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with and the myofiber direction in the unloaded tissue, an the
rotation-corrected deformed myofiber direction, and the reori-
entation time constant (=10s). Removal of rotation implies that
reorientation is driven by (fiber-cross fiber) shear deformation.
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Introduction
Myofiber orientations in the heart form a complex pattern (Fig 1A).
This orientation pattern is a major determinant of local tissue defor-
mation and global pump function [3,6]. Conversely, tissue defor-
mation has been hypothesized to determine the fiber orientations
[2]. However, mechanical stimulus remains unknown.
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In this study we use a mathematical model to assess the role of
myocardial shear in the genesis of the myofiber orientation pattern
(Fig. 1B).

Fig. 1 A Specimen showing myofiber orientations in the heart [1]. B Possible
microstructural foundation for shear-induced myofiber reorientation
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Deformation (deformation gradient tensor F ) and continuous
turnover, induces reorientation of the unloaded myofiber towards
its direction in the deformed tissue. Rigid body rotations R are
assumed not to affect the reorientation process:

;

Tissue deformation is computed with a 3D finite element model
of left ventricular mechanics [5]. Hemodynamic boundary condi-
tions are supplied by a lumped parameter model of the circula-
tion. Reorientation is simulated over 30 cardiac cycles.
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Fig. 2 The transmural variation in helix angles as well as the apex-to-base
distribution of midwall transverse angles agree well with data from MRDTI
experiments as obtained from [4].

Fig. 3 shows the circumferential-radial (Green-Lagrangian) shear
strain aa during the cardiac cycle as obtained from magnetic
resonance tagging (MRT) experiments and in the model before
and after reorientation.
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Results
Fig. 2 shows a direct comparison of between model-predicted
myofiber orientations and those determined experimentally using
magnetic resonance diffusion tensor imaging (MRDTI).

Shear-induced myofber reorientation leads to myofiber orienta-
tions that are within the experimental range. This suggests that
shear strain plays an important role in the genesis of the myo-
cardial structure.

Discrepancies in circumferential-radial shear strain between
model and experiment are significantly reduced through reorien-
tation. However, with myofiber reorientation alone, not all experi-
mentally observed shear characteristics could be reproduced.
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Fig 3 After myofiber reorientation, the pattern of during the cardiac
cycle is more realistic than before reorientation. However, discrepancies
between model and MRT experiment [6] remain.
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