Evaluation of Rule-Based Approaches for the Incorporation of
Skeletal Muscle Fiber Orientation in Patient-Specific Anatomies
DUJ Keller, O Dössel, G Seemann
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Abstract

cal dummy, Klepfer et al. proposed a simplified, rule-based
method. They considered the torso to be a cylinder around
which the muscle fibers wrap. According to that, the torso
is divided into twelve segments (from a cross-section perspective) and the fiber direction was assumed to be perpendicular to the bisector of each segment [4]. Finally Sachse
et al. extracted the skeletal muscle fiber orientation from
the highly detailed thin-section photos of the Visible Man
dataset (National Library of Medicine, Bethesda, Maryland, USA) [5]. Automatic methods such as texture analysis and a 3D Sobel filter were used to derive an initial orientation which was then manually revised by human experts.
In this work we evaluated the rule-based approach from
Klepfer et al. together with two newly developed methods
which were based on Klepfer’s assumptions. The quality
of the respective fiber orientation approximation was assessed by comparing the forward calculated body surface
potential maps (BSPMs) with the BSPM resulting from the
reference skeletal muscle fiber distribution developed by
Sachse et al. for the Visible Man dataset.

Skeletal muscle fiber orientation is important for the
realistic calculation of body surface ECGs. However if
computer models of patient-specific anatomies are created,
usually no information about the muscle fiber arrangement
is available. In this work we evaluated a published rule
based approach to describe skeletal muscle fiber orientation together with two new methods. The quality of the respective fiber orientation approximation was assessed by
comparing the forward calculated body surface potential
maps (BSPMs) with the BSPM that was derived from a
gold standard. Although all three methods showed comparable results the complete omission of skeletal muscle
fiber orientation enhanced the BSPM even further. Thus
it can be concluded that the characterization of skeletal
muscle fiber orientation using a simplified approach is not
feasible. In cases where no detailed information about the
skeletal muscle fiber arrangement is available, it is better
to entirely neglect its anisotropic influence.

1.

2.

Introduction

As the reference fiber orientation was derived from the
Visible Man dataset, it subsequently provided the anatomical basis for the simulation of the excitation conduction
sequence as well as for the calculation of the body surface
ECGs. The ten Tusscher model [6] was used to describe
the electrophysiological characteristics of the ventricular
tissue. To ensure a realistic repolarization sequence we included both transmural and apico-basal electrophysiological heterogeneities. Ito was modified in transmural direction as suggested by ten Tusscher et al. The ventricular walls were composed out of three distinct tissue layers
(endocardium 40%, midmyocardium 40% and epicardium
20%) [7]. Changing tissue resistivity as well as transmural and apico-basal IKs heterogeneity was incorporated
according to [8]. No electrophysiological differences between left and right ventricle were modeled. Ventricular
activation was initiated using a special sequence of endocardial stimulation that imitates the role of the excitation
conduction system [9]. Cardiac fiber orientation was incor-

Skeletal muscle anisotropy is important for the realistic solution of the forward problem of electrocardiography.
Whenever computer models of patient-specific anatomies
are created usually no information about the muscle fiber
arrangement in the heart or skeletal muscle is available. As
in-vivo imaging techniques that can determine fiber orientation like Diffusion Tensor MRI are time-consuming and
susceptible to motion artifacts, cardiac fiber orientation is
frequently described using simplified rules [1, 2]. However, for the skeletal muscle there are only few suggestions
for the implementation of fiber orientation into patientspecific models. Bradley et al. used a magnetic measurement device to track the skeletal muscle fiber directions of
an anatomical dummy [3]. These fiber directions were then
matched onto the torso model by a coordinate transformation that relied on previously determined anatomical landmarks. In contrast to this laborious and highly sophisticated approach which relies on the fidelity of the anatomi-
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