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Neuroplasticity: A Fresh Beginning for Life

Leila Maleki, Ezatollah Ahmadi

Abstract—Neuroplasticity or the flexibility of the neural system
is the ability of the brain to adapt to the lack or deterioration of sense
and the capability of the neural system to modify itself through
changing shape and function. Not only have studies revealed that
neuroplasticity does not end in childhood, but also they have proven
that it continues till the end of life and is not limited to the neural
system and covers the cognitive system as well. In the field of
cognition, neuroplasticity is defined as the ability to change old
thoughts according to new conditions and the individuals' differences
in using various styles of cognitive regulation inducing several social,
emotional and cognitive outcomes. This paper attempts to discuss and
define major theories and principles of neuroplasticity and elaborate
on nature or nurture
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I.  INTRODUCTION

HE term neuroplasticity derived from Greek work

Plastikos meaning to form and refers to structural and
functional changes in brain that are brought about by training
and experience during injuries. Neuroplasticity mechanisms
include neuron connections and synopsis plasticity for
learning and memory. Information on plasticity routes are of
crucial importance in the pathologic understanding and
essential treatment [1]. The history of plasticity started with
Rita-y Bach studies in spite of the common idea that brain’s
development stops on maturity. His studies in 1960’s and
1970’s showed that brain has the ability to change. This
experiments included substituting visual sense in blind
patients through images reflection using touch signals in
1969.the core of this experiment was based on the fact that
impaired sense can be replaced by a healthy one [2]. Major
types of neuroplasticity in early stage of life: Adaptive
neuroplasticity refers to changes in neural circuitry that
enhances a special skill with practice allowing the brain to
adopt or compensate for injuries or changes in sensory output.
Excessive neuroplasticity in a developing brain can result in
disability through reorganization of maladaptive neural
circuits that cause neurological disorders as partial seizures
following mesial temporal sclerosis or focal dystonia. Impair
neuroplasticity refers to situation in which genetic or acquired
disorders disrupt molecular neuroplasticity pathways.Plasticity
becomes Achilles’ heel in situations like status epileptics
when excitatory mechanism becomes over stimulated resulting
in excite toxic neuronal damage [3]. Neuroplasticity can work
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in two directions; it is responsible for deleting old connections
as frequently as it enables the creation of new ones. Through
this process, called —synaptic pruning, connections that are
inefficient or infrequently used are allowed to fade away,
while neurons that are highly routed with information will be
preserved, strengthened, made even more synoptically dense.
Closely tied in with the pruning process, then, is our ability to
learn and to remember. While each neuron acts independently,
learning new skills may require large collections of neurons to
be active simultaneously to process neural information; the
more neurons activated, the better we learn [4].

Neuroplasticity, heredity and environmentwhile genetics
certainly play a role in establishing the brain’s plasticity, the
environment also exerts heavy influence in maintaining it.
Take, for example, the newborn’s brain, which every day is
flooded with new information. When the infant body receives
input through its many different sensory organs, neurons are
responsible for sending that input back to the part of the brain
best equipped to handle it — and this requires each neuron to
—know|| something about the proper neural pathways through
which to send its bits and pieces of information. To make this
mental roadmap work, each neuron develops an axon to send
information to other brain cells via electrical impulses, and
also develops many dendrites that connect it to other neurons
so that it can receive information from them. Each point of
connection between two neurons is termed a —synapse. ||our
genes have, at birth, laid down the basic directions for neurons
to follow along this roadmap, and have built its major
—highways|| between the basic functional areas of the brain.
Environmental influence then plays the key role in forging a
much denser, more complex network of interconnections.
These smaller avenues and side roads, always under
construction, can make the transfer of information between
neurons more efficient and rich with situation-specific detail.
This is clearly evidenced by the rapid increase in synaptic
density that can be seen in a normally developing human.
Genetics form a neural framework that, at birth, starts each
neuron off with roughly 2,500 connections. By age two or
three, however, sensory stimulation and environmental
experience have taken full advantage of the brain’s plasticity;
each neuron now boasts around 15,000 synapses. This number
will have declined somewhat by the time we enter adulthood,
as many of the more ineffective or rarely used connections —
formed during the early years, when neuroplasticity is at its
peak — are done away with [5].

There are several mechanisms for improving traumatic
brain injuries during several weeks after trauma as follows:
A. Synaptic functional recovery
B. Increased synaptic efficacy
C. Increased sensitivity after neuron abscission
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Continuance of neurogenesis

Reorganizing and utilization of silent synapses
Rehabilitating and cultural regeneration
Treatment of brain lesions

Treatment of learning disorders
Action-dependent plasticity

Rehabilitating stroke patients

Sensory replacement

Imaginary organ [2].

FRECSmOTEY

II.  COGNITIVE PLASTICITY

Cognitive plasticity has often been defined in terms ofthe
individuals latent cognitive potential under certaincontextual
conditions. Plasticity has been defined in terms of the capacity
to acquire cognitive skills, Cognitive skills are here defined as
the abilities that an organism can improve through practice or
observational learning and that involvejudgment or processing
beyond perceptual motor skills. [6],[7].

A. Cognitive Flexibility Definition
Cognitive flexibility is described as the capacity to shift or
switch one’s thinking and attention between different tasks or

operations typically in response to a change in rules or
demands [8].

B. Cognitive Flexibility and Brain

Functional Magnetic Resonance Imaging (fMRI) research
has shown that specific brain regions are activated when a
person engages in cognitive flexibility tasks. These regions
include the prefrontal cortex (PFC), basal ganglia, anterior
cingulate cortex (ACC), and posterior parietal cortex (PPC)

[9].

III. THE THEORY OF COGNITIVE FLEXIBILITY

Cognitive flexibility theory is a conceptual model for
developing learning environments based on cognitive learning
theory. Cognitive flexibility theory focuses on the nature of
learning in complex and ill-structured domains. Spiro &Jehng
(1990) state it as the ability to spontaneously restructure one's
knowledge, in many ways, in adaptive response to radically
changing situational demands. Cognitive flexibility is the
ability to restructure knowledge in multiple ways depending
on the changing situational demands [10], [11].

IV. PRINCIPLES OF COGNITIVE FLEXIBILITY THEORY

A. Learning activities must provide multiple representations
of content.
B. Instructional materials should avoid oversimplifying the
content domain.
Support context-dependent knowledge.
Instruction should be case-based.
Emphasize should be on knowledge construction, not
transmission of information.
F. Knowledge sources should be highly interconnected
rather than compartmentalized.
Although this theory is applicable to lower levels of
learning, in general it focuses on advanced knowledge

moa

learning (especially in the case of hypertext).Researchers have
argued that cognitive flexibility is also a component of
multiple  classifications, as originally described by
psychologist Jean Piaget. In multiple classification tasks,
participants (primarily children, who have alreadydeveloped
or are in the process of developing this skill) must classify
objects in several different ways at once, thereby thinking
flexibly about them [12].

Research has suggested that cognitive flexibility is related
to other cognitive abilities, such as fluid intelligence, reading
fluency, and reading comprehension [12], [13]. Cognitive
flexibility has also been shown to be related to one’s ability to
cope in particular situations. For example, when individuals
are better able to shift their thinking from situation to situation
they will focus less on stressors within these situations [14].

In general, researchers in the field focus on development of
cognitive flexibility between the ages of three and five [15].
However, cognitive flexibility has been shown to be a broad
concept that can be studied with all different ages and
situations[16].Diminished cognitive flexibility has been noted
in a variety of neuropsychiatric disorders such as Anorexia
nervosa, Obsessive Compulsive Disorder, Schizophrenia,
Autism, and in a subset of people with Attention deficit
hyperactivity disorder [17],[18].

Learning as a new behavior and information acquirement
from environment is a specific pattern of neural function
activated through experience and education and depends on
the flexibility of memorized changesduration through flexible
neural webs engaged in endurance and acquirement of
information. Information endurance as a form of synaptic
flexibility including flexibility in synapse structure occurs in a
specific set of neurons in long term memory [19].

Neuralsystem change often combined with correlational
change in behavioral and cognitive change. This change in
behavior is known as learning, addiction, maturity and
rehabilitation. Thus, for example, when individuals learn a
new motion skill, say, playing with instrument, a change in
cognitive plasticity occurs; suggest that neural system
specifically sensitive to experiment is developing [7].

V. ACTIVITY-DEPENDENT PLASTICITY

A defining feature of the brain is its capacity to undergo
changes based on activity-dependent functions, also called
activity-dependent plasticity. Its ability to remodel itself forms
the basis of the brain’s capacity to retain memories, improve
motor function, and enhance comprehension and speech
amongst other things. It is this trait to retain and form
memories that is functionally linked to plasticity and therefore
many of the functions individuals perform on a daily basis
[20]. This plasticity is the result of changed gene expression
that occurs because of organized cellular mechanisms [21].
The brain’s ability to adapt toward active functions has
allowed humans to specialize in specific processes based on
relative use and activity. For example, a right-handed person
may perform any movement poorly with his/her left hand but
continuous practice with the less dominant hand can make
both hands just as able. Another example is if someone was
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born with a neurological disorder such as autism or had a
stroke that resulted in a disorder, then they are capable of
retrieving much of their lost function by practicing and
“rewiring” the brain in order to incorporate these lost manners
[22].Researchers have begun examining ways to harness
neuroplasticity to promote healing and recovery. Although
these efforts are still in the beginning stages, there is
promising evidence that the dynamic qualities of the brain
may play a pivotal role in how one copes with stress and
mental illness[23], [24].Medications have been shown to
affect neuroplasticity in animal models and a few human
studies. As noted previously, antidepressant medications can
reverse the effects of various types of chronic stress on both
behavior and brain structurealthough animal studies differ on
which aspects of neuroplasticity (e.g., neurogenesis, dendritic
remodeling, BDNF levels) are critical for therapeutic
efficacy[25], [26].Induced stimulation of the brain focally or
generally also effects neuroplasticity. Studies in multiple
species, including non-human primates, have shown that
electroconvulsive shock increases hippocampal BDNF levels,
synaptic density, and neurogenesis [27].Reviews of the
evidence indicate that exercise can beassociated with reduced
psychiatric symptoms (particularlyof depression [MDD]) and
cognitive  deficits  inmultiple conditions (e.g.MDD,
schizophrenia, Alzheimer’sdementia) [28], [29]. There is
evidence that exercise, used as a supportive treatment, may
delay or even prevent disease-onset and progression[29].The
cross-sectional design utilized in most studies makes it
difficult to determine whether these structural differences were
present before the psychiatric illness developed (possible risk
factors) or if they are a result of the conditions themselves.
This has continued to be an area of debate. For a period of
time, it was assumed that stress and mental illness directly
caused the observed differences in brain volume. However, a
seminal study in pairs of identical twins suggested that smaller
hippocampal volume served as a risk factor for developing
PTSD, rather than anacquired trait [30], [31]. Given the
conflicting results regarding acquired versus predispositional
differences, the field seems to be moving toward a more
nuanced, multifaceted understanding of these variables,
recognizing that both genetics and environment likely play a
role in the etiology and course of mental illness, as well as the
associated differences and changes in brain function and
structure [32]Moreresearch is needed, particularly twin and
longitudinalstudies, in order to clarify the relationship
betweengenetic (i.e., predisposing traits) and environmental
(i.e., experience, mental illness, stress) factors[33].A common,
yet simplistic, assumption regarding volumetric changes is
that they are directly due to changes in cell quantity (increase
or decrease); however, this has not necessarily been well-
supported by postmortem studies [34].

VI. CONCLUSIONS

Central nervous system (CNS) has the ability to adjust with
or rehabilitation traumatic brain injuries. The flexibility
characteristic of CNS is well known and described as CNS
ability to adaptation with changes in order to improve its

function. Neuroplasticity is an endowment for maintaining
brain function, without it damaged functions never
rehabilitate. Plasticity enables brain to repair the dysfunctions
induced by injuries or genetic disorders. Thanks to this ability,
we can compensate unrecoverable injuries or dysfunctional
neural paths through preserving or pruning remained
connections. In  cognitive neuroplasticity, individual
differencesin applying different styles of cognitive adjustment
results in variant emotional, cognitive and social
consequences. On the other hand, everyday life complexities
increase the need for cognitive flexibility for a better
adjustment with induced changes. Research capabilities for
human studies are limited, so most questions must be
addressed by study of animal models. This makes
disentangling genetic, environmental, and experiential
influences much more challenging. Although there is not yet
consensus, it appears the field is moving toward a more
multifaceted, nuanced understanding that recognizes the likely
contribution of multiple factors, rather than a single
explanation. Future research and advances in technology will
continue toincrease understanding of the human brain and its
fascinating abilities and potential. The brain, once considered
to be a fixed and stable organ, is now viewed as dynamic,
flexible, and adaptive. Efforts are beginning to focus on ways
to harness the plastic qualities of the brain for treatment and
recovery. There is much that is still unclear about the
relationship between neuroplasticity and mental health.
Research capabilities for human studies are limited, so most
questions must be addressed by study of animal models. This
makes disentangling genetic, environmental, and experiential
influences much more challenging. Although there is not yet
consensus, it appears the field is moving toward a more
multifaceted, nuanced understanding that recognizes the likely
contribution of multiple factors, rather than a single
explanation. Future research and advances in technology will
continue to increase understanding of the human brain and its
fascinating abilities and potential.
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