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Abstract
The main goal of this presentation is to discuss possible neural mechanisms underlying the loss of independent joint control 
or synergies and flexor hypertonicity in the paretic arm/hand following a unilateral brain injury. Furthermore, novel 
treatments using a combination of neurophysiological and engineering techniques to reduce the effects of especially the 
flexor synergy will be discussed. I will present evidence for the loss of independent joint control in the paretic limb of 
individuals with stroke during isometric multi-degree of freedom load cell measures and during movements in haptic 
environments. Furthermore, the relationship between the loss of independent joint control and cortical reorganization using 
high-resolution EEG combined with peripheral robot-mediated quantitative measures of losses of independent joint control. 
The possibility of an increased reliance on bulbospinal pathways, especially the reticulospinal pathway, following the loss of 
brain injury induced corticospinal projections will be discussed. Additional research I will briefly discuss involves the study of 
quantitative computer driven visual and haptic feedback techniques that seek to improve the ability to produce the 
necessary torque combinations for reaching and retrieval motions with the paretic arm/hand using novel bio-robotic 
approaches. We are also working on man machine interfaces and on pharmacological interventions that seek to alter brain, 
spinal and/or brainstem neuronal excitability. Concurrently, we have been studying the impact of the loss of independent 
joint control on muscles properties and hand opening as well as the use of an EMG controlled FES device to facilitate hand 
opening. An up-regulated reticulospinal system is believed to be the source for the loss of independent joint control and the 
flexor bias in the paretic elbow/wrist and fingers. An argument for the need of FES to activate finger extensors but also to 
inhibit wrist and finger flexors will be made.
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