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Overview 

•  What is Plas%city?  
•  What are the neuroanatomical changes 
associated with Plas%city? 

•  What are the anatomical substrates for Plas%city 
in the motor cortex (MC)? 

•  Is Plas%city use‐dependent or learning‐
dependent? 

•  What changes cons%tute local & remote plas%city 
aNer lesions of MC? 

•  What are the Clinical implica%ons of Plas%city? 



What is Plas%city? 

•  Capability of the cerebral cortex to alter its 
func%onal organiza%on as a result of 
experience 

•  Refers to the phenomenon of change 

•  Correlates of plas%city: 
Synap%c     Cellular     Molecular     Network     Systems 

Level           Level          Level              Level           Level 



What is Plas%city? 

•  Processes included in the process of plas%city‐ 
– Cor%cal representa%onal maps are altered 

– Synapses change in morphology 
– Dendrites and spines grow and contract 
– Axons change their trajectory  
– NeurotransmiUers are modulated 
– Synapses are poten%ated or depressed 
– New neurons differen%ate and survive 



What factors drive Plas%city? 

•  Sensory s%mula%on 
•  Skill acquisi%on 
•  Peripheral injury 
•  Central injury 
•  Growth promo%ng agents 

•  Neuro‐modula%ng drugs 

•  Electrical & magne%c s%mula%on 



Early studies of Plas%city 

•  1940‐1960 – Environmental enrichment studies 
– Larger brains and increased cor%cal thickness 

 Larger neuronal cell bodies and nuclei 
 Larger synap%c contacts 
 Increased dendri%c spine density 
 Increased dendri%c branching 
 Higher synapse to neuron ra%o 

―  Combina%on of inanimate and  
    social s%mula%on 



Early studies of Plas%city 

•  1980‐ Ac%vity‐dependent Plas%city studies 
― Manipula%on of sensory experience to observe 
changes in recep%ve field of the cortex 

― Recep%ve field of a sensory neuron is a region of 
space in which presence of a s%mulus will alter 
the firing of that neuron 



Anatomical substrates for Plas%city in 
the Motor cortex 

Convergence and divergence of cortical output pathways 
to motor neurons. 



Anatomical substrates for Plas%city in 
the Motor cortex (MC) 

•  Micros%mula%on techniques in anaesthe%zed 
prepara%ons 

•  Func%onal representa%on of a site – Iden%fied 
by muscles or joint movements ac%vated by 
the lowest possible current levels  



Use‐Dependent versus Learning‐
Dependent Plas%city in MC 

•  Motor training post injury alters cor%cal motor 
maps in a few days  

•  Skill / Learning dependent and not Use‐
dependent 

•  Clinical Implica%ons: Op%mal level of task 
complexity 



Local Plas%city aNer lesions of MC 

•  Glees & Cole (1950)‐ Local lesion to thumb 
representa%on area in monkeys – Thumb representa%on 
appeared in area surrounding the infarct 

•  Nudo (1996)‐ Intracor%cal micros%mula%on techniques‐ 
Widespread loss of cor%cal representa%on of the area of 
the movements formerly represented in the infarcted 
zone 

•  Nudo (1996) – Rehabilita%on using principles of 
Constraint Induced Movement Therapy (CIMT) – 
Preserva%on of hand representa%on 



Local Plas%city aNer lesions of MC 

Neuroanatomical changes post stroke in peri‐infarct area 
    
   (3‐14 days) GAP‐43 – Neurite outgrowth 

 (14‐60 days)  Synaptophysin‐  synaptogenesis  

    NMDA receptors &  GABA receptors 

   Suppression of growth inhibi%on for 1 month with 
subsequent waves of growth promo%on  



Anatomical changes in intact cortex 
aNer focal ischemic infarct 



Remote plas%city aNer lesions of MC 

Neuroanatomical changes occur in the contalesional hemisphere 
as well as in remote areas of the infarcted cortex 



Remote plas%city aNer lesions of MC 

•  What is the significance of such a new 
pathway? 
– Repair strategy of the sensorimotor cortex to 
reconnect motor areas with sensory areas? 

– Adap%ve or maladap%ve? 



Repair strategy 

•  Normal connec%ons between M1 hand area and parietal 
lobe  

•  Anterior por%on of M1‐ propriocep%ve input 
•  Posterior por%on of M1 – cutaneous input 
•  Clinical implica%ons‐ Lesions in‐ 

– Anterior region of M1 – Deficits in metrics of reach 
–  Posterior region of M1 – Sensory Agnosia 

(Thus deficits due to sensorimotor disconnec1on in 
addi1on to disrup1on of motor output) 



Modula%ng Neuroplas%city aNer 
Stroke  



Modula%ng Neuroplas%city aNer 
Stroke ‐ CIMT 

Components of CIMT 

―  Restraining the affected 
limb 

―  Intensive prac%se of using 
the affected limb 

―  Reinforcement of 
successive aUempts to use 
the limb 



CIMT 



Cau%on with CIMT 

•  Detrimental effect of overuse –  
–  Intensive forced use during the first week post 
stroke 
•  Contralateral dendri%c growth prevented 
• Worsening of func%on of impaired limb 
•  Increased size of lesion due to glutamate excitotoxicity 



Glutamate excitotoxicity 

•  In the 1st week post injury‐ metabolic &  vascular  
mechanisms that render the %ssue suscep%ble to 
use dependent glutamate toxicity. By 2nd week 
recovery from these deficits, preven%ng further 
%ssue loss 

•  By the 2nd week – Early exposure to non‐toxic 
levels of glutamate (due to movement of the 
impaired limb) gives protec%on against later 
excessive levels of glutamate (due to constraint of 
intact limb)  



Role of adjuvant therapies in 
Neurorehabilita%on 

•  Role of d‐amphetamine in combina%on with 
rehabilita%on training to improve recovery post 
stroke 

•  Experiment in adult squirrel monkeys‐ infarct in 
hand area in M1 
–  Spontaneous recovery group (SR) 
– Motor skill training (14 days) + saline (Sal/training) 
– Motor skill training (14 days) + d‐AMPH (single dose) 

•  Outcome measure – Klǘver board task 



Role of adjuvant therapies in 
Neurorehabilita%on 

•  Results‐ 
– Reduc%on in the number of flexions/retrievals 
needed to obtain a food pellet due to training 

–  Injec%on of d‐AMPH facilitated the ability to 
retrieve food pellets over and above the saline 
injected group 

– Follow up – 9 weeks post training d‐AMPH group 
showed greater improvement than the other 2 
groups 



Mechanism of ac%on of d‐AMPH 

•  Feeney et al – Facilitates recovery by reversing 
the “remote func%onal depression” in brain 
regions remote to the site of injury 

•    Kasamatsu & Crow et al – Norepinephrine 
mediated  long term neuronal reorganiza%on 
and synap%c plas%city. Effect mediated in the 
hemisphere contralateral to the injured 
hemisphere 



Role of adjuvant therapies in 
Neurorehabilita%on 

•  Direct, low level electrical s%mula%on of the 
peri‐ infarcted cortex leads to – 
– Changes in func%onal maps 
–  Induces dendri%c growth  



Conclusions 

•  Plas%city of the MC provides a neuroscien%fic 
founda%on for the development of several 
physiotherapeu%c interven%ons 

•  The brain can undergo structural and 
func%onal reorganiza%on throughout life 

•  Injury to the brain is associated with local and 
remote adverse effects and plas%city is 
demonstrated at both sites  



Conclusions 

•  Plas%city can be both adap%ve and 
maladap%ve and care must be taken while 
developing interven%ons accordingly 

•  Research in animals suggests that it is possible 
to create an adap%ve environment in spared 
neuronal %ssue for promo%ng maximal post‐
injury recovery  



Ques%ons? 

Thank you! 


