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The anatomy
and physiology
of pain

Pat Schofield and Rachel Drago

The human body is able to experience a range of sensations, from the pleasant,
soothing texture of velvet to the extremely unpleasant sensation of pain. For
many years it has been acknowledged that the process of pain does not consist
solely of a physiological set of sensations: it is a combination of physiological
sensations that requires complex physiological, psychological and behavioural
interactions to enable the human to interpret and subsequently respond (Wall
and Melzack, 1999).
The aims of this chapter are:

& To discuss the concepts underpinning the physiology of pain.

@ To explore the gate control theory of pain.

® To highlight the changes that occur within the nervous system as a result of
ageing that may impact upon the pain experience as the person ages.

e To demonstrate how an understanding of these factors may influence
practice.

Generally, everyone perceives the pain experience to be unpleasant and to be
avoided at all costs. Only a few reported individuals are known to have never
experienced pain, and this is now a recognized syndrome (hereditary sensory and
autonomic neuropathy type 4). Pain is wholly subjective, and the perceived inten-
sity and discomfort for any one known controlled stimulus varies from person to
person. The actual perception of pain requires a complicated integration of
sensory nerves, motor nerve pathways and chemicals that serve to enhance the
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pain. All of these can be influenced by the genetic make-up of the individual, their
past experiences and emotional contributors. This means that the sensation of
pain is greater that the sum of its parts.

Although pain pathways, physiology and local hormone production play only
a small part in the overall sensation of pain, the efficacy of analgesics and other
pharmacological therapies is based on the modulation of the nervous system and
its role in the sensation of pain. It is essential for any health-care professional to
have good understanding of the anatomy and physiology of pain in order to make
informed decisions regarding the most appropriate therapy.

Learning point

Revise some of the following terminology:

= peripheral and central nervous system
 spinal cord

# sensory cortex

= simple spinal reflex

* synapse, neurotransmitters and receptors
« sensory afferents

* motor and autonomic efferent

s autonomic nervous system.

You may wish to read the paper by Davis (1993) and the book by Melzack
and Wall (1996) to support your learning.

Pain and sensation
The definition of pain as
an unpleasant sensory or emotional experience associated with actual or

potential tissue damage or described in terms of such damage (Merskey and
Bogduk 1992, p. 210)
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suggests that pain may be the result of actual or potential tissue damage and that
it prevents the individual from bodily harm, or from the injury. disease or harm
becoming worse. It is a dramatic mixture of emotional and physiological reactions
(Mountcastle, 1980; Merskey, 1986; Wall and Melzack, 1999).

There are certain things that we now know to occur within the nervous
system when a disease or injury arises, but there are still some things we don't
know about. Research into these mechanisms is ongoing. In this section we
discuss the basic physiological concepts and then we consider the issues that are
particularly relevant for the care of older people.

Imagine putting your hand on to a hot stove. This will initiate a series of
responses within the nervous system that will eventually be perceived as pain.
The whole process begins at the site of the injury, or ‘where your hand is touching
the hot stove’.

Physiological pain arises from chemical, thermal or mechanical stimulus of
the small-diameter sensory afferent fibres found in the tissue. These actually
detect injury and are known as nociceptors, which derives from the Latin word
meaning injury. It is important to be aware of this as it helps us to understand
the concepts of neuropathic and nociceptive pain.

Learning point

Can you identify the differences between neuropathic and nociceptive
pain?
Think about the types of neuropathic pain that you see in your area.

There are two types of nociceptors: Ad (A delta) and C fibres (Cesare and
McNaughton, 1997). These are different from other sensory afferent nerve fibres
in that the noxious stimulus has to be of a sufficient intensity and duration to
bring about tissue damage. In other words, these fibres have a high stimulation
threshold. Tactile fibres such as AP (A beta) fibres have a low threshold and follow
slightly different spinal tracts to the brain. They also transfer information related
to pressure and texture, but not pain. To illustrate this, imagine what it would be
like if pain was initiated by a soft touch — such inappropriate misfiring would
make life impossible. Equally, if the nociceptors’ threshold is set too high then
tissue damage would result before avoidance action could be taken. Hence the
stimulation intensity is set to prevent unnecessary tissue damage or discomfort.

Modulation and regulation of all of the incoming information is carried out
by nerves that descend from the brain to the spinal cord and contribute to the
analysis of the sensations at this level. These descending tracts are responsible
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for the regulation of sensations that actually reach the brain and allow the indi-
vidual to divert their attention elsewhere. This is the rudimentary basis of the
gate control theory which we will return to later.

We can consider two categories of pain:

» Physiological pain: The pain response to high-intensity stimuli is transient
if the tissue damage is prevented by a simple spinal flexion reflex arc (Willer,
1979). Consider striking a match and touching the flame with your fingers
—you would drop the match instantly before damage could occur. The speed
with which this reflex occurs prevents deep tissue damage and allows only a
brief moment of discomfort. This is caused by a simple spinal reflex mediated
by the high-intensity thermal stimulation of small sensory nerve endings in
your fingers.

* Pathological pain: This results from sensitization of the nerves in the periph-
ery and the spinal cord. Peripheral nerve endings are made more sensitive to
noxious stimuli through tissue damage, action of local hormones such as
prostaglandins, histamine, serotonin and bradykinin, and also by direct
nerve damage — this is called peripheral sensitization.

When the neurons involved with the transmission of pain along the spinal
cord to the sensory cortex in the parietal lobe of the brain are sensitized by a
barrage of impulses from the site of tissue damage, this is referred to as central
sensitization. As a result the nerve fibres of the central nervous system begin to
respond to non-noxious stimuli such as gentle touch as if they were pain impulses.
Peripheral and central sensitization of the neural pathway can produce pain
without a clear external stimulus. So, for example, gentle stroking can become
pain — this is termed allodynia. Furthermore, an exaggerated response to low-
threshold noxious stimuli can occur (hyperalgesia) (Wooll, 1989, 1991: Rang,
Dale and Ritter, 1999). In acute pain, this is quite an important concept as poten-
tiation of pain will encourage rest and thus prevent further tissue damage (Woollf,
1991). However, should this continue after the acute phase (i.e. in chronic pain)
it will serve no useful purpose and become a clinical problem in its own right.
This will be discussed later, in Chapter 6.

Summary

¢ Pain is an unpleasant sensation which warns of impending tissue damage.
® Pain develops as a results of chemical, thermal or mechanical stimuli.

® Activation of A-8 and C fibres occurs: these are known as nociceptors and
they detect injury. not pain.
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e A-B fibres transmit pressure, not pain.

@ The physiological response to high-intensity is transient if the tissue damage
is prevented by a simple spinal flexion reflex arc.

® Sensitization of nerves in the periphery and spinal cord is known as
pathological pain.

® Tissue damage or local hormone action can make peripheral nerve endings
more sensitive this is known as peripheral sensitization.

» When the central nervous system responds to AP fibres as if they were
conducting pain impulses. central sensitization occurs.

Neural pain pathways

When the sensory neurons synapse with the motor neurons and transmission
neurons in the dorsal horn of the spinal cord, pain is detected. As seen in Figure
1.1, the nerve libres within the dorsal horn (rear) carry information back to the
spinal cord and brain. The ventral horn (front) carries autonomic efferents and
motor nerves away from the spinal cord and brain back to the body.

The terminal nerve endings of the sensory nociceptors release the neurotrans-
mitters substance P and glutamate. These chemicals in turn bind to the surface
of the dendrites of the transmission neurons, propagating the signal forward
either to a motor nerve or up to the brain via the spinal cord.

C fibres

These are fine unmyelinated fibres. 0.23-1.5 um in diameter, which respond to
chemical, thermal or mechanical stimuli. Because they have more than one mode

Ventral horn (front)

/ \ /y To the body
Substantia /\—\/_/
gelatinosa i

Lamina |
\
w From the body

Dorsal horn (back)

Figure 1.1 Cross-section of the spinal cord
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Figure 1.2 The rapid and slow effects of the C fibre in the dorsal horn

4 Dorsal horn of the spinal cord

Nociceptors release sp and glutamate
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A8 fibre rapld response » Vocalization / behavioural response / motor
response, e.g. rubbing

NN N N TN Pain sensalign — spinothalamic tracts — thalamus —

limbic system and reticular formation — descending

C fibre — slower electrical response inhibitory tracts

Transport of inflammatory
Chemicals to the synapse

Figure 1.3 Physiological pain responses

of stimulation they are also known as polymodal fibres. It is believed that C-fibre
activity is associated with dull, diffuse pain and once initiated can continue for
up to 80hours. The conduction velocity (speed with which the pain message
travels) is <2.5m/s (Figure 1.2).

Along with sending electrical messages to the spinal cord by the movement
of potassium and sodium ions into and out of the axon, C fibres are also respon-
sible for the absorption of inflammatory chemicals such as bradykinin along the
length of the axon to be released within the spinal cord at the synapse with the
transmission neuron (Wall and Melzack, 1999). This process provides a dull,
diffuse and profound ache that often follows relatively minor injuries such as a
sprained ankle, resulting in the whole leg aching for days after the injury.

Ad fibres

These are medium-sized (1-5 um diameter), myelinated, fast-acting neurons with
a rapid conduction velocity (>2 m/s) (Figure 1.3). It is believed that these neurons



