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Introduction

 The AnyBody Modeling System, v.5.1 (August, 2011)

* Previous versions focus has been on the entire body:
— Comprehensive full-body modeling
— Advanced facilities for driving the model kinematically
— Muscle recruitment and many other simulation facilities
— Overall body performance, ergonomics, sports, etc.

* Version 5.x and in particular version 5.1, we focus more on details

Advanced joint modeling
Patient-specific modeling

Improved interfaces to related softwares such as FEA and medical
image processing tools

Orthopedics: Implant design, injury and trauma, surgical planning
Ul:

* Wrapping of the complicated models
* Processing of many trials

ANYBODY
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Contents

Introduction

Features for advanced joint modeling
— Surface contact model
— Enhanced force-dependent kinematics solver

New and updated interfaces

— Hook for external code (C++ or Python)

— Improved FEA interface for Ansys and Abaqus
— Interface to Mimics, Materialise

GUI features

— User-defined documentation in HTML-based views in AMS
GUI

— Drawing Widgets
Models



Features for Advanced Joint
Modeling

e Surface contact model

e Enhanced Force-Dependent
Kinematics Solver




Motivation

Simple/idealized joint modeling:

e Simple (conforming) joints
— Simple (or simplified) kinematics
— Bilateral reactions

— Infinite stiffness (Ligaments are
not important or ignored)

e Purpose:

— Simple and fast modeling with
data available

— Overall/general biomechanics
— Ergonomics assessments

Advanced joint modeling:
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* Non-conforming joints
— Contact (unilateral reactions)
— Clearance (unilatertal kinematics)
— Sliding
— Elasticity (ligament flexibility allow
significant motion)
e Purpose:

— Correct modeling of complicated
joints -> detailed biomechanics

— Injury, implant and surgery

e ANYBoDy
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Force-Dependent Kinematics

a. (FDK positions)

« Nonlinear equation solver based on a Newton Raphson method « Kinematic analysis with current FDK positions and zero velocity and

with a golden section line search. accelerations in FDK directions.
« Jacobian through finite differences. * Muscle recruitment including FDK reaction forces.
« FDK reaction forces returned.

F, (FDK reaction forces)

Objective: A simpler and more efficient way solution than forwards
dynamics using reasonable assumptions
Assumptions:
— FDK degrees of freedom experience small motion
— Dynamics of these are neglected, i.e., velocity and acceleration is set to zero.
— Positions are governed by elastic structures (ligaments, contact surfaces, ...)
— Friction is neglected
Enhancements in v.5.1
— Improved equation solver improving robustness, in particular with contact problems

Examples — Work in Progress! .
— The 2010 Grand Challenge Knee Implant Model A N Y B 0 D Y
— Spine Model with facet joints (SpineFX project) TECHNOLOGY



Surface Contact Model

* RIigid surf tact model
CSTibased [
e Inputis STL files only

 Mesh has to adequately fine
— Penetration violation integrated over the contact area
— Different penetration models is currently being tested

* Objective:
— To get the kinematics right

» Center of pressure
e Muscle moment arms

— Not to get the right contact pressure or surface stress

ANYBoDY

TECHNOLOGY



Example: Knee Implant Model

Data sets
— 2010 Grand Challenge (Fregly et. al.)

— The TLEM model from AnyBody model

repository

Developed by Michael Skipper
Andersen, Aalborg University

References:
— Webcast, April 5, 2011

— 1SB2011: Michael S. Andersen & John
Rasmussen, Abstract #343

Artificial elastic structures for FDK solver:
« Artificial patella ligaments
 Artificial tibial-femoral stiffness

Patellar
Component

Medial Collateral
Ligament {MCL)

Oblique Popliteal ¥ Femoral

Component
Posterior Cruciater .

Ligament (PCL) |
9 (PCL) Tibial Component

Latefal'Collateral
Ligament (LCL)

Anterior Cruciate Ligament (ACL) is removed

ANYBoDY
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Simplified Modeling Workflow

AnyBody, v.5.0 AnyBody, v.5.1




Results — work In progress

Total compressive force Joint tranglations

3000 T T T T 8

Estimated
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Case: Normal gait
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Results — work In progress
EMG results:

Rectus Femoris Vastus lateralis Gastrocnemius Gluteus Maximus

— Activity

ty (1
Activity [
o

ty 1
Ativity []
(=]

Case: Normal gait




“AnyFunction Hook”

for C++ and Python



What is AnyFunction?

Features:

— Functions in AnyScript are also objects, global or in-model
— Return a single value

— Evaluated by the AnyScript expression engine

— Arguments can be any AnyScript data type

— Multiple list of arguments (Polymorphism)
« AnyFunction objects consist of “mono-function" objects

Examples
— Standard functions: Sine, cosine, ...

— In-model functions:
* Interpolation functions used for driving motion or forces
« 3D transformation functions used for scaling the models

 Filter functions
ANYBODY

TECHNOLOGY



In-model AnyFunction

Example:

] Main
- @™* SceneSize
-9 OriginalVector

) C:I LmearScaImg

[+

0}

Mono function object
& argument list

{ & C]Argllst

/4™ Paints0 (Editable)
----- 0"‘" RBFCoefs (Editable)
9" PolynomDegree
""' PolynomCoefs (Editable)
QF‘ PointDescriptions (Editable)
@™ PointNames (Editable)
9™ Points1 (Editable®)
& Scale
5...-0""' Points1Draw (Editable)
-9 ScaledVector (Editable®)

. CI ScalingInExpressions
- ScalingOfDrawObject
@8- DrawingAssist




AnyFunction Hook

 AnyFunEXx Is extern-function class
— In-model function object
— Function-body is programmed

e Language Support
— C++ (Compiled into DLL)
— Python

e Data types
— Supported: Floating point number, integers, strings
— Not supported yet: “All other AnyValues”

ANYBODY

TECHNOLOGY



 Foot model:
— 26 segments

— Nodes for load application
on each segment

— References
« AFootPrint (www.afootprint.eu) PG b
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e |SB2011: Carbes et. al. Anew = ccciciiciecocenioes
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multisegmental foot model and R
marker protocol for accurate LI TR
simulation of the foot SRRt LTI
biomechanics during walking,

Abstract #183 - :};i :
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* Measured loads:
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— Force plate data SRR
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Example: Foot Model Loading

The amount of pressure of each
cell is distributed to all the force-
nodes of the model according to
a bell-shape function of the
horizontal distance.

The final output of the
calculation is a coefficient
representing the percentage of i

the force plate 3D resultant HR
force to be applied to each node

W £ i

ANYBODY
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Example: Foot Model Loading

The function implementation

. unction declaration (function object)
— Function name
— Return: A vector of coefficients for each node on the foot

. unction implementation (mono function object)
— Function arguments

a matrix with the position in space of all the foot force-nodes
e avariable with the current time value of the study

Function body (here Python)

. unction call (evaluation in expression)
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Example: Foot Model Loading

The final result is a serie of 3D forces applied all over
the plantar surface of the foot and to all the 26
segments according to the time variation of the
recorded plantar pressure.



“AnyFunction Hook”

Perspectives

« Areas of possible usage
— All sorts of post- and pre-processing of data

— Force functions that are too advanced for simple
AnyScript statements

 Measurements
e Extern contact models, e.g. FE-based models
o User input

o Kinematic drivers is currently not an area of
usage.

— The kinematic engine requires analytical
derivatives

ANYBODY

TECHNOLOGY



Software Interfaces

 FEA interface for Ansys and Abagus
e Mimics interface



Functional patient-specific modeling

grrxra

J\L Activities of daily living

[ £ \

\ tL ANY'@DY)
Patient Boundary
T —— Model mformatl.o_n condiuons

Boundary conditions

) ar——r——rrmh
Mimics’ E 1
| :)

FE-model

ODY

TECHNOLOGY



FEA Interfaces

Anthropometric Data

Medical images
CT/MRI

v

Segmentation
Images processing

v

Surface mesh
.stl file

v

Scale the model and
registration

!

Volume model

AnyFE.xml file

AnyFE Converter
AnyFE2ADbqg.exe
AnyFE2APDL.exe

Provide boundary
conditions (BC)

Ansys / Abaqus ( New!)

Finite Element Model
Compute tissue and device strain/stress

Strength and fatigue
evaluations

Generate

FE mesh
r

. S - S -
AnyBody - Standard License : New Workspace

—

File Edit View Operation Window Help

AR EHG R[S R S

L L LI

(3 Main

>

Projects

Operations

M Reset| » Run | | » Step |

[Model | nad - CA\Usars\md ANVEQ [ Davs until lic:

ense urati 0 -

EX C:\Windows\system32\cmd.exe




FEA Interfaces

Medical images

Anthropometric Data

CT/MRI
!  AnyFE Converters
Segmentation — An Sys
e * Produce APDL code
¥ )\ » Uses APDL-based
Surface mesh Volume model template file. The template
st file refers to the mesh file.

Scale the model and
registration

AnyFE.xml file

AnyFE Converter
AnyFE2Abg.exe @~ [ ————=—=—=—-—-—=
AnyFE2APDL.exe

Provide boundary

— Abaqus (New!)
» Produce Abaqus inp-file

Generate * Based on given mesh file
FE mesh

e Newsin AMS v.5.1

— Reference system
handling for registration

— Object naming in output

conditions (BC) \ 4

Ansys / Abaqus

Finite Element Model
Compute tissue and device strain/stress

Strength and fatigue
evaluations

— Tutorial update (Chap. 8)

ANYBODY

TECHNOLOGY



AnyBody-Mimics Interface

Generation 1:

Supported by AMS 5.1 q{'
Supported by Mimics 14.1 ,!-ﬁi%f'f-_.\{ .
1A=

Activities of daily living

Step 1.
. o Load mod
Patient information
«  Patient a@t@pﬂg_try (manua Step 5:
. — arks@ (xml® file Apply landmarks U " .
Segmented bone (STL, manud i
export?) Step 4 & SImUIate AnyFE Olgtlé-%if(@verter to FE
* \Registration (manual?) Mo forces

» [ apdmarks
.« 5 @9 e (mm

Step 3:
Mark bony
land

Registration?

(1) XML file using the common format. (2) Bony landmarks, muscle points, or even skin points. TECHNOLOGY



AMS GUI enhancements

e User-defined content in AMS views
 Drawing Widgets



User-defined content in Views

 What's new
— AnyBody’s view with hyperlinks are now HTML-based

e User-defined descriptions
— Project descriptions (AnyProject)

— Inline model documentation (Documentation
Comments)

 Enhancing your possiblilities to ...
— document your model
— wrap the model functions for other users of the model

ANYBODY

TECHNOLOGY



User-defined content in Views

[A] AnyBody - Standard License : New Woric}acedd._" = e

File Edit View Operation Window Help
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— Operation execution
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e Class Operations =
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Projects (AnyProject)

|A| AnyBody - Standard

File Edit View Operation Window Help

C]JBHﬂ b Ba R & TR B » on b
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Documentation Comments

= - - | omm— e ————— =
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Drawing Widgets

 Functions
— Obijects in the model
» Classes AnyDrawWidget*
— Interaction via Model View
— Sub-sequent operation
 OnDrag

e OnMouseRelease
e More to come

 Widget movement types:
— Translation
* Vector

— Rotation
* Rotation Matrix
» Single angle / Euler Angles (New!)

 News: Joint angle interactions

ANY
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Models

e AMMR, v.1.4
e Other models



Models

 AnyBody Managed Model Repository (AMMR),
v.1.4

— C3DProject — updated for easier usage
» AnyProject wrapped C3D data interface application

— Various updated applications
« AMS demos and tutorials updated

 Knee Implant Model (Grand Challenge 2010)
— A separate model, based on AMMR body models

ANYBODY
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Summary

Introduction

Features for advanced joint modeling
— Surface contact model
— Enhanced force-dependent kinematics solver

New and updated interfaces

— Hook for external code (C++ or Python)

— Improved FEA interface for Ansys and Abaqus
— Interface to Mimics, Materialise

GUI features

— User-defined documentation in HTML-based views in AMS
GUI

— Drawing Widgets
Models



Resources

Webcasts to come:
— http://www.anybodytech.com/info.html?f=webcasts-live

— 8 Sep: Modeling and analysis of non-conforming joints in
AnyBody |, John Rasmussen

— 29 Sep: Modeling and analysis of non-conforming joints in
AnyBody I, John Rasmussen

Previous webcasts:
— http://www.anybodytech.com/info.html?f=webcasts-on-demand




