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Summary

De regendruppels die in het water vallen
Verdwijnen en oplossen

Waardoor niemand ziet dat het regent

Uiteindelijk gaat de zon schijnen
Verdampt het water en daalt de zeespiegel

Waardoor niemand ziet dat het regent

Zal iemand zien hoe hard het geregend heeft?
Zal iemand zien hoe slecht het is geweest?

Zal iemand

20 januari 2018



144 Muscles on the edge

The redundancy in the neuromuscular system provides the opportunity to 
perform many functional movements in daily life. This redundancy also 
increases the demands on the neuromuscular system to control all muscles 
involved in everyday whole-body movements like postural control and walking. 
The coordination of multiple muscles in these seemingly simple tasks might be 
controlled as (a limited set of ) motor modules reducing the degrees of freedom 
to that of synchronised activity in the neuromuscular system. The clustering of 
muscle activities seems to be induced by neural pathways that are collectively 
involved in motor control. In the introductory Chapter I, I sketched the 
redundancy problem originally formulated by Bernstein (1967). In brief, the 
tremendous number of degrees of freedom in the neuromuscular system renders 
a one-to-one control of muscles unlikely. Presumably, muscles are controlled 
in unison through combinations dependent on the task performed. The study 
summarised in Chapter II revealed that intermuscular coherence appears at 
distinct frequency bands that appear to encode distinct interactions between 
muscles along different neural pathways. I incorporated network analysis to 
disentangle the corresponding activities and pathways during a pointing task. 
This allowed for identifying specific spatial patterns of muscle interaction 
that were quantified using measures lent from graph theory. The separation 
of intermuscular coherence in the different frequency bands suggests distinct 
mechanisms located at spinal and supra-spinal sources with both mono-synaptic 
and poly-synaptic projections onto spinal motor neurons. In Chapter III, I 
added a more detailed examination of muscle networks based on intermuscular 
coherence and showed that the connectivity patterns are partly shaped by the 
anatomical characteristics of the musculoskeletal system. Bilateral connectivity 
between homologous muscles, however, could not be explained by such (bio)
mechanical constraints but appears to stem from correlated input to spinal motor 
neurons. Moreover, intermuscular coherence strongly depended on the task 
performed and clearly differed between the frequency ranges under study. These 
results are indicative for a multiplex network organisation of the neuromuscular 
system. In the subsequent Chapter  IV, I continued quantifying the similarity 
of the activities in multiple muscles using so-called information decomposition. 
This approach particularly served to test whether the activity of a muscle can be 
predicted based on its own past and/or the activity of other muscles. Again, I 
employed network analysis – here based on information-theoretical measures – 
which provided a detailed description of task-dependent connectivity between 
multiple muscles during postural control and pointing tasks. This study 
confirmed that intermuscular connectivity is associated with (directed) neural 
pathways that are employed when controlling multiple muscles. In Chapter 
V, I elaborated on network analysis but included both more traditional muscle 
synergies as well as intermuscular coherence. There, the experimental paradigm 
involved switches in interlimb coordination. When walking on a treadmill, a 
change in speed can induce a change in the stability of the relative dynamics 
between arms and legs. This change turned out to be associated with concomitant 
changes in muscle synergies and intermuscular coherence and the latter was 
specific for distinct frequency bands. The corresponding analysis revealed a 
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modular network organisation for both muscle synergies and coherencies that 
were modulated depending on the exhibited interlimb coordination pattern. Yet, 
there were clear differences between muscle synergy and intermuscular coherence 
networks that, apparently, cover distinct types of interaction between muscles. 
One may speculate the latter to cause (the loss of ) stability of, and eventually the 
switch between, interlimb coordination patterns. Finally, in Chapter VI, muscle 
synergy and network analyses were employed to study the development of walking 
in healthy toddlers. At the onset of independent walking, muscle synergies and 
muscle synergy networks turned out to be affected by body weight support. 
Even though muscle activity patterns enabled toddlers to walk independently, 
they continued to evolve after this onset. By modifying body weight support, 
proprioceptive information could be identified as a phase-dependent determinant 
of the walking pattern in toddlers. In my epilogue (Chapter VII), I provided a 
general discussion about the benefits and pitfalls of time and frequency analysis 
and the use of network analysis in the study of motor control. When merged 
properly, these techniques allow for identifying and interpreting different types 
of interactions in the neuromuscular system. Functional, anatomical and neural 
connectivity shapes synchronised muscle activity and induces a modular control 
structure. This involves distinct neural pathways that complementary activate 
spinal motor neurons. While the machinery for analysis seems laborious, the 
insights gained when studying healthy movement let me advocate the use of time 
and frequency domain analysis in combination with a network approach. This 
combination clearly provides the opportunity to disentangle information about 
the activity of multiple muscles and, by this, the control of movement.




