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Finite element analysis of PMMA bone cement reinforced screw plate fixation for osteoporotic proximal humeral
fracture

WANG Wei-bin,YUAN Xin-hua,FU Qing-song,HAN Xin-you (Hwa Mei Hospital ,University of Chinese Academy of Sci-
ences ,Ningbo 315010, Zhejiang , China)

ABSTRACT Objective With the help of finite element analysis, to explore the effect of proximal humeral bone cement en-
hanced screw plate fixation on the stability of internal fixation of osteoporotic proximal humeral fracture. Methods The digital
model of unstable proximal humeral fracture with metaphyseal bone defect was made, and the finite element models of proximal
humeral fracture bone cement enhanced screw plate fixation and common screw plate fixation were established respectively.
The stress of cancellous bone around the screw, the overall stiffness, the maximum stress of the plate and the maximum stress of
the screw were analyzed. Results The maximum stresses of cancellous bone around 6 screws at the head of proximal humeral
with bone cement enhanced screw plate fixation were 1.07 MPa for No.1 nail,0.43 MPa for No.2 nail,1.16 MPa for No.3 nail,
0.34 MPa for No.4 nail,1.99 MPa for No.5 nail and 1.57 MPa for No.6 nail. These with common screw plate fixation were :2.68
MPa for No.1 nail,0.67 MPa for No.2 nail,4.37 MPa for No.3 nail,0.75 MPa for No.4 nail,3.30 MPa for No.5 nail and 2.47
MPa for No.6 nail. Overall stiffness of the two models is 448 N/mm for bone cement structure and 434 N/mm for common
structure. The maximum stress of plate appears in the joint hole:701MPa for bone cement structure and 42 OMPa for common
structure. The maximum stress of screws appeared at the tail end of No.4 nail:284 MPa for bone cement structure and 240.8
MPa for common structure. Conclusion Through finite element analysis, it is proved that the proximal humerus bone cement
enhanced screw plate fixation of osteoporotic proximal humeral fracture can effectively reduce the stress of cancellous bone
around the screw and enhance the initial stability after fracture operation,thus preventing from penetrating out and humeral
head collapsing.
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Fig.1 Extraction of three-dimensional humerus model from mimics software
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Fig.2 Titanium locking plate and screw grid model
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Fig.3 Cortical and cancellous bone models in finite element analysis
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Fig.4 Location of titanium nails on bone cement structure
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Fig.6 Stiffness of the whole structure under different fixing screws
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Fig.7 Stress nephogram of plate and screws with bone cement structure
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Fig.9 Stress nephogram of humerus at different titanium screw positions
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