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WHEN KICKING THE DOCTOR
IS GOOD—A SIMPLE REFLEX
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Humans and animals have reflexes to help protect them from danger.
Reflexes are unconscious responses, which means they are automatic
FRANCISCO and do not require the brain to create the action. There are many different
(i types of reflexes, but the most basic is called a simple reflex. A simple reflex
contains only one space where information in the spinal cord travels between
two nerve cells, called neurons. The space between two neurons is called
a synapse. Thus, a simple reflex is called monosynaptic, where “mono”
means “one.” There are four parts to a monosynaptic simple reflex. The first
is a sensor, which senses what is happening to the body, the second is a
sensory neuron to carry that information to the spinal cord, and the third is a
motor neuron to transmit information away from the spinal cord to the fourth
part, which is the muscle that creates an action. Doctors will test reflexes
by tapping the tendon just below the knee, and this causes the leg to kick
out. This knee-jerk reflex is an example of a simple monosynaptic reflex.

REVIEWED BY:

Have you ever noticed that when you touch a sharp or hot object, you pull
your hand away rapidly without even thinking about the action? This reac-
tion of removing your hand very quickly is a natural response within your
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An unconscious (without
involving the brain)
reaction in the body to a
stimulus.

A signal that is carried
from one neuron to
another.

An excitable cell.
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body, designed to protect you [1]. This quick response is called a reflex, and
reflexes occur without conscious thinking or planning, meaning the brain
is not involved in them. This is very different than most behaviors that you
do every day, such as playing Lego, combing your hair, cutting your food, or
fist bumping, which all involve using the brain. The major difference is that
reflexes just happen—they occur very quickly and without your brain’s input.
Actually, many reflexes are even faster than the blink of an eye!

Although reflexes are super-fast and just happen without you thinking about
them, this does not mean that they are bad. Reflexes protect you and allow you
to move around without thinking about every single action and response your
body needs to make. It is important that reflexes occur without the need for
thinking about them because there are things that happen to your body and
forces acting in your body when you move that need to be responded to very
quickly. Reflexes allow your body to react in ways that help you to be safe, to
stand upright, and to be active.

Imagine a typical day. You might be thinking of practicing your sport or musi-
cal instrument, walking to school, or making a snack. In all of these actions, you
are thinking, but at the same time, there are also reflexes that you are unaware
of happening inside your body. These reflexes are built naturally into the body;,
and they exist at birth and change as we grow older. Reflexes are kind of like
safety features for survival that allow us to move in response to something
in the environment. Reflexes can act to protect you in many ways, including
removing your hand from a hot or sharp object, or ducking when a loud and
sudden sound occurs. These fast actions are reflex responses! The fact that
these responses are automatic shows that reflexes occur at a rate that is far too
fast for the brain to be involved with the response. Actions that occur without
the involvement of the brain are called involuntary actions, while planned
actions from the brain, like throwing a ball or strumming a guitar, are called
voluntary actions. After the reflex action has happened, the brain does become
aware and tells you what happened. At this point, the brain might even add to
the action. For example, you might have ducked as an involuntary response
to a very loud noise, but when the brain becomes involved you learn why you
ducked down and the brain sends the voluntary action to respond—maybe
to stand back up.

In order for reflexes to work, messages need to move around the body. These
messages are action potentials, and they travel along the neurons and send
messages, special parts of the neurons are involved. The neuron has three
different parts that allow signals to be sensed, to travel, and then move to
another neuron or muscle. These three parts are called the dendrites, the
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Diagram of a neuron,
showing the place where
the action potential start
(dendrites), the path it
travels along (axon), and
where it ends (nerve
endings), before moving
across the synapse to
another neuron or muscle.

A neuron that goes from
the spinal cord to the
muscle.

A neuron that goes from
receptors to the spinal
cord.

A reflex that only contains
one space for an action
potential to travel between
a sensory and motor
neuron.
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axon, and the nerve ending (Figure 1). The dendrites receive information
from the sensor or other neurons. This information then moves to the
axon, which travels to or from the spinal cord. The action potential travels
from the nerve endings at one end of the neuron to the next neuron. Many
reflexes start at the muscle or skin and go to the spinal cord. When the
action potential reaches the nerve ending, the signal is transferred to another
neuron, such as an interneuron or motor neuron. The action potential then
travels outside the spinal cord to a muscle. It doesn’t matter whether the
neuron is a sensory neuron, an interneuron, or a motor neuron—the action
potential travels from the dendrites to the axon to the nerve endings. But
the neurons do not touch each other in the spinal cord and do not touch at
the muscle. There are tiny spaces called synapses that the action potential
must jump across.

Doctors will perform a test to make sure reflexes are working properly
because reflexes can change if you are sick and as you grow. Imagine you
are sitting up on the exam table and the doctor taps you just below the knee
with a rubber hammer. Right after the tap, your foot kicks out and you
didn’t even try to do it. Hopefully, the doctor moved out of the way! The
response to the tap of the rubber hammer is called a knee-jerk reflex, but
scientists and doctors call it a monosynaptic reflex—the simplest reflex that
occurs inside your body [2]. You may be wondering why it’s called mono-
synaptic because knee-jerk is easier to remember and spell. Monosynaptic
is an important word because it describes how the reflex works. When
broken into two parts, the word is easier to remember. “Mono” means one.
“Synapse” just means a space between two neurons where the message
transfers between them. That means, in the knee-jerk reflex, there is only
one point where the message transfers between neurons, so it is monosyn-
aptic. This monosynaptic reflex is called simple because it works through
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A part of skin or muscle
that senses a stimulus.

Knee-jerk reflex.

The tendon is tapped as
the first step in the action.
The doctor tapping just
below the knee activates a
sensor that is located
inside the muscle. Once
the sensor is activated,
the signal travels along the
sensory neuron to the
spinal cord. In the spinal
cord, the signal crosses a
synapse to a motor
neuron and then travels
back to the same muscle.
This muscle contracts and
causes the leg to kick
forward.
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only four separate parts, whereas most reflexes work through five parts.
The five parts of most reflexes are:

A sensor, which is a receptor that senses or detects a change.

A sensory neuron (nerve cell) that carries the message from the sensor to

the spinal cord.

e Aninterneuron, which is an in-between neuron, like a relay station between
neurons.
A motor neuron that carries the message from the spinal cord to the muscle.
A muscle fiber that contracts.

The monosynaptic knee-jerk reflex skips the interneuron, so it involves the
sensor, sensory neuron, motor neuron, and muscle fiber (Figure 2). In a mono-
synaptic reflex, the message travels from the sensory neuron to the motor
neuron with only one synapse. If you think about a relay race with a baton,
this is similar to the way a reflex works. The runner with the baton is the action
potential, and it is carried down the neuron, which is part of the track. When
the runner and baton get to a specific area on the track, the baton is transferred
to the next runner to move along the track. A reflex is just like a relay race, but
in a reflex, it is the action potential that moves between neurons rather than
a baton and runner along parts of the track (Figure 3).

Stepl. .. ol
XY@ \,(“r recey
_//
- v s Bt p——
v A
P S ,
— 4 M ;
| On\\:,\ r\GQ!AC
1 [ g |
LI Slep 2 , ’%@T‘ le
~ X
;;\jfr”,f:‘(/ P B i
NI
‘ Step 3
- - }/ - \
- N con ;"/'_{CT
AN
N
f‘ ] 7 ) /( l

frontiersin.org April 2017 | Volume 5 | Article 10 |


http://journal.frontiersin.org/article/10.3389/frym.2017.00010
http://kids.frontiersin.org/

Reflex path showing the
five components of a
reflex: sensor, sensory
neuron, interneuron,

motor neuron, and muscle.

The simple reflex is shown
on the inner part of the
diagram. Action potentials
are how information is
transmitted in the nervous
system. In a reflex, the
information is first
detected in the sensor
and travels along sensory
neurons to the spinal
cord. Once the action
potential reaches the
spinal cord, the
information is transmitted
across the synapse to the
motor neuron. The action
potential then travels
down the motor neuron to
the muscle, which then
performs the action. The
outer part of the diagram,
within the spinal cord,
shows the fifth part of
reflexes, the interneuron.
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In the above example of a monosynaptic reflex, the interneuron is not
used. It is easy to add an interneuron; just add another runner and baton,
but this runner travels a very short distance. In our body, interneurons
are in the spinal cord. So, when an interneuron participates in a reflex,
there is more than one synapse, and these reflexes are then called com-
plex reflexes.

There are many different reflexes in the body. Some of them are compli-
cated and involve multiple interneurons and many synapses. When there
are many synapses, the reflex is called polysynaptic (“poly” means many).
These reflexes, just like the simple monosynaptic reflex, exist in living beings,
especially humans, to keep us safe! Sometimes reflexes create more than
one action. Imagine removing your foot from something sharp—like a Lego
piece that was left on the floor. If you removed your foot from the Lego
because it hurt, but didn’t place your other foot down, you would fall and
that would hurt even more! So, the withdrawal reflex to remove your foot
works with a reflex on the other side of the body telling you to put your
other foot down. That reflex is called the crossed extensor reflex. These
actions are all done without you thinking or planning, but your brain helps
to assess the situation as an afterthought. It might think, “That hurt! Who
left the Lego there?”

Did you notice how the brain was not on the five-part list of what makes up a
reflex? Well, reflexes are functions of the nervous system, which coordinates
our actions. The nervous system is the network of neurons that transmits the
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A complex reflex that
contains many
connections between
neurons.
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action potentials. The sensor and neurons are outside the spinal cord, in what
is called the peripheral nervous system (PNS). The other part of the system
is called the central nervous system (CNS), and it consists of the brain and
spinal cord. The CNS is used to think, plan, and learn. The CNS interacts with
the PNS, including the reflexes. Remember the earlier examples when you
ducked down in response to a loud noise or lifted your foot after stepping on
the Lego? In those examples, the CNS is what helped you understand what
the noise was or why you moved automatically. It did not create the initial
movement, but the CNS allowed you to understand why you ducked down
or that you stepped on a Lego. The CNS also plans the voluntary movements
that come after the initial involuntary reflex. Perhaps you will bend down and
pick up the Lego—that is a voluntary movement.

Do you remember the example of the doctor tapping your knee? That is a
test to see how well your body is prepared to react. There are many different
types of reflexes that protect your body. The doctor tapping your tendon is a
test of the simple monosynaptic reflex, which consists of a sensor, a sensory
neuron, a motor neuron, and a muscle. Once the sensory neuron is activated,
an action potential travels along the sensory neuron to the spinal cord. The
action potential then moves across the synapse to a motor neuron and leaves
the spinal cord. More advanced reflex responses will use an interneuron, and
these are called polysynaptic reflexes. Reflexes do not involve the CNS at first,
but after the reflex has occurred in the body to keep it safe, the brain assists
in understanding what happened. Although we do not think about reflexes,
they are important parts of our nervous system.
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