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HOW YOUR SENSE OF TOUCH CAN CHANGE YOUR
BRAIN

Hannah M. Stealey”, Yi Zhao, Yin-Jui Chang and Samantha R. Santacruz

Santacruz Lab, Department of Biomedical Engineering, University of Texas at Austin, Austin, TX, United States

Your brain can be divided into various areas, one of which is

YOUNG REVIEWERS: . . .
responsible for your sense of touch. This part of your brain can be

CHRISTIAN divided into even smaller areas that communicate with each body
@ AGE: 10 part. We can use a special map of the human body, called a sensory
- homunculus, to help us understand the various sizes of these parts
@ KATYA of the brain. We will explain how this map was created and tell you
A AcEe aboutresearch showing how these brain areas can change. One study
SR showed that brain areas can be recycled, meaning that the brain areas
& AGE: 8 that no longer receive messages from the body can be used by other
functioning brain areas. Another study showed that these changes
VIA can even occur within a single day! These studies can help scientists
Q AGE: 10 to better understand the brain and to help people who have problems
with the sense of touch.
VIHAAN
AGE: 9

YOUR BRAIN-AN OVERVIEW

Your brain weighs about three pounds and feels like Jell-O. Unlike
Jell-O, your brain can complete many tasks. The outer layer of the
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CORTEX

The outermost layer of
the brain that is
responsible for
processing and sending
messages about
high-level processes
such as
decision-making,
movement, emotion,
and sense of touch.

NEURONS

Cell that makes up the
brain and
communicates
between the brain and
the limbs of the body
using

electrical messages.

SENSORY CORTEX

The part of the brain
that translates
messages about
pressure from the
body; it can be divided
into areas that get
messages from specific
body parts.

Figure 1

(A) Side view and (B)
front view of the brain,
showing the sensory
cortex. (C) Brain slice
showing how

the sensory brain areas
are arranged. Notice
that this arrangement is
similar to the way body
parts are arranged. (D)
A normal-sized human.
(E) The sensory
homunculus, which is a
kind of map showing
what a human would
look like if the size of
body parts was based
on the number of
neurons in that brain
area. Larger size means
the body part both has
more neurons in its
brain area and has a
better sense of touch.
(Created with
BioRender.com).
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brain is called the cortex. The cortex is made of 80 billion nerve
cells called neurons. Groups of neurons in your brain send messages
to and from other neurons located all over your body. Some of
the neurons outside of your brain contain sensors that respond to
pressure on your skin. When activated, these neurons send electrical
messages back to your brain to let you know you have touched
something (or that something has touched you). The area of the brain
responsible for interpreting your sense of touch is called the sensory
cortex. The sensory cortex is divided into specific areas, each of which
communicates with a single part of your body, such as your left pinky
finger or your tongue.

EARLY ATTEMPTS TO DIVIDE THE BRAIN

In 1909, Dr. Korbinian Brodmann was the first person to discover that
the cortex is divided into specific areas based on the shape of neurons
[1]. Dr. Brodmann divided the brain into 52 areas and the sensory
cortex contains three of these areas (Figures 1A,B). You have a sensory
cortex on both sides of your brain (Figures 1B,C). Dr. Brodmann's
discovery is stillimportant today. He showed that the brain is filled with
different types of neurons that are arranged in groups. The existence
of these groups of neurons led scientists to believe that different areas
of the brain are responsible for different body functions.

Feet & Legs Mlgglde o

. Arm, Hand &
-_/—_Fingers

’ iddle of

The Sensory
Homunculus

Figure 1
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SENSORY
HOMUNCULUS

A model that shows
what we would look
like if the size of each
body part was
proportionate to the
number of neurons in
its corresponding
brain region.
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Dr. Wilder Penfield was a brain doctor who accidentally helped us
understand the function of the sensory cortex. In the 1950s, Dr.
Penfield helped patients who had a brain disease that caused irregular
movements. He determined which brain area was sending “bad”
messages to the body, by applying a small amount of electricity to
several areas of his patients’ brains. Curiously, he discovered that
applying electricity to a specific part of the sensory cortex caused
patients to feel a sensation in a specific body part [2]. He performed
this on many sensory brain areas. As a result, he created a map
showing which areas of the sensory cortex are responsible for the
sense of touch in each limb (Figure 1C). Without Dr. Penfield's map,
we would not know that the brain is organized into specific areas that
communicate with various parts of the body.

YOUR BRAIN'S SENSORY AREAS AND A STRANGE-LOOKING
HUMAN

The organization of the sensory cortex reflects on the placement of
each limb of your body (Figure 1C). For example, the “feet” area is far
away from the "head” area. We can divide the sensory cortex areas
even further. For example, each of your fingers has a unique area in
the sensory cortex, and these areas are arranged in the brain similarly
to the way they are arranged on your hand.

If the size of our body parts was based on the number of neurons in its
brain area, instead of looking like we normally do (Figure 1D), we would
like Dr. Penfield's sensory homunculus (Figure 1E). In this model, the
more neurons a sensory area has, the larger the body part is drawn. A
larger size on this figure also means that the body part is more sensitive
to touch.

AT-HOME EXPERIMENT

The size of brain areas associated with various body parts can be tested
with an experiment that you can do at home. Have an adult unravel a
paper clip so that there are two pointed ends that are a quarter inch
apart from each other. Close your eyes and let the person randomly
(and carefully!) poke you with either one or two points. See if you can
sense whether one or two points of the paperclip are touching you.
Repeat this process a few more times and keep track of whether you
are wrong or right. Try this experiment on a sensitive area first (like
a finger) and then on a less sensitive area (the upper arm). You might
notice that your accuracy is much better for the fingers. This is because
they have more neurons in their brain areas.
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Figure 2

The brain “recycles”
areas that are not used.
(A) Side view of a
monkey brain showing
the sensory areas for
the ring, middle, and
index fingers. (B) The
normal size of three
finger areas in the
brain. (C) The size of
the index and ring
finger areas in monkeys
with no middle fingers.
Notice how the sizes of
the index and ring
finger areas grew and
they are now touching.
(Created with
BioRender.com).
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USE IT OR RECYCLEIT

When part of the sensory cortex is not used for a long time, the
area changes. Instead of “throwing out” the area of the brain that is
no longer used, the brain “recycles” the neurons. In one experiment,
researchers studied the brains of monkeys that had lost their middle
fingers [3]. These monkeys were treated ethically and were still able to
perform daily activities such as walking, swinging, eating, and playing
with their monkey friends.

The scientists used a technique similar to Dr. Penfield’s to determine
the size of each finger area in the brain. Instead of applying electricity
directly to the brain, they applied a small, safe amount of electricity
directly to the monkeys' fingertips. They could determine the location
in the brain where the electric signal traveled to. They repeated this
process until they had enough points on each finger to create a map
of the brain’s finger areas (Figures 2A,B).

Side View of
Monkey Brain )

\

Before

Figure 2

The researchers discovered that, without touch information from
the middle finger, the middle finger area of the brain shrunk.
The area of the brain that represented the index and ring fingers
grew, by ‘recycling” the neurons from the missing middle finger
(Figure 2C).
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FUNCTIONAL
MAGNETIC
RESONANCE
IMAGING (FMRI)

A technique that brain
researchers use to
observe brain activity in
humans while it

is happening.

Figure 3

Gluing fingers together
“glues” those finger
areas of the brain
together. (A) Before
gluing, the middle and
ring finger areas
overlap. Twenty-four
hours later, the brain
areas of the index and
middle fingers overlap,
and the ring and pinky
areas also overlap. (B)
In the game, the
computer indicated
which finger to press.
Before gluing, subjects
more often accidentally
pressed their middle
fingers when asked to
press their ring fingers.
Twenty-four hours
later, subjects more
often accidentally
pressed their pinkies.
(Created with
BioRender.com).
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FAST AND REVERSIBLE CHANGES

The same kinds of brain changes occur in humans. In humans, these
changes are measured using a technique called functional magnetic
resonance imaging (fMRI) (Figure 3A) [4]. This technique can be
used to look at brain activity in real time, so it is a useful tool for
scientists who want to study changes in the brain without opening
the skull.
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Figure 3

In one human experiment, researchers investigated the finger areas of
the sensory cortex. Using fMRI, they determined the location and size
of each brain area based on movement of the subjects’ fingers. The
goal of the study was to determine whether humans could change
the size of each brain region in 1 day.

Try this: First, lay your hand flat and palm-side-down on a table. Try
moving your middle finger up and down while keeping the rest of your
fingers flat on the table. Is this difficult? Next, try moving your ring
finger up and down while keeping the rest of your fingers still. Was
this easier or harder? You will probably find that moving your middle
finger without moving your other fingers was easy, but moving your
ring finger without moving your middle finger or pinky finger is more
difficult. This behavior is also represented in the brain: the middle finger
area and ring finger area overlap, which makes it more difficult for you
to move these fingers separately.

To cause changes in the brain, the researchers glued the right index
and middle fingers together. They used fMRI before and after the
gluing period to determine the sizes of the finger areas. They found
that, after the fingers had been glued for 24h (and then unglued),
the areas of the two previously-glued fingers (index, middle) now
overlapped (Figure 3A).

Additionally, the researchers had the same people play a game before
and after the 24-h gluing time. The subjects’ fingers were separated
before playing the game the second time. Subjects had to press the
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button under the finger that was indicated on the computer screen, in
less than 1s (Figure 3B). This process was repeated many times.

The most interesting results came from the times when subjects
needed to press their ring fingers. Before gluing, the subjects would
accidentally press their middle fingers when they meant to press
their ring fingers. This makes sense because the areas overlap in the
brain. However, after the 24-h gluing period, the subjects accidentally
pressed their pinky fingers (more than their middle fingers) when trying
to press their ring fingers. This makes sense because the pinky and
ring areas now overlap. Overall, these researchers demonstrated that
changes in brain areas can cause changes in behavior and can occur
over a single day!

WHY DOES THIS MATTER?

The sense of touch is something we often take for granted. Without
your sense of touch, you would not be able to sit up properly, and you
would not be able to do something as simple as holding a cup of water
without looking at it directly.

Some people are unable to interact with their environments the way
others can because they have lost their sense of touch or possibly
have lost a limb. Understanding how our brains communicate with our
limbs to create the sense of touch allows scientists to create electronic
devices that imitate the sense of touch. More recent research has
used the ideas outlined in this paper to retrain the brain, to help
patients who have lost the sense of touch to recover it. This work is
promising and exciting, but there is still a lot we do not know. We
need the unique "touch” of young minds like yours to help solve the
questions researchers still face as they continue studying the sense
of touch.
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YOUNG REVIEWERS

CHRISTIAN, AGE: 10

Christian is a 4th grader who loves to play chess and baseball and run long distance
races. His favorite subject in school is math. Christian can always be found jamming
on his piano or guitar to classic rock hits. During virtual school days, he is known for
playing songs for his class during breaks.

KATYA, AGE: 9

Katya lives in the middle of a big city with two parents, a brother and two cats. She
loves all subjects, but especially math. She also loves singing and playing piano, and
splashing around in the water.

SOPHIA, AGE: 8

| like going to school and my favorite subject is reading. | also like cuddling up with
something fluffy or furry to read fantasy books. | signed up to be a reviewer for
Frontiers for Young Minds because | like helping people do science.

VIA, AGE: 10

Via is a 4th grader who loves math, reading, and playing chess. She is a kid reporter
at Time Magazine for Kids. Via sparks new ideas for her school as the Elementary
Student Council president. She is always up for a lively debate and aspires to be a
Supreme Court Justice or a Math Professor. In her free time she and her twin brother
like to jam on their instruments.
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VIHAAN, AGE: 9

Vihaan lives in the city of brotherly love and sisterly affection and loves his sports. He
likes to play chess, tennis and baseball, loves building with lego, and also likes to read
and solve challenging math problems and puzzles. His favorite author is Anthony
Horowitz. He has been playing violin since the age of 5 and also plays drums. He
wants to be an architect when he grows up.
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