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3D printed personalized lumbar spinal fusion device design and biomechanical performance analysis REN Jie and
LY U Zhi. Department of Orthopaedics ,the Second Hospital of Shanxi Medical University , Taiyuan 030001, Shanxi , China
ABSTRACT Objective : The finite element analysis method was used to compare the biomechanical performance of the in-
dividualized interbody fusion cage,the clinically common double bullet type fusion cage and the healthy lumbar spine model
under different working conditions. Methods : According to the CT scan data of the lumbar spine of a real healthy human body,
a finite element model of the lumbar spine of a healthy human body was designed using finite element software as a normal con-
trol group. On this basis, the individualized lumbar fusion cage model and the clinical standard bullet-type fusion cage lumbar
spine model were further established. These three finite element models were applied with different loads such as vertical com-
pression , forward flexion, extension,and lateral bending to observe the changes in the stress distribution and stress magnitude
of each component of the lumbar spine. Results: The maximum stress values of the vertebral body and the fusion cage under the
extension condition in the clinical standard bullet-type fusion cage lumbar spine model were 45.81 MPa and 97.07 MPa,re-
spectively. The stress of the vertebral body and the fusion cage in the individualized lumbar fusion cage model was closer to the
stress of the vertebral body and the intervertebral disc in the healthy lumbar spine model. From the perspective of displace-
ment, the displacement of each component of the lumbar spine models of the two fusion cages was smaller than that of the
healthy lumbar spine model , indicated that the internal fixation of the fusion cage limited the range of motion of the vertebral
body. On the other hand , it also confirmed the validity of the finite element model established in the study. The displacement of
the fusion cage and the vertebral body in the individualized model under different working conditions was generally smaller
than that of the standard model fusion cage and the vertebral body. Conclusion: The fusion cage can replace the diseased in-
tervertebral disc to a certain extent, so as to reduce the patient’s pain and restore the lumbar function. The personalized design
of the fusion cage can better meet the needs of individual patients,which has the great significance to the recovery of the pa-
tient’s lumbar spine function, the service life of the fusion cage and the protection of the contact vertebral body,and provides
certain guidance for actual clinical treatment.
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Fig.1 Print model of lumbar intervertebral disc
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Fig.2 Print model of bullet-type fusion cage
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Fig.3 Print model of individualized lumbar fusion cage
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Tab.1 Material characteristics of lumbar spine and fusion

cage
i A FPEBLEE(MPa)  JARA LD ¥ (kg/mm?)
BB 12 000 0.30 2x10°

i JoL B 100 0.20 1x10°°

i ] 4% 42 0.45 1.02x10°
fill 4 4% (PEEK) 3800 0.28 1.29x10°
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Fig 4 Finite element models of three kinds of fusion cage for internal fixation of lumbar spine  4a. healthy lumbar model 4b. Individualized lumbar

fusion cage model 4c. Bullet-type lumbar fusion cage model
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Tab.2 Stress values of intervertebral disc/cage and vertebral body of three models under different working conditions (MPa)
M 1] 458/ 45 4 1O ) Ly BeE AR g Ly BRI )
TH R A A g FICLEE G @RERE DRGSR mG R MR A S TRk A
HERL T A A 7Y e A A 1 BEAY R A A 7R e I A AR AR T A A 7 e AR AR AR
HAL 12.27 29.10 37.53 19.51 9.21 21.77 10.0 23.38 16.20
Aif i 18.74 78.44 94.66 31.82 34.12 22.78 5.51 63.16 24.34
Jei fifi 31.20 71.04 97.07 38.17 31.77 45.81 13.11 37.34 39.27
VerllES 23.73 59.99 63.26 25.63 26.49 31.28 14.52 39.23 28.45
U 21.10 88.85 119.20 23.78 30.56 47.06 18.42 25.23 45.75
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Fig.5 Cloud chart comparison of stress changes of intervertebral disc/

fusion cage of three models under different working conditions
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Fig.6 Deformation and displacement nephogram of intervertebral disc/

fusion cage of three models under different working conditions
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Fig.8 Comparison of cloud diagrams of end plate displacement changes

of three models under different working conditions
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Tab.3 Deformation displacement values of intervertebral disc/cage and vertebral body of three models under different

working conditions

HEI L/ 5 4 BLFS 1 (mm) HEPR 55 {8 (mm)
LT B 4\%4«‘:22%‘%@*& ??ﬁizg%‘%ﬂ%& B 4\14:%2;%%%& ?ﬁigg%ﬂ%*&
HL. 0.067 0.018 0.036 0.090 0.050 0.070
Al 0.110 0.050 0.043 0.539 0.100 0.110
Jei i 0.210 0.022 0.115 0.750 0.130 0.190
A 0.130 0.032 0.076 0.400 0.130 0.140
ZE S 0.150 0.033 0.090 0.560 0.120 0.170
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