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Influence of muscle forces on lumbar internal fixation system using the finite
element analysis

Zhao Peng-fei, Chen Ling, Men Yu-tao (Tianjin University of Technology, Tianjin Key Laboratory for Advanced
Mechatronic System Design and Intelligent Control, National Demonstration Center for Experimental Mechanical
and Electrical Engineering Education, Tianjin 300384, China)

Abstract

BACKGROUND: Internal fixation system is a commonly used method for lumbar spine injury. The role of
lumbar muscle strength and choosing a sagittal angle are the main factors affecting the success rate of internal
fixation, which should pay much attention.

OBJECTIVE: To explore the influence of muscle forces under different postures on the internal fixation system
when the ploy axial pedicle screws were installed in different sagittal angles.
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METHODS: A finite element model of lumbar spine (L; and L) was developed based on the L;and L, MRI data from a healthy adult man and
assembled with ploy axial pedicle screw internal fixation system in different sagittal angles. Then, three loading schemes were designed to
study the distribution of stress and displacement in anteflexion, extension and lateral bending: scheme 1: loaded without gravity, following
loads, or erector spinae force; scheme 2: loaded with gravity and following loads, without erector spinae force; scheme 3: loaded with gravity,
following loads, and erector spinae force. The stress and displacement of each part under different conditions were compared.

RESULTS AND CONCLUSION: (1) In anteflexion, the stress was in a decent tendency in each scheme. In extension, the stress in the
schemes 1 and 2 was decreased firstly and then increased, and the stress in the scheme 3 was kept on a descent tendency. In lateral bending,
the stress in the scheme 1 was firstly increased and then decreased, and the stress in the schemes 2 and 3 was firstly decreased and then
increased. (2) The displacement in the sagittal angles (0°-5°) was on a rise, and then began to decrease. (3) The scheme 1 revealed the
lowest displacement. (4) These results indicate that the muscle force can increase the stress of the internal fixation system under each
condition and the intradiscal pressure. However, the stress in each part is related to the motion of lumbar spine. Moreover, the effect of muscle
force should be taken into account according to the different sagittal angles.

Subject headings: Muscle Strength; Biomechanics; Internal Fixators; Tissue Engineering
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