
IJAE 
Vo l .  122 ,  n .  1  (Supp lem ent) :  72 ,  2017

© 2017 Firenze University Press 
ht tp://www.fupress .com/ijae

ITALIAN JOURNAL OF ANATOMY AND EMBRYOLOGY

Evidence for muscle synergies from virtual surgeries
Andrea d’Avella1,2

1 Department of Biomedical and Dental Sciences and Morphofunctional Imaging, University of Messina, 98125 
Messina, Italy
2 Laboratory of Neuromotor Physiology, Santa Lucia Foundation, 00179 Rome, Italy

A fundamental challenge in neuroscience is understanding how the central nerv-
ous system (CNS) succeeds in controlling motor skills that require the coordination of 
many degrees-of-freedom. A long-standing hypothesis is that the CNS relies on mus-
cle synergies, coordinated activations of groups of muscles, to simplify motor control. 
Evidence that the combinations of a small number of muscle synergies underlies the 
generation of muscle activation patterns has come from several studies performed in 
the last two decades with different species and experimental tasks. Muscle synergies, 
extracted from multi-muscle EMG recordings using multidimensional decomposi-
tion algorithms such as non-negative matrix factorization, capture regularities in the 
spatial, temporal, and spatiotemporal organization of the muscle patterns. However, 
whether muscle synergies are only a parsimonious description of the regularities of 
the motor commands rather than a key feature of their neural organization is still 
debated. Stronger evidence for a neural organization of muscle synergies would come 
from testing a prediction of how muscle synergies affect the difficulty in learning or 
adapting motor skills. An experiment with human subjects using myoelectric control 
to move a mass in a virtual environment has tested the prediction that it must be 
harder to adapt to perturbations that require new or modified synergies than to adapt 
to perturbations that can be compensated by recombining existing synergies. Novel 
perturbations were generated by altering the mapping between recorded EMG and 
simulated force applied on the mass, as in a complex surgical rearrangement of the 
tendons. After identifying muscle synergies, two types of virtual surgeries were per-
formed. After compatible virtual surgeries, a full range of movements could still be 
achieved recombining the synergies, whereas after incompatible virtual surgeries new 
or modified synergies were required. In contrast, both types of surgeries could be 
compensated with similar changes in the recruitment of individual muscles. As pre-
dicted, adaptation after compatible surgeries was faster than after incompatible ones. 
These results suggest that muscle synergies are key elements organized by the CNS 
for controlling our complex musculoskeletal system by directly mapping task goals 
into a small number of synergy combination parameters.
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