bone-like structure, almost identical 
in appearance and material to the bone is reported [30, 
31]. The developed structure can be in dental work, 
orthopedic applications and also for scaffolding in 
fractured parts of the body on which new bones may 
grow [32]. Figure 4 represents effects of laser power 
density on the porosity of the fabricated material. This 
material also dissolves when new bone grows in its 
place, and there will be no harmful effects on the body. 
The developed methods can be used for the design and 
fabrication of customized replacement of bone tissue 
created in this manner. 

I) Hydroxyapatite – Hydroxyapatite is a material that is 
highly biocompatible [33, 34]. In fact, a modified form 
of hydroxyapatite constitutes a lot of the composition of 

the naturally occurring bone. Hydroxyapatite is quite 
often used to prepare materials for bone grafting and 
bone repairing [35]. The compressive strength that the 
material has is anisotropic, a property that bears 
similarity to human bones. 3D printed hydroxyapatite 
has structural properties that allow it to bear load and 
have a high strain [36, 37].  

II) Hyperelastic bone – Hyperelastic bone is a 3D 
printing material, that is primarily composed of bone 
mineral or hydroxyapatite, along with a biocompatible 
material like polyglycolic acid [39, 39]. Hyperelastic 
bone has an extensive lattice structure. It is highly 
osteoregenerative and easy to utilize in in-vitro and in 
vivo applications. It is very absorbent, easy to use in 
surgery and very elastic. However, though it has been 
tested on animals with promising results, hyperelastic 
bone has not yet been approved by the FDA for human 
use. 

 
Fig. 5. The relation between the laser power density and the 
porosity of as-SLS specimens with 10 wt% HA [30] 
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3 Challenges and future prospective in 
laser processing of biomedical implants    

3D printed prosthetics are highly susceptible to 
durability and easily breakable when pulled wrongly due 
to produced layer by layer deposition. This technology 
requires highly skilled professionals for manufacturing 
and maintaining uniform temperature to decrease the 
formation of the cracks in the final products. In addition, 
the 3D printed products should also be tested and 
approved by the concerned government agency. In 
addition to this, some of the limitations and challenges of 
this 3D manufacturing technology also include long 
manufacturing time and high cost incurred in production.  

4 Conclusions    

In this paper, the author presented a summary of the past 
and present investigation undergoing in fabrication of 
biomedical components through laser sintering process. 
From these literatures, it can be concluded that most of 
the paper reported laser sintering technique significantly 
enhances the thermal and tribological properties of the 
fabricated alloy as compared to other methods. The 
following points are drawn from the literature review: 

• Biomedical components fabricated through laser 
sintering process exhibit better tribological and 
mechanical properties 
• Composition of the powder is an important factor 
that can affect the hardness, wear and surface roughness 
of the fabricated alloy 
• This technique enables the development of bone-
like structures that can be used for scaffolding, 
orthopaedic and dental work along with bones for 
customized replacement. 

4 Recommendations for future work    

The present review paper mainly concentrates on the 
literatures based on the addition of a single type of 
reinforced material in them during the preparation of 
powder for the sintering of alloy. Therefore, further 
investigation can be performed on hybrid (more than one 
type of material in the powder sample). In addition to 
this, the investigation can also be carried out on the 
effects of the shape and size of the reinforced particle in 
the base powder on the performance of the biomedical 
components. 
 

 
Table 1. Mechanical Properties of the 3D biomedical components manufactured using selective laser sintering 

Material Strength (MPa) Density 
Surface Roughness (SR)/ 

Wear/ Coefficient of 
friction (COP) 

Micro-hardness Reference 

Ti6Al4V 

------ 4.23 g/cm3 Wear: 26.49 μm 519HV [6] 
------ 3.40–4.10 g/cm3 COP: 0.33–0.42 388-590 HV [7] 

 2.2 to 2.66 
g/cm3 COP:  0.40–0.50 487–683 HV [8] 

------ ------ SR:  17.6 ± 3.7  μm ---- [11] 

Ti-7.5 Mo-alloy 

(>700 MPa) Relative 
Density: 99.7% ---- ----- [13] 

740MPa 
Relative 

Density: 85.5% 
to 99.5%. 

---- ----- [14] 

β-Ti35Zr28Nb 

Compressive Strength: 
4–70 MPa Porosity: 83% SR:  4.5 μm ------ [15] 

Compressive Strength: 
132.5 ± 3.5 MPa Porosity: 61.1% ---- ------ [16] 

PEEK 

97MPa 1.3  g/cm3 ---- ------ [20] 
73 MPa 1.3  g/cm3 ---- ------ [21] 

88.7 ± 1.5 MPa 1.31 ± 0.2 g/cm3 Average asperity height: 
24.5 μm ----- [22] 

101.03MPa Volume 
fraction: 31% ---- ------ [24] 

109±1 MPa ---- ------ ---- [25] 

PA 2200 64.13 MPa ---- ------ ---- [27] 
48.1 MPa 0.93 g/cm3 ------ ---- [29] 

 
Polyamide/ 

Hydroxyapatite 

Compressive Strength: 
26 MPa ----- ----- ----- [31] 

Compressive Strength :  
23.77±3.34  MPa 

Porosity: 77.36 
% ----- ----- [32] 

Compressive Strength : 
22 MPa ----- ----- ----- [36] 
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