(o) \
bd Core'

Data and Data Management for

Finite Element Analysis In
Joint Biomechanics

Ahmet Erdemir

Computational Biomodeling Core
Department of Biomedical Engineering
Lerner Research Institute
Cleveland Clinic

July 8, 2015

Mobilizing Data: Research at the Intersection of Data Science and Biomechanics

XXI ISEK Congress



PRESENTATION GOALS

% To provide an overview of data needs for
finite element analysis, with specific
attention to joint biomechanics

% To describe data management strategies
for effective modeling, promoting
reproducibility and reusability.



POPULARITY OF FEA
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PREMISE OF FEA
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FEA WORKFLOW
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DATA: ANATOMY

Modalities magnetic resonance imaging
computed tomography
various microscopy

Formats/Standards DICOM
Digital Imaging and Communications in Medicine

NIfTI
Neuroimaging Informatics Technology Initiative

various image formats



DATA: PHYSIOLOGY

Tissue Sampling Uniaxial Testing Stress Relaxation

force (N)
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Modalities testing of isolated tissue samples
In situ testing + inverse analysis
Imaging based estimation

Formats/Standards various text formats



DATA: LOADING

Modalities

in vitro testing
in vivo testing
model based estimation

Formats/Standards

various binary formats
various text formats
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BUILDING MODELS
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Adapted from Open Knee(s), refer to http://wiki.simtk.org/openknee/Specifications.


http://wiki.simtk.org/openknee/Specifications

DERIVATIVE DATA: GEOMETRY

DERIVATIVE FORMATS &

DATA STANDARDS SOFTWARE
FOSS
3D Slicer
tissue volume Dlllclifg)l_:\/l ITK'SNAP |
) , commercia
voxel-based various IMG Mimics
Simpleware
FOSS
surface STL MeshlLab
geometry IGES SALOME
parame_trgc STEP commercial
or explicit various CAD
| FOSS
volume _ Netgen
mesh various TXT IA-FEMesh
nodes various XML commercial
elements various HDF various FEA
sets TrueGrid



DERIVATIVE DATA: MATERIAL PROPERTIES

stress
A
CONSTITUTIVE MODELING
N
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)
strain
DERIVATIVE DATA FORMATS & STANDARDS SOFTWARE
stress-strain data various TXT various for data fitting

constitutive coefficients coefficients in publications scripting languages



DERIVATIVE DATA: LOADING & BCS

w Representation of
loading time history
In @ usable manner

w Spatial registration of
anatomy and loading

w Establishment of
reference states

w May require other
modeling strategies

DERIVATIVE DATA FORMATS & STANDARDS SOFTWARE

load time history various TXT scripting languages
boundary condition publications other M&S
descriptions musculoskeletal

systems models



ASSEMBLING MODEL

PCL

OBJECT TYPES:
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Q Deformable Body

femur / \ femoral
QUAD Y. \ cartilage ‘
RP y
N | \
. / X LCL
! f ‘
1
i A - MCL

.o/ \ ’/ ACL
h y
| —
PAT c
TEND o menisci )
Y N posterior
\_ lateral medial
\ / .
y .. anterior
tibia _d tibial
- cartilage

w Representation of
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MODEL FORMAT

TEXT FORMATS

p Specific to
simulation Abaqus (.inp)
/ software etc.
XML FORMATS
Model definition - mesh :
. . FEBio (.feb)
[QSZ?;S'&"EOC"SG“'GS FieldML (.fml)

etc.

BINARY FORMATS MIXED FORMATS SCRIPT FORMATS

Abaqus (.cae) COMSOL Code Aster
etc. FieldML (Python)
Code Aster

(mesh as binary)



SIMULATION PROCESS

SIMULATION

MODEL
FIEE(S) 9> SOFTWARE o RFElfllsj(LsT)s
EXECUTABLE
pre-processing computing post-processing

erdemir@ae—-ultrabook:~$ febio2.1lnx64 -i tf_joint_FEBio_v2.feb




SIMULATION SOFTWARE

» Commonly imported from manufacturing industry

» Commonly designed for the analysis of man made
structures with a handful of recent exceptions

@ Choice of simulation software highly depends on
software capabilities, features, and cost

COMMERCIAL ACADEMIC FREE FREE & OPEN SOURCE

Abaqus FEBio Code Aster
COMSOL Continuity 6 OpenCMISS
etc. etc. etc.

For a comprehensive list of FEA software, refer to
https://en.wikipedia.org/wiki/List_of finite_element_software_packages.


https://en.wikipedia.org/wiki/List_of_finite_element_software_packages

MANAGING KNOW-HOW

Specifications - openknee - Mozilla Firefox

€ specifications-ope... % Wy
€ Oa simtk.org c | [®search & H 3 4 4 © 20 =

All Specifications Pages

1. Specifications
2. Specifications/CloudComputingPrototype
3. Specifications/DataManagement
4. Specifications/DataManagement/Discussion
5. Specifications/ExperimentationAnatomicallmaging
6. Specifications/ExperimentationAnatomicallmaging/Discussion
7. Specifications/ExperimentationjointMechanics
8. Specifications/ExperimentationjointMechanics/Discussion
9. Specifications/ExperimentationTissueMechanics
10. Specifications/ExperimentationTissueMechanics/ProtocolEvaluation
11. Specifications/ExperimentationTissueThickness
12. Specifications/FebioFeatures
13. Specifications/GeometryGeneration
14, Specifications/GeometryGeneration/Discussion
15. Specifications/ImageSegmentation
16. Specifications/ImageSegmentation/Discussion
17. Specifications/MRIScoring
18. Specifications/MeshAssembly
19. Specifications/MeshGeneration
20. Specifications/ModelingConstitutive
21. Specifications/ModelingKinematicsKinetics
22. Specifications/ModelingModelGraph

23, Snecifications/MadelingTisslie

Adapted from Open Knee(s), refer to https://simtk.org/plugins/moinmoin/openknee/Specifications.


https://simtk.org/plugins/moinmoin/openknee/Specifications

MANAGING DATA

Labeling Convention

tissue specimen/sample name

0oks002 - MNS - MavX - 01 4 segmentation/geometry/mesh

\ tissue material properties
knee tissue location sample
specimen type number

Adapted from Open Knee(s), refer to https://simtk.org/plugins/moinmoin/openknee/Specifications/DataManagement.


https://simtk.org/plugins/moinmoin/openknee/Specifications/DataManagement

MANAGING DATA

Specimen Characteristics

1. Specimen Characteristics

Metadata L

2. Specimen Preparation Gender: Female
3. Joint Imaging

1. Specimen Preparation Age: 46 years
2. Imaging Race: White
4. Joint Mechanics
1. EQuipment Preparation HEightI 62in. (1.575m)
2. Specimen Preparation
3. Testing Weight: 120 Ibs. (54.43 kg)

5. Tissue Mechanics

ﬁ Wlkl pageS fOr 1. Specimen Preparation BMI: 27.9

. . . 2. Testing
S pec imen d escri pt IoN 1. 0ks004-FMC-ACX¥-01 Serologically tested: Yes
. 0ks004-FMC-ACXX-02
. 0ksO04-FMC-ACUX-01 X-Ray:
. 0ks004-MCL-CXXX-01
. 0ksOO04-PAT-CXX%-01
. 0ksD04-PAT-CUXX-01
. 0ksOO04-PAT-CXXX%-02
. 0ks004-MNS-MPXX-01
9. oks004-MNS-MPXX-02
- H 10. oksD04-MNS-MCwX-01
w Specimen/sample 11, 0ks004 ACL X001
. . . 12. oksD04-PCL-CX¥%-01
configuration files 13, oke004-LCL OO 01
14. oksD04-PTL-CXXX-01
15. oks004-QUAT-CXXX-01
Stru Ctured 16. 0ks004-TIB-MAXX-01
17. oks004-TIB-MAUX-01
18. oksD04-TIB-MAXX-02
19. oksD04-TIB-LAXX-01

unstructured

00 =~ v N B

20. oks004-TIB-LAUX-01
21. oks004-TIB-LAXX-02
3. Data Analysis
4. Modeling & Simulation

Adapted from Open Knee(s), refer to https://simtk.org/plugins/moinmoin/openknee/oks004.


https://simtk.org/plugins/moinmoin/openknee/oks004

DISSEMINATION

SimTK:"Open'Knee(s): Virtual'Biomechanical Representations of the ' Knee'Joint:"Downloads - Mozilla'Firefox
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Downloads 5,274

Follow 46
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g2-51-v0.2.0.20150825 AUG 25,2015
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S tld
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© Download Links

1.3.12.2.1107.5.2.19.45406.2014100711193292568244326.0.0.0.nii  APR 16,2015
21mB  Any Datafimages/video

Soft tissue imaging - axial plane (MRl in NIfTI format)

Ahmet Erdemir
1.3.12.2.1107.5.2.19.45406.2014100710433217692143626.0.0.0.nii  APR 16,2015
98 mB  Any Datafimages/video

Cartilage imaging (MRI in NIfTI format)

1.3.12.2.1107.5.2.19.45406.2014100711262396541244530.0.0.0.nii  APR 16,2015
21mB  Any Datafimages/video

Soft tissue imaging - sagittal plane (MRI in NIfTI format)

1.3.12.2.1107.5.2.19.45406.2014100711323578731244734.0.0.0.nii  APR 16,2015
21mB  Any Datafimages/video

Soft tissue imaging - coronal plane (MRl in NIfTI format)

Adapted from Open Knee(s), refer to https://simtk.org/frs/index.php?group_id=485.


https://simtk.org/frs/index.php?group_id=485

COMING SOON: COMPUTING
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COMING SOON: DATA MANAGEMENT

Web-based infrastructure - data management and query platform

[ MULTIS Data Manage| x

& £ @ [4 multisbeta.stanford.edu | =
data folders on -
Choose from the quick links on the right or use the interface below to upload and manage
local Computer your data.
= . You can drag your files and folders in the file browser below to upload them to MobilizeDB. You may also drag files
Fle Edt view Go Help and folders around to move them. Select from the icon buttons to navigate, upload, download, or change settings
a2 ) & /home/erdemiraMULTIS/ @ for each file. You can hover your mouse over each button to get more information about them.
DEVICES c :
MULTIS File Browser
2 e e = =
PLACES LINUS MeetingNotes ) B D i
erdemira = = ) —
Desktop i ..... ; L= | 182 [Z]
@ Trash UltrasoundData il
- (= files p——
Pecuments b MNewFolder l
Download
[ pictures MULTIS001
Videos > subject0l
NeTworK drag-n-drop Test
Browse Network
"MULTIS001" folder
files/CpMultis ltems: 1, Size: 0 by

web browser accessible data management server on cloud



COMING SOON: DATA MANAGEMENT

¥ Mozilla Firefox A TETT
File Edit Wiew History Bookmarks Tools Help

,-",.http:,ﬂ.’multis..\,.fapps,|fc:|uery,r ® &

(- & multisbeta stanford.edufapps/query/#elf_[1_Lw vC‘||Q Search | 3 /# ™Wa O Z 0O~ =

Choose from the quick links on the right or use the interface below to request a specific subset of the data from the study.

Browse, Query, or Select All Data

This study provides knee joint mechanics data and models for multiple subjects. You can browse, query, or select all the data. Querying lets you filter the data by subject (e.g.
gender) or knee performance criteria (e.g. AP Laxity Anterior Drawer) to receive a subset of the study data relevant to your query.

Browse Data [EeUL-YAsEIEWEN Select All Data
AND ©OR JEe{iVE =+ Add rule © Add group
It Subject Age - less - 20-80 j‘

Specimen Characteristics
g Subject Summary _

Subject ID

Choose th retrieve.
Subject Gender

All Subject Age #1Al data

Experime Subject Race ’ General purpose imaging

Patell Subject Height (m) A cartilage imaging

Tibiof Subject Weight (kg) B soft tissue imaging - axial plane
Subject BMI ’ Soft tissue imaging - sagittal plane

’ Soft tissue imaging - coronal plane

Experimentation = Specimen

Exp. Spec. Leading Team Member

Exp. Spec. Protocol Deviations

Experimentation = Specimen Preparation
Comr Exp. Spec. Prep. Leading Team Member  be stored in a README file as a helpful reminder

Exp. Spec. Prep. Protocol Deviations

Filename multis-query-2016-07-07-10-06 ¥ W O Get Data




CONCLUDING REMARKS

w» Data related requirements for FEA in joint
biomechanics include

use of heterogeneous data
management of heterogeneous data
relying on various data formats

using variety of software to process data

w Challenges for appropriate integration of data to
FEA workflow are

lack of unified and generally accepted formats

lack of robust utility software for data format exchange
lack of large databases and comprehensive repositories
constraints for spatial association of data components



OPEN KNEE(S) ENABLED BY ...
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Community
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Cara Sullivan
Will Zaylor
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https://simtk.org/projects/openknee



CONTACT

Ahmet Erdemir
erdemira@ccf.org
+1 (216) 445 9523

Laboratory: http://www.lerner.ccf.org/bme/erdemir/lab
Open Knee(s): https://simtk.org/projects/openknee
Open Knee(s) Wiki: https://simtk.org/plugins/moinmoin/openknee/


http://www.lerner.ccf.org/bme/erdemir/lab
https://simtk.org/projects/openknee
https://simtk.org/plugins/moinmoin/openknee/

LICENSING

Copyright (c) 2016 Ahmet Erdemir

Unless noted otherwise or labeled as fair use*, all components
of this document and the accompanying source code and binary
files are licensed under a Creative Commons Attribution-
ShareAlike 4.0 International License. To view a copy of this
license, http://creativecommons.org/licenses/by-sa/4.0/.

*Slides labeled as 'fair use' likely have copyrighted material
qualifying as 'fair use' as a result of nonprofit educational
purpose of this document and the limited amount of enclosed
information when compared to the whole body of external work.
Any other use of material from these slides here or elsewhere,
may be copyright infringement.


http://creativecommons.org/licenses/by-sa/4.0/

TRADEMARKS & OWNERSHIPS

The trademarks and copyrights (registered or not)
listed in this document are the property of their
respective owners and are protected by national and
international laws on intellectual property,
copyrights and trademarks.
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