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Dynamics of filaments for surgical applications 

Abstract: 
The medical profession is in need of simulations that can realistically reproduce the complexity of 

surgical scenarios. Sporadic efforts have taken place at large US research institutions and training hospitals (i.e. 
Massachusetts General Hospital, Stanford, Harvard) who have received government funds (DARPA, ONR, ARF 
etc.) to make simulation training a mandatory part of their education. This is in sharp contrast to the aviation 
industry which has relied on flight simulators for the training of pilots for almost one hundred years. In addition, 
within these efforts, the modeling of tissues and organs (i.e. brain or heart) has received more attention than the 
modeling of surgical devices. 

Our research program, sponsored by Qatar Foundation, aims to develop a physics-based software that 
will enhance the training of medical school students in the art of suturing and knotting, some of the most 
challenging surgical tasks. We have identified three techniques (Cosserat rod theory, Discrete Variational 
Integrator and the Viterbi algorithm) to model the spiral-type dynamical configurations of surgical filaments. The 
Cosserat theory is a continuum rod theory while the two others are discrete optimization-based programming 
techniques originally developed for information theoretic problems related to text strings. The program is 
interdisciplinary in nature with researchers drawn from mechanics, electrical engineering, computer graphics and 
the medical fields. I will give an overview of the many elements of the program and will show some of the results 
obtained so far.   
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