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Purpose

The SimTK Neuromuscular Workshop gathered researchers, educators, and SimTK staff to discuss key scientific questions and to identify requirements for open-source bio-simulation software, including: models, algorithms, applications, hardware, documentation, curriculum, training, and graphics.

Repository

The repository of science presentations, this document, and the results of the following four working groups are contained on SimTK.org/home/opensim_advise
Summary of Results from Working Groups

Working Group 1: Barriers (and solutions) to adoption of SimTK
Powerpoint presentation: www.SimTK.org/home/opensim_advise
	Barrier
	Solution

	Competition for NIH/Bio funding.
Academic credit.
	Ensure superior technology in SimTK which provides SimTK users with competitive scientific advantages. 

Ensure contributors of models and algorithms to SimTK are given high visibility and credit in the software, documentation, and website. 

	Lack of subject-specific models
	Ensure OpenSim has best-available neuromuscular models and can scale bones, muscles, and joints

	Technical support
	Limited technical support is available via SimTK staff.

SimTK is open-source and will need to be commercialized.

	Too hard to learn.  Already invested considerable time becoming proficient with SD/FAST, SIMM, and other tools
	SimTK tools will be easy-to-use, have enhanced functionality, and will replace aforementioned tools which will not be available in the future.  

Note: Some tools have not been developed for 8+ years.

	Students prefer MATLAB
	SimTK will provide interfaces to MATLAB, Simulink, etc.

	Can I trust the tools?
	Provide demo simulations with validation. 

Build a solid reputation with a large user base.


Working Group 2: Design of courses to teach simulation using SimTK
Powerpoint presentation: www.SimTK.org/home/opensim_advise
Research and academic goals, course prerequisites, related course offerings, labs, lectures, distance learning, and shared resources.  
Action item: Form new SimTK project for shared Powerpoint presentations, lecture notes, homework/lab assignments, syllabus, graphics, and related curriculum material.

Group 3: Grand challenges for biomechanical simulation

Powerpoint presentation: www.SimTK.org/home/opensim_advise
Creating a validated useful model of a complex organism.  Demonstrate improved clinical outcomes through simulation. Getting experimentalists and clinicians using simulation.  Creating “black boxes” and drilling into them as needed (Simulink analogy).    
Working Group 4: Summary of scientific goals and features needed to achieve them.

Powerpoint presentation: www.SimTK.org/home/opensim_advise
Scientific goals and software needed to achieve them.   Validation of subject-specific models and simulation through experimental results.  Estimation of muscles forces.   Interfacing with existing software.  Speed.  Ease-of-use.  Technical Support.  Two page list of necessary tools.
Neuromuscular Presentations 
Powerpoint presentations: www.SimTK.org/home/home/opensim_advise
Clay Anderson
Using Subject-Specific Simulations to Understand Muscle Function in Crouch and Stiff-knee Gait

Darryl Thelen 
Applications, Tools & Challenges in Neuromusculoskeletal Simulation
Rick Neptune

Rehabilitation of patients with various lower-limb disabilities
Ton van den Bogert
Non-contact knee ligament injuries; Neural prostheses; Diabetic foot ulceration; Bone loss in space
Jill Higginson

Muscle coordination following stroke
Brian Garner
Coordination for Non-ballistic Motions; Reconstructing Surfaces from Medical Images and Creating Models from Surfaces;  Shoulder Range-of-Motion limits; Modeling Muscle Wrapping; Estimating Muscle-tendon parameters; Development of Upper Extremity Model; Simulation in Design of Exercise Equipment;  Measuring Shoulder Strengths;
Wendy Murray
Biomechanical Simulation of Upper Extremity; Anatomy and Function of 




Neuromuscular System; Optimization for Surgical Outcome

Steve Piazza

Effect of Design on Invivo Joint Replacement; Mechanical Effects of Foot 



and Ankle Surgeries; Mechanical Analogs For Modeling Joints
Tom Buchanan
Models that estimate joint, muscular and ligamentous forces based on the way people use their muscles (i.e., EMGs)

Robert Kirsch
Model-based development of limb neuroprostheses;  Development of a  Shoulder & Elbow.
Jeff Reinbolt

Patient-Specific Dynamic Modeling to Predict Functional Outcomes
Rahman Davoodi &
Virtual Prototyping of Neural Prostheses; Design and Fitting of FES 

Gerry Loeb

and Prosthetic Systems; MSMS Software; Bio-sensors;
 Software Needs
	Easy-to-use framework for teaching, research, clinical use, and exploring “what-if” scenarios.

	Rapid development and interactive scaling of subject-specific models, including muscle/tendon parameters that scale with the model.  Upper extremity models.

	Matlab/Simulink friendly, e.g., communication with Matlab .m files or being a Simulink block.

	More detailed muscle/tendon modeling & parameters. 3D muscle models.  Scalable, canned muscle, tendon, and cartilage models.  Muscle wrapping around bone (closed loop kinematics over multiple joints - similar to pulleys).

	Joints (e.g., knee joint) with 6 DOF and passive tissue connections.  Friction in joints (e.g., knee friction for joint replacement).  Modeling joints with range of motion limits from either bony landmarks or passive muscle forces.

	Fast, efficient algorithms for time-consuming processes, i.e., speed, speed, speed. 

	Feet (and other body parts) represented with FEM (not rigid bodies with joints). Better foot/floor models (incompressible, hyperelastic solids).

	Model and simulation validation (algorithms and software).  Tracking angles, joint torques/forces and comparing to EMG

	Reconstructing subject-specific medical images to 3D surfaces and solids.  

	Animation making (movies) .tif, .gif, .avi., etc.

	Means for handling contact (motion & forces)

	Standard bone file format (CAD to SIMM)

	Ability to handle various marker sets

	Technical support

	Controllers and Hardware interface

	Backward compatible with SIMM


Software Used
	Matlab/Simulink (pre/post processing, optimization, time-domain management)

	SD/FAST (Equations of motion, forward and inverse dynamics)

	SIMM (Muscoskeletal modeling)

	OpenSIM (gait analysis)

	Gait workflow (gait analysis)

	Abaqus (Finite Element Analysis)

	Pro/Engineer (modeling, motion, and FEA)

	Autolev  (Equations of motion, forward/inverse kinematics and dynamics)

	FSQP (Fast Sequential Quadratic Programming)

	EMG (excitation inputs)

	Dynamic Optimization

	Simulation Annealing

	MoCap (motion capture)

	SD Doctor

	SPAN (optimization in FORTRAN)

	IMSL C/Math library

	Rhinoceros 3D

	EVART

	MSMS (combines SIMM, Pipeline, SD/Fast, Virtual Muscle, and Virtual Sensor with Simulink)

	Visual C/C++

	Custom C Code  (multiple purposes)


