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Neuroprosthetic technologies to improve functional recovery after neuromotor 

disorders 
 
Functional restoration after spinal cord injury has been interpreted as the need to 
promote long-distance regeneration of severed fibers to their original targets. A radically 
new and more immediately applicable approach may instead capitalize on the capacity 
of neuronal circuits within the spinal cord to generate effective postural and locomotor 
tasks. To exploit this potential, however, the spinal circuitry must be reactivated and 
remodeled in the context of the post-injury neurophysiological state of the spinal cord. 
Here, I will introduce neuroprosthetic technologies combining intrathecal drug delivery, 
spinal electrode arrays and closed-loop control systems that are capable of reactivating 
spinal locomotor networks after a spinal cord injury. I will show the ability of multisite 
stimulation patterns to control locomotor foot trajectory of otherwise paralyzed rats in 
real-time and with a remarkable degree of precision. In combination with robot-assisted 
training, this electrochemical spinal neuroprosthesis restored supraspinal control over a 
range of leg movements in rats with a spinal cord injury leading to complete and 
permanent paralysis. We found that the recovery relied on the extensive and ubiquitous 
remodeling of neuronal pathways. Training encouraged the brain to elaborate de novo 
intraspinal detour circuits that relayed the supraspinal command to spinal locomotor 
circuits. These findings may inspire new thinking for the design of strategies to return 
motor function after spinal cord injury and other neuromotor disorders in humans. 
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