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Modeling and Simulation of Mechanical Behavior in Knee Joint under Gait
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Mechanical behavior of articular cartilage is affected by many factors. Inhomogeneous distribution of
Received 09 February 2016 proteoglycans and collagen fibers through the thickness causes some depth-wise behavior. Mechanical
Accepted 07 June 2016 properties directly affect stress and deformation of the tissue. In previous studies complexities and

Available Online 11 September 2016 variation in mechanical properties were ignored. The aim of the present study is to create a model close

to real anatomy of articular cartilage in knee joint and to simulate its behavior under dynamic gate in the

Keywords: h

Articular Cartilage stance phase. o o
Finite Element Modeling A 3D finite element (FE) model was created. It was constructed considering femur and tibial
Dynamic Loading cartilages as well as medial and lateral meniscus. In the FE model, a nonlinear isotropic viscoelastic

Mechanical Properties material model was used for cartilages and linear anisotropic elastic one was chosen for meniscuses.

Morever, cartilages were assumed saturated. Numerical simulations on the model showed that peak of
maximum principal stress occurred in superficial layer. It was decreased through thickness. This
explains the existence of osteoarthritis in the exterior layers. The present study showed that hydraulic
permeability variation in cartilage as a strain-dependent variable was negligible in dynamic loading.
Also, results showed good agreement with experimental ones.
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Fig. 1 Shcematic of nonlinear viscoelastic model expressed by Wilson et
al.[15]

Liwgi odd 43S i o pnd SVl (SilKo Joo Susled 1SS
(18] 8en 5 ogkis

e (G55 L el copd ;i Sl ouyn Gl SRl GRegn
b ad S ol s el 6 ddshcare b
k = ko ©)
bl p late Bgpad gl ool ad 3 Jlais gole ples slaosls
(1 Jp02) s oolizal [B] ) Sem 5 gl sy

O o yeed aladyay lade Bya8 o Joline L3, @ axgs |
Nley 5o Glaillaz aaliyy (idsi 4 s S o Jood (iS5 Lad o
ol P 90°%055 obs 44.2°‘5*° Jlssns 3l ssbate cnl slp 09 ugSU
oS abii p 5 oS 0 oot sty asliyy pl o sl il s
2 0sh aRie GBS g o235 L golad lal Gloy ged 2 0 s
ol Jlew 5Ld puls (8 Sl eolinal b o (05 )lad )50
@ Floj god (09 (IS Djge 0 D9d ere S polie (e ATt
P9> LA 40 g 55 Dkl S S 3 4 09 on ed S 93
Sz @ drg b laged Gaipendi (pl gdior dlne A5 Dlpis
dmilone a5 oo Bl o 2B 4 JIB se laple (85 S
L85 D50 ety ged ololy 5 503 8 50 aslin al po R (slage
s ched olys b sl Sm¥l Ja  Sepipe sole oly> sl
(2 Jsaz) 0 i3 5 oy slamio

655 G5 IS4 LTS @S ozl 31 Jue ol Jelos sl
25 BUSS i 5 ooliid (usSUT 38l 8 srad S (25 0 s 3l890
St Bl (gg05 Slolims

Gedos 0 lade Bgpad gilu e o colitul 0j50 (SlSe ply> 1 Jgu

[8] 51
Table 1 Material properties used in modeling of articular cartilage in
the present study [8]
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Table 2 Material properties for modeling of meniscus in the present
study [8]
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Fig. 2 Reaction forces at the femoral cartilage during stance phase [20].
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Fig. 3 Rotation at femoral cartilage during stance phase introduced in
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Table 4 Comparison of strain-dependent permeability and the constant
one on results
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Fig. 5 Comparison between coarse and refined mesh for investigating
mesh convergence in the numerical model
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