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Introduction

The study of folk medicine by anthropologists and
medical historians has revealed an astonishing array
of ingenious methods to relieve pain (Brockbank,
1954). Every culture, it appears, has learned to fight
pain with pain: in general, brief, moderate pain tends
to abolish severe, prolonged pain. One of the oldest
methods is cupping, in which a glass cup is heated up
(by coals or flaming alcohol) and then inverted over
the painful area and held against it. As the air in the
cup cools and contracts, it creates a partial vacuum so
that the skin is sucked up into the cup. The procedure
produces bruising of the skin with concomitant pain
and tenderness. Cupping was practised in ancient
Greece and Rome as early as the 4th century B.C.,
and was also practised in ancient India and China.
Over the centuries, the method spread to virtually all
parts of the world, and cups of various sizes, shapes
and materials have evolved. Cupping has been
used-and is still widely practised-for a large
variety of ailments, including headaches, backaches,
and arthritic pains.

Cauterization is yet another ancient method.
Generally, the end of an iron rod was heated until it
was red-hot, and was then placed on the painful area,
such as the foot in the case of gout, or on the buttock,
back or leg in patients with low back pain. Often,
however, the cautery was applied to specifically
prescribed sites distant from the painful area. The
procedure, of course, produced pain and subsequent
blistering of the area that was touched by the cautery,
but reportedly also led to the relief of chronic pain
(Elliott, 1962).
The same effect was achieved by two other

procedures: rubbing blistering fluids into the skin, or
applying a cone ofmoxa (made from the leaves of the
mugwort plant) to a site on the body, setting the tip of
the cone aflame, and allowing it to burn slowly until
it approached or reached the skin. Again, the

procedure produced pain and, while used for all
kinds of diseases, was often prescribed specifically for
painful conditions (Brockbank, 1954; Elliott, 1962).

There are countless other methods that resemble
the ones just described, and which are usually
labelled as 'counter-irritation'. It is evident that the
one factor common to all ofthem is that they produce
pain to abolish pain. The pain was usually brief and
moderate but its effect was to relieve or abolish a
much more severe, chronic pain. These methods, of
course, did not always work, but they obviously
worked well enough to have survived as procedures
of folk medicine throughout the world for thousands
of years. Do these procedures work better than a
placebo? There are no experimental studies, but the
evidence from studies of acupuncture suggests that
they do.

Acupuncture

Acupuncture is an ancient Chinese medical proce-
dure that has been in continuous practice for at least
2000 years. It was first described in the western world
by the Dutch physician Willem ten Rhyne in 1683.
Basically, the procedure involves the insertion of fine
needles (made of steel, gold or other metals) through
specific points at the skin and then twirling them for
some time at a slow rate. The needles may also be left
in place for varying periods of time. In recent years,
electroacupuncture has been used for painful condi-
tions by electrical stimulation ofbody tissues through
needles hooked up to battery-driven stimulators. The
acupuncture needles are inserted into specific sites,
adjacent to or distant from the painful area, desig-
nated on complex acupuncture charts.

Several kinds of evidence, obtained in western
countries as well as in China, reveal the nature of
acupuncture's action on pain. The first is the demon-
stration, in carefully controlled studies, that acupunc-
ture has significantly greater effects on pain than
placebo stimulation (Chapman, Wilson and Gehrig,
1976; Anderson, Jamieson and Man, 1974; Stewart,
Thomson and Oswald, 1977). However, an impres-
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sive number of studies show that acupuncture stimu-
lation need not be applied at the precise points
indicated on acupuncture charts. It is possible, for
example, to achieve as much control over dental pain
by stimulating an area between the fourth and fifth
fingers, which is not designated on acupuncture
charts as related to facial pain, as by stimulating the
Hoku point between the thumb and index finger
which is so designated (Taub et a!., 1977). The
decreases in pain obtained by stimulation at either
site are so large and occur in so many patients that it
is unlikely that the pain relief is due to placebo
effects. Rather, the results suggest that the site that
can be effectively stimulated is not a discrete point
but a large area, possibly the whole hand.
That the pain relief produced by acupuncture

cannot be attributed simply to a placebo effect is also
indicated by the fact that partial analgesia can be
produced in animals such as monkeys and mice
(Vierck et al., 1974; Pomeranz, Cheng and Law, 1977;
Sandrew, Yang and Wang, 1978), and that acupunc-
ture stimulation inhibits or otherwise changes the
transmission of pain-evoked nerve impulses at sev-
eral levels of the central nervous system (Kerr Wilson
and Nijensohn, 1978). However, acupuncture needles
are not essential to produce these effects. They are
also produced by intense electrical stimulation, heat,
and a variety of intense sensory inputs (LeBars,
Dickenson and Besson, 1979a, b). The effectiveness
of all of these forms of stimulation indicates that
acupuncture is not a magical procedure, but only one
of many ways to produce analgesia by an intense
sensory input.

Hyperstimulation analgesia

After Melzack (1975) had established that brief
periods of intense transcutaneous electrical nerve
stimulation ('hyperstimulation TENS') were often
effective in relieving some forms ofchronic pain, Fox
and Melzack (1976) carried out a study to compare
the relative effectiveness of transcutaneous stimula-
tion and acupuncture on low back pain. The results
showed that both forms of stimulation at the same
points produce substantial decreases in pain intensity
but neither procedure is statistically more effective
than the other. Most patients were relieved of pain
for several hours, and some for one or more days.
Interestingly, an almost identical study was carried
out independently in Finland at the same time
(Laitinen, 1976) and also found that the two proce-
dures were equally effective in relieving low-back
pain.
Our understanding of hyperstimulation analgesia

is further enhanced by studies which show that the
distribution of acupuncture points is similar to that of
trigger points (Travell and Simons, 1983). When

acupuncture needles are inserted into sites that
reduce pain, they produce a deep, aching feeling
when they are twirled manually or electrically
stimulated. This is reminiscent of the deep, aching
feeling reported by patients when a trigger point is
stimulated by the pressure of a finger pushing on it.
This similarity led Melzack, Stillwell and Fox (1977)
to examine the correlation between trigger points and
acupuncture points for pain. The results of their
analysis showed that every trigger point reported in
the western medical literature has a corresponding
acupuncture point. Furthermore, there is a close
correspondence (71%) between the pain syndromes
associated with the two kinds of points. This close
correlation suggests that trigger points and acupunc-
ture points related to pain, though discovered inde-
pendently and labelled differently, represent the
same phenomenon and can be explained in terms of
similar underlying neural mechanisms.
The relief of pain by brief, intense stimulation of

near or distant body sites can be explained in terms of
current physiological data. The most plausible expla-
nation (Melzack, 1975) seems to be that the brain-
stem areas which are known to exert a powerful
inhibitory control over transmission in the pain
signalling system may be involved. These areas
receive inputs from widespread parts of the body
and, in turn, project to widespread parts ofthe spinal
cord and brain. The stimulation of particular nerves
or tissues by acupuncture needles, transcutaneous
electrical stimulation or any other form of intense
stimulation that activates small fibres could bring
about an increased input to the reticular formation,
which would close the gates to inputs from selected
body areas. The cells of the midbrain reticular
formation are known to have large receptive fields,
and the electrical stimulation of points within the
reticular formation can produce analgesia in discrete
areas of the body (Soper and Melzack, 1982). It is
possible, then, that particular body areas may project
especially strongly to some reticular areas, and these,
in turn, could 'close the gate' to inputs from
particular parts of the body (Melzack and Wall,
1982).

Transcutaneous electirical nerve stimulation

Transcutaneous electrical nerve stimulation
(TENS) (Wall and Sweet, 1967) is the most effective
procedure for the sensory modulation of pain. All
nerves within about 4 cm below the surface of the
skin can be stimulated by placing electrodes on the
skin surface. These include the large nerves in the
upper and lower arm, the nerves in the lower leg, and
any superficial skin nerves. The electrodes, these
days, are usually made of flexible conducting silicone
and they make contact with the skin through a
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conducting paste. The electrodes are connected to a
pocket-sized, battery-operated stimulator which puts
out a continuous series of electrical pulses. The
frequency and duration of the pulses vary among
different stimulators, but in all of them the strength
(amplitude) of the pulses can be varied by the patient
himself. The patient raises the strength of stimulation
until a comfortable tingling is felt in the area supplied
by the nerve which is being stimulated.

This technique has now been extensively used
(Woolf, 1984). There is usually a decrease of pain
during the stimulation and this is satisfactory for the
continuous control of the pain in a substantial
percentage of the cases. The most clearcut responses
have been obtained when there is skin tenderness
associated with nerve damage or disease, or when
there are tender muscle points. In patients with
causalgia-the most dramatic example of pain asso-
ciated with localized nerve damage-stimulation
central to the area of damage produces a striking
decrease in the skin's sensitivity while stimulation
peripheral to the damage increases the pain. In
postherpetic neuralgia, patients whose main com-
plaint is an unbearable sensitivity of the skin report a
satisfactory return of normal sensitivity when the
main affected nerves are stimulated (Nathan and
Wall, 1974). Since the procedure is so simple and free
of side effects, it has come to be used as an initial
treatment for many chronic pain syndromes. It is also
used in many centres for acute pains by applying the
electrodes around the incision scar at the time of
surgical operations; it often increases the patient's
comfort and decreases the amount ofnarcotic needed
to control postoperative pain. Similarly, the tech-
nique is used widely in Sweden during the first stages
of childbirth when the mother frequently feels surges
of low back pain during uterine contractions.
The mild increase ofpain threshold, particularly in

cases of skin tenderness, is sufficient to control pain
in many patients during the stimulation. Of even
more interest to some patients, particularly those with
damage to nerves, the relief outlasts a brief period
(15-30 min) of stimulation by many hours. This is a
remarkable phenomenon in which a brief action
produces a very prolonged relief.
There is no longer any doubt that TENS is an

effective way to treat chronic pain. It is significantly
more effective than a placebo machine when stimula-
tion is administered within the painful area, over a
related nerve, and even at a distance from the nerve
(Thorsteinsson et al., 1977). In a study ofjoint pain in
patients with rheumatoid arthritis, stimulation near
the painful joint at low intensity produced significant
pain relief in 75% of patients. When the stimulation
intensity was increased, pain relief was obtained by
95% (Mannheimer, Lund and Carlsson, 1978). Inten-
sity is clearly an important factor, and so is the

frequency of the stimulation, although it may depend
on the kind of pain. In a study of rheumatoid arthritis
(Mannheimer and Carlsson, 1979), high-frequency
(70 Hz) stimulation was more effective than low-
frequency (3 Hz). Of 20 patients, 18 reported pain
relief with 70 Hz, but only 5 with 3 Hz. Furthermore,
the average duration of pain relief with 70 Hz was 18
hr, while for 3 Hz it was only 4 hours. In contrast, in a
study of 123 patients who had pain due primarily to
lesions of the nervous system, low-frequency stimula-
tion was better (Eriksson, Sjolund and Nielzen,
1979). High-frequency (10-100 Hz) stimulation pro-
duced significant pain relief in about 35% of patients,
and an additional 20% were helped by low-frequency
(1-4 Hz) stimulation. The intensity was below
painful levels in all cases, but was sufficiently intense
to activate deep structures and produce muscle
contractions. The good effects persisted in most
patients: after 3 months, 55% of patients continued to
use the treatment. After 1 and 2 years, 41% and 31%
continued to obtain satisfactory relief from the
stimulation. An intriguing finding in this study is that
the pain relief by low-frequency stimulation was
abolished by naloxone (an opioid antagonist), while
relief by high-frequency stimulation was not. This, of
course, suggests that each type of relief is mediated
by different neural mechanisms.

Perhaps the most exciting feature of TENS is that
it produces relief in patients who received little or no
relief by other methods, including neurosurgical
procedures and anaesthetic blocks. In a group of 30
patients with post-herpetic neuralgia, Nathan and
Wall (1974) observed that 11 were helped more by
TENS than by any other treatment. In nine patients,
pain relief outlasted stimulation by 1-2 hr, and two
patients were cured. It is not yet possible to state the
optimal frequencies or intensities of stimulation for
each kind of pain problem, or the percentages of
people helped. But it is clear that a high proportion is
helped by appropriate stimulation, that TENS is
more effective than any other form of treatment for
many patients, and that the proportion may become
higher when the correct form of stimulation is found
for each pain syndrome, and for each patient.
The original reason for introducing the technique

(Wall and Sweet, 1967) still appears valid as a partial
explanation of its success. Sensory nerve impulses
have mixed effects in the central nervous system,
producing both excitation and inhibition. A predomi-
nant effect is for the large-diameter afferents to raise
the threshold of cells which respond to injury signals.
As the continuous stimulation is applied, there is a
gradual rise of the threshold of spinal cord cells in
their ability to respond. In addition, Wall and
Gutnick (1974) discovered that electrical stimulation
of peripheral nerves, in addition to producing a
central inhibition, also may decrease the abnormal
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excitability of the damaged parts of the peripheral
nerve.

In summary, recent advances in pain research and
therapy have led us away from the traditional
neurosurgical approach to severe chronic pain. They
have given rise, instead, to several successful proce-
dures for the control of pain by electrical or other
forms of sensory modulation of the somatic input.
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