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Strategies for restoring function after spinal injury

A. Reduce cell loss after injury

B. Retrain the surviving system

C.Encourage neural growth and re-

innervation
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Overview

Evidence spinal neurons are sensitive to response-outcome 

relations

Controllable stimulation --> enables learning

Uncontrollable stimulation --> impairs learning and 

recovery

Evidence spinal neurons are sensitive temporal relations

Temporal regularity --> enables learning

Neurobiological mechanisms



Apparatus



Treatment conditions

Master: Controllable shock (response contingent)

Yoked: Uncontrollable shock (noncontingent)

Unshocked



Contingent shock produces a progressive increase in flexion 

duration
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Grau et al., 1998, Behavioral Neuroscience, 112, 1366-1386.



Prior exposure to noncontingent shock prevents learning
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Impact of prior shock treatment on learning: Response number
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The behavioral deficit decays after 48 hours
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Uncontrollable shock generates a tactile allodynia
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Ferguson et al., 2006, Neuroscience, 141, 421-431.



Peripheral capsaicin treatment inhibits learning

Hook et al., 2008, Behavioral Neuroscience, 122, 233-249.



Contingent shock facilitates learning on the contralateral leg
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Crown et al., 2002, Physiology & Behavior, 77, 259-267.



Training with controllable shock blocks the effect of capsaicin 

treatment

Hook et al., 2008, Behavioral Neuroscience, 122, 233-249.
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Exposure to uncontrollable shock undermines recovery after injury
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Grau et al., 2004, J. Neurotrauma, 21, 1795-1817.



Only uncontrollable shock undermines locomotor recovery

Grau et al., 2004, J. Neurotrauma, 21, 1795-1817.



Intermittent stimulation of the sciatic nerve induces a learning deficit

Baumbauer et al., 2008, Neuroscience, 1030.
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Variable time (VT) versus fixed time (FT) stimulation

VT: ___I_I____________I___I_I__________________I___

FT: ___I_______I_______I_______I_______I_______I___



Exposure to 180 stimuli on a VT or FT schedule induces a deficit

Baumbauer et al., 2008, Neuroscience, 1030.
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