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Abstract

BACKGROUND: Paravertebral muscles play an important role in maintaining spinal balance. The finite element model of skeletal muscle is more close to the
biomechanical environment of human body. However, the muscle modeling in the finite element analysis of the spine is more complex or the muscle force is
simplified in the current finite element analysis of the spine.

OBIJECTIVE: To quickly establish the paravertebral muscle model and analyze loading of muscle force.

METHODS: Based on the principle of reverse engineering, the three-dimensional reconstruction of the spine model was carried out through CT image data.
The spring stiffness of the longest lumbar muscle and ligament in the erector spinalis muscle was calculated through the elastic modulus, muscle cross-
sectional area and average length of muscle line. The muscle modeling was carried out through the upper and lower attachment points, and the biomechanical
verification of the established finite element model was carried out. The lumbar spine was simulated by applying a bending moment of 4 Nem for flexion and
extension, left and right lateral bending, left and right rotation.

RESULTS AND CONCLUSION: (1) Biomechanical verification showed that L,~L; showed elastic properties under axial load. (2) Through the analysis of lumbar
flexion and extension, left-right lateral bending and left-right rotation, a finite element model of skeletal muscle was established, which was consistent with
the range of motion of lumbar spine. (3) The finite element model of lumbar spine with muscle tissue conforms to the biomechanical characteristics of human
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body, which provides a reference for analyzing the changes of the spine under orthopedic force.
Key words: lumbar spine; biomechanics; skeletal muscle model; CT data; image segmentation; reverse engineering; finite element
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Figure 1 | Process of vertebral body optimization and establishment of
intervertebral disc
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Figure 2 | Analysis of vertebral body and disc Geomagic Qualify bias
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Table 1 | Comparison of physiological cross sectional area value of rectus
abdominis
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Table 2 | Structural properties of loin longus muscle
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LL, 64.39 L, S/P 5344 0.4 162.53 0.13
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LL, 83.95 L, S/P 69.68 0.4 7464 037
LL, 89.65 L, S/P 7441 0.4 4922 0.60
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s WL SRR L-L ML, S FoRiRE, P Ronikng

& 3 | AR R TS
Figure 3 | Finite element modeling of
muscle and ligament
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Table 3 | Structural properties of lumbar ligaments
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JEPH 10 7.0 12 5.83
TR [y S 10 0.6 32 0.19
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BRI P 10 14.1 13 10.85
LA R 8.0 10.5 22 2.39
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Table 4 | Unit type and material parameters of vertebral body and
intervertebral disc
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Figure 5 | Lumbar spine displacement in six movements
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Table 5 | Angle deviation of lumbar spine after loading torque in six
directions
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Table 6 | Average stiffness of lumbar spine after loading torque in six
directions
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Figure 6 | Stress nephogram of lumbar spine under six movements
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Table 7 | Lumbar stress comparison under six movements

(MPa)
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