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Introduction

1. Computer Simulation:

as Finite Element Analysis are a sum of
advanced methods for structural stress
analysis



Movement Animation
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Movement Simulation
* Definition of physical laws

* Gravity Mii + (oM + K (u) + D)t + fine (1) = fxt

* Definition of physical
properties
* Mass
+ Elasticity And now what?

* Definition of simulation-
specific quantities
* Viscosity | )

f

* Constraints Numerical integration
(Timestepping)




Biological structures and clinical problems
concerned are complex

Simulation Analysis: Estimating Joint Loads




User Model development

Anthropometric
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2. Knee joint Complex injury

position A
UX =0, ROTX =0
UY =0, ROTY =0
UZ =0, ROTZ =0

Femur

Patella

Patellar
tendon

b [
position B vvvvvv

Martin Kubicek,& Zdenek Florian , Stress Stain Analysis Of Knee joint , Engineering
Mechanics, Vol. 16, 2009, No. 5, p. 315-322 8



Major ligamentous stabilizers of the knee

(MLKI)

PCL

ACL

MCL - Medial side ligament complex §

LCL - Lateral side ligament complex

medial femoral condy lateral femoral condyle
anterior cruciate ligament

" . 3 .
medial meniscus | / lateral meniscus

ligamentum : " J 11 lateral collateral ligament

transversum genus
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Central ligamentous axis damage and
associated injuries

PCL
ACL
Medial side ligament complex

Lateral side ligament complex

Martin Kubicek,& Zdenek Florian , Stress Stain Analysis Of Knee joint , Engineering
Mechanics, Vol. 16, 2009, No. 5, p. 315-322



Require sound understanding of
engineering mechanics and a profound
appreciation of the complex reality

MLK
(grad

[ will be defined as one complete cruciate tear

e III) plus a partial or complete collateral tear

(grad

e II or IIl) or a partial or complete tear of the

other cruciate (grade II or III)

Knee dislocations will be defined as complete tears of

both

cruciates (grade III) plus a complete collateral

tear (grade III)



3. OpenSim Tool: Open Source

Simulation Software

<1t »i>pl

OpenSim is a software
platform for modeling
humans, animals, robots,
and the environment, and
simulating their interaction
and movement.

OpenSim has a graphical
user interface (GUI) for
visualizing models and
generating and analyzing
simulations. The open
source and extensible
software also includes an
application programming
interface (API) that
developers can use to extend
the software.
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Investigating a Simulation:

EMGs Forces Moments Accelerations VE"’;dﬁ'EE-
es

Musculotendon _ = Musculoskeletal _=~ Multibody - .| Simulated
Dynamics Geometry Dynamics Movement
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Y
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The Analyze Tool:

Controls

Results

Simulation
States

Scott L. et al, OpenSim: Open-Source Software to Create and Analyze Dynamic Simulations of Movement
. [IEEE TRANSACTIONS ON BIOMEDICAL ENGINEERING, VOL. 54, NO. 11, NOV 2007
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Aim: Central ligamentous axis damage and associated injuries is a
special problem area in order to propose the proper surgery
approaches in computer environment

Joint Reaction Analysis:
Setting It Up

Inputs from Static Optimization

Model

Kinematics

External Loads data
Residual Actuators

Inputs seciﬁc to JointReaction

Muscle force data

Joints of interest

Bodies of interest
Coordinate reference frames

Qutput

* JointReaction_ReactionLoads.sto




Results

Biomechanic results 1

Figure 1
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Biomechanic results 2

Figure 2
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Biomechanic results 3

Figure 2
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Pre- and after Surgery analysis

File Edit Scripts Tools Window Help

Motion
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Related work 1

Sung-Jae Kim et al, Femoral Graft-Tunnel Angles in Posterior
Cruciate Ligament Reconstruction: Analysis with 3-
Dimensional Models and Cadaveric Experiments, Yonsei
Med J. 2013 Jul;54(4)1006-1014:“The data from both our 3D knee-
model analysis and cadaveric experiment indicate that the
conventional inside-out technique leads to significantly more
acute femoral graft-tunnel angle and higher stress at the intra-
articular aperture of the femoral tunnel than the outside-in
technique’

M.Kazemi et al, Recent Advances in Computational
Mechanics of the Human Knee Joint, Computational and
Mathematical Methods in Medicine Vol 2013, Art 718423: « A
complete model validation at the joint level seems impossible
presently, because only simple data can be obtained
experimentally. Therefore, model validation may be concentrated
on the constitutive laws using multiple mechanical tests of the
tissues. Extensive model verifications at the joint level are still
crucial for the accuracy of the modeling”



Related work 2

e Feng Xie et al, A Study on Construction Three-
Dimensional Nonlmear Finite Element Model and
Stress Distribution Analysis of Anterior Cruciate
Ligament Journal of Blomechamcal Engineering Dec
2009, Vol. 131 / 121007-1: “The three-dimensional finite
element method can be used for the ACL biomechanics
research”

e Martin Kubicek,& Zdenek Florian , Stress Stain Analysis
Of Knee joint, Engineering Mechanics, Vol. 16, 2009, No.
5, p. 315-322: “This review deals wzth the stress strain
analysis ?fthe normal tibio-femoral joint inits basic
position (extension). On the basis j! the analysis, a contact
pressure between a femoral and tibial cartilage and femoral
cartilage and meniscus has been obtained”



OpenSim : Quantifying Joint Loads

* Scott L. et al, OpenSim: Open-Source Software to Create and Analyze Dynamic
Simulations of Movement , [EEE TRANSACTIONS ON BIOMEDICAL ENGINEERING,
VOL. 54, NO. 11, NOV 2007

Design Biomedical Devices Predict Tissue Stress Study degradation

EeRsOR e L N Besier et al, MED. SCI. SP & EXERCISE, 2006 USC2000, 2009, http://www.fickr.com/photos/

uzc2000/3189533413/




Conclusions

Advanced computer methods as Finite Element Analysis is
a promising method for structural stress analysis

Biological structures and clinical problems concerned are
complex

Require sound understanding of engineering mechanics
and a profound appreciation of the complex reality

Central ligamentous axis damage and associated injuries is
a special problem area in order to propose the proper
surgery approaches in silico

Real data from GAIT analysis will improve our approach
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