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Nerve cells, also called neurons, behave like tiny messengers in our
bodies that help us sense and move. When brain cells chat with each
other, it results in electrical brain waves. Sometimes brain cells chat
with each other in a calm and slow way, while other times they are
excited and brain activity is faster. This fast electrical activity is called
oscillations. Equipment can be used to measure the electrical activity
in the brain. The fastest activity that can be measured is called high
frequency oscillations (HFOs). Fast brain activity can be super helpful
in daily life, helping us to do things like memorize locations and
activities, for example. However, if neurons start firing too fast, people
can experience a sudden loss of control of certain body parts or even
the whole body, which is called epilepsy. In this article, you will learn
about brain function and epilepsy and how scientists count the speed
of brain waves. So, let us have a look at how HFOs help our brains
to function.
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NEURONS

Nerve cells with bodies
located in the brain and
long extensions going
into different parts of
the body. Their job is to
pass along important
messages helping your
body do things like
move, think, and feel.

SYNAPSES

Small gaps between
neurons that
information must cross
to travel from one
neuron to another.

ELECTROENCEPHAL-
OGRAPHY (EEG)

A method to look at the
brain’s electrical signals
using tiny sensors
called electrodes,
which send the
information to a
computer where it can
be analyzed.

HOW DO NERVES WORK?

Brain cells called neurons behave like tiny messengers. They help
us sense and move by sending messages from the brain to different
parts of the body. Neurons consist of a small cell body and very long
extensions that form the nerves, connecting the brain to body parts
that are close by, like the eyes, as well as those that are further away,
like the fingers and toes (Figure 1). You can imagine the nerves as a
bunch of computer wires that carry messages. Similar to a computer,
these wires are very well organized, with the brain being the control
center and the body parts receiving the messages.

When you touch something, like a soft blanket or a hot stone, a
message is sent to your brain through the nerves. Your brain then gets
the information and tells you, “Hey, that is a soft blanket!” or “Ouch,
that is hot! Take your hand away!”.

Neurons also help us move our bodies. If you decide to move your
hand, for example, your brain sends a message via your nerves to the
muscles in your hand. A different set of nerves will let you know that
your hand is actually moving. That means that messages can go in
both directions: away from the brain and toward the brain.

NEURONS TALK TO EACH OTHER

The "arms” or extensions of two nerve cells are connected via switch
points called synapses. As you just learned, information travels along
the neurons in the form of electrical activity. Once the information
reaches the end of one neuron, it must cross the synapse to get to
the next neuron. The electrical activity changes to chemical activity to
allow the information to pass from one neuron to another.

The brain consists of more than 80 billion neurons, and they all manage
to communicate with each other in an organized and effective way.
When neurons communicate with each other, it results in electrical
brain waves that can be measured by scientists or doctors. Sometimes
brain cells chat with each other in a calm and slow way, but other
times they are excited and brain activity is fast. Brain waves reflecting
that fast brain activity are called high frequency oscillations.

HOW CAN WE MEASURE BRAIN ACTIVITY?

Electrical activity can be measured by a test called electroencephalog-
raphy (EEG). For EEG, scientists or doctors place tiny metal sensors
called electrodes on a person’s head (Figure 2A). The electrodes can
detect the small electrical signals produced by the brain, so it is a
bit like having lots of mini-microphones on your head! Those metal
electrodes (they all together create a metal cap, which can be seen
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Figure 1

The brain is connected
to the spinal cord and
nerves (purple). The
yellow stars represent
electrical activity, which
is carried by the nerves.
This electrical activity
enables
communication
between the brain and
the other body parts.
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Figure 1

in Figure 2A) can measure change in electric current and send the
signal along wires to a computer. If you want to read more about
EEG, there is another great article in Frontiers for Young Minds about
this method.

The EEG activity is displayed on the computer screen and looks like

waves going up and down, like the waves in the ocean. The faster the
brain works, the faster the waves are. Researchers can even tell if the
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Figure 2

(A) A person is wearing
an EEG cap with
electrodes. Wires
connect the cap to a
computer, where brain
waves can be seen on
the screen. On the
screen, you can see an
HFO. (B) Brain waves
look a bit like ocean
waves. If you draw a
horizontal line through
the middle of the wave,
you can count how
many times the wave
crosses the line in 1
second. The frequency
of this wave is 4 Hz. (C)
Brain waves are
characterized by their
frequency and named
after Greek letters.
Each kind of brain
waves occurs during
specific activities,
shown on the right.

FREQUENCY

A measure to

determine the speed of
waves. It is measured in
a unit called Hertz (Hz).

HIGH FREQUENCY
OSCILLATIONS
(HFOs)

Superfast brain waves
caused by excessive
and sometimes
uncoordinated
electrical activity inside
the brain.
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Figure 2

electrodes are measuring a higher signal on the left or right side of
the brain.

The speed of waves is called their frequency, which is measured in a
unit called Hertz (Hz). If you draw a horizontal line through the middle
of the wave, the frequency is essentially how often the wave crosses
that line (Figure 2B). You can see that the wave line goes 9 times past
the middle line. For the frequency, you only count the top peaks of the
wave (black arrows) within 1 second.

Brain waves are named according to their frequency using letters from
the Greek alphabet (Figure 2C). Slower waves are called delta and theta
waves, and they mostly occur when the brain is sleeping. Theta waves
can also occur when people daydreaming. In healthy children, theta
waves can also occur while they are awake. Faster alpha waves can be
seen when people are awake and relaxed. Beta waves are dominant in
those who are alert or anxious or who have their eyes open, but we can
also see beta waves during sleep, when vivid dreams are happening. In
this article, we will focus on super fast waves, called high frequency
oscillations (HFOs). HFOs are 10 times faster than the usual brain
activity (between 80-150Hz) and can be a sign of the brain working
really hard or being in trouble [1, 2].
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Figure 3

Illustrates an important
brain function: On the
right, you can see the
same screen after
placing trees, plants
and houses. To be able
to look on the left
screen and remember
in which part the
house, trees, plants and
birds were placed, your
brain had to do the job
storing memories
before.

EPILEPSY

A condition of the brain
in which a person is
prone to having
epileptic seizures.

EPILEPTIC SEIZURE

A sudden burst of
electric activity in the
brain, which can cause
loss of control of the
body or parts of

the body.

WHEN DO WE NEED SUPER FAST BRAIN ACTIVITY?

HFOs have been seen by EEG whenever people are engaging in a
very focussed activity that requires many brain areas to work together
with high precision. Two types of computer games are great examples
of when our brains use HFOs. First, games that requires fast finger
movements and quick reactions, like fighting, jumping, or race car
driving, cause the brain to use HFOs to plan movements. Second,
HFOs are also needed to memorize locations and activities in more
complicated games. Have you ever lost track of where you are in an
imaginary world, or forgotten where the villain is hiding? If not, you can
thank your brain for doing a great job storing your memories (Figure 3).
Storing memories largely happens during sleep. HFOs help to transport
memories between parts of the brain that allow you to know your way
around in a computer game—not only the same day, but even weeks
later [3-5].

Figure 3

WHEN THE BRAIN GETS TOO ACTIVE

You just learned that fast brain activity can be super helpful in our daily
lives. However, sometimes neurons start communicating too fast or
in a way that is less coordinated than usual. This can happen in adults
and kids who have epilepsy. Epilepsy is a condition in which people
experience a sudden loss of control over their body functions because
their body parts are not receiving the proper information. These events
are called epileptic seizures. During a seizure, the body starts to move
uncontrollably or the person experiences a feeling, a scent, or a lack
of awareness (almost like daydreaming) for a brief moment. Epilepsy is
a fairly common disease, affecting around 1% of children. This means
that if you have 500 kids at your school, it is likely that 4-5 of them
have epilepsy.

EEG is a very useful test when scientists or doctors want to learn about

brain activity in individuals who have seizures. EEG can tell us when
the brain’s electrical activity is out of order. Recent research has shown
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BIOMARKER

A clue that helps
doctors understand

how the body is doing.

HFOs as a biomarker
can help to know how
active the disease is
and how to
successfully treat it.

that HFOs can be seen in the EEGs of patients with epilepsy. In contrast
to the HFOs that help with thinking, planning, and memorizing, we
believe that epileptic HFOs are a sign of the brain being overactive
and out of control. This is exciting news because measuring HFOs
using EEG can help us to better understand a patient’s epilepsy [6].
HFOs have helped doctors to predict which kids might only have one
seizure and which might have epilepsy and be prone to more seizures.
It can also help doctors to know whether a person needs medication
for their epilepsy and whether that medication is successful in treating
seizures [6].

HFOs can also help scientists and doctors to learn which parts of
the brain are causing epileptic seizures. This is really important, as
some epilepsy patients only have seizures from small regions of their
brains. Surgery to remove the seizure-causing brain region can cure
these patients (see this Frontiers for Young Minds article for more
information) [7]. We think that HFOs are what is called a biomarker for
epilepsy. This means that measuring HFOs can help doctors to know
how active the disease is and how to successfully treat it.

WHAT DID YOU LEARN?

The brain is like a super storage unit for all the things you have
ever experienced. It remembers your favorite moments, like birthdays,
family vacations, or adventures with your friends. You have learned
that the brain also controls the body’'s movements, directing all the
different body parts to work together in harmony. HFOs help the
brain to function properly and engage into focussed activity that
requires many brain areas to work together. However, if HFOs get
out of control, a seizure can result. HFOs are an exciting biomarker
that can help researchers and doctors to understand how the
brain works and help them to diagnose and plan treatments for
patients with epilepsy.
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GRACE, AGE: 11

Grace enjoys reading books, exercising, and playing sports. She likes cake,
sandwiches, cheese, and mushrooms. She is good at studying, drawing, doing
presentations, and P.E. She is naturally curious and likes to experience different
activities, cultures, and whatnot.
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RAY, AGE: 13

| have many interests such as birdwatching, mathematics and unicycling. | like
psychology and neurology since they are interesting fields of science with a diverse
array of different topics.
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