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Abstract

The objective of this study is to evaluate the stresses in healthy
meniscus of the knee joint. For this study 3D model of healthy
meniscus is developed by utilizing magnetic resonance imaging
(MRI) in materialise MIMICS software and analysis of the 3D
model on meniscus is performed on Ansys software package. A
compressive load of 1150 N is applied on the medial and lateral
menisci simultaneously. This study will provide better
understanding of load distribution and maximum stress
developed under meniscus on knee joint by compressive
loading. Also this study established a non-invasive technigue to
determine the meniscus stress generation.

1. Introduction

The knee joint has a complex synovial functionality joint and it
exhibits multiple degree of freedom (DOF) during different load
carrying conditions while performing activities on the lower
extremities movement [1]. While performing the activities
ground reaction on knee joint is counterbalanced by cartilages,
meniscus and bundles of tendons and ligaments under static and
dynamics loading conditions [2]. Tear of cartilages and
meniscus can occur on the knee joint under different loading
conditions which results on cause pain and proper gait
movement is restricted for the person [3]. Under vertical loading
conditions there is reduction in the effectiveness and
performance of a person activity, mainly on hip and knee joints
[4]. Even though meniscus, and cartilages on knee joint have
their own self-healing property but is limited due to their non-
vascularization behaviour [5]. But for osteoarthritis which cause
degeneration of menisci the surgical procedures is way to get
relief from pain [6]. For better understanding of knee joint
working finite element technique is often adopted and operated
under different loading conditions [7]. The stress on knee joint
increases on increase of meniscus subluxation while establish
relation [8]. The compressibility and permeability on the
meniscus considerable increases with progression of
degeneration [9]. Performed ex vivo study on the individual
between 40 years to 65 years of age and found that shear, tensile
and compressive moduli of meniscus have large variations
based on the test parameters [9]. Determined the material

364

properties for meniscus is by a non-invasive method using
inverse finite element analysis and in their computational study
[10]. TKA (Total Knee Arthroplasty) is a surgical procedure
that has been considered suitable solution for person suffering
severe osteoarthritis, the surgical procedure includes
replacement of the human knee joint with implants of non-
metallic and metallic character for restoration of joint
functionality. Reliability and durability of implants increases
life span of the joint depends under loading conditions of joint
[11]. The objective of this work is to get better understanding of
stresses generated meniscus during static loading condition.

2. Materials and Methods

A biomechanical study with similar boundary conditions and
load is conducted to examine the stress generated on menisci. A
compressive load is applied on lateral and medial meniscus
simultaneously and fixed supported boundary condition is used
to carry out the numerical analysis [12]. The menisci were
composed of a linear elastic and isotropic material with the
average properties: E = 120 MPa, poisson’s ratio = 0.47
respectively [13].

3. Finite Element 3D Models

From magnetic resonance imaging (MRI) scan multiple images
were collected to develop 3D model of menisci in knee joint.
The person undergoing scanning was kept as supine position,
patella facing toward celling, complete extension of knee and
hip joint. Images generated through scans were collected in
DICOM (The Digital Imaging and Communications in
Medicine) images files formal and were utilized to generated 3D
models using MIMICS (Materialise's Interactive Medical Image
Control System, Materialise-Belgium). By performing region
growth and segmentation operation manually accurate 3D
model of menisci is developed.
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3.1 Material, Mesh Properties and Boundary Conditions

The material property of bones and soft tissues used for
numerical analysis are derived from series of literatures that
experimentally and computationally derived and evaluated
material properties. The menisci were composed of a linear
elastic and isotropic material with the average properties: E =
120 MPa, poisson’s ratio = 0.47 respectively [14]is shown in
table 1.

Table 1 Material property

Knee Assigned Young Poisson’s

Component material modulus E | ratio
(MPa) Vv

3D lateral and | Linear elastic | 120 0.45

medial and isotropic

meniscus

Meshing is performed in ansys software with tetrahedron mesh
method and of size 1mm is generated for better mesh accuracy.
The total meshed elements are 59022 & 89845 nodes and to
ensure the quality of result mesh sensitivity study is conducted.
The boundary condition is as the compressive load on medial
and lateral meniscus of 1150 N is applied [15] shown in table 2:

Table 2 Mesh property

Knee Mesh Type Elements | Nodes
Component
3D lateral and | Linear elastic | 59022 89845
medial and isotropic
meniscus

4. Results

Under static simulation the compressive stresses on medial and
lateral meniscus are generated on a healthy human knee joint
when evaluated by finite element analysis. The principal goal of
analysis is to analyse the critical point for development of stress
generation. From analysis it is observed that maximum stresses
in both medial and lateral meniscus is generated an anterior
horn. The max stress of 5.4 MPa is generated on the meniscus
on anterior rim similar to those of the previous study thus it
demonstrate reliability of model. The stress on anterior horn
likely to cause degeneration and tear at the inner rim which may
lead to sever pain. The degeneration and tear in meniscus
severely changes biomechanics of knee joint by decreasing the
shock absorbing and load transmission capacity of meniscus and
the joint. With increase of severity of meniscus it affects
cartilages and may leads to osteoarthritis, which requires total
knee arthroscopy (TKA) for the treatment.
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(a) Medial Meniscus

(b) Lateral Meniscus

Figure 1: Max compressive stress on meniscus under
compressive load

5. Discussion

For healthy meniscus the maximum compressive stresses
obtained in our study is for medial menisci is 2.85 MPa and for
lateral meniscus the peak stress is 5.4 MPa and is between the
range derived by [13][15] of stresses 3.11 MPa and 9.15 MPa
respectively. Although further research can be done with more
complexities and load condition on meniscus.

Conclusion

For this study, a 3D model of meniscus is created for finite
element analysis to investigate stress on meniscus at full stance
position of knee joint. As a general conclusion, on the basis the
obtained result from biomechanical computational analysis of
meniscus under compressive loading by finite element analysis.
The model has been compared with the results of previous
literatures and this study may help in better understanding of
mechanical behaviour of joint.
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