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Finite element analysis of tissue differentiation process in fractured bones applied
by a composite IM-rod based on a mechano-regulation theory

Dae-Sung Son’, Hassan Mehboob', Seung-Hwan Chang*+

ABSTRACT

This paper describes the bone healing process of fractured long bones such as a tibia applied by composite IM
rods using finite element analysis. To simulated tissue differentiation process mechano-regulation theory with a
deviatoric strain was implemented and a user’s subroutine programmed by a Python code for an iterative calculation
was used. To broadly find the appropriate rod modulus for healing bone fractures, composite IM rods were analyzed
considering the stacking sequence. To compare mechanical stimulation at fracture gap, two kinds of initial loading
conditions were applied. As a result, it was found that the initial loading condition was the most sensitive factor for
the healing performance. In case a composite IM rod made of a plain weave carbon fiber/epoxy (WSN3k) had a
stacking sequence of [+45].r, the healing efficiency was the most effective under a initial load of 10%BW.
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Fig. 1 Finite element model of a fractured tibia.

Table 1 Material properties of IM rods and bones

Young’s Shear Poisson’s
modulus[GPa]  modulus[GPa] ratio
E=8.50 Gro=2.40 vi=0.141
Cortical bone E¢=7.00 G,=5.00 vi=0.065
E~18.40 Go,=3.60 vo,=0.099
Trabecular 1.10 0.44 0.260
bone
Stainless steel 193.00 74.23 0.300
E=10.00 Gr=3.50 vip=0.019
WSN3k [0]onr E¢=70.00 G=3.50 v=0.019
E,=70.00 Go=5.06 vo,=0.130
E~=10.00 Gr=3.95 v=0.019
WSN3k E~17.90 G395 ve=0.019
[£45]ar
E~17.90 Go~=30.97 vo,=0.780
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Fig. 2 Mechano-regulation theory with a deviatoric strain.
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Fig. 3 Load condition during healing period.
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Fig. 4 Tissue differentiation for initial loads of 10% BW.
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Fig. 5 Average callus modulus according to healing period for initial
loads of 10% BW.
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Fig. 6 Tissue differentiation for initial loads of 100% BW.
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Fig. 7 Average callus modulus according to healing period for initial
loads of 100% BW.
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