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Neuroplasticity?  



Time line of critical events of human brain morphometry 

  Neurulation  Neurogenesis  Max. growth 

      Synaptogenesis          Competition elimination 

Myelination 

  Dendritic & axonal arborization  

  Migration from ventricle zones 

  Programmed cell death  

conception birth 4w     8w    12w   16w    20w  24w    28w   32w  
 

 4m     2y       5y      18y      60+  
           



Natural course of CST after stroke 

Stroke onset 2 days 

9 days 

16 days 

FA = 3.0 

FA = 1.0 

FA = 1.0 

FA = 3.0 



Basic mechanism of neuroplasticity 

- Neurogenesis 

- Programmed cell death  

- Activity dependent synaptic plasticity  

- Reduction of plastic changes related to  

  vulnerability 



McQillen et al. brain pathol. 2005 

Perinatal subplate neuron injury 



Densities of Synapse 

Huttenlocher P. Brain research.  1975 



Early intervention in prematurity 

Lammertink et al. 
 Front in Psychiatry.  2021 



The impact of enriched environment 

Cordier et al. Neurosci.  2021 

AFR: animal facility rearing 
MS: neonatal maternal separation 
EE: enriched environment 
NE: non- enriched environment 



The impact of early intervention  

Gallagher et al. Devel Neurorehab.  2017 



Evidences of Plasticity  

in Immature brain 



Evaluation  

- Structural imaging: MRI, diffusion MRI,DTT 

- Functional imaging: fMRI 

- metabolic imaging: MRS (magnetic resonance spectroscopy)  

- TMS (transcranial magnetic stimulation) 

- EEG (electroencephalography) 

- MEG (magnetoencephalography) 

 

Treatment 

- Manual tx (PT/OT..) 

- rTMS (repetitive transcranial magnetic stimulation) 

- tDCS (transcranial direct current stimulation) 

- Education & counselling of the family 

Evaluation & treatment modality 
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EEG 

Scher et al. Dev Neurosci. 2009 



Structural imaging 

Kirton et al. nature review neurol. 2021 



Functional MRI 

Smyser et al. semi neonatol. 2015 

Kirton et al. nature review neurol. 2021 



Functional connectivity network during 1st year 

Gao et al. cerebral cortex. 2015 



Development of functional connectivity 

Gao et al. Neuroscientist. 2017 



Development of functional connectivity 

Chen et al. Develop Cog Neurosci. 2021 



Technical issues of fcMRI 

- Sedation vs natural sleep  

- Sleep stage 

- Motion issue  

Neil et al. Semi Peinatol. 2015 



TBSS (Tract based spatial statistics) 

Lee et al. Pediatr Radiol. 2013 



Regeneration of CST After rehab tx 

Baek et al. Neurosci  Lett. 2013 



Degeneration of CST after refusal of rehab tx 

Chang et al. Devel neurorehabil. 2013 



Immaturity vs lesion 



Normal maturation of CST 

Kwon et al. Front Hum Neurosci. 2016 



Normal maturation of AF 

Tak et al. Neural Regene Res. 2016 



Normal maturation of AF 

Rt Lt 

3w 

3y 

5y 

8y 

3y 



Normal maturation of CST vs CRT 

Yeo et al. Front Hum Neurosci. 2014 

Orange : CST/ Blue : CRT 



Maladaptive plasticity 



Recovery mechanism after 

perinatal injury  



Possible motor recovery mechanism in mature brain 



Possible motor recovery mechanism in immature brain 

Marin Staudt. Semin Perinatol. 2010 

- Motor: ipsilateral ? 

- Sensory: thalamocortical projection ? 

- Language: opposite hemisphere ? 



Possible motor recovery mechanism in immature brain 

Fiori et al. Semin Perinatol. 2015 



Possible motor recovery mechanism in immature brain 

Kirton et al. nature review neurol. 2021 



Less aff activation & poor motor outcome 

Kim et al. Neural Regen Res. 2015 



Neuromodulation 



Neuromodulation in pediatric patients 

- Intensive motor learning 

- Education & counselling of the family  

- rTMS  

- tDCS 

Ko et al. Front in Ped. 2021 
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