
 



 



 



 



 



 



 



 



 



 



 



 

Neuroplasticity: Building Resilience Through Change 
         By Dr. Manju Tewari 

 
"Practice rewires your brain; each new skill builds fresh neural pathways for growth and balance! 

What is Neuroplasticity? How the Brain Rewires Itself 
The human brain is often described as the most complex structure in the universe. Within its 
soft folds, this three-pound organ holds the essence of our humanity: our memories, 
emotions, creativity, intelligence, and identity. For centuries, scientists believed the brain 
was like a machine that became fixed after childhood. Once matured, its wiring and abilities 
were thought to remain unchanged. Damaged brain cells were considered lost forever, and 
skills not learned early were assumed to be gone for good. 

But modern science has revealed something far more extraordinary. The brain is not rigid; it 
is a living sculpture, constantly reshaped by experience. Every thought, every action, every 
emotion leaves a mark, subtly rewiring its circuits. Like clay in the hands of a sculptor, the 
brain molds itself in response to how we live, learn, and feel. This flexibility, called 
neuroplasticity, means our identity is not a fixed blueprint but a dynamic masterpiece, 
evolving throughout life. 

Neuroplasticity refers to the brain’s capacity to modify its 
structure and function in response to experience, learning, 
injury, and environmental changes. It means that the brain 

is constantly adapting. Neurons form new connections, 
strengthen existing ones, or weaken pathways that are 

rarely used. 

The Brain: Architect of Identity and Human Progress 
During evolution, the human brain expanded and specialized, giving rise to decision-making, 
foresight, and language, capabilities that distinguish humans from all other species. As the 
command center of life, the brain integrates, regulates, and directs every function, shaping 
not only survival but also the very essence of individual identity. 

 

 

 



The human brain, as shown in the infographic, shapes how we think, feel, and interact with 
the world. Each region contributes uniquely: the frontal lobe governs decision-making and 
personality, giving us our sense of self and moral judgment; the temporal lobe stores 
memories and language, weaving our personal narrative; the parietal lobe integrates 
sensory experiences, defining how we perceive our body and surroundings; and the limbic 
system, including the hippocampus and amygdala, encodes emotions and memories that 
make our experiences deeply personal. Together, these interconnected circuits form the 

neural signature of individuality.  

Why Neuroplasticity Matters and What It Means to Us 
No two brains organize or respond in exactly the same way. Through continuous 
neuroplasticity, the brain refines this identity across life, adapting to learning, 
relationships, and experiences, making each human mind a living, evolving masterpiece of 
biology and consciousness. 

Cellular Mechanisms: How the Brain Changes 

To understand how habits, learning, and experiences alter the brain, it is necessary to 
examine the physical structures connecting individual neurons. 

1. Synaptic Plasticity 

Neurons communicate across tiny gaps called synapses using chemical messengers known 
as neurotransmitters. When two neurons repeatedly signal to one another, the functional  

connection between them strengthens, a biological principle summarized by neuroscientist 
Donald Hebb as "neurons that fire together, wire together," leading to long-term 
potentiation (LTP). 

 Long-Term Potentiation (LTP): Persistent, high-frequency stimulation across a 
synapse increases the density of postsynaptic receptors and enhances signal sensitivity. LTP 
represents the primary cellular mechanism underlying learning and long-term memory 
formation. 

 



Long-Term Depression (LTD): Conversely, unselected or infrequently activated neural 
pathways undergo LTD, weakening signal transmission over time. This selective "pruning" 
allows the brain to optimize efficiency by removing redundant or inefficient connections. In 
neuroscience, this is often summarized as the “use it or lose it” principle that emphasizes 
that synaptic connections that are not regularly engaged gradually diminish, ensuring that 
only functionally relevant circuits are maintained. 

 

2. Structural Plasticity 

Beyond changing the strength of existing connections, the brain physically modifies its 
anatomical infrastructure: 

 Dendritic Spine Remodeling: Neurons sprout new branch-like extensions (dendrites) 
and tiny protrusions (spines) to establish new connections with neighboring cells. 

 Adult Neurogenesis: While long considered impossible, research confirms that the 
adult brain continues to generate new neurons throughout life, predominantly within the 
subgranular zone of the hippocampus, the region dedicated to learning, memory, and 
emotional regulation. 



 

 Classical Examples of Neuroplasticity 

1. London Taxi Drivers – Enlarged Hippocampus 

The London taxi driver story comes from a landmark study led by neuroscientist Eleanor 
Maguire at University College London in the early 2000s. To become licensed, London taxi 
drivers must pass a famously difficult test called “The Knowledge”, which requires 
memorizing about 25,000 streets and thousands of landmarks across the city. 
Researchers wondered whether this intense spatial training might actually change the brain. 

 

Using MRI scans, they compared the brains of taxi drivers with those of non-drivers and 
discovered that the posterior hippocampus, the region crucial for spatial memory 
and navigation, was significantly larger in taxi drivers. Even more striking, 
the size of the hippocampus correlated with the number of years spent driving, 
showing a direct link between experience and brain structure. 

This case became one of the clearest demonstrations of experience-driven neuroplasticity: 
the idea that the brain can physically reorganize itself in response to learning and practice. It 
showed that the hippocampus is not fixed but can expand to meet the demands of complex 
cognitive tasks, making the London taxi driver study a classic example of how habits and 
training reshape the human brain (Study: Published in PNAS, 2000). 

 

2. Musicians- Expanded Cortical Maps 

Early EEG work to modern fMRI/DTI studies have showed that how years of practice 
physically reshape the brain. Neuroscientists used brain imaging to compare professional 
musicians with non-musicians and found that the somatosensory and auditory cortices were 
enlarged in musicians. For string players, the cortical area devoted to the fingers of the left 
hand (used for fingering on the strings) was significantly expanded, while pianists showed 
enlargement for both hands. Similarly, the auditory cortex reorganized to process pitch, 
rhythm, and timbre more efficiently, reflecting the demands of musical training. 



This research demonstrated that intensive, repeated practice can expand cortical maps, 
strengthening the brain’s representation of the body and sound. It became a classic example 
of experience-driven neuroplasticity, proving that the brain adapts structurally and 
functionally to skill learning. In essence, musicians’ brains tell the story of how dedication 
and repetition sculpt neural circuits, enhancing both sensory and motor abilities (Nature 
Reviews Neuroscience, 2002).  

The Music Cognition Lab at NIMHANS (Bangalore, India) is also conducting 
pioneering studies on percussionists playing instruments like tabla, mridangam, and ghatam 
to explore sensorimotor neuroplasticity. Their work also extends to understanding 
music-based cognitive remediation, using rhythm and training to aid recovery in 
patients with traumatic brain injury and stroke, highlighting music’s therapeutic 
potential in reshaping neural circuits.  

 

3. The blind individuals’ cross-modal plasticity: The blind individual’s story is a 
classic example of how the brain reorganizes when sensory input is absent. Researchers 
found that in people who are blind, the visual cortex, normally dedicated to processing sight, 
does not remain dormant. Instead, it is repurposed to process other senses, such as touch 
and hearing. 

One striking demonstration comes from studies of Braille reading. Functional brain imaging 
showed that when blind individuals read Braille with their fingertips, the visual cortex 
becomes active even without visual input. Similarly, auditory tasks like echolocation or 
enhanced sound discrimination also recruit visual areas, showing that the brain reallocates  



unused regions to strengthen other modalities.  

This phenomenon, called cross-modal plasticity, highlights the brain’s remarkable 
adaptability. It proves that cortical areas are not rigidly fixed to one sense but can be 
reassigned to optimize function, ensuring that individuals can navigate, learn, and thrive 
despite sensory loss.  

Age and Neuroplasticity: Unlocking the Brain’s Potential for Growth and 
Resilience Across the Lifespan 
Neuroplasticity manifests differently across age groups and biological stages, shifting from 
broad, automatic development in youth to targeted, experience-driven adaptation in 
adulthood and compensatory recruitment in old age. 

1. Infancy and Early Childhood: Developmental Plasticity 

During early childhood, the brain undergoes an extraordinary surge in synaptogenesis, 
creating up to a million new neural connections every second. This period is marked by 
critical and sensitive windows when the brain is highly receptive to environmental input. 
Operating under a “use it or lose it” principle known as synaptic pruning, connections that 
are reinforced by experience and stimulation are strengthened, while those left unused are 
systematically eliminated to enhance efficiency, as explained earlier.  

Real-life examples illustrate this process vividly: in amblyopia or “lazy eye,” patching 
the dominant eye during childhood compels the brain to rewire its visual cortex to process 
signals from the weaker eye, restoring sight, a treatment far less effective in adulthood once 
the critical window has closed.  

Similarly, children raised in bilingual households effortlessly acquire native-like fluency 
and accent control by naturally wiring phonetic pathways for multiple languages, a feat that 
adults rarely achieve with the same ease. These examples highlight how early experiences 
shape the brain’s architecture, underscoring the remarkable adaptability of the developing 
nervous system. 

2. Adolescence: Prefrontal Remodeling and Specialization  

Adolescence marks a second wave of profound brain reorganization, especially within the 
prefrontal cortex, the region responsible for impulse control, planning, and long-term 
decision-making, and its connections to the limbic system, the emotional hub.  

During this stage, the brain undergoes intensive myelination, a process in which nerve fibers 
are coated with a fatty sheath called myelin that boosts signal transmission speed up to 100 
times. At the same time, unused emotional and cognitive pathways are pruned away, 
transforming broad, generalist networks into more specialized and efficient circuits. This 
biological refinement has powerful real-life consequences: an adolescent who devotes hours 
each week to practicing an instrument, mastering a sport, or learning computer 
programming physically hardwires those motor and cognitive pathways.  

The efficiency built during this period creates a lifelong baseline proficiency, meaning that 
skills acquired in adolescence remain easier to reactivate later in life compared to those 
learned entirely from scratch in adulthood. This makes adolescence a critical window for 
cementing habits and mastering skills that can endure across the lifespan. 

3. Adulthood: Targeted, Experience-Dependent Plasticity 

In healthy adults, neuroplasticity transitions from being automatic and developmental to 
experience-dependent. Unlike children, adults do not passively develop new brain structures;  



 

rather, meaningful structural changes require focused attention, repeated practice, and the 
release of neuromodulators such as acetylcholine and dopamine during challenging tasks.  

At the scientific level, adult plasticity is primarily driven by Long-Term Potentiation (LTP), 
which strengthens existing synapses through repeated activation, and by localized dendritic 
spine growth, where neurons form new micro-branches to connect with neighboring cells. 
Real-life examples underscore this adaptability: the case of London taxi drivers and the 
learning of Braille are classic illustrations of this phenomenon. 

These examples demonstrate that even in adulthood, the brain retains a remarkable ability to 
reshape itself in response to sustained effort and learning. 

4. Older Adults and Clinical Groups: Compensatory Plasticity and 
Rehabilitation 

In late adulthood or following neurological damage, the brain relies on functional 
plasticity and cognitive reserve, its ability to recruit alternative pathways when primary 
circuits weaken or sustain damage. 

 In aging brains, compensatory recruitment often occurs, with older adults activating both 
hemispheres for tasks that younger adults perform with one side. Those who regularly engage 
in novel, complex skills such as photography or digital painting build cognitive reserve, 
helping them maintain strong memory performance despite cellular aging.  

Stroke patients demonstrate cortical remapping, where intact regions assume control over 
functions lost to ischemia or trauma. A striking example is Constraint-Induced 
Movement Therapy (CIMT), in which a patient’s healthy arm is restricted, forcing use of 
the impaired arm and prompting intact brain tissue to construct new motor pathways that 
restore movement. 

Amputees reveal another form of reorganization: somatosensory maps corresponding to 
missing limbs are overtaken by signals from adjacent body parts. This explains the phantom 
limb phenomenon, where touching the cheek of an individual who has lost an arm can 
evoke sensations in the absent hand, since those regions lie side by side in the brain’s sensory 
map. These cases underscore how, even in late life or after injury, the brain adapts by 
rerouting and reorganizing its networks to preserve function and resilience. 

Daily Habits That Nurture Neuroplasticity 
We can make use of the brain’s property of neuroplasticity in daily life by deliberately 
engaging in habits and activities that strengthen and reshape neural circuits: 

 Enriched Learning & Curiosity: Encourage children (and yourself) to learn new skills 
such as languages, music, puzzles, or even dance. Novelty and challenge stimulate synaptic 
growth and strengthen neural circuits. 
 

 Physical Activity: Aerobic exercise (running, swimming, cycling) boosts BDNF (Brain-
Derived Neurotrophic Factor), a key molecule for neuroplasticity. Even simple daily 
movement like walking outdoors enhances blood flow and brain oxygenation. 

 Mindfulness & Meditation: Practices like yoga, pranayama, and meditation improve 
attention, emotional regulation, and resilience. They reduce stress hormones that otherwise 
impair plasticity. 
 
 



 
 Healthy Nutrition: Diets rich in omega-3 fatty acids, antioxidants, and polyphenols (nuts, 

seeds, berries, green leafy vegetables) support synaptic health. Avoiding excess sugar and 
processed foods prevents inflammation that damages neural pathways. 

 Sleep & Rest: Deep sleep consolidates learning and memory. Protecting sleep hygiene from 
childhood onward ensures the brain can “re-wire” effectively. 

 Social Connection: Positive relationships and meaningful conversations stimulate 
emotional circuits and cognitive flexibility. Isolation, by contrast, weakens neuroplastic 
potential. 

 Stress Management: Chronic stress shrinks hippocampal neurons. Teaching children 
coping strategies, including journaling, breathing exercises, and creative outlets, helps 
preserve brain adaptability. 

 Digital Balance: Excessive screen time can reduce attention span. Balanced use of 
technology with offline creative play keeps the brain’s reward and focus systems healthy. 

In summary, neuroplasticity reveals that our brains are dynamic and shaped by our daily 
choices. Positive habits like learning, exercising, meditating, and nurturing relationships 
are not just lifestyle choices; they are biological investments that foster new pathways, 
resilience, and adaptability. From childhood to aging, these habits lay the groundwork for 
growth, discipline, and cognitive health. By cultivating positive habits, we actively 
participate in shaping our minds, understanding that every action rewires us for greater 
strength and possibility. Ultimately, embracing neuroplasticity allows us to protect brain 
health and transform who we are and who we can become. 

Always remember: “It’s never too late to learn something new” 
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2026 NOBEL PRIZE IN PHYSIOLOGY OR MEDICINE 
Karl Deisseroth • Peter Hegemann • Georg Nagel 

for their discoveries concerning " light-gated ion channels and optogenetics” 

Optogenetics is a technique that combines molecular genetics with optical stimulation to precisely control 
neuronal activity. Peter Hegemann and Georg Nagel first identified channelrhodopsins, light-gated ion channels 
in the alga Chlamydomonas reinhardtii, which open under blue light to alter a cell’s electrical state. Building on this, 
Karl Deisseroth and colleagues introduced channelrhodopsin genes into mammalian neurons, showing that light 
pulses could reliably trigger action potentials. This innovation created a genetic “light switch” for neurons, enabling 
temporally and spatially precise modulation of neural circuits and providing unprecedented insight into the causal 
links between defined neuronal populations and behavior.  

 
KARL DEISSEROTH 

Neuroscientist • Bioengineer • 
Psychiatrist 

Professor of Bioengineering and Psychiatry & 
Behavioral Sciences, Stanford University 

Applied channelrhodopsin as a precise light-
controlled switch in neurons. His work helped 
establish optogenetics as a tool for testing 
causal links between neural circuits and 
behavior. 

Photo credit: Stanford Medicine 

 
PETER HEGEMANN 

Biophysicist • Experimental 
Biophysicist 

Professor of Experimental Biophysics, 
Humboldt University of Berlin; Hertie Senior 

Research Chair for Neurosciences 

Studied how microorganisms sense light and 
helped identify channelrhodopsins-the light-
gated proteins that became the molecular 
foundation of optogenetics. 

Photo credit: American Academy of Arts & 
Sciences 

 
GEORG NAGEL 

Biophysicist • Neurophysiology / 
Molecular Plant Physiology 

University of Würzburg; Nobel-award 
affiliation 

Characterized light-gated ion channels, 
including ChR1 and ChR2, demonstrated their 
function in animal cells—key steps toward 
precise optical control of neural activity. 

Photo credit: Millencolin / Wikimedia 
Commons (CC0) 

KEY DISCOVERY TIMELINE 

EARLY 2000s 
HEGEMANN & NAGEL 

Channelrhodopsins were identified in green 
algae. Light could open the ion channel and 
change membrane electrical activity. 

2005 
DEISSEROTH & COLLABORATORS 

Channelrhodopsin was introduced into 
mammalian neurons, allowing blue light to 
precisely trigger neuronal firing. 

2007 
LIVING-BRAIN OPTOGENETICS 

Light-controlled neural switching was 
demonstrated in the brains of living mice, 
enabling circuit-level studies of behavior. 

WHY DOES IT MATTER? 

Optogenetics revolutionized neuroscience by shifting from passive observation to precise manipulation of brain 
circuits. Using light-sensitive proteins, researchers can selectively activate or silence neurons, revealing causal links 
between neural activity and behavior. This has clarified how the hippocampus supports memory; the amygdala 
shapes emotion, and cortical networks drive decision-making. Beyond research, the method is being explored for 
restoring vision, treating neurological and psychiatric disorders, and advancing neurotechnology, opening a new era 
of brain science with unprecedented precision. 

IN SIMPLE WORDS: Optogenetics uses a genetic “light switch” to control selected cells. This gives scientists a precise way to 
test how particular groups of neurons influence what the brain does. 

                                                                                                                                                                                                                                                                                    
                                                                                                                                                                      Avighna Mathpal 

                                                                                                                                                                                          M.Sc. Biotechnology Ist Year  



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

































 


