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Nerves send pain signals to the brain for
processing and action.

What happens when you're cutting a bagel and slice your hand with the knife? Besides all the blood,
you'll probably feel an immediate sharp pain, followed by a longer-lasting dull ache. Eventually, both
pains will go away. But what actually is pain? How do you sense it? What makes it go away? In this
article, we'll examine the neurobiology of pain, the various types of pain and how pain can be treated
or managed.

Pain is the most common reason that people seek medical attention. But pain is actually hard to
define because it's a subjective sensation. The International Association for the Study of Pain
defines it as an "unpleasant sensory and emotional experience associated with actual or potential
tissue damage, or described in terms of such damage" [source: International Association for the
Study of Pain].

Obviously, this definition is pretty vague. One physician even remarked that pain is whatever the
patient says it is. So let's just say that pain is a warning sensation to your brain that some type of
stimulus is causing or may cause damage, and you should probably do something about it.

Pain perception, or nociception (from the Latin word for "hurt"), is the process by which a painful
stimulus is relayed from the site of stimulation to the central nervous system. There are several
steps in the nociception process:
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Contact with stimulus -- Stimuli can be mechanical (pressure, punctures and cuts)
or chemical (burns).

Reception -- A nerve ending senses the stimulus.

Transmission -- A nerve sends the signal to the central nervous system. The relay
of information usually involves several neurons within the central nervous system.

Pain center reception -- The brain receives the information for further processing
and action.

Nociception uses different neural pathways than normal perception (like light touch, pressure and
temperature). With nonpainful stimulation, the first group of neurons to fire are normal somatic
receptors. When something causes pain, nociceptors go into action first.

Next, we'll look at your body's nociception pathways.

Pain Signal Reception
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Like normal sensory neurons, nociceptor neurons travel in peripheral sensory nerves. Their cell
bodies lie in the dorsal root ganglia of peripheral nerves just inside the spine. As we mentioned,
nociceptors sense pain through free nerve endings rather than specialized endings such as those in
neurons that sense touch or pressure. However, while normal sensory neurons are myelinated
(insulated) and conduct quickly, nociceptor neurons are lightly or non-myelinated and slower. We
can divide nociceptors into three classes:

A δ mechanosensitive receptors -- lightly myelinated, faster conducting neurons
that respond to mechanical stimuli (pressure, touch)
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A δ mechanothermal receptors -- lightly myelinated, faster conducting neurons
that respond to mechanical stimuli (pressure, touch) and to heat

Polymodal nociceptors (C fibers) -- unmyelinated, slowly conducting neurons that
respond to a variety of stimuli.

Suppose you cut your hand. Several factors contribute to the reception of pain:

Mechanical stimulation from the sharp object

Potassium released from the insides of the damaged cells
Prostaglandins, histamines and bradykinin from immune cells that invade the area

during inflammation

Substance P from nearby nerve fibers

These substances cause action potentials in the nociceptor neurons.

The first thing you may feel when you cut your hand is an intense pain at the moment of the injury.
The signal for this pain is conducted rapidly by the A δ-type nociceptors. The pain is followed by a
slower, prolonged, dull ache, which is conducted by the slower C-fibers. Using chemical anesthetics,
scientists can block one type of neuron and separate the two types of pain.

Pain Signal Transmission
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The signals from your cut hand travel into the spinal cord through the dorsal roots. There, they make
synapses on neurons within the dorsal horn (the top half of the butterfly-shaped gray matter). They
synapse on neurons within the spinal cord segment that they entered and also on neurons one to
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two segments above and below their segment of entry. These multiple connections relate to a broad
area of the body -- this explains why it's sometimes difficult to determine the exact location of pain,
especially internal pain.

The secondary neurons send their signals upward through an area of the spinal cord's white matter
called the spinothalamic tract. This area is like a superhighway where traffic from all of the lower
segments rides up the spinal cord. The signals of the spinothalamic tract travel up the spinal cord
through the medulla (brain stem) and synapse on neurons in the thalamus, the brain's relay center.
Some neurons also synapse in the medulla's reticular formation, which controls physical behaviors.

Nerves from the thalamus then relay the signal to various areas of the brain's somatosensory cortex
-- there is no single pain center in the brain.

Pain signals travel along pathways through the body. On the next page we'll learn about them.

PAIN INFORMATION FROM THE FACE
Your face has its own mini spinal-cord system called the trigeminal nerve.
Somatosensory neurons (and pain receptors all over the face and head) travel
into the central nervous system through the trigeminal nerve. They synapse in
the trigeminal nucleus (group of neurons) in the mid-medulla and also on
neurons in the lower medulla. Then these neurons send signals through the
tregeminal-thalamic tract within the midbrain to the thalamus. Neurons in the
thalamus relay signals to the somatosensory cortex and limbic system.

Pain Pathway
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Once the pain information is in the brain, we're not quite sure how it gets processed. Obviously,
some signals go to the motor cortex, then down through the spinal cord and to the motor nerves.
These impulses would cause muscle contractions to move your hand out of the way of whatever is
causing the pain.

However, several observations lead scientists to think that the brain can influence pain perception.

The pain from the cut on your hand eventually subsides or reduces to a lower
intensity.

If you consciously distract yourself, you don't think about the pain and it bothers you
less.

People given placebos for pain control often report that the pain ceases or
diminishes.

This indicates that pain-influencing neural pathways must exist from the brain downward.

These descending pathways originate in the somatosensory cortex (which relays to the thalamus)
and the hypothalamus. Thalamic neurons descend to the midbrain. There, they synapse on
ascending pathways in the medulla and spinal cord and inhibit ascending nerve signals. This
produces pain relief (analgesia). Some of this relief comes from the stimulation of natural pain-
relieving opiate neurotransmitters called endorphins, dynorphins and enkephalins.
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Pain signals can set off autonomic nervous system pathways as they pass through the medulla,
causing increased heart rate and blood pressure, rapid breathing and sweating. The extent of these
reactions depends upon the intensity of pain, and they can be depressed by brain centers in the
cortex through various descending pathways.

As the ascending pain pathways travel through the spinal cord and medulla, they can also be set off
by neuropathic pain -- damage to peripheral nerves, spinal cord or the brain itself. However, the
extent of the damage may limit the reaction of the brain's descending pathways.

The influences of the descending pathways might also be responsible for psychogenic pain (pain
perception with no obvious physical cause).

Thoughts, emotions and "circuitry" can affect both ascending and descending pain pathways. So,
several factors, physiological and psychological, can influence pain perception:

Age -- Brain circuitry generally degenerates with age, so older people have lower
pain thresholds and have more problems dealing with pain.

Gender -- Research shows that women have a higher sensitivity to pain than men
do. This could be because of sex-linked genetic traits and hormonal changes that might
alter the pain perception system. Psychosocial factors could be at work, too -- men are
expected not to show or report their pain.

Fatigue -- We often experience more pain when our body is stressed from lack of
sleep.

Memory -- How we have experienced pain in the past can influence neural
responses (memory comes from the limbic system).

TYPES OF PAIN
Physicians and neuroscientists generally classify pain in the following ways:

Acute pain is caused by an injury to the body. It warns of
potential damage that requires action by the brain, and it can
develop slowly or quickly. It can last for a few minutes to six
months and goes away when the injury heals.

Chronic pain persists long after the trauma has healed (and in
some cases, it occurs in the absence of any trauma). Chronic pain
does not warn the body to respond, and it usually lasts longer than
six months.

Cancer (or malignant) pain is associated with malignant
tumors. Tumors invade healthy tissues and exert pressure on

https://people.howstuffworks.com/women.htm
https://people.howstuffworks.com/men.htm
https://science.howstuffworks.com/life/genetic/gene-pool.htm


2/3/2019 Introduction to How Pain Works | HowStuffWorks

https://science.howstuffworks.com/life/inside-the-mind/human-brain/pain.htm/printable 7/13

nerves or blood vessels, producing pain. Cancer pain can also be
associated with invasive procedures or treatments. Some
physicians classify cancer pain with chronic pain.

Gate Control Theory of Pain
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To explain why thoughts and emotions influence pain perception, Ronald Melzack and Patrick Wall
proposed that a gating mechanism exists within the dorsal horn of the spinal cord. Small nerve
fibers (pain receptors) and large nerve fibers ("normal" receptors) synapse on projection cells
(P), which go up the spinothalamic tract to the brain, and inhibitory interneurons (I) within the
dorsal horn.

The interplay among these connections determines when painful stimuli go to the brain:
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1. When no input comes in, the inhibitory neuron prevents the projection neuron from
sending signals to the brain (gate is closed).

2. Normal somatosensory input happens when there is more large-fiber stimulation (or
only large-fiber stimulation). Both the inhibitory neuron and the projection neuron are
stimulated, but the inhibitory neuron prevents the projection neuron from sending
signals to the brain (gate is closed).

3. Nociception (pain reception) happens when there is more small-fiber stimulation or
only small-fiber stimulation. This inactivates the inhibitory neuron, and the projection
neuron sends signals to the brain informing it of pain (gate is open).

Descending pathways from the brain close the gate by inhibiting the projector neurons and
diminishing pain perception.

This theory doesn't tell us everything about pain perception, but it does explain some things. If you
rub or shake your hand after you bang your finger, you stimulate normal somatosensory input to the
projector neurons. This closes the gate and reduces the perception of pain.

CONGENITAL ANALGESIA
Congenital analgesia is a rare genetic disorder where the individual is unable to
feel pain. You might think this sounds like a good thing, but it's actually a life-
threatening condition. Pain serves as a warning against injury, so people
who don't feel it can be severly injured hurt by things that most of us would react
quickly to. For example, Ronald Melzack and Patrick Wall describe a girl who
got third-degree burns on her knees by climbing on a hot radiator. There was no
signal for her to stop. Researchers are trying to reproduce this condition by
genetically altering mice so that they can study the genetic contributions to pain
perception.

Pain Management
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Acupuncture can relieve pain.
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Physicians treat pain in numerous ways. Pain management can include medications, surgery,
alternative procedures (like hypnosis, acupuncture, massage therapy and biofeedback) or
combinations of these approaches.

Different types of pain medications act at different places in the pain pathways. The type of
medication depends upon the source of the pain, the level of discomfort and possible side effects.

Non-opioid analgesics, like aspirin, acetaminophen (Tylenol), ibuprofen (Advil), and
naproxen (Aleve), act at the site of pain. The damaged tissue releases enzymes that
stimulate local pain receptors. Non-opioid analgesics interfere with the enzymes and
reduce inflammation and pain. They can have some adverse effects in the liver and
kidneys and can cause gastrointestinal discomfort and bleeding with prolonged use.

Opioid analgesics act on synaptic transmission in various parts of the central
nervous system by binding to natural opioid receptors. They inhibit ascending pathways
of pain perception and activate descending pathways. Opioid analgesics are used for
higher levels of pain relief -- they include morphine, meripidine (Demerol),
propoxyphene (Darvon), fentanyl, oxycodone (OxyContin) and codeine. They can be
easily overdosed and become addictive.

Adjuvant analgesics (co-analgesics) are primarily used for treating some other
condition, but they also relieve pain. These compounds are useful in treating
neuropathic pain (chronic pain that comes from injury to the central nervous system).
They include the following:

Anti-epileptic drugs reduce membrane excitability and action potential conduction in
neurons of the central nervous system. Tricyclic antidepressants affect synaptic
transmission of serotonin and norepinephrine neurons in the central nervous system,
thereby affecting pain-modulating pathways. Anesthetics block action potential
transmission by interfering with sodium and potassium channels in nerve cell
membranes. Examples include lidocaine, novocaine and benzocaine.
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Surgery
In extreme cases, surgeons may have to sever pain pathways by altering areas of the brain
associated with pain perception -- or performing a rhizotomy (which destroys portions of peripheral
nerves) or a chordotomy (destroys ascending tracts in the spinal cord). These surgeries are usually
a last resort.

Surgical interventions can be aimed at eradicating the source of the pain. For example, many people
suffer back pain from herniated disks between the vertebrae. An inflamed disc can compress a
nerve and cause neuropathic pain. If the patient does not respond to medication, a surgeon might try
to remove at least part of the disc and relieve pressure on the nerve.

Alternative Therapy
These approaches do not involve drugs or surgery.

Chiropracty manipulates joints to relieve compression of nerves.

Massage stimulates blood flow, relieves muscle spasms and increases
somatosensory information, which can relieve pain through the gate control theory (see
previous page).

Hot applications increase blood flow, and cold applications reduce inflammation,
which contributes to pain.

Stimulation of the skin with small electrodes can close the gate to pain.

Acupuncture may stimulate nerve cells and release endorphins. The increased
stimulation might also close the gate to pain.

Mental control techniques rely on the ability of the mind and emotions to control and
alleviate pain through descending neural pathways. They include relaxation techniques,
hypnosis, biofeedback and distraction techniques.

Pain-management plans involve the participation of doctors, patients, family members and other
caregivers. As with any medical treatment, the source ofpain, pain tolerance, and the potential
benefits and risks of treatmen must be considered.

To learn more about pain, take a look at the links on the next page.

PAIN ASSESSMENT
There is no absolute measurement of the degree of pain. As we said in the
beginning, pain is subjective. Numerical rating scales ask patients to judge their
pain intensity on a scale from zero (no pain at all) to 10 (unimaginable pain).
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Doctors often use picture scales with children -- they show faces with varying
degrees of pain expressions. Physicians also consider a patient's history of pain
in their assessment.
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