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Investigation of the mechanical properties of the porous scaffolds used in bone
tissue engineering by means of micromechanical modeling
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ARTICLE INFORMATION ABSTRACT

Original Research Paper The use of porous scaffolds for repairing the damaged bone tissues has increased in recent years. As
Received 08 May 2017 exploration of the mechanical properties of the scaffolds on the basis of experiments is time consuming
Accepted 15 August 2017

and uneconomic, mathematical models are increasingly being introduced into the field, but most of

Available Online 22 September 2017 them rely on finite element method and theoretical studies are rarely found in the literature. In this

Keywords: paper, different micromechanical models are presented for obtaining the effective elastic properties of

Bone Tissue Engineering bone scaffolds. Using these models, the mechanical properties of different scaffolds, including ceramic
Bone Scaffold and composite bone scaffolds, are investigated. Single scale and multi-scale modeling approaches are
Micromechanical Modeling used to simulate the ceramic and composite scaffolds, respectively. Furthermore, because of the wide

Multi-scale Modeling

Effective Elastic Properties application of hydroxyapatite in fabrication of bone scaffolds, the mechanical properties of

hydroxyapatite scaffolds in different porosities are obtained in the current study by means of the
presented methods. Results show that Dewey, self-consistent and differential schemes are the best
methods in calculation of the value of Young’s modulus of these scaffolds in porosity ranges of less
than 30 %, 30 to 60 % and more than 60 %, respectively. Moreover, self-consistent scheme gives good
estimation of the value of Poisson’s ratio of hydroxyapatite scaffolds in different porosities. By
obtaining the values of the mechanical properties of the scaffolds in different porosities by these models
and using the statistical analysis, the mathematical relationship between the porosity and the mechanical
properties of these kinds of scaffolds (Young’s modulus and Poisson’s ratio) is obtained.
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0.798 0.818 m
2.25 1.65 n
0.166 0.221 a
0.604 0.84 b

4 Herakovich and Baxter Model (HBM)

° Generalized Method of Cells (GMCs)

© Gibson Model (GM)

" Roberts and Garboczi Model (RGM)

8 Ramakrishnan and Arunachalam Model (RAM)
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Fig. 1 Schematic of bone regeneration process using biodegradable
porous scaffold [6]
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Fig. 2 Comparison between the experimental results presented in [37] for Young’s modulus (GPa) of the hydroxyapatite bone scaffolds and the
obtained values in this study by means of a) DM, RM, HBM, GM and RGM, b) RAM, WTM, DEM, DS and SC methods
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Fig. 3 Comparison between the experimental results presented in [38] for Young’s modulus (GPa) of the hydroxyapatite bone scaffolds and the
obtained values in this study by means of a) DM, RM, HBM, GM and RGM, b) RAM, WTM, DEM, DS and SC methods
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Fig. 4 Comparison between the experimental results presented in [39] for Young’s modulus (GPa) of the hydroxyapatite bone scaffolds and the
obtained values in this study by means of a) DM, RM, HBM, GM and RGM, b) RAM, WTM, DEM, DS and SC methods
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Fig. 5 Comparison between the experimental results presented in [40] for Young’s modulus (GPa) of the hydroxyapatite bone scaffolds and the
obtained values in this study by means of a) DM, RM, HBM, GM and RGM, b) RAM, WTM, DEM, DS and SC methods
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Fig. 6 Comparison between the experimental results presented in [41] for Young’s modulus (GPa) of the CEL2 glass ceramic bone scaffolds and the
obtained values in this study by means of a) DM, RM, HBM, GM and RGM, and b) RAM, WTM, DEM, DS and SC methods
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Fig. 7 Comparison between the obtained values for Poisson’s ratio in
different porosities in this study and experimental findings [39]
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Table 3 Comparison between the obtained values for C;;1; (GPa) in
this study and experimental findings [42]
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Table 4 Comparison between the obtained values for Young’s modulus (MPa) of bone scaffolds made of hydroxyapatite/collagen
composites in different porosities in this study and finite element method (FEM) [43]
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