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Synthesis of Porous Structure for Metallic Implants
with Low Young’s Modulus
Using Selective Laser Melting with Titanium Powder
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Growing interest and practical importance have become associated with producing implants such as

artificial joints, bone fixators, and spinal fixators made with titanium. To achieve good bone/implant fixation while

avoiding bone absorption problems, it is necessary to reduce the Young’s modulus of titanium while maintaining

high strength to achieve compatibility in these mechanical properties with human cortical bone. We have strived to

fabricate porous titanium with directional pores using methods based on selective laser melting (SLM), in which

complex three-dimensional parts containing designed shapes of pores are producible by melting successive thin

layers of metal powder using a laser beam. This study demonstrates that porous titanium with directional pores

aligned in the longitudinal direction of the ingot is produced using the SLM process and that high strength and

low modulus comparable to those of human bone are achieved simultaneously when measured in the longitudinal

direction of the ingot.

Key Words: selective laser melting (SLM), implant, bone, biomaterial, titanium, powder, porous structure,

Young’s modulus, anisotropy
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Stress concentrations do not
occur around pores.

Stress concentrations
occur around pores.

Fig. 1 Schematic drawing of porous structures ((a), (b))
and their stress concentrations ((c), (d)): (a) and (c)
porous materials fabricated using powder metallurgy
methods and (b) and (d) lotus-type porous materials.
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Fig. 2 Schematic illustration of the selective laser melting
(SLM) process: (a) cylindrical specimen built under
various laser irradiation conditions and (b) laser
scanning pattern (direction). Melting is made on
each of successive thin layers of powder stacked in
the z direction with a laser beam scanned in the x
and y directions. Pores are expected to form so as to
elongate along the z direction.

Table 1 Laser irradiation conditions.

Laser power /W 200
Scan speed /mm/s 50~800
Scan spacing  /mm 0.1~2.0
Layer thickness /mm 0.05

Fig. 3 Top views of SLMed specimens produced at a scan
speed of (a) 50, (b) 100, (c) 150, (d) 200, (e) 300 and
(f) 400 mm/s at a constant scan spacing of 0.3 mm.

Fig. 4 Top views of SLMed specimens produced at a scan
spacing of (a) 0.2, (b) 0.3, (c) 0.4, (d) 0.6, (e) 0.8 and
(f) 1.2 mm at a constant scan speed of 100 mm/s.
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Fig. 5 Longitudinal cross-section views of SLMed
specimens produced at a scan spacing of (a) 0.4,
(b) 1.2 and (c) 1.6 mm at a constant scan speed of
100 mm/s. An SLMed specimen with penetrating
pores parallel to the building direction produced at
a scan spacing of 1.2 mm and a scan speed of 100
mm/s is shown in (d).
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Fig. 6 Relative densities of SLMed specimens produced at
scan speeds of 50, 100 and 150 mm/s plotted as a
function of scan spacing.
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Fig. 8 (a) Young’s modulus and (b) yield stress of SLMed
specimens measured parallel and perpendicular to
the growth direction plotted as a function of relative
density.
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Fig. 9 CAD models with penetrating pores parallel to the
direction of build (z direction): (I) a base model of
a quadrangular prismatic structure; (II) a reinforced
structure with one-directional plates parallel to the
x direction and perpendicular to the xy plane inside;
(I11) a reinforced structure with one-directional plates
diagonal to the x and y directions and perpendicular
to the xy plane inside.

Fig. 10 SLMed specimens produced from quadrangular
prismatic structural CAD models as shown in
Fig. 9(I), (II) and (III).
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in Fig. 9 and (b) SLMed specimens as shown in
Fig. 10 measured along the x, y and z directions.
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Fig. 12 An SLMed specimen with penetrating pores parallel
to the building direction (z direction) produced
with Ti-6Al-7Nb powder: the hexagonal prismatic
(honeycomb) structure reinforced with three-
direction rectangular bars rotated 60 degrees like a
spiral in order and parallel to the xy plane inside.
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