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Fig.1 Process of parametric modeling for porous scaffolds:

(a) diamond structures and (b) gyroid structures
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Fig.2 Structures of mathematical models and printed products:
(a) cube shape, (b) stl model of cube structure, (c) diamond
shape, (d) stl model of diamond structure, (e) gyroid shape,

() stl model of gyroid structure, and (g) 3D printed samples
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Fig.3 SEM image of Ti6Al4V ball powder as raw printing

material
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Fig.4 SEM images for the microstructures of solid Ti alloy (a)
and SLM 3D printed porous scaffolds (b)
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Fig.5 3D models (a~c) and SEM images (d~f) of the printed samples

for different porous scaffolds: (a, d) cube, (b, e) diamond, and

(c, f) gyroid structure with same pore size 750 um
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Table 1 Comparison of pore size and porosity of three samples

CAD sample Printing sample
Sample  Theoretical Theoretical Actual pore Actual
pore size/um porosity/%  size/um porosity/%
250 40 230H5 3546
Cube 500 60 472424 5349
750 80 718437 68+12
250 40 226H4 3645
Diamond 500 60 46827 5538
750 80 717446 69+10
250 40 223821 3445
Gyroid 500 60 465436 5047
750 80 714452 65411
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Fig.6 Comparison of total surface area of three kinds of samples

(the same theoretical porosity 40%)
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Fig.7 Finite element analysis of diamond structure mechanical property: (al~a4) strain changes with vertical force 200, 250, 300

and 350 N; (b1~b4) stress changes with vertical force 200, 250, 300 and 350 N
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Fig.8 Mechanical strength of the printed samples for different porous scaffolds: (a) mechanical characteristics of titanium alloy with

different porosity and (b) mechanical characteristics of different printed samples with different porous structures
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Design and Characterization of Porous Titanium Scaffold for Bone Tissue Engineering

Deng Zhenbo*, Zhou Changchun®, Fan Yujiang, Peng Jingping?, Zhu Xiangdong®, Pei Xuan, Yin Guofu', Zhang Xingdong*
(1. Sichuan University, Chengdu 610065, China)
(2. Jing Sheng Medical Technology Services LTD, Shanghai 201114, China)

Abstract: In order to fabricate bone tissue engineering scaffold accurately, a novel method that combined parametric modeling and 3D
printing was proposed. In this method, the scaffold structures were designed using cloud data of the molded surface. Firstly, the cloud data
containing the surface information of cube structure, diamond structure and gyroid structure were obtained. Then the scaffold structures
with different parameters were expressed by mathematical functions. After that, finite element analysis was done to the scaffolds. The
mechanical properties of porous scaffolds were calculated based on the finite element analysis. Bone tissue engineering scaffolds with
different porous structures were manufactured by 3D printing. Finally, the printed titanium scaffolds were characterized to detect the
porosity and mechanical properties. The results show that the parameterized model and rapid prototyping manufacturing can design and
fabricate titanium alloy scaffolds with specific pore structure characteristics effectively. And the scaffold's mechanical properties can be
also designed. It optimizes the design of porous titanium alloy scaffolds with biological functions from the perspective of bionics.

Key words: porous titanium; bone tissue engineering; parametric modeling; laser selective melting 3D printing; porous structures
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