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Finite element analysis for predicting the mechanical properties of bone
scaffolds fabricated by fused deposition modeling (FDM)

Saman Naghieh!, Mohammad Reza Karamooz Ravari2, Mohsen Badrossamay?’,
Ehsan Foroozmehrl, Mahmoud Kadkhodaei?

1- Department of Mechanical Engineering, Isfahan University of Technology, Isfahan, Iran
2- Department of Mechanical Engineering, Graduate University of Advanced Technology, Kerman, Iran
*P.0.B. 8415683111, Isfahan, Iran, mohsen.badrossamay@cc.iut.ac.ir

ABSTRACT

Getting benefit from additive manufacturing (AM) techniques in medicine has revolutionized this filed especially in bone tissue engineering.
One of the low-cost AM techniques is fused deposition modeling (FDM) that has provided a platform for fabrication of bone scaffolds. Bone
scaffolds should have acceptable mechanical properties as well as biological features. In this way, finite element modeling as a common trend
is used to predict the mechanical properties of bone scaffolds in order to reduce the number of experimental tests as well as considering the
appropriate biological features. In this study, a reliable finite element model of bone scaffolds made by FDM technique was developed. The
mechanical properties of the structure were determined by compression tests and separate experiments were used in order to validate the
numerical model. All scaffolds in both model and experimental tests were designed and fabricated with a lay-down pattern of 0-90°, filament
gap of 350 micron and 0.5 mm nozzle diameter. The results showed that the finite element model could predict the mechanical behavior of
bone scaffolds with reasonable accuracy and hence it could be used for mechanical evaluation of the bone scaffolds.

Keywords: Bone Scaffolds, Finite Element Analysis, Fused Deposition Modeling, Mechanical Behavior.
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1. Fused Deposition Modeling
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