
1st Pan-American Congress on Computational Mechanics – PANACM 2015 
XI Argentine Congress on Computational Mechanics – MECOM 2015 

S. Idelsohn, V. Sonzogni, A. Coutinho, M. Cruchaga, A. Lew & M. Cerrolaza (Eds) 
 
 
 

COMPUTATIONAL MECHANICAL MODELING IN THE HUMAN 
HEART 

DAVID NORDSLETTEN¹, MYRIA HADJICHARALAMBOUS² AND LIYA ASNER³ 

 ¹ Kings College London 
St Thomas Hospital, Westminster Bridge Rd, London SE1 7EH 

david.nordsletten@kcl.ac.uk 
 

² Kings College London 
St Thomas Hospital, Westminster Bridge Rd, London SE1 7EH 

myrianthi.hadjicharalambous@kcl.ac.uk 
 

³Kings College London 
St Thomas Hospital, Westminster Bridge Rd, London SE1 7EH 

liya.asner@kcl.ac.uk 
 

Key words: Computational Mechanics, Parameter Estimation, Cardiac Modeling, Patient-
Specific Cardiac Mechanics. 
 
Abstract. Medical Imaging has emerged as a powerful non-invasive tool for assessing heart 
function and pathology. Capable of providing detailed information on anatomy, regional 
myocardial motion and blood flow, medical imaging provides detailed quantification of the 
kinematic behaviour of the heart through the cardiac cycle.  However, linking these 
kinematics to kinetics in the heart remains a challenge, typically requiring invasive 
measurement. 
 
Integration of this source of data with mathematical models has the strong potential to bridge 
the kinematic to kinetic gap.  Computational cardiac models provide a construct for assessing 
myocardial strain, stress as well as metrics of cardiac work.  Additionally, passive and active 
parameters within these models provide potential quantitative biomarkers of disease.   
 
However, practical use of mathematical modelling and medical imaging introduces two core 
computational challenges: model parameterization and patient-specific boundary conditions.  
In this presentation, we will address our recent advancements on both fronts.  We present a 
novel mathematical modelling paradigm for data integration and boundary condition 
specification using an energy-based regularization.  We show that these conditions minimize 
artefacts stemming from imaging data, while retaining model accuracy.  Core to the design of 
our model are issues of practical identifiability and parameter uniqueness.  Here we present a 
method that exploits features of this new model in order to ensure unique parameterization of 
both active and passive model components strictly from non-invasive data.  We then validate 
this method through an in silico pipeline, demonstrating accuracy and robustness of the 
method.  These techniques are subsequently applied to patient-specific data, illustrating the 
effectiveness of this approach in vivo. 


