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A Microstructural Analysis for Preventive Treatments of Vertebral Fracture

H. D. Kim" (Dept. Biomedical Eng., Konkuk Univ.), G. R. Tack' (Dept. Biomedical Eng., Konkuk Univ.),
H. S. Kim (Mechanical & Medical Engineering Center, Institute for Advanced Engineering),
S.J. Lee (Dept. Biomedical Eng., Inje Univ.)

ABSTRACT

It is reported that the mechanical properties of vertebral trabecular bone depend on the density and the mass of bones.
Osteoporosis is a systemic skeletal disease caused by low bone mass and microstructure deterioration of trabecular bone.
Silva and Gibson (1997) studied the treatment of age-related bone loss using drug therapy. Vertebroplasty is a minimally
invasive surgery for the treatment of osteoporosis vertebrae. This procedure includes puncturing vertebrae and filling with
Polymethylmethacrylate (PMMA). However, the relative effect of drug therapy and bone cement for osteoporosis treatment
is not reported vyet. In this study, several 2D models of human vertebral trabecular bone are analyzed by finite element
method. The mechanical behaviors of the vertebral trabecular bone treated by the drug therapy and the bone cement are
compared. This study shows that bone cement treatment is more effective strategy than drug therapy to prevent the
degradation of bone strength.
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Fig. 1. Construction of Voronoi Diagram
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Fig. 2. Finite element mesh of an intact model
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Fig. 3. Finite element mesh of an aged model
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Fig. 4. 2D Micro-CT image of trabecular bone specimen
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Table 1. Material properties of trabecular bone and bone
cement

Table 2. Microstructural parameters for simulation of
aging, drug treatment and bone cement treatment in a 2D
model of vertebral trabecular bone

C (Tb.Th). | (Tb.Th)r | #oflongitudinal | # of transverse
ase (mm) (mm) trabeculae trabeculae
Intact 0.213 0.153 563 380
Aged 0.207 0.134 502 338
Treated 0.225 | 0.190 502 338
(Hormone)
Treated
(Bone cement) 0.207 0.134 502 338

Case Material Elastic Poisson's Yield
Modulus Ratio Strength
A Bone 1.0MPa - 0.3 10KPa
Bone cement | 0.183Mpa 0.3 4.8KPa
B Bone 12GPa 0.3 120.5MPa
Bone cement 2.2GPa 03 58MPa
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Fig. 5. Modulus and strength for several 2D models
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Fig. 9. Deformed state of a treated (Bone cement} model
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