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Abstract

Objective: In order to deal with the complications such as degeneration of adjacent joints and damage
to neurovascular and so on after lumbar fusion internal fixation in patients with osteoporosis, for this
reason, this paper designs a three-stage screw and analyzes the surgical model by simulation software.
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Methods: A finite element model of L3~L5 lumbar spine was established based on the CT data of hu-
man lumbar spine, and M1 model of traditional pedicle screw internal fixation and M2 model of new
screw internal fixation of the same size were established on the lumbar spine model to simulate the
six physiological activities of the human body in the flexion-extension, lateral bending and rotation
movement state. The maximum von Mises stresses and stress distributions of the three-stage screws
were analyzed under different bone qualities, as well as the mobility of the lumbar spine model under
different working conditions. Results: Under two bone qualities, the M2 model had greater mobility
under forward flexion, left and right lateral bending, and left and right axial rotation working condi-
tions, which was closer to the healthy unimplanted model; moreover, under osteoporotic conditions,
the peak stresses of the screws in the M2 model under anterior extension, posterior flexion, and left
and right rotation working conditions were reduced by 16.56%, 4.67%, 23.08%, and 22.44% com-
pared with that in the M1 model. Conclusion: The use of three-stage screws can limitedly avoid post-
operative complications caused by excessive restriction of joint mobility after surgery in both bone
volumes; in osteoporotic conditions, the use of three-stage screw fixation can reduce the peak stress
value of pedicle screws, and the risk of fracture is lower.
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Figure 1. New three-segment pedicle screw design
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Figure 2. Initial model of lumbar L3~L5 segments and three-dimensional finite element model using different screws for
internal fixation
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Table 1. Material properties of the cones, discs, ligaments and internal fixation components

1R HER. FHETREEBRGMREY

FYERL R (MPa)
Mk - AL A (mm?)
EH B EEQTIN

B R 12,000 8060 0.3

L/Ni= 100 34 0.3

L 3500 2345 0.2

AR 500 0.25

LR 4.2 0.453

Hit% 1 0.499

RATHCE 25 0.25

GIE NG 20 - 38
EEN ki 70 - 20
B 50 - 60
bz Mok 28 - 35.5
kTR 0 28 - 35.5
LEENERI b 50 - 10
RATEEWIAT 20 - 40
R &4 110,000 0.3
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Figure 3. Finite element verification of lumbar spine
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M 4 AR DL Y, R ] 7 2 R P AR AE I IRES TR R03E 31 BE AR ) 2 /N TR aa A5 A 20 10 A
EIEFEERT, M2 BAERTE . A, Aaiimiess T, 5 M1 BEAE I 70.16%, 5.81%,
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Figure 4. Comparison of L4~L5 segmental mobility in different

bone qualities
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Figure 5. Comparison of maximum screw stresses under differ-
ent physiological loads
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Figure 6. Stress clouds of two screws in different bone qualities during left lateral bending
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