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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

FINITE ELEMENT 
ANALYSIS IN 
MEDICINE

adapted from Erdemir et al. (2012) 

(as of Sep 7, 2015)

fair use

http://www.ncbi.nlm.nih.gov/pubmed/22236526


  

PREMISE OF FEA

anatomical
properties

material
properties

loading

mechanical
response



FEA WORKFLOW



  

DATA: ANATOMY

Modalities

Formats/Standards

magnetic resonance imaging
computed tomography
various microscopy

DICOM
Digital Imaging and Communications in Medicine

NIfTI
Neuroimaging Informatics Technology Initiative

various image formats



  

DATA: PHYSIOLOGY

Modalities

Formats/Standards

testing of isolated tissue samples
in situ testing + inverse analysis
imaging based estimation

various text formats



  

DATA: LOADING

Modalities

Formats/Standards

in vitro testing
in vivo testing
model based estimation

various binary formats
various text formats



  

BUILDING MODELS

Adapted from Open Knee(s), refer to http://wiki.simtk.org/openknee/Specifications.

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


  

DERIVATIVE DATA: GEOMETRY
DERIVATIVE

DATA
FORMATS &
STANDARDS SOFTWARE

SEGMENTATION

GEOMETRY GENERATION

MESH GENERATION

tissue volume
voxel-based

surface
geometry

parametric
or explicit

volume
mesh
nodes

elements
sets

DICOM
NifTI

various IMG

STL
IGES
STEP

various TXT
various XML
various HDF

FOSS
3D Slicer
ITK-SNAP

commercial
Mimics

Simpleware

FOSS
MeshLab
SALOME

commercial
various CAD

FOSS
Netgen

IA-FEMesh
commercial
various FEA 

TrueGrid



  

DERIVATIVE DATA: MATERIAL PROPERTIES

DERIVATIVE DATA FORMATS & STANDARDS SOFTWARE

strain

stress

stress-strain data
constitutive coefficients

various TXT
coefficients in publications

various for data fitting
scripting languages

μ
i 
, α

i

CONSTITUTIVE MODELING



  

DERIVATIVE DATA: LOADING & BCS

DERIVATIVE DATA FORMATS & STANDARDS SOFTWARE

load time history
boundary condition
 descriptions

various TXT
publications

scripting languages
other M&S
 musculoskeletal
 systems models

Representation of 
loading time history 
in a usable manner

Spatial registration of 
anatomy and loading

Establishment of 
reference states

May require other 
modeling strategies



  

ASSEMBLING MODEL

Representation of 
whole model

Customization to 
swap components

Compartmental 
modeling



  

MODEL FORMAT

BINARY FORMATS MIXED FORMATS SCRIPT FORMATS

Abaqus (.cae)
etc.

FEBio (.feb)
FieldML (.fml)

etc.

Code Aster
(Python)

TEXT FORMATS

XML FORMATS

Specific to 
simulation 
software

Abaqus (.inp)
etc.

COMSOL
FieldML

Code Aster
(mesh as binary)

Model definition → mesh
material properties
loading & BCs



  

SIMULATION PROCESS

MODEL
FILE(S)

SIMULATION
SOFTWARE

EXECUTABLE

RESULTS
FILE(S)

pre-processing computing post-processing

erdemir@aeultrabook:~$ febio2.lnx64 i tf_joint_FEBio_v2.feberdemir@aeultrabook:~$ febio2.lnx64 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
COMSOL

etc.

FEBio
Continuity 6

etc.

Code Aster
OpenCMISS

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

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

oks002 – MNS – MavX - 01

knee
specimen

tissue
type

location sample
number

tissue specimen/sample name

segmentation/geometry/mesh

tissue material properties

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

Metadata

Wiki pages for 
specimen description

unstructured

Specimen/sample 
configuration files

structured

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

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


  

DISSEMINATION

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



  

COMING SOON: DATA MANAGEMENT

data folders on
local computer

web browser accessible data management server on cloud

drag-n-drop

Web-based infrastructure - data management and query platform



  

COMING SOON: DATA MANAGEMENT

data folders on
local computer

web browser accessible data management server on cloud

drag-n-drop

Web-based infrastructure - data management and query platform



  

CONCLUDING REMARKS

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

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
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CONTACT

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/

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

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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