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Biomechanical effects of different bone cement diffusion patterns after vertebroplasty :finite element analysis YAO
Gong,SHEN Yi-xin™ ,LI Min ,and CAI Bing. *Department of Orthopaedics ,the Second Affiliated Hospital of Soochow Univer-
sity ,Suzhou 215004 , Jiangsu , China

ABSTRACT Objective: To investigate the biomechanical effects of different bone cement diffusion patterns in the treatment
of osteoporotic vertebral compression fractures. Methods:One volunteer with L, osteoporotic vertebral compression fracture
was selected ,male,aged 68 years old,heighed 172 cm,weighted 60 kg, and healthy before. CT scans were used from Tj—Ls,
CT data was extracted with Mimics software ,and Geomagic wrap and Solidworks were used to model, and the three-dimensional
finite element model (T),—L,)of preoperative osteoporotic vertebral compression fractures in the thoracolumbar segment was es-
tablished. Similarly, the situations of bone cement dispersion in vertebroplasty were simulated (the situations of bone cement
dispersion had the three kinds,including the bone cement not contacts with upper and lower endplates,the bone cement only
contacts with upper endplates,and the bone cement contacts with upper and lower endplates). According to different diffusion
situations, five types of loads were applied to the model : upright, upright plus forward flexion , upright plus backward extension,
upright plus left bending, upright plus right rotation. Meanwhile ,the model was compared with the cementless lumbar spine
model ,and the deformation and stress distribution of each model under load were recorded and compared. Results: After the
establishing the finite element model of osteoporotic vertebral compression fracture in the thoracolumbar segment, it was found
that the deformation of three different bone cement distribution models above was not significantly different. In L, cancellous
bone,the Von Mises stress of the cementless lumbar spine group was significantly higher than that of the cemented group. A-
mong the three groups of different bone cement injection situations,the Von Mises stress in the group of bone cement contacts

with upper and lower endplates was the lowest, followed by the group of bone cement only contacts with upper endplates ,and
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the highest Von Mises stress was the group that bone cement contacts neither the upper or lower endplates. In the comparison of

bone cement stress, the Von Mises stress in the group of bone cement contacts with upper and lower endplates was significantly

higher than the other two groups (upright 12.375 MPa, upright plus forward flexion 16.411 MPa,upright plus backward exten-
sion 16.801 MPa,upright plus left bending 13.425 MPa,upright plus right rotation 13.014 MPa) ,and the Von Mises stress in

the group of bone cement does not contact with upper and lower endplates was the lowest. Conclusion: The bone cement con-

tact with both upper and lower endplates can effectively absorb and transfer the stress level brought by the load,reduce the

stress level of cancellous bone, and reduce the possibility of refracture of the operative vertebral body.
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Fig.1 Diagram of different working conditions of bone cement 1a. Bone cement was not in contact with upper and lower endplates  1b. Bone cement

was only in contact with upper endplate 1c. Bone cement was in contact with both upper and lower endplates

HEARZ AR ME (AR 5 R 45 K B 5i MRS 4R i /b 33% , K As
JRH SRR B D 66% ,  [7) It 5 S8 2 A AfE 8] S A7 7
BRI K, R A% 1 SRR 3 1A%, fR 45 HAte
LIRS ROAE BT 5 B0 BRI Al R L
A BRI LS S R OC A TR . IR 1.

®1 BEEARTEEOHHSH

Tab.1 Material parameters of the spinal finite element

model
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Tab.2 The maximum global deformation of each model under different loads after PVP for L, vertebral body fracture (mm)
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Fig.2 Global deformation of the models under different working conditions ~2a. The bone cement
was not in contact with the upper and lower endplates , and the maximum deformation was 4.146 7 mm
under upright working condition ~ 2b. The bone cement was only in contact with the upper end-
plate ,the maximum deformation was 4.168 9 mm under working condition 2c¢. The bone cement
was in contact with both upper and lower endplates,and the maximum deformation was 4.134 9 mm

under upright working condition 2d. Cementless lumbar spine,the maximum deformation was
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Tab.3 The Von Mises stress of L, cancellous bone of each model under different loads(MPa)
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Fig.3 The Von Mises stress levels of bone cement and L, cancellous bone under different working conditions in each model ~ 3a. The Von Mises stress of

bone cement  3b. The Von Mises stress of L, cancellous bone
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Tab.4 The Von Mises stress of vertebral bone cement of each model under different loads(MPa)
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Fig.4 Extraction of stress conditions of three different bone cement finite element 4a. Bone cement was not in contact with upper and lower endplates
under wording condition of upright plus forward flexion,with the Von Mises stress of 2.351 6 MPa  4b. Bone cement was only in contact with the upper
endplate under wording condition of upright plus forward flexion,with Von Mises stress 12.899 0 MPa  4c. Bone cement was in contact with upper and

lower endplates under upright plus forward flexion, with the Von Mises stress of 16.411 0 MPa
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