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What determines whether a cell fires?

Hebbian learning rule (1949):

Repetitive activation of a presynaptic 
neuron together with simultaneous 
activation of a neighbouring 
postsynaptic neuron leads to an 
increase in synaptic strength between 
them.

Substantiated by experimental 
evidence and underpins LTP and 
LTD



Brain

Pyramidal 
tracts

AHC
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Propriospinal 
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Brain

Pyramidal 
tracts

AHC

Muscle

Propriospinal 
connections

Lesion

Transmission fails 
Hebb synapse residual 

connectivity reduces
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Brain

Voluntary effort must 
coincide with 
stimulation

AHC

Muscle

Propriospinal 
connections

Lesion

Motor axon fires 
backwards and forwards

Hebb synapse 
conductivity increases
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M1

Spinal motoneuron pools

Muscles
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Repetition
Goal orientated practice

Feedback from 
successful performance

Repetition
Goal orientated practice

Feedback from 
successful performance

Robotics or  
Functional  
Electrical 
Stimulation

Movement & Sensory input 
• Stiffness / ROM 
• Spasticity
• Muscle strength

Movement & Sensory input 
• Stiffness / ROM 
• Spasticity
• Muscle strength

Improved 
Performance
Improved 
Performance

Neuroplasticity 
Motor Learning
Neuroplasticity 
Motor Learning

Varied repetition
at limit of performance
Feedback from 
successful performance

Varied repetition
at limit of performance
Feedback from 
successful performance

Reduce 
support

Unable to 
perform 
task
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For a comprehensive review refer to Ziemann et al. (2008)
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Pre-measures – TMS alone

×16×

×16

Post-measures – TMS alone

Intervention – peripheral nerve stimulus + TMS
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