Accepted Manuscript

CLINICAL
BIOMECHANICS

Patient-specific finite element analysis of femurs with cemented
hip implants

Yekutiel Katz, Omri Lubovsky, Zohar Yosibash

PII: S0268-0033(18)30538-2

DOI: doi:10.1016/j.clinbiomech.2018.06.012
Reference: JCLB 4555

To appear in: Clinical Biomechanics

Received date: 7 November 2017

Revised date: 19 June 2018

Accepted date: 22 June 2018

Please cite this article as: Yekutiel Katz, Omri Lubovsky, Zohar Yosibash , Patient-specific
finite element analysis of femurs with cemented hip implants. Jclb (2018), doi:10.1016/
j-clinbiomech.2018.06.012

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.clinbiomech.2018.06.012
https://doi.org/10.1016/j.clinbiomech.2018.06.012
https://doi.org/10.1016/j.clinbiomech.2018.06.012

Patient-specific finite element analysis of femurs with cemented
hip implants

Yekutiel Katz®, Omri Lubovsky®, Zohar Yosibash?®

@School of Mechanical Engineering, Faculty of Engineering, Tel-Aviv University, Ramat-Aviv, Israel,
yosibash@tauvez.tau.ac.il
b Department of Orthopedic Surgery, Barzilai Medical Center, Ashgelon, Israel

Abstract

Background: Over 1.6 million hip replacements are performed annually in Organisation for
Economic Cooperation and Development countries, half of which involve cemented implants.
Quantitative computer tomography based finite element methods may be used to assess the
change in strain field in a femur following such a hip replacement, and thus determine a
patient-specific optimal implant. A combined experimental-computational study on fresh
frozen human femurs with different cemented implants is documented, aimed at verifying
and validating the methods.

Methods: Ex-vivo experiments on four fresh-frozen human femurs were conducted. Fe-
murs were scanned, fractured in a stance position loading, and thereafter implanted with four
different prostheses. All femurs were reloaded in stance positions at three different inclination
angles while recording strains on bones’ and prosthesis’ surfaces. High-order FE models of the
intact and implanted femurs were generated based on the computer tomography scans and
X-ray radiographs. The models were virtually loaded mimicking the experimental conditions
and FE results were compared to experimental observations.

Findings: Strains predicted by finite element analyses in all four femurs were in excel-
lent correlation with experimental observations F'/EE = 1.01 x EXP — 0.07, R? = 0.976,
independent of implant’s type, loading angle and fracture location.

Interpretation: Computer tomography based finite element models can reliably determine
strains on femur surface and on inserted implants at the contact with the cement. This allows

to investigate suitable norms to rank implants for a patient-specific femur so to minimize
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