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Questions for MSM PI’s

PI Name: Trent Guess

PI Project Title:  Dynamic Simulation of Joints Using Multi-Scale Modeling
1. Please highlight your scientific progress from year 1, where did you hope to be after year 1?

Year 1 progress:

· Experimental testing of cadaver knees  
· Imaging and testing of 3 cadaver knees completed

· Testing of all knees expected by March 2007

· Have confirmed model validation and registration methods 
· Method developed to quantify ligament slack length as a model input
· Artificial Neural Network (ANN) development 
· ANN developed for tibio-femoral articulations from multi-body model 
· Feasibility of ANN for kinematics confirmed
· Finite element model

· Geometries from MR images

· Mesh Generated (1 knee) 
· Femur, tibia, cartilage, menisci

· Dynamic linear elastic model of tibio-menisco-femoral articulations in progress
· Multi-body model

· Model developed of first cadaver knee in knee loading device

· Dynamic multi-body w/ deformable contacts

· Includes PFJ, TFJ, representation of 6 ligaments

· No menisci

· Simulation results compared to empirical values 

· Constitutive equations from pseudo-bond method

· In progress

· Regional multi-scale modeling seminars being held bi-monthly
Development of the Artificial Neural Network has progressed further in the first year than expected.  Finding the optimal type of ANN for the data and developing optimal input parameters for ANN learning has been more time consuming than expected.  But, as ANN development is crucial to the project, more resources were allocated and allocated earlier than originally proposed.  The experimental testing has taken longer than planned due to the availability of younger knees and mechanical problems with the dynamic knee simulator.    
Overall, I have been pleased with progress of the project and believe that we are staying relatively close to the proposed plan.  We have made very good progress in generating experimental data necessary for construction and validation of our models (machine loading profiles, kinematics, registration, geometries, insertions, FE meshes).  The project is behind schedule in developing constitutive equations from pseudo-bond methods, but this has not affected the overall progress as ANN development is a parallel process.  The ANN is first learning from multi-body knee articulation, then from dynamic linear elastic FE models, and finally from pseudo-bond based FE models.     
Communication of the various researchers and groups working in the project has been facilitated through bi-monthly multi-scale modeling seminars.  These seminars have been well attended by faculty and graduate students from the Kansas City region. 
2. What challenges did you experience?

An initial challenge was in recruiting graduate students, specifically PhD students.  Throughout the first year, graduate students were aggressively recruited for the project and currently a good team is in place.  This research team includes:
· 3 MS students (Katherine Weimer, Himabindu Bodduna, Kevin Dodd)
· One student working on the multi-body model and validation methods
· One student converting MR images to 3D geometries, meshing, and supporting Finite Element model development
· One student working on experimental testing and slack measurements of ligaments

· 2 PhD students (Amin Dehkordi, Mohammad Kia)
· One student working on development of Artificial Neural Network algorithms

· One student working on multi-body model and inclusion of ANN models within the multi-body framework

· A third PhD student will join us in May to begin work on tissue mechanics

Managing the many researchers and aspects of the project has also been a challenge.  Good communication is critical to our success and the bi-monthly seminars have been a good mechanism for facilitating communication.  The seminars include short update presentations from each of the researchers in addition to a presentation on a general multi-scale modeling/computational biomechanics related topic.    

3. What unexpected outcomes did you encounter?

We have experienced numerous “little” challenges and results, but so far, no major unexpected outcomes have been encountered.  
4. What are the major advances that have occurred in your field this year?

The field has experienced incremental improvements in musculoskeletal modeling techniques and imaging.  There also seems to be increasing interest in capturing soft-tissue mechanics within macro musculoskeletal models.  Methods being explored include using imaging methods to couple soft tissue deformation to macro models, improved multi-body contact algorithms, and developing methods that link finite element tissue models to neuromusculoskeletal models.       

5. How successful were your proposed tools, and did you adopt new tools?

The various tools that have been proposed, multi-scale and knee modeling techniques, and methods to bridge computationally intensive models to computationally efficient models, all look feasible.  But, these tools still need to be fully evaluated and developed.  
6. Please share your individual experiences of collaborating with the broader community.

Participation in the MSM tissue mechanics working group has provided a means to communicate with the broader community as the group has recruited several members from the tissue mechanics and computational biomechanics community.  In addition, posting of the project on SimTK has provided some targeted exposure to the project.  This posting directly resulted in collaborative talks with researchers working with Ton van den Bogert of the Cleveland Clinical Foundation.  Dr. van den Bogert’s group is working on an NIH funded project to develop adaptive surrogate modeling code to couple finite element models of the foot to multi-body leg models.  Both projects are in similar stages, but we are exploring collaboration and model/data sharing options.   
7. Please highlight your plans for year 2.

Continue with modeling and experimental work.  Continue with bi-monthly multi-scale modeling seminar and possibly bring in guest speakers from outside the region.  Begin collecting gait lab data this coming summer.  Apply for REU to involve an undergraduate student in project work.
8. What is your primary MSM Working Group?

Working Group 6, the tissue mechanics working group, of which I am the lead.

9. Please comment on your MSM Working Group(s), and what needs to be improved?

It took some time for the working group to evolve into a group that could fully discuss and address tissue mechanics multi-scale modeling and model sharing issues.  The group currently has six active members, only two of whom are participating in IMAG MSM projects.  Participation in the working group has taken time, but is believed to be a worthwhile use of time.  The working group has also created some unexpected expenses, primarily in the form of multi-party international conference calls.
10. How do you foresee logical linking of models with others in the MSM?

Although many of the projects in the MSM consortium are working at the sub-cellular level, the behavior and properties of tissues are a result of their micro/nano structure.  In addition, the celluar/sub-celluar environment results from loading at the tissue interfaces.  Eventually, these scales will need to be linked.   
11. Are you writing grants?
Yes, I am currently working with clinical researchers in the UMKC dental school to develop a grant aimed at temporomandibular joint disorders.  This project would include multi-scale musculoskeletal models of the TMJ using many of the techniques developed for the current knee based project.  
12. Are you finding new collaborations?

Yes, see responses to questions 6 and 11.  
