Accepted Manuscript

Load-Sharing in the Lumbosacral Spine in Neutral Standing & Flexed Postures-
A combined Finite Element and Inverse Static Study

Tao Liu, Kinda Khalaf, Sadegh Naserkhaki, Marwan El-Rich

PIL: S0021-9290(17)30573-0

DOI: https://doi.org/10.1016/j.jbiomech.2017.10.033
Reference: BM 8435

To appear in: Journal of Biomechanics

Accepted Date: 27 October 2017

Please cite this article as: T. Liu, K. Khalaf, S. Naserkhaki, M. El-Rich, Load-Sharing in the Lumbosacral Spine in
Neutral Standing & Flexed Postures- A combined Finite Element and Inverse Static Study, Journal of
Biomechanics (2017), doi: https://doi.org/10.1016/j.jbiomech.2017.10.033

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.jbiomech.2017.10.033
https://doi.org/10.1016/j.jbiomech.2017.10.033

Submitted as Original Article to “Journal of Biomechanics-Berlin Workshop”

Load-Sharing in the Lumbosacral Spine in Neutral Standing & Flexed Postures-
A combined Finite Element and Inverse Static Study

Tao Liu', Kinda Khalaf *, Sadegh Naserkhaki >, Marwan El-Rich**

1- Department of Civil and Environmental Engineering, University of Alberta, Edmonton, Alberta, Canada
2- Department of Biomedical Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran
3- Department of Biomedical Engineering, Khalifa University, Abu Dhabi;, United Arab Emirates
4- Department of Mechanical Engineering, Khalifa University, Abu Dhabi, United Arab Emirates

*Corresponding Author:

Marwan EI-Rich

Department of Mechanical Engineering, Khalifa University of Science and Technology
PO. Box 127788, Abu Dhabi, UAE

Phone: +971-2-401 8589

Email: marwan.elrich@kustar.ac.ae

Word count (Introduction though Discussion): 3363
Word count (Abstract): 249

Abstract

Understanding load-sharing in the spine during in-vivo conditions is critical for better spinal
implant design and testing. Previous studies of load-sharing that considered actual spinal
geometry applied compressive follower load, with or without moment, to simulate muscle
forces. Other studies used musculoskeletal models, which include muscle forces, but model
the discs by simple beams or spherical joints and ignore the articular facet joints.

This study investigated load-sharing in neutral standing and flexed postures using a detailed
Finite Element (FE) model of the ligamentous lumbosacral spine, where muscle forces,
gravity loads and intra-abdominal pressure, as predicted by a musculoskeletal model of the
upper body, are input into the FE model. Flexion was simulated by applying vertebral
rotations following spine rhythm measured in a previous in-vivo study, to the musculoskeletal
model. The FE model predicted intradiscal pressure (IDP), strains in the annular fibers,
contact forces in the facet joints, and forces in the ligaments. The disc forces and moments
were determined using equilibrium equations, which considered the applied loads, including
muscle forces and IDP, as well as forces in the ligaments and facet joints predicted by the FE
model. Load-sharing was calculated as the portion of the total spinal load carried along the
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