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Pain Mechanisms: A New Theory

A gate control system modulates sensory input from the
skin before it evokes pain perception and response.

Ronald Melzack and Patrick D. Wall

The nature of pain has been the
subject of bitter controversy since the
turn of the century (/). There are
currently two opposing theories of
pain: (i) specificity theory, which
holds that pain is a specific modality
like vision or hearing, “with its own
central and peripheral apparatus” (2),
and (ii) pattern theory, which main-
tains that the nerve impulse pattern
for pain is produced by intense stimu-
lation of nonspecific receptors since
“there are no specific fibers and no
specific endings” (3). Both theories de-
rive from earlier concepts proposed by
von Frey (4) and Goldscheider (5)
in 1894, and historically they are held
to be mutually exclusive. Since it is
our purpose here to propose a new
theory of pain mechanisms, we shall
state explicitly at the outset where we
agree and disagree with specificity and
pattern theories.

Specificity Theory

Specificity theory proposes that a
mosaic of specific pain receptors in
body tissue projects to a pain center
in the brain. It maintains that free
nerve endings are pain receptors (4)
and generate pain impulses that are
carried by A-delta and C fibers in
peripheral nerves (6) and by the lat-
eral spinothalamic tract in the spinal
cord (2) to a pain center in the
thalamus (7). Despite its apparent
simplicity, the theory contains an ex-
plicit statement of physiological spe-
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cialization and an implicit psychologi-
cal assumption (8, 9). Consider the
proposition that the skin contains “pain
receptors.” To say that a receptor re-
sponds only to intense, noxious stimu-
lation of the skin is a physiological
statement of fact; it says that the re-
ceptor is specialized to respond to a
particular kind of stimulus. To call a
receptor a “pain receptor,” however,
is a psychological assumption: it im-
plies a direct connection from the re-
ceptor to a brain center where pain is
felt (Fig. 1), so that stimulation of
the receptor must always elicit pain
and only the sensation of pain. This
distinction between physiological spe-
cialization and psychological assump-
tion also applies to peripheral fibers
and central projection systems (9).

The facts of physiological speciali-
zation provide the power of specificity
theory. Its psychological assumption is
its weakness. As in all psychological
theories, there is implicit in specificity
theory the conception of a nervous
system; and the model is that of a
fixed, direct-line communication Sys-
tem from the skin to the brain. This
facet of specificity theory, which im-
putes a direct, invariant relationship
between stimulus and sensation, is ex-
amined here in the light of the clini-
cal, psychological, and physiological
evidénce concerning pain.

Clinical evidence. The pathological
pain states of causalgia (a severe burn-
ing pain that may result from a par-
tial lesion of a peripheral nerve),
phantom limb pain (which may occur
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after amputation of a limb), and the
peripheral neuralgias (which may oc-
cur after peripheral nerve infections or
degenerative diseases) provide a dra-
matic refutation of the concept of a
fixed, direct-line nervous system. Four
features of these syndromes plague pa-
tient, physician, and theorist (8, 10).

1) Surgical lesions of the peripheral
and- central nervous system have been
singularly unsuccessful in abolishing
these pains permanently, although the
lesions have been made at almost every
level (Fig. 2). Even after such opera-
tions, pain can often still be elicited
by stimulation below the level of sec-
tion and may be more severe than
before the operation (8, 10).

2) Gentle touch, vibration, and
other nonnoxious stimuli (8, 10) can
trigger excruciating pain, and some-
times pain occurs spontaneously for
long periods without any apparent
stimulus. The fact that the thresholds
to these stimuli are raised rather than
lowered in causalgia and the neuralgias
(10), together with the fact that re-
ferred pain can often be triggered by
mild stimulation of normal skin (8),
makes it unlikely that the pains can
be explained by postulating pathologi-
cally hypersensitive “pain receptors.”

3) The pains and new “trigger
zones” may spread unpredictably to un-
related parts of the body where no
pathology exists (8, 11).

4) Pain from hyperalgesic skin
areas often occurs after long delays,
and continues long after removal of
the stimulus (/0). Gentle rubbing, re-
peated pin pricks, or the application
of a warm test tube may produce sud-
den, severe pain after delays as long
as 35 seconds. Such delays cannot be
attributed simply to conduction in
slowly conducting fibers; rather, they
imply a remarkable temporal and spa-
tial summation of inputs in the pro-
duction of these pain states (8, 10).

Psychological evidence. The psycho-
logical evidence fails to support the
assumption of a one-to-one relation-
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ship between pain perception and in-
tensity of the stimulus. Instead, the
evidence suggests that the amount and
quality of perceived pain are deter-
mined by many psychological varia-
bles (I2) in addition to the sensory
input. For example, Beecher (/3) has
observed that most American soldiers
wounded at the Anzio beachhead “en-
tirely denied pain from their extensive
wounds or had so little that they did
not want any medication to relieve it”
(I3, p. 165), presumably because
they were overjoyed at having escaped
alive from the battlefield (/3). If the
men had felt pain, even pain sensa-
tion devoid of negative affect, they
would, it is reasonable to assume, have
reported it, just as lobotomized patients
(14) report that they still have pain
but it does not bother them. Instead,
these men “entirely denied pain.” Simi-
larly, Pavlov’'s (15, 16) dogs that
received electric shocks, burns, or cuts,
followed consistently by the presenta-
tion of food, eventually responded to
these stimuli as signals for food and
failed to show “even the tiniest and
most subtle” (75, p. 30) signs of
pain. If these dogs felt pain sensation,
then it must have been nonpainful pain
(17), or the dogs were out to fool
Pavlov and simply refused to reveal
that they were feeling pain. Both pos-
sibilities, of course, are absurd. The
inescapable conclusion from these ob-
servations is that intense noxious stim-
ulation can be prevented from produc-
ing pain, or may be modified to pro-
vide the signal for eating behavior.
Psychophysical studies (18) that
find a mathematical relationship be-
tween stimulus intensity and pain in-
tensity are often cited (2, 13, 18, 19)
as supporting evidence for the assump-
tion that pain is a primary sensation
subserved by a direct communication
system from skin receptor to pain cen-
ter. A simple psychophysical func-
tion, however, does not necessarily re-
flect equally simple neural mechanisms.
Beecher’s (/3) and Pavlov’s (15) ob-
servations show that activities in the
central nervous system may intervene
between stimulus and sensation which
may invalidate any simple psycho-
physical “law.” The use of laboratory
conditions that prevent such activities
from ever coming into play reduces
the functions of the nervous system
to those of a fixed-gain transmission
line. It is under these conditions that
psychophysical functions prevail.
Physiological evidence. There Iis
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Fig. 1. Descartes’ (76) concept of the pain
pathway. He writes: “If for example fire
(A) comes near the foot (B), the minute
particles of this fire, which as you know
move with great velocity, have the power
to set in motion the spot of the skin of
the foot which they touch, and by this
means pulling upon the delicate thread
CC, which is attached to the spot of the
skin, they open up at the same instant the
pore, d.e., against which the delicate
thread ends, just as by pulling at one end
of a rope one makes to strike at the same
instant a bell which hangs at the other
end.”

convincing physiological evidence that
specialization exists within the somes-
thetic system (9), but none to show
that stimulation of one type of re-
ceptor, fiber, or spinal pathway elicits
sensations only in a single psychologi-
cal modality. In the search for periph-
eral fibers that respond exclusively to
high-intensity stimulation, Hunt and
Mclntyre (20) found only seven out
of 421 myelinated A fibers, and Ma-
ruhashi et al. (21) found 13 out of
several hundred. Douglas and Ritchie
(22) failed to find any high-threshold
C fibers, while Iggo (23) found a
few. These data suggest that a small
number of specialized fibers may exist
that respond only to intense stimula-
tion, but this does not mean that they
are “pain fibers”—that they must al-
ways produce pain, and only pain,
when they are stimulated. It is more
likely that they represent the extreme
of a continuous distribution of re-
ceptor-fiber thresholds rather than a
special category (24).

Similarly, there is evidence that
central-nervous-system pathways have
specialized functions that play a role
in pain mechanisms. Surgical lesions
of the lateral spinothalamic tract (2)
or portions of the thalamus (25) may,

on occasion, abolish pain of pathologi-
cal origin. But the fact that these areas
carry signals related to pain does not
mean that they comprise a specific pain
system. The lesions have multiple ef-
fects. They reduce the total number of
responding neurons; they change the
temporal and spatial relationships
among all ascending systems; and they
affect the descending feedback that
controls transmission from peripheral
fibers to dorsal horn cells.

The nature of the specialization of
central cells remains elusive despite the
large number of single-cell studies.
Cells in the dorsal horns (24, 26) and
the trigeminal nucleus (27) respond
to a wide range of stimuli and re-
spond to each with a characteristic fir-
ing pattern. Central cells that respond
exclusively to noxious stimuli have also
been reported (28, 29). Of particular
interest is Poggio and Mountcastle’s
(28) study of such cells in the pos-
terior thalamus in anesthetized mon-
keys. Yet Casey (30), who has re-
cently  confirmed that  posterior
thalamic cells respond exclusively to
noxious stimuli in the drowsy or
sleeping monkey, found that the same
cells also signaled information in re-
sponse to gentle tactile stimulation
when the animal was awake. Even if
some central cells should be shown
unequivocally to respond exclusively
to noxious stimuli, their specialized
properties still do not make them “pain
cells.” It is more likely that these cells
represent the extreme of a broad dis-
tribution of cell thresholds to periph-
eral nerve firing, and that they occupy
only a small area within the total mul-
tidimensional space that defines the
specialized physiological properties of
cells (9). There is no evidence to sug-
gest that they are more important for
pain perception and response than all
the remaining somesthetic cells that sig-
nal characteristic firing patterns about
multiple properties of the stimulus, in-
cluding noxious intensity. The view that
only the cells that respond exclusively
to noxious stimuli subserve pain and
that the outputs of all other cells are
no more than background noise is
purely a psychological assumption and
has no factual basis. Physiological spe-
cialization is a fact that can be re-
tained without acceptance of the psy-
chological assumption that pain is de-
termined entirely by impulses in a
straight-through transmission system
from the skin to a pain center in the
brain.
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