
11th World Congress on Computational Mechanics (WCCM XI)
5th European Conference on Computational Mechanics (ECCM V)

6th European Conference on Computational Fluid Dynamics (ECFD VI)

July 20–25, 2014, Barcelona, Spain

MYOCARDIAL TISSUE MECHANICS WITH FIBRES
MODELLED AS ONE-DIMENSIONAL COSSERAT

CONTINUA

S. Skatulla1,?, K. Sack1 and C. Sansour2

1 CERECAM, Dept. of Civil Engineering, University of Cape Town, South Africa,
sebastian.skatulla@uct.ac.za, http://www.civil.uct.ac.za

2 Division of Materials, Mechanics, and Structures, The University of Nottingham, United
Kingdom, carlo.sansour@nottingham.ac.uk, http://www.nottingham.ac.uk

Key words: Soft tissue mechanics, Cardiac mechanics, Cosserat Continua.

1 Introduction

Classically, the elastic behaviour of cardiac tissue mechanics is modelled using anisotropic
strain energy functions capturing the averaged behaviour of its fibrous microstructure.
The strain energy function can be derived via representation theorems for anisotropic
functions where a suitable nonlinear strain tensor, e.g. the Green strain tensor, describes
locally the current state of strain. These kinds of approaches, however, are usually of
phenomenological nature and do not elucidate on the complex heterogeneous material
composition of cardiac tissue characterized by different fibre hierarchies interwoven by
collagen, elastin and coronary capillaries. Thus, pathological changes of microstructural
constituents, e.g. with regards to the extra-cellular matrix, and their implications on the
macroscopically observable material behaviour cannot be directly investigated.

This paper follows a hypothesis by Hussan et al. [1], stipulating that the semisoft be-
haviour of myocardial tissue stems from the ability of cardiac myocytes to deform while
being embedded and constrained by the cross-linked collagen matrix. Here, the fibrous
characteristics of the myocardium are modelled by one-dimensional Cosserat continua.
This additionally allows for the inclusion of fibre motion relative to matrix representing
the non-local material response due to twisting and bending of fibres.

2 Method

We decompose the strain energy in contributions related to fibrous structural components,
e.g. bundles of myocytes embedded in perimysial collagen, modelled by one-dimensional
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Cosserat continua and complementary connective tissue. In the Cosserat continuum every
material point P is assigned besides displacement additional rotational degrees of freedom
described by a rotation tensor R ∈ SO(3) which is independent of the deformation gradi-
ent F. This allows for the formulation of two strain measures, a stretch-like strain tensor
U = RTF and a change of curvature strain tensor K = −1

2
ε : (RTR,i) ⊗Vi where the

index i = f, t, n and Vf ,Vt,Vn span an orthonormal basis describing fibre, sheet-tangent
and sheet-normal directions, respectively.
A Fung-type orthotropic strain energy function ψ(U,K) incorporating fibrous and com-
plementary matrix material components is defined as follows:
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with J denoting the Jacobian and the exponent Q = Qfibre +Qmatrix given by
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considering the heterogeneous responses of N different hierarchical fibre entities and the
associated material parameters A, B, Acomp, a1, a2, a

(i)
3 , a

(i)
4 , b1 and b2.

Finally, a corresponding variational principle is formulated as∫
B
{n : δU +m : δK} dV −Wext = 0 (2)

with the force stress tensor n =
∂ψ

∂U
and the couple stress tensor m =

∂ψ

∂K
. The latter

incorporates the heterogeneous responses of all considered fibrous constituents.

3 Conclusion

In summary, the proposed approach is motivated by the microstructural kinematics of
myocytes and bundles of myocytes interacting with the collagen enmeshment. It allows
for the description of the mechanics of both constituents and pathological changes thereof
in a more detailed fashion.
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