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You might not expect it, but the brain is always changing—it
adapts itself to good and bad life experiences. We call this
neuroplasticity. Although neuroplasticity usually helps us cope with
problems, sometimes things go wrong, and the changes produced by
neuroplasticity are harmful to the person. In this article, we cover two
cases of neuroplasticity, one positive and one harmful. The positive
one is about changes that happen when we are young and have
good social experiences. The harmful one is about phantom limb
syndrome, a strange phenomenon felt by amputees in their limbs and
organs … that no longer exist!

WHAT IS NEUROPLASTICITY?
We have all heard sentences, such as “The brain is a complex
structure!” or “The brain commands all body functions!” but what
fewer of us know is that the brain is not sitting there unchanging
inside our skulls. It is always adapting to all sorts of different things
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NEUROPLASTICITY
Brain’s ability to change
its structure and
function in response to
life’s events.

MALADAPTIVE
PLASTICITY
A harmful form of
plasticity, such as the
one that occurs in the
phantom
limb syndrome.

SOCIAL COGNITION
SYSTEM
Set of skills and brain
regions that are
responsible for both
understanding social
rules and guiding our
social behavior.

CRITICAL PERIOD
Time frame where the
development of some
regions of the brain and
learning are enhanced.

NEURON
[NUR-AAN]
One of the many cell
types making up the
brain. Neurons connect
to one another forming
circuits, similar to train
tracks. This is how
information travels in
the brain.

MYELINATION
[MAI-UH-LUH-NEI-SHN]
A process in which
parts of the neuron are
covered by membranes
of a substance called
myelin. Myelin
functions like the
rubber cover of electric
wires, and it increases
the speed by which
information goes from
one neuron to another.

Neuroplasticity Changes the Brain

and situations. After you ﬁnish reading this article, we guarantee that
your brain will be different!
The brain changes itself through a process called neuroplasticity. Let
us decode this word. Neuroplasticity is a combination of two terms:
neuro and plasticity. When we are talking about something related to
the brain, we use the preﬁx neuro. The second term, plasticity, refers
to the fact that the brain is always transforming itself. When you meet
someone or learn a new fact, your brain changes its structure and
function. The environment can change our brains, even if we are not
aware of it. Some events change the way brain cells communicate
with one another, by strengthening or weakening this communication.
Other events will shape how the brain interprets things. All these
changes end up modifying our behaviors!
Before moving on to the examples, we must consider two issues.
First, neuroplasticity changes with age. As we grow older, the brain
continues to ﬁnd different ways of dealing with new things and
situations [1, 2]. The ability to do this is related to the health of the
brain. Why are older people who have always exercised and read a
lot of engaging books less forgetful of things? Because an active,
healthy brain can store mental resources that can be used, when it
gets older, to modify itself. The second issue we must consider is that
some neuroplastic events may not be helpful to us and may even be
extremely harmful! This is what we call maladaptive plasticity [3].

SOCIAL EXPERIENCES AND NEUROPLASTICITY
So, we know that we must always try to practice engaging activities
to enhance the brain’s abilities, and that this will be very important if
we want to maintain healthy brains as we get older. But are there any
beneﬁts of neuroplasticity for a younger brain? The answer is a deﬁnite
YES! Scientists have found that there are certain time frames in our lives
during which learning and brain development are strengthened. This is
true for various systems, such as the visual system, and even for more
complex ones, such as the social cognition system, which is the group
of brain regions that helps us understand social information. We call
these moments of heightened plasticity critical periods.
There are critical periods for neuroplasticity, too. As our ﬁrst example,
we will see how the environment inﬂuences social learning in a critical
period during adolescence. First, let us dive for a moment into the
brain’s microscopical structure.
The brain is made up of many nerve cells, called neurons. In
almost every region of the brain, the neurons undergo myelination,
which involves the envelopment of neurons by a fatty (rich in lipids)
membrane called myelin. Myelination greatly increases the efficiency
of the brain’s work. However, the critical period for myelination of
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neurons differs among brain regions. The part of the brain that helps us
make sense of emotions, memory, and social information, called the
medial prefrontal cortex (mPFC), is one of the last regions to myelinate.
Myelination of the mPFC takes place during adolescence.
Adolescence is a difficult period in the development of our social
abilities because it is the time when we start interacting more closely
with friends and adults. Our brains must deal with a huge amount of
social information during this period, as we ask questions like, “Who
is my crush?” or “How should I talk to him/her and ask him/her out?”
To navigate these situations, the brain’s neurons must talk amongst
themselves in complex neural circuits, to help a person navigate the
social world. Everything needs to be working if we expect to manage
these situations appropriately.
The problem is that we are not born ready for such interactions.
Although the brain cells and the circuits are all there, we ﬁrst need
to improve these circuits and optimize their functioning.
Not so long ago, scientists discovered that, during adolescence,
something triggers the myelination of neurons in the mPFC, and this
helps us to better deal with social situations. Interesting fact: the event
that triggers this process of myelination is social interaction! To make
this clear: if you want to be good at social interaction, you must ﬁrst
interact! This is one of those cases where “practice makes perfection.”
Recent evidence shows that, between the ages of 15–20, the brain is at
its peak potential to transform itself [4]. Remember the critical period?
We know that if we do not engage in social experiences during our
adolescence, the circuits in the mPFC will not myelinate, and this will
affect our entire lives, post-adolescence.

PHANTOM LIMB
SYNDROME
Condition where an
amputee still feels
sensations from the
missing limb or organ.
Although not always, it
can be a
painful sensation.

Researchers have shown that if a juvenile mouse is deprived of social
contact, it will avoid interacting with other mice [5]. Social experience
during this critical period is so important that, even if the isolated
animal is later housed with other mice, it will not regain its normal
behavior. So, once the window closes, if there was a lack of appropriate
social experiences, social behavior is forever changed.

A TALE OF PHANTOMS AND MALADAPTIVE PLASTICITY
Wars and diseases can cause many terrible consequences, including
the amputation of a limb. Amputation is a sad condition, but it
can be also spooky. Some people who have had limbs amputated
have the physical sensation that the amputated part still exists.
This ghostly experience is part of a condition called phantom limb
syndrome, which consists of feeling pain, movement, and other
sensations coming from an amputated limb [6]. Imagine how dreadful
it must be!
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Although phantom limb syndrome has been known since the sixteenth
century, it was not until the 1990s that its symptoms were attributed
to neuroplasticity—a maladaptive (a harmful) form of it.
There is one portion of the brain, called the somatosensory cortex
(SSC), that is responsible for interpreting the world through the
sense of touch. “Is the surface smooth?” and “Is the ﬂoor cold?” are
questions that are answered by the SSC. The SSC is also responsible
for something called proprioception. Before we explain what this word
means, do the following experiment: close your eyes and try to touch
the tip of your nose with the tip of your index ﬁnger. Did you do it? If so,
you should be amazed by your superpower: you could do it without
seeing the movement! This is proprioception—we know the position
of our bodies and their parts, even with our eyes closed.
So, what happens when one loses a limb by amputation? Does the
region inside the SSC responsible for that limb stop working? Usually,
the brain area only slows down its function, but sometimes things go
wrong, and the brain area responsible for the missing limb becomes
hyperactive. How can it be hyperactive if the limb is missing?
In cases of leg amputation, neuroplasticity allows the neighboring
areas in the SSC, such as the one in charge of the thigh, to take control
of the missing leg area. One possible explanation is that active neurons
in the thigh area “discover” that a neighboring leg region is inactive
and extend some of their ﬁbers to connect to the inactive neurons.
Figure 1 is an example of research conducted in our laboratory with
amputees. We found that not only the representation areas of the
intact and missing limbs were altered, but also that the myelination
of some parts of the brain was reduced.
Okay, so neurons from the thigh move toward and connect to neurons
in the missing-leg area—how can this neuroplasticity translate into
a phantom sensation? Imagine that you can feel each fold of your
clothes that touches your limbs, but even when you wear a bathing
suit, you can still feel that your limbs are there, just by moving
them. This means that the limb area in your brain is constantly being
activated. But in the case of amputation, when the neurons from
the thigh and the lower leg become connected, both are activated
when there is something stimulating the thigh skin. Thus, a touch
to the thigh triggers a sensation of touch in the missing leg. The
proprioceptive sensation in the thigh caused by moving may also
trigger a proprioceptive sensation in the missing leg.
In other words, the brain (or at least the SSC) misunderstands the
sensory experience, believing that the missing limb is still there.
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Figure 1
Neuroplasticity in a
left leg amputee. The
girl who lost her left leg
was gently stimulated
with a brush in three
places: (1) the stump;
(2) the same region of
the intact leg; and (3)
the remaining foot. The
colored spots on the
brain images indicate
which regions were
most active when the
brush touched her skin.
In (1), you can see that
the stimulation of the
stump produces a
larger area of activation
than when the brush
touches the thigh of
the intact leg (2). In
addition, stimulation of
the stump seems to
activate similar regions
as when the foot is
stimulated (3), but the
areas are smaller.
Notice that the left
parts of the body are
represented in the right
side of the brain, and
vice-versa. S1,
Somatosensory Area;
M1, Motor Area; and
M2, Supplementary
Motor Area. Illustration
by Julio Xerfan.

Figure 1

CONCLUSION
We have discussed two cases of neuroplasticity: one good and one
harmful. We learned that, early in our lives, there are time windows
during which neuroplasticity and development of some brain regions
are very important. Such is the case for myelination of the mPFC,
which is greatly dependent on our social experiences. As an example of
harmful neuroplasticity, we learned that, in the event of an amputation,
the brain might not realize that the limb is gone. This means that the
parts of the brain that were responsible for interpreting signals coming
from that limb (for example, the sensation of touch) will remain active,
leading to phantom limb syndrome. Overall, from these two examples,
you can see that the brain is not static, it is constantly responding to
challenges. Every piece of information we learn or every person we
meet can lead to lasting effects in our brain and our lives.
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YOUNG REVIEWERS
ASHLEY, AGE: 12
Hi I am Ashley!! I like to dance ﬂamenco everyday because it is fun and is a great
physical activity. Flamenco and acting class are my favorite classes this year. I go to
a school that focuses not just on normal classes, but on performing arts as well. In
my spare time I like making jokes and playing card games with my family.
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SAMANTHA, AGE: 15
Hi my name is Samantha! I like to read and write, and I am working on writing
a long story right now. My favorite classes are Chemistry and English. In my free
time I enjoy contemplating the mysteries of the universe, staring off into space, and
writing stories.
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