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Biomechanical effects of different distributions of bone cement on osteoporotic vertebral

compression fractures: a three-dimensional finite element analysis
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Abstract: Objective In percutaneous vertebroplasty (PVP) for osteoporotic vertebral compression fractures (OVCFs), the
inadequate and asymmetrical distributions of bone cement in the affected vertebra will affect surgical effect and long-term
symptoms. The effects of the distribution of bone cement in the vertebra on the stress of the affected vertebra after PVP are analyzed
in the study. Methods The finite element model of T12-L2 vertebral body was established using the CT data of the vertebral body
of a volunteer. The OVCFs of L1 vertebral body was simulated, and then PVP was carried out. The bone cement column was injected
into L1 vertebral body, and there are 3 distribution patterns of bone cement, namely inadequate distribution group, well-distribution
group, and asymmetrical distribution (including the upper and lower distributions) group. The biomechanical effects of movements
in different directions on L1 vertebral body after surgery were analyzed. Results Compared with the stress of osteoporotic L1
vertebral body, the maximum stress of postoperative L1 vertebral cancellous bone was mainly concentrated at the cancellous bone
around bone cement, while the distribution of maximum stress of cortical bone remain unchanged. Compared with those in well-
distribution group, the maximum stress and maximum displacement of L1 vertebral cancellous bone and cortical bone in inadequate
distribution group were significantly increased, while the maximum stress of cancellous bone in the asymmetrical distribution
group was significantly increased. Similar results could be obtained under all loading conditions in different directions. Conclusion
In PVP for OVCFs, inadequate distribution of vertebral cement will lead to significantly increased maximum displacement of the

vertebral body after surgery, resulting in unrelieved postoperative pain. Inadequate and asymmetrical distributions of the diseased
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vertebrae cement will significantly increase the maximum stress of the diseased vertebral cortical bone and cancellous bone after

surgery, so it is easy to cause the re-fracture of the diseased vertebra after surgery.

Keywords: vertebroplasty; finite element; osteoporosis; vertebral compression fracture
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Figure 2 Percutaneous vertebroplasty models
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Table 1 Structural material parameters of the finite

element model of osteoporotic vertebral body
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before and after PVP under vertical compression force
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