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Recovery of voluntary control of movement is the main goal of rehabilitation. Despite numerous 

studies aimed at identifying the most effective rehabilitation interventions, attempts to improve 

post-stroke upper limb recovery remain disappointing: sensorimotor deficits of the arm and hand 

persist in a large proportion of stroke survivors (up to 62%). Indeed, efforts to improve upper 

limb recovery have been hampered by the lack of understanding of the neural mechanisms 

underlying spasticity, muscle weakness and altered kinematic redundancy. Spasticity refers to 

the presence of hyperactive velocity-dependent stretch reflexes and is associated with disorders 

of upper motor neurons following central nervous system (CNS) injury such as stroke. Since it is 

associated with disruption of upper motor neuron function, those with spasticity typically also 

have weakness and decreased control of voluntary movements. Despite intensive research into 

these phenomena however, the nature of the relationship and neural mechanisms underlying 

spasticity, weakness and voluntary control remains unclear. This relationship may be understood 

within the context of the equilibrium-point theory of motor control. The theory describes how 

central regulation of reflexes, including the stretch reflex, results in different motor actions, in 

particular, muscle relaxation, motion, and isometric torque production in single- or multi-joint 

systems. Research in animals and in healthy subjects suggests that the tonic stretch reflex 

threshold (TSRT) may be altered by descending systems mediating both direct and indirect 

influences on motoneurons. The TSRT also depends on the velocity of change in the muscle 

length. How deficits in agonist-antagonist muscle activation at the elbow and ankle in patients 

with spastic hemiparesis are related to limitations in the range of regulation of the TSRTs will be 

discussed. The discussion will extend to deficits in multi-joint control in subjects with spasticity 

and to the ability of a measure of TSRT to discriminate between different types of hypertonic 

disorders. Limitations in the regulation of TSRTs result in a subdivision of all-possible elbow or 

shoulder-elbow arm configurations into different spatial zones in which spasticity, weakness, the 

ability to make intentional movements by producing a reciprocal activation of agonist and 

antagonist muscles, or only coactivation of antagonist muscles can occur. The implications for 

motor learning and recovery will be discussed. 

 


