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Did you know your muscles can feel exhausted without actually being
exhausted? It turns out that your brain is just as important as your
muscles when it comes to fatigue, or physical tiredness. You can
experience “peripheral” fatigue, which is fatigue originating from the
muscles, or you can experience central fatigue, which originates from
the brain and central nervous system. By studying both the brain and
the muscles, scientists can examine which is causing your fatigue. But
how? Do we need to perform brain surgery to get answers? Luckily,
special techniques involving stimulation of the nerves and muscles
can be used instead! In this article, we illustrate how scientists
determine if the tiredness you feel after exercising is caused by
central or peripheral fatigue or maybe both. We will also explore the
differences between the two.
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Figure 1
How the brain controls
the muscles. First, the
brain produces the
chemical-electrical
signal (yellow lightning
bolts). Then the signal
is sent from the brain to
the spinal cord (a
cross-section through
the spinal cord is
shown). Finally,
neurons relay the signal
to the target muscle
through their long
axons. When the signal
arrives in the muscle, it
causes the muscle to
contract.

Figure 1

HOW YOUR BRAIN CONTROLS YOUR MUSCLES
Have you ever felt super tired after a long gym class? After doing a lot
of physical activity, you might have felt like your muscles were weaker
than usual. While you may think it is your muscles that are tired, what
if it is actually your brain?

NEURON
A cell type that makes
up much of our brain
and specializes in
communicating
information about our
bodies to our brain or
sending information
from our brain to
different parts of
our bodies.

AXON
The long branch of a
neuron that carries
a signal.

Movement requires the contraction of muscles, which requires your
brain to communicate with those muscles. This is done in the form of
an electrical signal that is carried from the brain to the muscle by a
special type of cell called a neuron. Neurons do many things, but one
very important role is telling your muscles what to do. Neurons do this
using a very long branch called an axon that lets the neurons reach
across large distances. However, neurons do not go directly from the
brain to the muscles. Rather, they carry signals from the brain through
the spinal cord (a collection of neurons that exists in our spines) and
then to the muscles (Figure 1). When a muscle receives this signal, it
becomes active and contracts.
But what signal does the brain use? And how does the muscle know
how much to move? When you decide to move a muscle, a positively
charged chemical called sodium moves into neurons. The movement
of these positive charges into the neuron causes tiny “gates” all along
the length of the axon to open, allowing even more positively charged
sodium to enter the neuron. As new gates open in response to
sodium, the gates behind them that had opened earlier close. Thus,
the positive electrical-chemical charge travels all along the length of
the axon, through the action of opening and closing gates. When this
electrical-chemical charge arrives near the muscle, a chemical signal is
released from the neuron that causes the muscle to contract or move.
How strongly the muscle contracts depends on how many signals
arrive and how quickly they arrive. If you are picking up a feather, the
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brain would only send a few signals because you do not need a lot of
strength to move something so light. But if you are picking up a brick,
more signals would be sent more quickly because the brick is heavier
and requires more effort!
This brings us back to the main question: If you have been running
for a long time, your legs may be feeling tired, but how do we know
what is causing that fatigue? Maybe it is not actually your muscles that
are tired; maybe your brain is not sending signals to your leg muscles
quickly enough anymore, or something in your spinal cord is slowing
down the signals. Even though your leg muscles could move more, if
your brain and nerves are not effectively able to tell them to move, they
would not. So how can we tell whether the problem is the muscles or
the brain?

ARE YOUR MUSCLES TIRED?
PERIPHERAL
FATIGUE
Fatigue that originates
from our muscles.

PERIPHERAL NERVE
STIMULATION (PNS)
Stimulation of a nerve
using electrodes
attached to the skin
that deliver fast pulses
of electricity.

Peripheral fatigue is the word we use to describe changes in the
muscle itself or at the junction between the neurons and the muscle.
In peripheral fatigue, the muscle is truly unable to generate the same
amount of force as it used to. You may have noticed this feeling
while doing push ups, which get harder and harder the more of them
you do.
There are many factors that can cause muscles to get fatigued. One is
that the muscles may react less to signals sent from the brain during
exercise. For muscles to respond to signals from the brain, the amount
of electric charge within the muscle cell must change. Speciﬁcally,
the inside of the muscle cell must become more positive. Once the
inside of the muscle cell is positive enough, this cell can react to
signals from the brain. However, during maximal exercise, positive
charges may escape from muscle cells [1]. This leaves the inside of
the muscle cells more negative and less responsive to the signals sent
along neurons. You may be wondering how long this kind of peripheral
fatigue will last, and when you will be back to your usual strength.
As you have probably guessed from your own experiences, fatigue is
not permanent. If athletes got weaker after every exercise, then they
would not train anymore! In truth, exercising and short-term fatigue
make you stronger with time. Depending on the intensity of exercise,
it may take minutes, hours, or even days to recover from peripheral
fatigue [2].

ARE YOU EXPERIENCING PERIPHERAL FATIGUE?
To determine if you are experiencing peripheral fatigue, you will
have to go to an exercise lab for testing using a technique called
peripheral nerve stimulation (PNS) [3]. PNS uses small devices called
electrodes that attach to the skin like stickers and send small, fast
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Figure 2
Measuring peripheral
fatigue using PNS. Two
electrodes (one positive
and one negative) are
applied to the muscle
using specialized
stickers. Stimulating the
electrodes causes the
muscle to contract as a
muscle twitch. The
muscle twitch is
recorded using a
force-transducer
(green, connecting the
handgrip to the
computer), which
measures the strength
of the muscle
contraction. We can
check for peripheral
fatigue by comparing
whether the recorded
twitch measured by the
force-transducer is
smaller after exercise
(indicating peripheral
fatigue) or remains the
same (indicating no
peripheral fatigue).

Figure 2

pulses of electricity that feel like gentle tingles into your body [2]. The
response of your muscle to this stimulation can then be measured
using a special device that measures the force of the resulting muscle
movement [2].
Once electrodes are on your skin and you are comfortably resting,
scientists will stimulate the nerve using the electrodes. This stimulation
causes your relaxed muscle to brieﬂy and strongly contract, resulting in
what is known as a muscle twitch. Your muscle twitch will be measured
before and after some type of muscle-tiring exercise. This may be knee
extensions, in which you bend and extend your leg from the knee, like
kicking a soccer ball, or may be an exercise that uses your arm. It all
depends on which muscle the scientists want to study! If the twitch
produced after exercise is smaller than the twitch produced before
exercise, this means your muscle lost some ability to contract (Figure
2). Voila! This is peripheral fatigue.

BRAIN OVER MUSCLE

CENTRAL FATIGUE
Fatigue that originates
from our brain and
central nervous system.

CENTRAL NERVOUS
SYSTEM (CNS)
The brain and
spinal cord.

When you are asked to help carry many bags of groceries from the car,
you may notice that the bags feel heavier and heavier the more trips
you do. While your muscles could be guilty of peripheral fatigue, the
culprit might be something else. Central fatigue is a type of fatigue
that originates inside your brain [4]. In this case, regardless of whether
your muscles are tired or not, your central nervous system (CNS)—the
brain and spinal cord—is not able to effectively send strong enough
signals to drive your muscles to put in the most effort possible.
In many ways, the CNS acts like a computer, producing electrical
signals using special chemicals that send messages through neurons.
Your neurons are like wires that carry this information all around your
body and can cause an action when the signal reaches the muscles.
Your muscles need a signal that is powerful enough to make them
contract. If there is a change in the ability of your CNS to signal
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Figure 3
Measuring central
fatigue using the twitch
interpolation
technique. Central
muscle fatigue is tested
by sending a stimulus
through electrodes into
the muscle during a
Maximum Voluntary
Contraction (i.e.
MVC)—when the
muscle is contracting
as much as possible. If
the strength of the
twitch during the
stimulus is higher than
the normal MVC
strength, then the
muscle is still able to
work harder, meaning
that there is central
fatigue. If there is
minimal or no change
in the MVC in response
to the stimulus, then
fatigue is likely
peripheral.

MAXIMAL
VOLUNTARY
CONTRACTION
(MVC)
The greatest amount of
strength you can create
by deciding to contract
either a single muscle
or group of muscles.

Figure 3

to your muscles, then your muscles will not be able to contract at
their strongest, even when you think you are using them to their
maximum. This can be measured by asking someone to perform what
is known as a maximal voluntary contraction (MVC). The MVC is the
maximum force you can generate with your muscle by trying. Central
fatigue usually occurs when you are exhausted from exercising for
long periods, like carrying heavy groceries. Central fatigue may be
a way to protect your muscles from injury that could occur if you
overuse the muscle. When you experience central fatigue, it takes at
least a few minutes for your brain to recover and be able to send signals
at full power again [2]. However, certain exercises may need days for
recovery [2].

MEASURING HOW TIRED YOUR BRAIN IS
TWITCH
INTERPOLATION
TECHNIQUE
While contracting your
muscle as much as
possible, an electrode
is used to deliver a
pulse of electricity to
see if your muscle can
contract even more,
resulting in a twitch.

If central fatigue all happens in the CNS, how do we measure it
when we cannot directly see it or touch it? One scientist discovered
that central fatigue could also be measured with electricity, using a
technique known as the twitch interpolation technique [5, 6]. While
peripheral fatigue is assessed by measuring the muscle twitch that
occurs when a resting muscle is stimulated, central fatigue is measured
by assessing the muscle twitch in response to stimulation while you
are voluntarily generating an MVC, like squeezing your ﬁst really hard
or maximally kicking your leg. If stimulating your muscles with an
electrical impulse can generate more strength than your MVC alone,
kids.frontiersin.org

March 2021 | Volume 09 | Article 578431 | 5

Zhang et al.

Exercise: Brain vs. Muscle Fatigue

it means your muscles were not actually contracting as much as they
were able, even though you were trying your hardest (Figure 3). This
is a classic sign of central fatigue! The missing strength was a result of
your brain not sending strong enough signals!

CONCLUSION
In conclusion, the tiredness you feel after hard physical work can occur
in different ways. Although you might think it is just your muscles
that are tired, your brain can play a very major role too. Being able
to tell whether someone is limited in their physical activities because
of peripheral fatigue or central fatigue becomes even more important
when looking at what is stopping athletes from reaching their next
major performance milestones, or when trying to help people with
chronic health conditions more effectively perform daily activities of
living, like going up a set of stairs, cleaning, or dressing themselves. The
next time you get tired, consider whether it might be from peripheral
or central fatigue, or even both!
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Hi, my name is Morgan and I am 13. I like to read books (my favorites are still the
Harry Potter series). I also like to go indoor climbing and play soccer. My favorite
TV show is Friends and my favorite animal is a kangaroo. I have three bunnies that
are adorable.
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