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Neuroplasticity: 

How the Brain 

Deals and Heals 

with Disorders



Objectives 

1 . I n v e s t i g a t e  t h e  m e c h a n i s m s  o f
n e u r o p l a s t i c i t y  i n  b r a i n  d i s o r d e r s

2 .  A n a l y z e  n e u r o p h y s i o l o g y  a n d  n e u r o p s y c h o l o g y  
t o  c o m p r e h e n d  t h e  b r a i n ' s  a d a p t i v e  p r o c e s s e s .  

3 .  I m p l e m e n t  e v i d e n c e - b a s e d  e x e r c i s e s  i n  
s t r o k e ,  P a r k i n s o n ' s  d i s e a s e ,  a n d  b r a i n  i n j u r y  
r e h a b i l i t a t i o n .  

4 .  U t i l i z e  m o t o r  l e a r n i n g  t h e o r i e s ,  p r a c t i c e ,  a n d  
f e e d b a c k  m e c h a n i s m s  t o  a c t i v e l y  f a c i l i t a t e  
n e u r o p l a s t i c i t y  a n d  o p t i m i z e  p a t i e n t  r e c o v e r y .  

5 .  E n g a g e  i n  h a n d s - o n  s e s s i o n s ,  p r a c t i c i n g  v i t a l  
e x e r c i s e s  t o  s t i m u l a t e  n e u r o p l a s t i c i t y .  

6 .  A c q u i r e  a n d  i m p l e m e n t  a c t i o n a b l e  s t r a t e g i e s  
f o r  c l i n i c a l  s e t t i n g s ,  e m p o w e r i n g  i m m e d i a t e  
i n t e g r a t i o n  i n t o  p a t i e n t  c a r e  a n d  r e h a b i l i t a t i o n  
p r o t o c o l s .



The brain's ability to change, adapt, 

and reorganize structurally and 

functionally in response to learning, 

experience, or injury

Neuroplasticity

Rigidity Plasticity 



E a r l y  V i e w :  B r a i n  i s  a  s t a t i c  o r g a n ,  s t o p s  d e v e l o p i n g  a f t e r  t h e  f i r s t  f e w  

y e a r s  o f  l i f e



* N e u r o t r o p h i n s s u p p o r t  ( a c t i v i t y - d e p e n d e n t )  

n e u r o p l a s t i c i t y  

○ Exercise upregulates cellular processing of 

neurotrophins,  i.e. synthesis, release, absorption, 

and degradation (Knaepen et al., 2010) and induces 

structural plasticity (Rogge et al., 2018)

Neurophysiology
Structural Functional 

Synaptogenesis

Dendritic Arborization

Collateral Sprouting 

Denervation Supersensitivity

Potentiation/Depression

Synaptic strengthening 



H u m a n  b r a i n  c o m e s  w i t h  r o u g h  b l u e p r i n t  o f  

c e r e b r a l  o r g a n i z a t i o n  t h a t  m u s t  b e  s h a p e d  

b y  e x p e r i e n c e .

−  f l e x i b i l i t y  ( p o s s i b i l i t y  t o  m a k e  e r r o r s )

+  l e a r n i n g  c o m p l e x  s k i l l s

C e r e b r a l  f u n c t i o n s  a r e  d i s t r i b u t e d  

t h r o u g h o u t  b r a i n  &  b o d y  ( K o l b  &  W h i s h a w ,  2 0 0 1 )

To  b e  f u n c t i o n a l l y  m e a n i n g f u l ,  

n e u r o n a l  c h a n g e  ↔  b e h a v i o r a l  c h a n g e  

( R e p e t i t i o n  M a t t e r s )

Neuropsychology



Kleim & Jones 2008

Neuroplasticity principles



Unlocking Brain’s Adaptive Potential (aka) 

Motor Learning!

Brain change ↔ Behavior change

Motor learning → process of acquiring/refining motor skills through practice and experience

What is happening? (Roberta et al, 2020)

1. Strengthening of existing connections

2. Creation of new connections

3. Pruning of unused/less used connections

How is it happening? (Fitts 1964)

1. Cognitive phase

2. Associative phase

3. Autonomous phase 



Theories behind…

Newell 1986 Wulf 2016



M a s s e d  v s .  D i s t r i b u t e d  p r a c t i c e  

C o n s t a n t  p r a c t i c e  v s .  Va r i a b l e  p r a c t i c e  

B l o c k e d  v s .  R a n d o m  p r a c t i c e  

G u i d a n c e  v s .  D i s c o v e r y  p r a c t i c e  

E r r o r - d r i v e n  ( e n h a n c e d )  v s .  E r r o r l e s s  l e a r n i n g  

W h o l e  p r a c t i c e  v s .  P a r t  p r a c t i c e

s t r u c t u r e ,  r e p e t i t i o n s ,  v a r i a b i l i t y,  a n d  s p e c i f i c i t y

* F I T T

1. Practice



K n o w l e d g e  o f  p e r f o r m a n c e  

( q u a l i t y  o f  m o v e m e n t )  

K n o w l e d g e  o f  r e s u l t s  ( o u t c o m e  o f  

t h e  m o v e m e n t )

f r e q u e n c y,  m o d e ,  d i r e c t i o n ,  

b a n d w i d t h ,  s o u r c e ,  a n d  f o c u s

2. Feedback



1 .  S a l i e n c e  ( Au t o n o m y )

2 .  I n t e n s i t y  ( S p e c i f i c i t y )

3 .  R e p e t i t i o n  ( H a b i t u a t i o n )

4 .  Va r i a b i l i t y  ( D u a l  t a s k i n g )

5 .  P r a c t i c e  ( O v e r l o a d )  

6 .  F e e d b a c k  ( M o t i v a t i o n )

7 .  T i m e  a n d  S p a c e

8 .  ( I m p l i c i t )  L e a r n i n g  v i a  D i s t r a c t i o n  

(not-so-secret) Ingredients of Neuroplasticity 



Understanding normal 

Neuroplasticity gives us 

key to fixing broken brain



Brain Disorders
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Neurorehabilitation
Myth: After the initial post-

injury period, patients with 

different types of brain injury 

are likely to benefit similarly 

from treatments. 

Fact 1: capacity for treatment-

induced recovery is likely not 

equivalent after injuries with 

different etiologies. 

Fact 2: Fact 1 is not always the 

case!
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Stroke 
Forced use/CIMT (Etoom et al 

2016)

Bilateral function (Stewart et al 

2006)

HIIT (Wiener et al 2019)

Graded motor imagery (Lopez et al 

2019)

Robotic assistance (Kwakkel et al 

2008)

Brain–computer interface (Cervera

et al 2018)

Locomotor and BWSTT (Munari et al 

2018)

Virtual Reality (Henderson et al 

2007)
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Parkinson’s Disease

HIIT (Hirsch et al 2003)

Dual Task Training (Li et al 2020)

Locomotor and BWSTT (Miyai et al 

2000)

Virtual Reality (Sarraso et al 2021)

Art Therapy (Cucca et al 2021)

Error Augmentation

External Focus (Wulf et al 2009)

Distractions 
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Traumatic Brain Injury

Somatosensory reweighting (Janicek

2021)

Habituation, Adaptation, and 

Substitution (Herdman 2013)

Attention (Waldron et al 2013)

Engagement (Knutti et al 2022)



ICF MODEL

World Health Organization, 2001 Steiner et al, 2002



W e i g h t - b e a r i n g  ( c l o s e d  c h a i n )  b e f o r e  n o n - w e i g h t -

b e a r i n g  ( o p e n  c h a i n )  

G r o s s  m o t o r  t o  f i n e  m o t o r  

I s o m e t r i c  t o  e c c e n t r i c  t o  c o n c e n t r i c  

S h o r t  l e v e r  a r m  t o  l o n g  l e v e r  a r m  

W i t h i n  s y n e r g y  t o  c o m b i n i n g  s y n e r g i e s  t o  i s o l a t e d  

G r a v i t y  a s s i s t e d  t o  g r a v i t y  e l i m i n a t e d  t o  a n t i g r a v i t y  

C o g n i t i v e  t o  a u t o m a t i c / h a b i t u a l  

O p e n  h a n d  t o  g r a s p  

M a s s  g r a s p  t o  p i n c e r

I n t e r n a l  F e e d b a c k

What we did (the BEST we knew at that time)



Ta s k / P e r s o n  S p e c i f i c  t r a i n i n g

F o r c e d  u s e  o f  i n v o l v e d  l i m b

Au t o m a t i z e d  m o v e m e n t s

E r r o r  Au g m e n t a t i o n

B W S T T

H I I T

V R

D T T

E x t e r n a l  F e e d b a c k

G r a d e d  M o t o r  I m a g e r y

P e r t u r b a t i o n  R o b o t i c s

W e a r a b l e  Te c h n o l o g y

P r e v e n t i o n  

What we can do (the better we know now)
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Harnessing 

Neuroplasticity for 

Accelerated 

Patient Recovery

- How do we do it?



23



24
Ballester et al., 2022



1. Person-centered care 

2. Holistic assessment

3. Evidence-based interventions

4. Physical activity promotion

5. Interprofessional collaborative practice.

Recipe for successful healing



1. Talk to the person

2. Listen actively

3. Be mindful of your implicit bias 

4. Self-reflect

5. Examination must align with the desired goal

6. Intervention must challenge the system

7. Get comfortable to become uncomfortable 

8. Encourage reciprocal engagement 

9. Utilize the available resources 

10. Be willing to learn (for life!)

My Top 10 Tips
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What is the most 

important skill 

humans 

possess? 



1 . P e r s o n s  p o s t  n e u r o l o g i c  d i s o r d e r  o f t e n  h a v e  m o r e  p o t e n t i a l  t o  r e c o v e r  

t h a n  t h o u g h t

2 . N e u r o p l a s t i c i t y  d o e s  n o t  a p p e a r  t o  h a v e  a  t i m e  f r a m e

3 . I n t e n s i t y / R e p e t i t i o n / S p e c i f i c i t y  a r e  k e y  t o  r e c o v e r y  b u t  a r e  n o t  t h e  o n l y  

e l e m e n t s

4 . E n g a g e d  p a t i e n t s  r e a c h  b e y o n d  n o r m a l  r e c o v e r y

5 . B r a i n  c a n  a n d  w i l l  c h a n g e  i t s e l f  ( g o o d  &  b a d )

Key Takeaways



Useful Resources 
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R e f e r e n c e s  


