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Finite element model establishment of thoracolumbar hemangioma and 

biomechanical analysis   

 

Jiang Ren-bing, Dong Lei, Liu Qi-zhen, Wu Jun-shen, Bai Jing-ping (Ward of Bone and Soft Tissue, Tumor 

Hospital Affiliated to Xinjiang Medical University, Urumqi 830000, Xinjiang Uygur Autonomous Region, China) 

 

Abstract 

BACKGROUND: Most of studies focus on the biomechanical characteristics of thoracic spine neoplasm, but 

there is little report on the fracture risk in the patients with vertebral hemangioma through finite element 

analysis. 
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OBJECTIVE: To establish a finite element model of vertebral hemangioma, and to analyze its biomechanical 

characteristics, and assess the risk of vertebral fracture. 

METHODS: Three-dimensional finite element models of T
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2

 vertebrae from normal individuals, the patients with 

vertebral hemangioma (hemangioma accounting for 20%, 40%, 60%, 80% of the vertebral cancellous bone) and bone 

cement filling were established, respectively, and then the mechanical characteristics were analyzed. The stress 

distribution and characters of each model were determined under a vertical static pressure of 600 N. 

RESULTS AND CONCLUSION: (1) Three-dimensional finite element models of T
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 vertebrae were established 

successfully. Under static pressure, the stress distribution of L

1

 cortical bone showed no significant difference among 

models, and the maximum stress all occurred at the base of pedicle, zygapophysial joint and isthmus. (2) The stress 

distribution did not differ significantly between vertebral hemangioma accounting for 20%�40% of vertebral cancellous 

bone with complete cortical bone and normal ones, but which differed significantly in hemangioma accounting for 

60%�80%. (3) To conclude, the established thoracolumbar three-dimensional model is available. Additionally, 

biomechanical tests manifest that the completeness of cortical bone and destruction ratio of cancellous bone destruction 

are key factors for the fracture risk of vertebral hemangioma. 

Subject headings: Finite Element Analysis; Spine; Hemangioma; Stress, Mechanical; Tissue Engineering 
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Table 1  Properties of bones, ligaments and bone cement     

���� ���� E(MPa) 	
� v 

�
� 12 000 0.3 



� 100 0.2 

��� 2 160 0.3 

��� 4.2×10

-4

 0.5 

�� 1 0.495 

����
 3.4 0.45 

���� 11.4 0.4 

���� 9.12 0.4 

� �� 4.56 0.4 

!�� 5.7 0.4 

�"�� 8.55 0.4 
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Figure 1  Distribution of vertebral stress points 
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Figure 2  Thoracolumbar finite element model establishment and 

meshing 
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Figure 3  Stress analysis at different parts of the vertebra under 

vertical static pressure 
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Table 2  Paired test results of the stress distribution of three 

models under a vertical static pressure of 600 N      

�� �� ��� ��� t P 

N-H �0.070 0.53 15 �0.52 0.612 

N-B �0.019 0.51 15 �0.15 0.886 

H-B 0.05 0.08 15 2.45 0.027 
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Table 3  Paired test results of the stress distribution of different 

destruction ratios of cancellous bone      

�� �� ��� ��� t P 

N-P

20

 �0.031 0.06 15 �2.09 0.054 

N-P

40

 �0.075 0.14 15 �1.84 0.085 

N-P

60

 �1.06 0.99 15 �4.20 0.001 

N-P

80

 �1.35 1.16 15 �4.60 < 0.001 
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