The Vertebrate Analyzer: A Simulator To Analyze Form, Function, And Behavior Of Extant And Extinct Vertebrates
We believe that current approaches to analyzing form and function, whether in humans or in dinosaurs, whether for basic or clinical applications, are typically applied one technique at a time with little or no capacity to stage the output/outcome for one or more subsequent analyses. Moreover, techniques are applied manually, often on specimens that are rare if not unique and therefore have limited distribution. Limited access to specimens and the need to manually duplicate experiments or techniques retard the capacity of the wider community to judge techniques or procedures, to gauge the veracity of conclusions, or to build on previous work. We intend in the proposed work to apply successful strategies of the engineering/computational community to models of the biological community, adapt engineering/computational methods to overcome problems with redundant biological systems, and apply optimization techniques to discover function from form. The overall goal is to provide a tool to facilitate imposition of greater rigor on hypotheses purporting relationships among form, function, and behavior. Long-term, we propose to develop an NIH-Image-like open-source, expandable platform, the Vertebrate Analyzer (VA.) This CAD-based 3D, modeling and computational analysis system will allow users to create from CT or MRI images virtual musculoskeletal and/or mechanical models of any vertebrate, extinct or extant, and run biomechanical analyses on one or more elements of those models during simulated activities. By imposing selectable mechanical and physiologic constraints on each anatomical component comprising the virtual models (e.g., bone, cartilage, ligament, tendon, and muscle), resulting models will be variably limited in the behaviors that they can be programmed to emulate. Similarly, aspects of the virtual environment in or on which the virtual models behave can be constrained by applying selectable mechanical and/or physiologic characteristics. The purpose is to both visualize and “experiment” with these constrained musculoskeletal models under known or estimated conditions and thereby determine whether a known or hypothesized behavior is or was biomechanically feasible, i.e., test hypotheses relating form to function, and/or behavior. Complete models and analyses (output) can potentially be shared via the web for verification or expansion by other researchers and archived in a web-based library. Archived models could potentially be repeatedly updated and reanalyzed as new tools are added or improved or as anatomical or physiologic constraints are refined. Short-term, we propose to develop means of converting CT images of cats (living and extinct) into selectable multi-resolution models preparatory for use with powerful but mutually exclusive commercial products designed for finite element modeling and analysis, kinematics and muscle modeling, and mechanical reproduction by rapid prototyping. We hope to demonstrate that properly configured output from a highly flexible kinematics and muscle modeling program like Anybody can appropriately limit possible loading scenarios produced by Abaqus, a powerful finite element modeling and analysis program. Conversely, knowing maximum tolerable loads on bones or aspects of them may constrain options in Anybody and hence more narrowly ‘predict’ the fiber types and architecture of the musculature of some extinct vertebrate. Predictions from both programs can be tested in living animals or by using mechanical models of extinct or extant animals as ‘bench surrogates’. Data from such surrogates can, in turn, be used to limit or refine aspects of either program. This exercise is designed to show the advantages of integrating several physics-based predictive tools, and also the inutility of using current ‘task-specific’ programs for serial or staged analyses.

