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Abstract

Humans exhibit exceptional finger dexterity, enabled by specialized neural mechanisms. Despite
extensive research on dexterous control, the distinct contributions of different neural structures to
flexion and extension remain unclear. In this talk, I will share findings from several studies. First, I
will present evidence that finger independence during extension is significantly more limited than
during flexion across various force levels and digit combinations. This limitation persists even after
accounting for passive mechanical coupling, suggesting that the primary constraint on extension
dexterity arises from central neuromuscular control rather than peripheral biomechanical factors.
Second, | will discuss cortical mapping results, which reveal that finger flexion relies on broader
premotor and motor areas, while both flexion and extension share descending tracts from the primary
motor cortex. Third, | will introduce an artificial neural network model that replicates behavioral
patterns in both healthy individuals and stroke patients, generating strong testable predictions about
dexterous control mechanisms and providing novel insights into the recovery of the residual network.
Finally, I will present preliminary data from two non-human primates, demonstrating the cerebellum’s
direct involvement in aspects of finger dexterity and highlighting the complexity of
corticomotoneuronal (CM) cell activity, particularly the interplay between excitatory and inhibitory

influences in shaping dexterous control.
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