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Automatic Generation of Internal Fibres of Skeletal Muscles

Duc Long Hoang'

1 Introduction

In modern medicine, musculoskeletal models are used e.g. for contact force estimation
and simulations. In the case of muscle models, it is possible to represent the muscle with me-
chanical fibers which is an approximation of real-life muscle fibers and tendons. The advantage
of using these mechanical fibers is the increased calculation speeds while still retaining the ac-
curacy of the calculated results. The two key components when decomposing the muscle into
fibers are: (a) the number of muscle fibers created (muscle discretization level), and (b) the
number of straight line segments that each fiber is divided into (resolution).

The aim of this work was to research existing methods for muscle decomposition and to
propose a new one.

2 Existing methods

The existing methods for muscle decomposition are Kukacka - see Kohout J., Kukacka
M. (2014) and VIPER - see Baptiste et al. (2019).

The Kukacka method works by calculating a harmonic scalar field for the muscle surface
and cuts the muscle at the iso-lines into N slices. Next, it uses a fiber template that is also cut
into N slices. Lastly, the slices of the fiber template are mapped into the slices of the muscle
model, creating the decomposed muscle.

Figure 1: Kukacka method. Image from Modenese L., Kohout J. (2020)

The VIPER method calculates a harmonic scalar field for the volume of the muscle and
creates iso-levels. Then, it generates points inside these levels and connects the points across
these levels to create the resulting fibers.
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Figure 2: VIPER method

3 New method

The new method for muscle decomposition combines the approaches of the two previous
methods. It slices the muscle using the harmonic solve of the muscle surface (like Kukacka)
and then it generates points and connects them across slices to create fibers (like VIPER).

4 Testing

The testing consisted mainly of the comparison of the fibers created by the new method
and those created by the Kukacka method. The fibers were compared by the distribution of their
lengths and by their visual appeal. The time complexity of these two methods was also put into
comparison.

5 Conclusion

The new method for generating muscle fibers shows great promise as the quality of the
fibers is comparable to those created by Kukacka and in some cases even superior. And although
the runtime of the new method is four times longer, it still executes in less than one second which
allows for usage in real-time applications.
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