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Abstract : Osteoporosis is a systemic skeletal disease caused by low bone mass and the decrease of bone density in the
microstructure of trabecular bone. Drug therapy(PTH : Parathyroid hormone) may increase the trabecular thickness and thus
bone strength. Vertebroplasty is a minimally invasive surgery for the treatment of osteoporotic vertebral compression fracture.
This procedure includes puncturing vertebrae and filling with Polymethylmethacrylate(PMMA). Although altering recommended
monomer-to ~powder ratio affects material properties of bone cement. clinicians commonly alter the mixture ratio to decrease
viscosity and increase the working time. The purposes of this study were to analyze the effect of the monomer-to-powder ratio
on the mechanical characteristics of trabecular. In this paper, the finite element model of human vertebral trabecualr bone
was developed by modified Voronoi diagram, to analyze the relative effect of hormone therapy and vertebroplasty at the
treatment of osteoporotic vertebrae. Trabeuclar bone models for vertebroplasty with varied monomer-to-powder ratio(0.40~1.07
n¢/g) were analyzed. Effective modulus and strength of bone cement-treated models were approximately 60% of those of intact
models and these are almost twice the values of hormone-treated models. The bone cement models with the ratio of 0.53ml/g
have the maximum modulus and strength. For the ratio of 1.07mé/g. the modulus and strength were minimum(42% and 49%
respectively) but these were greater than those for drug therapy. This study shows that bone cement treatment is more
effective than drug therapy. It is found that in vertebroplasty., using a monomer-to-powder ratio different from that
recommended by manufacturer may significantly not only reduce the cement’s material properties but also deteriorate the
mechanical characteristics of osteoporotic vertebrae.

Key words : Osteoporosis, Vertebroplasty, Bone cement. Monomer-to-powder ratio, Finite element analysis
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Table 1. Microstructural parameters for finite element analysis of intact, aging, drug treatement and bone cement
reatment in 2D models of vertebral trabecular bone

Case (Tb.Thi. (Tb.Th)r # of longitudinal trabeculae # of transverse trabeculae
(mm) (mm)
Intact 0.213 0.163 563 380
Aged 0.207 0.134 502 338
Treated (hormone) 0.225 0.190 502 338
Treated (Bone cement) 0.207 0.134 502 338

% # © number
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Table 2. Material properties of trabecular bone
Case Material Elastic Modulus Poisson’s Ratio Yield Strength
A Bone 1.0 MPa 0.3 10 KPa
B Bone 12 GPa 0.3 120.5 MPa

¥ 3. Table 29| A/B9] 322 A48 Fo| 2 AlHE S4%|

Table 3. Material properties of bone cement after scale-down value A/B in Table 2

Mixture ratio (mL/g) Elastic Modulus (MPa) Poisson’s Ratio Yield Strength (KPa)
0.40 0.151 0.3 4.108
0.47 0.176 0.3 4.871
0.53 0.184 0.3 4.938
0.57 0.173 0.3 4.780
0.6 0.168 0.3 4.689
0.67 0.160 0.3 4.108
0.73 0.163 0.3 4.033
1.07 0.148 0.3 3.817
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