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Figure 1 The pathway of a painful stimulus to the hand.
Impulses are transmitted via the peripheral nerves, dorsal
root and dorsal horn of the spinal cord to the spinal tracts.
They are then transmitted to the medial and lateral thalamic
areas, and to various cortical areas of the brain where the
pain stimulus is processed.
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Figure 2 Section through the spinal cord showing the dorsal horn and pain path-
ways. Pain is the result of the stimulation of special sensory nerve endings either
by injury or disease. These nerve endings have their cell bodies in the dorsal root
ganglion. There are two kinds of pain nerve fibre: fast acute pain fibres (A-delta)
and slow chronic (C-fibre) pain fibres. Both types link (synapse) with secondary
fibres in the spinal cord. Fast fibres (red) and slow fibres (blue) pass impulses to
the thalamus. The purple arrow represents a modifying neurone from the brain.
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TERMS exptained

Myelin sheath Myelin is a layer that surrounds the
axons of many neurones. Myelin is composed of about
80% lipid fat and about 20% protein. It is an electrical
insulator that serves to speed the conduction of nerve
impulses.

Peripheral nervous system The peripheral nervous
system (PNS) consists of the nerves and neurones in
or outside the central nervous system into the limbs
and organs. It is also responsible for the body func-
tions that are not under conscious control, such as
the heartbeat. Unlike the central nervous system,
however, the PNS is not protected by bone or the
blood-brain barrier, leaving it exposed to toxins and
mechanical injuries.

Before considering them we must first have a greater
level of understanding of both the perception of pain
and the transmission of impulses to the spinal cord and
brain.

Levels of pain, processing and perception
Pain can be divided into two components — first (fast)
and second (slow) pain. First pain is sharp and felt in a
defined area; second pain is dull, unpleasant, occurs
later and is not felt in just one area.

The two components of pain are transmitted by
different types of nerve fibres, termed A-delta fibres and
C-fibres. A-delta fibres transmit impulses about acute
pain which originate from the sensory neurone recep-
tors in the skin. They need an intense stimulus to acti-
vate them, but once activated, they transmit their
impulses very quickly to the spinal cord and up to the
brain. Theyare able to do this because they have a
myelin sheath that increases the speed of transmission
of action potentials. C-fibres transmit impulses more
slowly than A-delta fibres because they do not have a
myelin sheath, and therefore give rise to the second
(slower) pain.

We can measure pain-related behaviour in humans
by studying the reflex when someone quickly with-
draws a limb from a painful stimulus. When pain is
applied to a limb it is detected by the pain receptors,
transmitted to the dorsal horn of the spinal cord and the
protective reflex causes extensor and flexor muscles to
withdraw the limb in a coordinated manner. This test
can assess the discrimination of localisation, quality and
intensity of the pain stimulus.

Psychological factors

How pain is processed by-the brain has a considerable
effect on how a pain stimulus is perceived. Differences
in attention and anxiety significantly alter how an
unpleasant stimulus is rated. Reassuring an individual
that a stimulus will be brief is known to influence how
it is felt. Verbal descriptions of pain suggest that the
grading of pain by individuals may be highly variable.
Indeed, in some cases, it is the quality of neurogenic
pain perceived by the brain that troubles people, rather
than the intensity of the pain.

BIOLOGICAL SCIENCESREVIEW





[image: image2]
[image: image3.jpg]Mechanisms in the peripheral nervous system and
the spinal cord code for pain intensity. Impulses from the
pain receptors are processed in the spinal cord or at
higher centres in the brain, which then decide on the
level of response to the pain stimulus. This may be influ-
enced by previous pain experiences so that the brain
makes judgements based on what has happened in the
past. The brain can also anticipate if further pain or injury
is likely, and plan to avoid further, similar situations.

The sequence of behavioural events started by an
injury or possibility of physical harm, such as the protec-
tive reflex, has been described as a bottom-up
(ascending) approach. However, the brain can ignore
physical harm when a person is under severe stress (as
in battle, or when rescuing a child from a fire), or when
the possibility of harm occurring is repeated many times.
The brain is thought to be selective in what sensory
information is acted on. This is referred to as the top-
down (descending) approach. It is the balance between
these ascending and descending processes that deter-
mines our perception of pain. Modern imaging tech-
niques such as positron emission tomography (PET, see
Figure 3) and functional magnetic resonance imaging
(MR], see Box 1) are allowing researchers to study the
brain processes involved (see Box 2).

Brain pain systems _

Nerve fibres carrying the pain-sensing impulses from
the dorsal horn to the brain travel mainly via the oppo-
site side of the spinal cord (see Figure 2). These fibres
go mostly to the medial (central) and lateral (to the
side) regions of the thalamus buried deep within the
brain (see Figure 1). The lateral pathways are faster in
conducting and better at analysing the impulses than
the medial connections. This has led to the description
of two brain systems that are involved in pain
processing — the medial and the lateral. The medial

Figure 3 A selection of PET images through the human
brain showing increased activity in certain brain areas when
pain is experienced. Dark red indicates little or no activity,
white is maximum activity.

pain system is concerned mainly with processing the
emotional aspects of pain (how unpleasant it is); the
lateral pain system is concerned mainly with sensory-
discriminative processing (where it is). It has also been
suggested that the medial pain system is responsible for
processing chronic (long-term) pain, and the lateral
system is responsible for processing acute (sudden)
pain. However, PET studies have shown that chronic
and acute pain are processed in both systems but when
pain is more unpleasant, but equally intense, such as
in osteoarthritic pain, it will be mainly processed in the
medial system. This confirms the role of the medial
pain system in processing the emotional aspects of
pain.

The medial and lateral brain systems are inter-
connected but become distinct when they reach the
brain areas in the thalamus. The thalamic medial pain

Box 1 Functional magnetic resonance imaging

fMRI is a useful tool for producing pictures of the structure of the
brain. These pictures can help identify which areas of the brain are
activated when we experience pain.

The images below are a series of functional MRI (fMRI) images
taken from a brain. Identified brain areas such as the thalamus are
circled (blue) and brain activity can be measured using a computer.
Brighter regions show areas -of higher activity.
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The magnetic resonance images (MRIs) above show the structure
of the brain. A and P are abbreviations for anterior (forward) and
posterior (rear), L and R are for left and right. The cross and orange
indicator mark the position of the same region of the brain in
three different views. This location is in a region of the brain called
the cingulate cortex which integrates thoughts with emotions. This
is where we can record electrical responses to pain using elec-
trodes on the brain surface. The structure of the brain and the
functional responses within it can be assembled into one image,
as has been done here.
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[image: image4.jpg]system connects with other regions of the components
of the brain, such as areas of the cortex (see Figure 1).
It is predominantly these cortical areas — for example,
the frontal cortex — that respond to the ‘suffering’

Box 2 Brain imaging techniques

Positron emission tomography (PET)

PET scanning is a way of ‘eavesdropping’ on chemical conversations
between nerve cells in the brain. The head of an individual who has been
given a metabolite containing a harmless radioactive isotope, such as
18FJabelled glucose, is inserted within a ring of detectors. Computer
analysis gives an image of the ‘virtual slice’ through the part of the head
that lies within the ring. Radioactive decay within the slice releases parti-
cles that activate the detectors. Computer analysis locates decays and
colourcodes their number, red and yellow indicating many decays. As
active regions of the brain take up more metabolite, these regions show
up as ‘hot spots’ on PET scans.

Functional magnetic resonance.imaging (fMRI)

As biological tissue is over 90% water, hydrogen nuclei (protons) occur in
large numbers. If a part of the body such as the head is placed in a strong
magnetic field, some of the nuclei become aligned on a new magnetic axis.
A pulse of radio waves is used to momentarily knock the nuclei off their
new axis. As the nuclei return to that axis, they release the absorbed
energy as a radio signal which is detected and analysed. In this way
magnetic resonance imaging (MRI) can distinguish between various struc-
tures depending on their water content. fMRI is able to distinguish
between oxygenated and deoxygenated tissue, and can therefore highlight
areas of high oxygen uptake, such as active areas of the brain.

See also BIoLOGICAL SciENCES Review, Vol. 14, No. 3, pp. 24-28.

components of both acute and chronic pain, and it has
therefore been suggested that they probably process the
emotional and motivational components of pain.

It is likely that the different components of pain, such
as location and intensity, are processed in parallel with
other senses such as vision. So there is not a single
region of the brain that processes all the information
from a pain stimulus. PET and surgical studies indicate
that there is a ‘matrix’ of brain regions involved and not
a single ‘pain centre’. It has been suggested that pain is
processed and possibly experienced within a distributed
network of brain areas, some of which are in the thal-
amic areas and some in the cortex.

Exactly how all this processing in different parts of the
brain is coordinated to produce a distinct and relevant
response is not known but is the subject of numerous
scientific studies. So next time you burn your finger,
think of the wonderfully honed mechanisms inside your
spinal column and cranium that spring into action to
protect you from further harm.

Anthony Jones is Professor of Neuro-Rheumatology at
Manchester University. He is a clinical rheumatologist
who looks after patients with inflammatory arthritis and
musculoskeletal pain conditions. He also heads the
Human Pain Research Group at Manchester University.
Dr George Georgiou is a neurobiologist with an interest
in the hormonal control of behaviour. He worked closely
with the Human Pain Research Group when co-authoring
this Interface and is currently training to become a
secondary school science teacher.
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The perception of pain is important. First, the sensa-
tion can become translated into a reaction, such as
withdrawal from a danger. Second, when we experi-
ence pain it can cause problems, either because it is
very unpleasant or it prevents us from doing some-
thing (such as walking). Pain is the most common
reason why people go to see a doctor. In most cases the
doctor will identify a physical problem which causes the
pain and can prescribe treatment. However, in many
cases there is apparently no physical problem and
different methods of treating the pain are required.

Pain is always subjective. We learn the meaning of
the word through experience, usually related to injury
orillness. However, one person’s experience of pain can
be very different from that of someone else. We cannot
measure pain directly; we can only estimate how much
something hurts by the way someone responds to it or
describes it. An unusual feature of pain is that it is rela-
tively non-specific. Whether you burn or cut yourself,
you will feel the same sensation — pain.

The International Association for the Study of Pain
defines pain as ‘an unpleasant sensory and emotional
experience associated with actual or potential tissue
damage, or described in terms of such damage’. This
gives a clue to a basic mechanism of pain perception.
Most pain is a result of tissue injury or inflammation.
These conditions result in the release of substances,
such as bradykinin and histamine, which bind to pain
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receptors (free nerve endings) embedded in the skin
epidermis. The binding results in the generation of
action potentials in the nerves (see BIOLOGICAL SCIENCES
REVIEW, Vol. 16, No. 2, pp. 33-37). These impulses are
transmittéd along sensory fibres of the peripheral
nervous system to ganglia in the dorsal root of the
spinal cord and then to the dorsal horn of the cord grey
matter (see Figures 1 and 2 on p. 8). Impulses are then
sent to the brain, where they are interpreted as pain,
and associated motor neurones in. the spinal cord and
higher centres in the brain, initiating a withdrawal
response (see Figure 1). As different parts of the body
have different sets of pain neurones which provide input
into specific parts of the brain, the source of the pain can
be located.

However, things are not always that simple! Pain can
be perceived in ways that do not involve stimulating
receptors. For example, there may be damage to the
nerves that transmit the impulse from a receptor. This
can cause them to register pain when no stimulus is
present — this is called neurogenic pain. Pain.can also
be experienced as a result of mental or psychological
problems when no stimulus is present — psychogenic
pain. Clearly, there is more to the physiology of pain
than the perception mechanism outlined above. For the
development of effective therapies, we need to under-
stand the interpretation of pain in the brain. Researchers
are doing this by using sophisticated imaging techniques.



