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BACKGROUND: Previous studies have performed three-dimensional finite element analysis on lumbar
fracture fixation. However, a few studies concerned three-dimensional finite element analysis of lumbar

OBJECTIVE: To analyze the biomechanical characteristics of one-way screw and universal screw fixation
for lumbar fractures using finite element method.

METHODS: Models of lumbar fractures treated with one-way screw and universal screw fixation were
established. Three-dimensional finite element method was used to analyze and compare the maximum
axial displacement, maximum bending degree, maximum stress on the pedicle screw fixation system and
maximum stress of intervertebral disc in normal vertebral fracture model, one-way and universal pedicle

screw fixation models.

RESULTS AND CONCLUSION: (1) The maximum axial displacement at anteflexion, posterior
extension, left lateral curvature and right lateral curvature was significantly lower in the one-way
fixation group and universal fixation group than in the normal group (P < 0.05-0.01). The maximum
axial displacement at above directions was lower in the universal fixation group than in the one-way
fixation group. (2) The maximum bending degree was significantly lower in the one-way and universal
fixation groups than in the normal group (P < 0.05-0.01). The maximum bending degree at various
directions was lower in the universal fixation group than in the one-way fixation group. (3) The
maximum stress on the pedicle screw fixation system at various directions was lower in the universal
fixation group than in the one-way fixation group (P < 0.05-0.01). (4) The maximum stress of
intervertebral disc was significantly lower in the one-way and universal fixation groups than in the
normal group (P < 0.05-0.01). The maximum stress of intervertebral disc at various directions was
lower in the universal fixation group than in the one-way fixation group. (5) Results suggested that
one-way and universal screw fixation for lumbar fracture can bear most of the stress, obviously
decrease the maximum axial displacement, maximum bending degree, maximum stress on the pedicle
screw fixation system and maximum stress of intervertebral disc. The stability of universal screw
fixation was better than that of one-way screw fixation.

Subject headings: Lumbar Vertebrae; Fractures, Bone; Internal Fixators; Finite Element Analysis;

Biomechanics; Tissue Engineering
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Figure 1 Lumbar finite
element model
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F 1 BEBENRAMELRE R (xts, n=6, mm)
Table 1 Comparison of the maximum axial displacement of
models of three groups

ikl Hil e Ja JEfEs A

EHMEMEAL  6.43320.11 5.849+1.02 24.357+0.86 29.542+5.03
FL T 22 4.235+0.32% 4.579+0.98% 7.893+0.67° 16.475+1.22°
T4 SE 4L 4.01740.17° 4.425£0.77° 7.642+1.01° 16.243+1.03°

Fyk: HIEWHEZIN L, °P<0.05, °P<0.01.
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Table 2 Comparison of the maximum bending degree of
models of three groups

ikl i Ja e A
IEHMEMEAL  14.4521.11 28.47+4.77 25.76+7.33 28.49+4.31

AT el 7.464£0.65° 17.79+3.22° 8.47+1.03° 16.55+1.56°
JitAT T e 4 7.33+0.59° 16.88+1.98° 8.38+0.98° 16.34+1.87°

Tk HIEWBEMELAIN L, °P<0.05, °P<0.01.
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%3 HEERMESRIZSTEERE LR LR

(xts, n=6, MPa)
Table 3 Comparison of the maximum stress on the pedicle
screw fixation system in each group

Anl i Jrfi JefiEs s

Hn%] 245.37+14.52 155.32+23.51 185.37+11.76 257.42+21.43
el 4
TiT4T  217.46£16.98" 142.17+20.89° 178.49+10.23" 238.37+20.99°
i 24l
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Table 4 Comparison of the maximum stress of
intervertebral disc in each group

45 il i JE JefEs s
EH AL 2.869+0.14 2.877+0.43 5.108+1.01 5.432+1.03

AT e 4l 1.67520.217 0.872+0.11° 0.445+0.10° 0.496+0.02°
JiTATIE 4 1.47120.13° 0.753+0.10° 0.433+0.11° 0.453+0.12°

Tk SIEWEME4IN L, 2P <0.05, °P<0.01.
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