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ABSTRACT

Nowadays, we assist the global extension of reliability optimization problems
from the design phase of systems and sub-systems to the design and operational
phases, not only of systems and sub-systems, but also of bio functionality design.
This chapter investigates the relative performances of particle swarm optimization
(PSO) variants when used to find reliability in the total hip prosthesis by finding the
maximization of jumping distance (JD) to avoid dislocation and the minimization
of system’s stability to offer mobility. Statistical analysis of different cases of head
diameters of 22, 28, 36, 40 mm has been conducted to survey the convergence and
relative performances of the main PSO variants when applied to solve reliability
in the total hip prosthesis.
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A Particle Swarm Optimization-Based Approach for Finding Reliability in a Total Hip Prosthesis
INTRODUCTION

The normal human hip joint has treated as a ball and socket joint in the biomechanical
research areas, with the center of rotation defined as the center of hip joint and
allows a wide range of motions, resulting in three directions of movement: flexion/
extension, abduction/adduction and intra-extra rotation. This hip joint supports the
body during human activities and is responsible for the distribution body weight.
Hip dysfunction can occur at different times in a person’s life, this problem has
been studied by several researchers, among others (Ray Marks et al, 2003), who
mentioned several reasons for hip dysfunction of which fractures of the neck and
trochanteric regions of the femur.

Total hip replacement (THR) has been developed in an effort to improve
mobility, enhance the overall quality of life and improve the function of damaged
joints. Researchers seek to extend the validity and reliability of hip implants, where
there are many risks that affect the reliability of hip implants, such as instability,
dislocation and that remains the second most common reason for revision surgery
after aseptic loosening. The main directions of dislocation are posteriorly (flexion/
extension —internal rotation / external rotation — adduction/ adduction) movements.

The most famous factors influence the dislocation as:

e  Patient characteristics of such as a history of spinal fusion, inflammatory
arthritis (E.B. Gausden and all, 2018), patients with fixed spinopelvic
alignment from standing to sitting position (C.I. Esposito and all, 2018), was
identified as independent risk factors for dislocations.

e  The surgical technique such as the wrong positioning of the cup in total
hip arthroplasty during surgery can be a risk factors for dislocations (T.
Scheerlinck, 2014).

e  The prosthesis design’s factors are numerous; several studies have been
carried out to avoid dislocations.

Laura Ezquerra, Maria Paz Quilez(2017); who generated a parametric three-
dimensional finite element (FE) model capable of predicting the dislocation stability
for various positions of the prosthetic neck, head, and cup under various activities.
In their study, three femoral head sizes (28, 32, and 36 mm) were simulated and nine
acetabular placement positions: abduction angles (25°, 40° and 60°) combined with
anteversion angles (0°, 15° and 25°) were analyzed. They evaluated the range of
motion (ROM) and maximum resisting moment (RM) until dislocation; they found
the safe zone of movement for impingement and dislocation avoidance in total hip
replacement: an abduction angle of 40°-60° and anteversion angle of 15°— 25°. It
is particularly important that the anteversion angle does not fall to 10°-15°. The

223



19 more pages are available in the full version of this
document, which may be purchased using the "Add to Cart"
button on the publisher's webpage: www.igi-
global.com/chapter/a-particle-swarm-optimization-based-

approach-for-finding-reliability-in-a-total-hip-
prosthesis/269588

Related Content

Feature Extraction and Classification
(2014). Medical Diagnosis Using Artificial Neural Networks (pp. 159-169).
www.irma-international.org/chapter/feature-extraction-and-classification/111007

New Artificial Neural Network Models for Bio Medical Image Compression:
Bio Medical Image Compression

G. Vimala Kumari, G. Sasibhushana Raoand B. Prabhakara Rao (2022). Research
Anthology on Atrtificial Neural Network Applications (pp. 913-932).

www.irma-international.org/chapter/new-artificial-neural-network-models-for-bio-medical-image-

compression/288992

Optimization of Cutting Parameters for AlISI H13 Tool Steel by Taguchi
Method and Artificial Neural Network

Hrishikesh Pathak, Sanghamitra Das, Rakesh Doleyand Satadru Kashyap (2020).
Deep Learning and Neural Networks: Concepts, Methodologies, Tools, and
Applications (pp. 531-551).
www.irma-international.org/chapter/optimization-of-cutting-parameters-for-aisi-h13-tool-steel-by-

taguchi-method-and-artificial-neural-network/237891

Cognitive Intelligence: Deep Learning, Thinking, and Reasoning by Brain-
Inspired Systems

Yingxu Wang, Bernard Carlos Widrow, Lotfi A. Zadeh, Newton Howard, Sally Wood,
Virendrakumar C. Bhavsar, Gerhard Budin, Christine W. Chan, Rodolfo A. Fiorini,
Marina L. Gavrilovaand Duane F. Shell (2020). Deep Learning and Neural Networks:
Concepts, Methodologies, Tools, and Applications (pp. 1500-1523).
www.irma-international.org/chapter/cognitive-intelligence/237948

Artificial Neural Networks in Medicine: Recent Advances
Steven Walczak (2022). Research Anthology on Artificial Neural Network Applications
(pp. 1491-1509).

www.irma-international.org/chapter/artificial-neural-networks-in-medicine/289025



http://www.igi-global.com/chapter/a-particle-swarm-optimization-based-approach-for-finding-reliability-in-a-total-hip-prosthesis/269588
http://www.igi-global.com/chapter/a-particle-swarm-optimization-based-approach-for-finding-reliability-in-a-total-hip-prosthesis/269588
http://www.igi-global.com/chapter/a-particle-swarm-optimization-based-approach-for-finding-reliability-in-a-total-hip-prosthesis/269588
http://www.igi-global.com/chapter/a-particle-swarm-optimization-based-approach-for-finding-reliability-in-a-total-hip-prosthesis/269588
http://www.irma-international.org/chapter/feature-extraction-and-classification/111007
http://www.irma-international.org/chapter/new-artificial-neural-network-models-for-bio-medical-image-compression/288992
http://www.irma-international.org/chapter/new-artificial-neural-network-models-for-bio-medical-image-compression/288992
http://www.irma-international.org/chapter/optimization-of-cutting-parameters-for-aisi-h13-tool-steel-by-taguchi-method-and-artificial-neural-network/237891
http://www.irma-international.org/chapter/optimization-of-cutting-parameters-for-aisi-h13-tool-steel-by-taguchi-method-and-artificial-neural-network/237891
http://www.irma-international.org/chapter/cognitive-intelligence/237948
http://www.irma-international.org/chapter/artificial-neural-networks-in-medicine/289025

