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The management of pain differs if pain is self limiting
or persistent; for example, if pain is prolonged then
treatment will be managed by a multidisciplinary team
in a pain clinic. Pain is not just from physical disorders
but also from combinations of physiological, patho-
logical, emotional, psychological, cognitive, environ-
mental, and social factors (fig 1). The keys to successful
pain control are the mechanisms that initiate and
maintain pain. Major advances in neurobiology, from
molecular studies to imaging the cortex of the brain,
show the complex integration of nerve cell activity and
have generated a fundamental change in attitude and
expectation about the control of pain.1 Now, the public
and health professionals expect to control pain by
using preventive and active strategies, including drugs
and physical and psychosocial interventions.

Methods
The topics we have chosen result from discussions with
all grades of staff involved in the management of acute
and chronic pain and range from new drug develop-
ment based on scientific evidence that may impact on
future pain management to a holistic approach to
patient care. Our searches focused on the key words
“pain,” “systematic review,” “management,” and “neuro-
pathic.” We searched Medline, the Cochrane Library,
and Health Technology Assessments, and we scrutinised
the BMJ and the National Institutes of Health websites as
well as professionally based websites for pain, such as
that of the International Association for the Study of
Pain and scientific websites such as that of the National

Academy of Sciences. We identified systematic reviews
from the past three years from these sources and leading
scientific papers.

What is being managed in pain control?
A simple to complex phenomenon
When pain is experienced, this sensation has reached
the cerebrum through complex and dynamic interac-
tions. Heat on the skin, for example, results in chemical
and electrical signals being sent through peripheral sen-
sory nerves to the dorsal horn of the spinal cord.
Whether this stimulus becomes painful depends on
many factors. Higher centres may block or enhance the
message wholly or partly through behavioural, cognitive,
psychological (for example, anxiety), biological (for
example, sex hormones), or pharmacological activities.
When the stimulus becomes unpleasant the normal
responses are to recognise the sensation as pain, to with-
draw, and to avoid the activity. These responses can be
expressed as sensory, motor, cognitive, motivational, and
attentional consequences of the stimulus. A picture thus
emerges of differences in sensory awareness and after
effects, so that although the stimulus may be the same
temperature, modulation of the sensory process occurs
at all levels of neural activity from the periphery through
the spinal cord to the cortex. Consequently the percep-
tion of a stimulus and initiated responses vary. In
addition, the scenario could be set in the situation of no
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Fig 1 Biopsychosocial factors that interact and modulate the
experience of pain
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tissue damage, such as a volunteer study, or of tissue
injury, which can be either intentional or unintentional.
By changing the context—for example, the sex of a
researcher—extra interactive factors may increase the
variability of response (see fig 1).

Verbal limitations on descriptions of pain
As pain is essentially subjective and the measurement
of quality is based on verbal concepts, a definition of
pain sensation in humans has been sought to
standardise its measurement and management (fig 2).

Over the years concepts have changed from a hard
wired neuroanatomical approach, through a more
flexible gating control system in the spinal cord, to
widespread modulation and neuroplasticity, the pat-
terns and interactions of which are the focus of current
research. The debate is still evolving on the concept of
pain. Definitions that arose in the 1990s to describe
unpleasant sensory and emotional experiences associ-
ated with actual or potential tissue damage are chang-
ing to recognise that tissue damage may be lacking and
that there is a component of unpleasantness that has a
cognitive base.2–4 Both ideas can be illustrated by the
heat stimulus scenario described above. For example,
repetitive non-noxious stimulation can increase a
volunteers’ sensitivity to pain; in the intention to harm
scenario, the emotive response to the situation may be
unpleasant as well as the stimulus.

Clinical examples
Through recognition of these new ideas, approaches
can be made to control both pain in the absence of
tissue damage and pain inappropriately large for the
stimulus. One important example based on clinical
evidence is back pain where therapies have changed
from bed rest to active movement.5 Following recogni-
tion that the cause was not tissue damage but altered
sensation to pain and that rest did not reduce tissue
trauma, activity and analgesics became the key to
restoring normal sensation (box 1). Another example
is the management of pain in children undergoing
venepuncture where, in addition to pharmacological
measures, teaching cognitive and behavioural
strategies can help to reduce distress.6 Thus definitions
of pain and fundamental clinical assumptions are
changing, leading to more rapid recovery of mobility
in patients with back pain and reduced stress during
painful interventions.

The role of different mechanisms
Clinically, pain management is moving towards a
mechanism based approach through the reorganisa-
tion of taxonomy and the design of molecularly
targeted pharmacological therapies. Thus queries
should concern which nerve cells and neurochemicals
are involved with the pain and what psychosocial
mechanisms are maintaining it rather than just the
location of the pain.7 8

Age and sex
Although anatomical classifications are considered
artificial and of limited therapeutic value, they have
been used in epidemiology to elucidate differences
between the sexes in perception of pain. A US study
analysed data on pain lasting more than a day within a
six month period and found that women reported pain
in the back, head, chest, abdomen, and face more often
than men at all ages, although the difference decreased
with age.9 This pattern of reporting pain has raised
several theories: a greater biological sensitivity to pain-
ful stimuli in women; a cognitive psychological
difference such that women label stimuli as painful at
different thresholds from men; and social and cultural
factors that influence reporting of pain differently in
men and women. Consequences for improving analge-
sia not only include reducing the higher frequency of

Box 1: Evidenced based management plan for
conservative treatment of acute and chronic
low back pain5

Analgesia: non-steroidal anti-inflammatory drugs
• Recommended for short term relief of symptoms
• Potential harmful side effects
• Choice not limited by type but side effects

Activity
• Leads to less chronic disability
• Exercise therapy strongly recommended for chronic
low back pain
• Helps patients return to work
• Evidenced based treatment for acute back pain
rather than bed rest

Multidisciplinary pain clinic
• Includes education, active exercises, relaxation,
behaviour therapy
• Improves long term outcomes measured by
function, pain, and time at work

Unidimensional scales

• Verbal rating scales use words ranked in order of severity

Multidimensional scales

• McGill pain questionnaire consists of 20 descriptor scales (each containing
  a variable number of words as a list ranked in intensity), divided into 4 main
  dimensions. The patient is asked to choose one word from any relevant list.

• Short form McGill pain questionnaire consists of 11 sensory and 4
  affective descriptor scales scored as none, mild, moderate, or severe

Sensory
(1) temporal, (2) spatial, (3) punctate pressure, (4) incisive pressure, (5) constrictive pressure,
(6) traction pressure, (7) thermal, (8) brightness, (9) dullness, (10) miscellaneous

Affective
(11) tension, (12) autonomic, (13) fear, (14) punishment, (15) miscellaneous

(16) Evaluative

Miscellaneous
(17) radiation, (18) restriction, (19) cold, (20) agony

• Visual analogue scale may be continuous or intermittent:

10 cm unmarked line

Coloured analogue scale

Facial anchors

No pain Worst possible pain

Pain intensity

None
Mild

Moderate
Severe

Fig 2 Subjective measures of pain based on word descriptors
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reporting of pain in women but also addressing the
potential problem of under-reporting in men.

Neuropathic pain
Diagnosis of pain by site, duration, and cause can limit
therapeutic specificity. Neuropathic pain is a clinically
important example of a diagnostic tag failing to predict
therapeutic outcome. The pain is “initiated or caused by
a primary lesion or dysfunction in the nervous system,”
and yet its cause is heterogeneous and commonly may
be inflammatory (for example, post herpetic neuralgia),
metabolic, or ischaemic.2 Thus a new classification has
been proposed. The main approach is to divide periph-
eral neuropathic pain into stimulus evoked pain or
stimulus independent pain (spontaneous pain).10 Spon-
taneous pain mainly arises by spontaneous activity in
primary sensory neurones, and drugs that diminish
neuronal activity in ion channels are prime targets for
research. In contrast, stimulus evoked pain can be
precisely measured by quantitative sensory testing (see
bmj.com): heightened reaction to a painful stimulus
evoked by brushing or pressure (dynamic or static
hyperalgesia) and tactile pain to an innocuous stimulus
(allodynia). If these tests could be used to select patients
for specific treatment, then the result would be a more
rational basis for pain management. The present
challenge is to establish the validity of these tests.

Specific drugs to control neuropathic pain are
being developed on the basis of sodium channel block-
ers.11 Drugs presently available act on sodium channels
sensitive to tetrodotoxin and thus have widespread side
effects in the heart and central nervous system. The

Box 2: Guide to prescription of opioids for
chronic non-malignant pain

Contract with patient
• One prescriber
• Amount to be dispensed
• No additional prescriptions
• Consequences of breaking contract

Monitoring
• Titration of doses
• Use of short acting opioids
• Use of injectable opioids at home
• Prescription of more than one opioid
• Assessment at intervals of 6-9 weeks

When to avoid
• Alcohol problems
• Drug problems
• Other treatments not tried first
• If in doubt

Aims
• Focus on improved function not pain relief
• Use of long acting opioids
• Make prescriptions tamper proof

Immune response

Cytokines

Chemokines

Surface antigens

Adenosine triphosphate

Cannabinoids

Neuropeptides

Excitatory chemicals

Glutamate

Bradykinin

Cyclo-oxygenase-2

Induced nitric oxide synthase

Immune cells

Macrophage

Injury
Sensitisation

of central
nervous system

Tumour necrosis
factor alpha

Growth factors
Interleukin 1β
Interleukin 8

Microglia

Monocyte

Fig 3 Sensitisation of central nervous system develops from a cascade of neuroimmune activation events in tissues, peripheral nervous
system, or central nervous system

Approach to management of neuropathic pain based on diagnostic tests and mechanism based classification. Italics represent
neurotransmitter at receptor

Mechanism Diagnostic features Molecular target Drugs

General sodium channels:
redistribution or altered expression

Spontaneous pain, paraesthesia Sodium channels sensitive to
tetrodotoxin

Local anaesthetics, antiepileptics,
antiarrhythmics (for example,

mexilitine), tricyclic antidepressants

Specific sodium channels Spontaneous pain Sodium channels resistant to
tetrodotoxin

Selective blockers*

Central sensitisation Hyperalgesia (in response to tests
using touch, cold, pin prick)

N-methyl d-aspartate receptor
(glutamate, glycine); neurokinin 1

receptor (bradykinin); neuronal nitric
oxide synthase; protein kinase

N-methyl d-aspartate antagonist* (for
example, ketamine, dextromethorphan,
memantine), glycine site antagonists*;

neurokinin 1 receptor antagonist*;
neuronal nitric oxide synthase

inhibitors*; protein kinase inhibitors*

Peripheral sensitisation Hyperalgesia in response to pressure Vanilloid receptor Capsaicin, cannabinoids*

Hyperalgesia in response to thermal
stimuli

Neurokinin 1 receptor Neurokinin 1 receptor antagonist*

Neurogenic inflammation Nerve growth factor Nerve growth factor antagonists*

Sympathetic activity Spontaneous pain Adrenergic receptors (� adrenergic),
nerve growth factor or trKA

Phentolamine, guanethidine, clonidine,
nerve growth factor antagonists*

Reduced inhibition Hyperalgesia Opioid receptors, �-aminobutyric acid
transaminase, neurokinin 1, adenosine,
purine, kainite, cholecystokinin, acetyl

choline (nicotinic)

Morphine, gabapentin

*Drugs under development.
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future direction of research is to identify agents that
block sodium channels insensitive to tetrodotoxin and
thus restrict their effects to sensory nerves (table).

Although this approach is an advance, its scope is
still limited. Evidence is emerging that inhibitory,
immune, hormonal (sex and stress), and inflammatory
systems may enhance or inhibit neuronal activity in the
peripheral or central nervous systems.12 13 Figure 3
shows one schematic cascade of responses that may
mediate neuropathic pain. This complexity illustrates
fundamental diversity and plasticity in an organism—
that is, the state of an individual determines the present
pain. Interestingly, individual differences may be
explained and visualised not only through molecular
processes but also through brain imaging. When posi-
tron emission tomography and functional magnetic
resonance imaging have been used to investigate pain-
ful stimuli, a cortical network has been observed that
reorganises after injury. In neuropathic pain this
includes spatial and temporal restructuring.14 When
the sensation is particularly unpleasant, the anterior
cingulate cortex shows activation.15 Brain imaging is
not yet a routine diagnostic tool but represents a revo-
lution in pain management, because it has confirmed
the role of many of the pain modulators (see fig 1).

Multidisciplinary pain clinics
To identify factors that initiate and maintain pain, a pain
clinic usually has facilities for medical, psychological,
physiotherapy, and pharmaceutical interventions pro-
vided by various health professionals. Consultations
occur serially or in parallel, depending on the facilities
and choice of the patient or health professional. Consul-
tations occur either on the ward or in outpatient
facilities. Conferences on cases are usually held early to
assess and plan all aspects of management. Pain clinics
may develop a particular medical referral basis, but the
staff are usually similar as conventional physical
interventions and medical treatments can fail. For exam-
ple, there is little rationale for the choice of drugs or
physical treatments for neuropathic pain, and the
solution is by consideration of the psychosocial factors.16

Evidence is accumulating for a major effect of cognitive
behavioural therapy, and in the future mechanism based
research studies are planned.17

The future for opioids
Opioids are recognised as the standard drug for pain
relief in severe postoperative and cancer related pains.
Recognition of their limitations has, however, enabled
a broad reappraisal of the indications for opioid
therapy. Box 2 summarises the evidence based
guidelines for appropriate use of opioids in non-
malignant pain.18 These have been accepted as a tool in
the prevention of addiction and should reduce the
unmet needs of patients for opioids.

Opioids can be classified into either � or � depend-
ing on the receptor subtype at which they exert their
action. Clinically, � opioid receptor agonists such as
morphine are used more often than � agonists because
they are full rather than partial agonists. In a systematic
evaluation of � opioid agonists (buprenorphine, nalbu-
phine, and pentazocine), however, women obtained
significantly better analgesia from these drugs than
men, a difference not explained by altered pharma-
cokinetics.19 Further evidence for sex differences in
opioid effects comes from sexual dimorphism in imag-

Additional educational resources

Transcutaneous electrical nerve stimulation (TENS)
Carroll D, Moore RA, McQuay HJ, Fairman F, Tramèr M, Leijon G.
Transcutaneous electrical nerve stimulation (TENS) for chronic pain.
Cochrane Library. Issue 1. Oxford: Update Software, 2002.
Proctor ML, Smith CA, Farquhar CM, Stones RW. Transcutaneous electrical
nerve stimulation and acupuncture for primary dysmenorrhoea. Cochrane
Database Syst Rev 2002;(1):CD002123.

Acupuncture
Acupuncture. National Institutes of Health consensus statement No 107.
1997;Nov 3-5,15:1-34.

Organisation reports
NHS Health Technology Assessment (www.hta.nhsweb.nhs.uk)
Systematic review of out-patient services for chronic pain control. London: NHS
Executive, 1997. [Includes multiple reports on treatments for back pain]
NHS Centre for Reviews and Dissemination. Acute and chronic low back
pain. Effective Health Care 2000;6(5). (www.york.ac.uk/)
Royal College of Anaesthetists (www.rcoa.ac.uk/). Guidelines for the use of
non-steroidal anti-inflammatory drugs in the perioperative period, 1998
Pain Society (www.painsociety.org). Desirable criteria for pain management
programmes, 1997
The Association of Anaesthetists of Great Britain and Ireland and the Pain
Society (www.aagbi.org). Provision of pain services, 1997
World Health Organization (www.who.int/). Cancer pain relief and cancer pain
relief and palliative care in children, 1996
Royal College of Nursing (www.rcn.org.uk/). The recognition and assessment of
acute pain in children. Implementation guide, 2001
College of Physicians and Surgeons of Ontario (www.cpso.on.ca). Evidence
based recommendations for medical management of chronic non-malignant pain.
Reference guide for clinicians, 2000

General information (for the public and professionals)
International Association for the Study of Pain (www.iasp-pain.org)

This has a general website with links to special interest groups such as
systematic reviews in pain relief (www.jr2.ox.ac.uk/bandolier/booth/
painpag or www.ebandolier.com) and sympathetically mediated pain.
There are other interesting links to journals and international
developments as well as IASP publications. The IASP supports task forces
to investigate specific issues such as the desirable characteristics for
facilities for the treatment of pain

The National Academy of Sciences and the Institute of Medicine
(www.nationalacademies.org/)

The National Academy of Sciences includes the Institute of Medicine. It is
an independent body that advises the US government on science and
medicine. Selected back issues of the Proceedings of the National Academy of
Sciences are available free online and titles can be found in the references
to this paper. Books such as Exploring the Biological Contributions to
Human Health: Does Sex Matter? edited by Theresa M Wizemann and
Mary-Lou Pardue, 2001, are also freely available online and include
references to pain

The National Institutes of Health (www.nih.gov/)
This website has several public and medical programmes and statements
on sex and systematic reviews, including acupuncture, chiropractic
methods, temporomandibular disorders, and complimentary and
alternative medicines

The National Institute for Clinical Excellence (www.nice.org.uk/)
The National Institute for Clinical Excellence is part of the NHS and
produces guidance on medications and treatment. Guidelines are
available for the management of low back pain, including advice on
referrals. The site is easy to negotiate

The National Health and Medical Research Council of Australia
(www.painmgmt.usyd.edu.au/acutepain.html)

The Department of Anaesthesia and Pain Management at the Royal
North Shore Hospital has developed this website for patients and
professionals. The site supports research and professional training as well
as access to patients. The National Health and Medical Research Council
of Australia has released three documents that can be downloaded,
including Acute pain: scientific evidence, 1998
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ing studies of binding of opioids in brain receptors,
greater opioid use in men, greater potency and more
adverse effects of � opioids in women, and experimen-
tal pain studies of � opioids.20 As a result of these and
similar studies, a reappraisal of analgesic use in well
defined groups of patients is considered the way
forward to providing better control of analgesia.

The need to reduce the side effects of opioids has
encouraged many different approaches. One is the
rotation of opioids.21 As a result, pharmaceutical com-
panies have produced alternative opioids such as oxy-
codone, hydromorphone, fentanyl, methadone, and
tramadol. Because fentanyl is highly fat soluble, it can
be given by the transmucosal route for breakthrough
cancer pain and by transdermal patches for long term
delivery. Another approach is using drugs to
antagonise the peripheral effects of opioids so that
bowel dysfunction is reversed, speeding discharge from
hospital.22 Combination therapies, using an opioid with
another analgesic acting by different mechanisms, may
offer an effective solution to adverse effects.
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When I use a word

The eyes have it

Etymologically speaking, a doublet is a pair of words that have the
same origin but different spellings and often different meanings.
English is replete with such pairs, as the following examples show:
astonish/stun
cadence/chance
carnal/charnel
complement/compliment
compute/count
continence/countenance
cope/coup
couvade/covey
crevasse/crevice
crook/crouch
daft/deft
dainty/dignity

dawn/day
dean/doyen
demit/dismiss
deploy/display
discreet/discrete
domain/demesne
dominion/dungeon
faction/fashion
fragile/frail
inch/ounce
intense/intent
ordain/order

pawn/peon
plain/plan
plait/plight
private/privy
propose/
purpose
provide/purvey
radius/ray
sacristan/sexton
secure/sure
tradition/treason
wake/watch

Then there are triplets. They include cloak/cloche/clock,
pauper/poor/poverty, coign(e)/coin/quoin, and
regime/regimen/regiment (about which I have previously
written—BMJ 1996;313:776). And there is the septuplet
antler/augur/eye/inveigle/ocular/ullage/window.

Let’s start with the Indo-European root OC, which gave the
Latin word for an eye, oculus. This gives us words such as ocular,
inoculate, and some words that contain the syllable -oc-: atrocity
from atrox (black looking), ferocity from ferox (fierce looking),
and velocity from velox (lively looking). An ocelot has eyes on its
skin, but that is purely coincidental; the word comes from the
Nahuatl (Aztec) word ocelotl, a jaguar.

OC also gave the Homeric word for a pair of eyes �’ ��� (osse),
from which came �’ 	 (ops), �’ φ
����́� (ophthalmos), and �; ���
(omma, originally opma), giving us words such as optic, myopic,
autopsy, ophthalmic, and ommateum (the compound eye of
insects). The metope, the bit beyond the eyes (see BMJ

2002;324:1022), is the forehead. OC also gave �
’ ��́ (auge) the
light or eye of the sun; an augur in Latin was someone who could
see into the future.

From oculus came the French word oeil. In Shakespeare’s time
an oeillade was an amorous glance or an ogle. Mistress Page, said
Falstaff, “examined my parts with most judicious oeillades.” In
Old French oeiller was to fill a cask to its eye or bunghole—to the
eyeballs, as you might say. That gave oeillage, from which we get
ullage, the amount by which a cask holds less than its full capacity.

Oculus also gave the German word Auge, the Old English
word eage, and hence the English word eye. A daisy is the day’s
eye, and an ox-eye is a type of chrysanthemum that looks like a
daisy, although confusingly the Michaelmas daisy is an aster,
because it resembles a star.

In Greek an ox-eye was ��
́ φ
�����, which gives us
buphthalmos, or a large eyeball associated with glaucoma.
Because of its shape, an ox-eye or oeil-de-boeuf was also a small
round window. And window itself is not (as some have thought)
from the wind’s door, but from the Old Norse word vindauga, the
wind’s eye. Not for nothing is the eye called the window of the
soul.

The French derived aveugle either from the Latin aboculus,
eyeless (like amens, mindless), or perhaps from what Pliny in his
Naturalis Historia called albugines oculorum, white opaque spots
on the corneae. Aveugle means blind, from which we get inveigle,
to pull the wool over your eyes.

And finally, an antler is the (ramum) ante ocularis, the
branched structure situated in front of the eyes. Although that
derivation may be all my eye.

Jeff Aronson clinical pharmacologist, Oxford
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