Minutes from the Working Group 6 (Tissue Mechanics) Meeting
Interagency Modeling and Analysis Group Multiscale Modeling PI Consortium Meeting

Lister Hill Auditorium, NIH Campus, April 11, 2007 
IMAG Attendees:
Zohara Cohen, National Institute of Biomedical Imaging and Bioengineering
Jennie Larkin, National Heart, Lung, and Blood Institute

Grace Peng, National Institute of Biomedical Imaging and Bioengineering
Working Group Attendees:

Trent Guess, University of Missouri – Kansas City

Jeff Reinbolt, National Center for Physics-Based Simulation of Biological Structures   
Merryn Tawhai, University of Auckland
Meeting Topic:

Determination of computational priorities and challenges related to multiscale modeling in computational biomechanics. 

Computational priorities / challenges:
Note: Computational priorities 1 thru 3 were submitted by working group member Ahmet Erdemir prior to the meeting.
1) Need for simulation tools designed for the biological system.  Ie. Most commercial engineering analysis software is not designed for biological tissues.
Merryn Tawhai noted that her group at the University of Auckland was working on computational tools designed specifically for biological tissues, more specifically, extremely soft elastic tissues.   

Researchers in her group had noted fundamental differences in outcomes for FE software designed specifically for biological systems compared to a finite elasticity FE program such as ABAQUS

2) Software to investigate multiple domains.  Ie. the need for simulation tools that cross multiple scales and that connect software platforms.
It was suggested that the group identify important scales to cross and prioritize these scales based on importance and relative effort. (Jennie Larkin) 
It was also suggested that a possible demonstration would be to develop an example of a constitutive law in a markup language such as CellML.  (Tawhai)
Zohara Cohen noted that a conference grant may be a possible way to fund the markup language effort.
3) Computational power is developing at a high pace allowing simulations to run faster, but model development is lagging.  Generating meshes, MRI to geometry, assigning nonhomogenous properties, etc. are all relatively tedious and cumbersome processes.      
Some priority should be placed on development of tools that assist model development.   Ie. 3D Slicer  
4) Development of a repository, specifically, a repository that contains supporting information for development of multi-scale computational models.
For computational biomechanics, this repository might contain:


Geometries    

body, organ, tissue


Material properties    
various scales


Experimental data 
various scales


Anthropometric data

An issue was brought up regarding posting of patient specific data to a repository.   

Ie. IRB issues with gait lab data.  (Jeff Reinbolt)   

It was noted that IRB and patient protection should not be an issue as long as the data is sufficiently de-identified 

A possible source of repository data (especially pertaining to gait) might be the military or veterans administration.   Prosthetic companies may also have data (proprietary?). (Cohen)      
It was noted that the VA is open to collaborations.
A question was posed by Jennie Larkin regarding repositories.  If a repository were built would it be utilized?  Is this a worthwhile endeavor?   

The visual human project was sited as an example of a “repository” that is utilized by the biomechanics community.  The BEL repository of the European Biomechanics community was also noted as repository that is used. 
It was noted that for a repository to work, it would require “buy-in” from a critical mass in the field.    

It was suggested that the group develop priorities regarding the content of a repository.  What does the biomechanics community need regarding a repository?
The issue of motivation for researchers to submit to a repository was also brought up.
Jeff Reinbolt noted that in his experience with SimTK, some researchers do not like to share models and/or data.  They feel that they lose competitive advantage by doing so and that researchers are all competing for the same grants in a very competitive environment.
An incentive is needed for model/data sharing.  This incentive may come from NIH and NSF.  For example a stipulation that the result of certain funded projects be posted in a repository.
It was noted that these stipulations already exist, but are sometimes only given “lip service” from researchers and that this is not necessarily enforced.
It was suggested that a way to reward researchers who share code might be through the development of a parameter.  Ie, the number of researchers who have utilized shared code, similar to the number of publications.  (Larkin)
Journal articles are the typical means of disseminating information.  But this is not the most efficient means for sharing research models.  The data/model must be ported into “journal” format, read by the end user, and then reformulated back into a model or data.  
Encouraging electronic journals to include data and models would be one way to share.  Pubmed could also be linked to data and models. 

It was agreed that experimental data is a necessary component for a repository.  Experimental data is needed for model development and validation.  Metadata would be an important component of any shared data. 

It was also suggested that peer reviewed journal articles are needed for each repository submission to maintain the integrity of data and models.   
Conclusions and future work:

1) Prioritize the various scales (spatial, temporal, etc.) to cross in multi-scale modeling efforts, specifically efforts related to tissue mechanics and computational biomechanics. 

2) Prioritize the attributes desired for a repository that meets the needs of the tissue mechanics and computational biomechanics communities.  

Include the preceding items within a review/discussion/emerging area type manuscript.  The article would be centered on the theme "Determination of computational priorities and challenges related to multiscale modeling in computational biomechanics."  Members of the working group will contribute sections related to their own research areas.

Submitted by Trent Guess
