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The simplest tasks in our daily life require a controlled coordination of multiple muscles within a
system, i.e., our entire musculoskeletal system. Before we, however, can begin to study, under-
stand, or analyse, the coordination of parts of the musculoskeletal system, we first need a better
understanding of the function and structure of a single skeletal muscle. Despite many decades
of dedicated experimental research, there still exist only a ”basic” understanding of how the un-
derlying complex mechanisms interact to generate well-controlled forces. One of the biggest
challenges hereby is to determine the mechanism behind skeletal muscle recruitment, e.g. how
can we deduce from experimental electromyographic (EMG) recordings on the skin surface re-
cruitment strategies. The link between EMG and recruitment would probably also provide us with
the essential understanding to distinguish between normal and pathological recruitment.
Like for most biological tissue or complex mechanism, simulations can provide us with a deeper
understanding of the complex interplay between function and structure. To do so, one needs
to consider different scales and different physical systems/modelling approaches. For skeletal
muscles, one requires detailed geometrical models, e.g. the arrangement of fibres, fascicles, and
aponeurosis, and detailed biophysical models describing the neurons and the smallest force-
producing units on the fibre level, i.e., the sarcomeres. Further, the model needs to link cellular
processes of force generation to force-transmission within the muscles (and its influence on the
musculoskeletal system). At the same time, one needs to consider receptors and sensors provid-
ing (mechanical) feedback to the biophysical (recruitment) models as well as the overall electrical
signal propagation within muscles to determine the electrical potential on the skin surface.
Within this talk, a detailed electrochemomechanical skeletal muscle model describing most of
the above mentioned physics is presented (cf. [1]). The biophysical processes on the cellular
level are mathematically described by a large system of nonlinear ODEs. The action potential
propagation within the tissue, e.g. along a particular fibre or within the muscle, is modelled using a
reaction-diffusion equation. To determine the overall force generation of an entire skeletal muscle,
homogenised cellular state variables are used within a continuum-mechanical constitutive law. All
the physical models are solved using the open-source software library OpenCMISS [2].
Furthermore, we will discuss the modelling and simulation challenges leading to future work. For
example, the large number of material parameters and the high degree in geometrical details,
which should be considered for realistic simulations, provide inherent uncertainties. To better
quantify the uncertainties, efficient, ideally real-time simulations are necessary. Furthermore, as
the spatial distribution of functional groups of fibres, which are recruited simultaneously, cannot
currently be determined using image-based methods in vivo, inverse or optimisation problems
might be useful to improve the analysis of EMG results. Furthermore, the large number of fibres
within muscles (often much greater than 100.000) requires efficient HPC solution strategies.
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