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The primary role of the heart as a pump is made possible by the ability of cardiac cells to
contract. The mathematical modelling of the complex phenomena behind the active contraction
of cardiomyocytes is crucial for understanding heart functionality, since it represents the natural
bridge between electrophysiology and mechanics [1]. The most detailed models of muscle con-
traction consist in Markov Chains describing the attachment-detachment of actin and myosin
filaments. The centrality of the phenomenon of cooperativity between adjacent binding sites pre-
vents applying the mean-field hypothesis in order to reduce the complexity of such models [2];
therefore, the time-consuming Monte Carlo method is typically employed in simulations, hinder-
ing the applicability of such models to the simulation of the full organ. In our work we propose
a reduced ODE model for the mechanical activation of cardiac myofilaments, which is based on
explicit spatial representation of nearest-neighbour interactions. Our reduced model is derived
starting from the cooperative Markov Chain model presented in [3], under the assumption of
conditional independence of specific sets of events. This physically motivated assumption allows
to drastically reduce the number of degrees of freedom, thus reducing the computational cost
by more than 10 000 times [4]. We show through numerical tests that our reduced model is ca-
pable of reproducing physiological steady-state force-calcium and force-length relationships and
also shows good qualitative and quantitative agreement with experimental measurements under
dynamic conditions. Finally, we analyse different strategies to couple the proposed model with
existing models of electrophysiology and mechanics devoting a particular care to the homoge-
nization of the microscopic model of force generation into a macroscopic framework and we show
some numerical simulations of a fully coupled electromechanical system in simple geometries.
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