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To the millions of people in every country wholive and die
in needless pain.-

‘We mustall die. But if I can save [a person] from days of
torture, that is whatI feel is my great and ever new privilege.
Pain is a more terrible lord of mankind than even death

itself.’
Albert Schweitzer, 1953
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Preface
 

Pain is one of the most challenging problems in medicine and bio-

logy. It is a challenge to the sufferer who must often learn to live

with pain for which no therapy has been found.It is a challenge to

the physician or other health professional who seeks every possible

meansto help the suffering patient. It is a challenge to the scientist

whotries to understand the biological mechanisms that can cause

suchterrible suffering. It is also a challenge to society, which must

find the medical, scientific and financial resources to relieve or

prevent pain and suffering as muchaspossible.

Weconsider ourselves extremely privileged to have taken part in

a genuinescientific revolution in the past two decades. Until the

middle of this century, pain was considered primarily to be a

symptom of disease or injury. We now knowthat chronic, severe

pain is a problem in its own rightthatis often more debilitating and

intolerable than the disease process whichinitiated it. The problem

of pain wastherefore transformed from a mere symptom to be dealt

with by the various medical specialities to a speciality in its own

right which is now oneof the most exciting, rapidly advancing fields

of science and medicine.

When weproposed the gate-control theory in 1965, we hardly

dreamed of the explosion in research studies and new therapeutic

approachesthat followed. It was our unexpected good fortune that

the theory came at a time when the. field was ripe for change.In the

1960s, a wave of new facts and ideas (that had evolved gradually)

was beginning to crest, and the gate-control theory rode in on the

wave of the times. No one was more astounded atits success than

we were. Naturally, acceptance was not immediate or total, but in

spite of continuing controversy aboutdetails, the concept that injury

signals can be radically modified and even blocked at the earliest

stages of transmission in the nervous system is virtually universally

accepted. . |

In recent years, our understanding of pain mechanisms has
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increased enormously and new,effective treatments for pain have
evolved. There is now an urgent need for education. Despite the
obvious progress in our knowledge, many people whosuffer cancer
pain, post-surgical pain, labour pain and various chronic pains are
inadequately treated. We are appalled by the needless pain that
plagues so many people. Part of the problem lies with the health
professionals who have failed to keep up with the advances in our
field. Part lies with the patient whois often too meek to demand the
basic humanrightto pain relief. Every human being has a right to
freedom from pain to the extent that our knowledge permits health
professionals to achieve this goal.
Our purposein this book is to describe the current status of pain

research and treatmentas well as to point to future goals and ways
to achieve them. The book contains four major sections. Thefirst
section describes the psychological and clinical aspects of pain and
outlines the scope of the challenges of pain. The second section
presents the physiological evidence regarding pain, which continues

to grow at a breathtaking pace. The third section examines the
majortheories ofpain in termsoftheir ability to explain pain phenom-
ena and their implications for the control of pain. The final, fourth.
section describes the exciting new approaches to pain control and
the rapidly evolving conception that the terrible suffering of patients
with chronic pain, such as pain due to nerve injury or cancer, need
an entirely new approach characterized by the pain clinic and the
hospice.

Weare grateful to manycolleagues and friends who have worked
with us and helped us in our attempt to understand pain. Their
names appearin the pages of this book andin the bibliography. We
are also grateful to Elizabeth Loggie and Julia Millard, who pro-|
vided outstandingsecretarial assistance in preparing this book.
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The Challenge of Pain was written to provide a broad overview of a

- feature of life — pain and suffering — that touches all of us. Its

purpose is to examine the major theories of pain as well as the

exciting research advances that have occurred in recent years. It

also describes forms of therapy for the varieties of pain that plague

us.
Recent research has focused primarily on the complex mechanisms

of the transmission of pain signals from the skin to the brain. We

have learned a great deal about the multitude of transmitter

substances and the mechanismsof transmission of pain signals at

synaptic sites, especially in the spinal cord. Despite this impressive

accumulation of detailed information, however, the basic concepts

andfacts in the field of pain have remained unchanged.In general,

the earlier evidence is supported by more detailed, meticulous

investigation. Most of this information is highly technical and

is beyond the aimsofthis book. |

This book was written for the reader who desires to know more

about pain. The book’s exposition of the important facts and

concepts remains up to date. An attempt to provide all relevant

recent references in this new printing would confuse rather than

illuminate. The references have therefore been updated byciting

reviews that cover recent advancesin all the majorfields of research

and therapy. Readers who wish to follow specialized topics in

greater detail will be able to find references to recent articles by

outstanding scientists searching for a better understanding of pain

and waysto controlit.





Part One

The Puzzle of Pain

‘... physicians too readily claim that pain is a reaction of defence,
afortunate warning, which puts us on our guard against the risks of
disease ... Reaction of defence? Against whom? Against what?

Against the cancer which notinfrequently giveslittle trouble until
quite late? Against heart afflictions, which always develop quietly?
... One must reject, then, this false conception of beneficient

pain.’

René Leriche, 1939
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Thelink between pain and injury seems so obviousthatit is widely
believed that pain is always the result of physical damage and that
the intensity of pain we feel is proportional to the severity of the
injury. In general, this relationship between injury and pain holds
true: a pinch of a finger usually produces mild pain, while a door
slammed onit is excruciating; a small cut hurts a little, while a
laceration can be agonizing. However, there are many instancesin
which the relationship fails to hold up. For example, some people
are born withoutthe ability to feel pain even whenthey are seriously
injured (congenital analgesia), and manyof us haveinjuries such as
cuts and bruises without feeling any pain until many minutes or

hours later (episodic analgesia). In contrast, there are severe pains
that are not associated with any knowntissue damageorthat persist
for years after an injury has apparently healed. Clearly, the link
between injury and painis highly variable: injury may occur without
pain, and pain without injury. ,

This is the essence of the puzzle of pain. Why are pain and injury

not always related? Whatactivities of the nervous system intervene
- between injury and pain perception that make the relationship so
variable? We shall begin to answer these questions by describing

~ some extreme examplesofthe variability of the link between injury
and pain. These examples challenge ourintuitive feelings about pain

and reveal the subtlety of the mechanisms which we will need to

explain. Each examplealso contains clues for the control ofpain.

Injury without pain

Congenital analgesia

People who are born without the ability to feel pain provide con-

vincing testimony on the value of pain (Sternbach, 1968). Many of

these people sustain extensive burns, bruises and lacerations during
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childhood, frequently bite deep into the tongue while chewing food,
and learn only with difficulty to avoid inflicting severe wounds on
themselves. The failure to feel pain after a ruptured appendix, which
is normally accompanied by severe abdominal pain, led to near-
death in one such man. Another man walked on

a

leg with a cracked
bone until it broke completely.
The best-documented of all cases of congenital insensitivity to

pain is Miss C., a young Canadiangirl who wasa student at McGill
University in Montreal. Her father, a physician in western Canada,
was fully aware of her problem andalerted his colleagues in Mon-
treal to examine her. The young lady washighly intelligent and
seemed normal in every way except that she had neverfelt pain. As
a child, she hadbitten off the tip of her tongue while chewing food,
and had suffered third-degree burns after kneeling on a hot radiator
to look out of the window. When examined by a psychologist
(McMurray, 1950) in the laboratory, she reported that she did not
feel pain when noxious stimuli were presented. She felt no pain
when parts of her body were subjected to strong electric shock, to
hot water at temperatures that usually produce reports of burning
pain, or to a prolonged ice-bath. Equally astonishing wasthe fact
that she showed no changesin blood pressure, heart rate, or res-
piration when these stimuli were presented. Furthermore, she could
not remember ever sneezing or coughing, the gag reflex could be

_ elicited only with great difficulty, and corneal reflexes (to protect
the eyes) were absent. A variety of other stimuli, such as inserting a
stick up through the nostrils, pinching tendons, or injections of
histamine under the skin — which are normally considered as forms
of torture — also failed to producepain. | |

Miss C. had severe medical problems. She exhibited pathological
changesin her knees, hip and spine, and underwent several ortho-
paedic operations. Her surgeon attributed these changes to the
lack of protection to joints usually given by pain sensation. She
apparently failed to shift her weight when standing, to turn overin
her sleep, or to avoid certain postures, which normally preventin-
flammation of joints.
The condition of the joints that Miss C. suffered from, because of

her failure to feel pain,is called the ‘Charcot joint’. It has long been
knownthatifthe nerves which normally innervate a joint are missing
or defective, a condition develops in which the joint surface is
damaged and the ligaments and other tissues are stretched. This
happensparticularly to those joints which are frequently subject to
minorinjuries in everyday life — ankles, knees, wrists and elbows.
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All of us quite frequently stumble, fall or wrench a muscle during
ordinary.activity. After these trivial injuries, we limp little or we
protect the joint so that it remains unstressed during the recovery
process. This resting of the damaged areais an essential part ofits

recovery. But those whofeel no pain go on using the joint, adding
insult to injury. Apparently, this is eventually sufficient to produce
the Charcot joint with its severely eroded tissues. Dead or dying
tissue is the perfect culture medium for bacteria and is the most
likely place for infection to develop. Because blood flow is impaired
by the injuries, the tissue is isolated from the body’s own defence

mechanisms. Theinfection is then free to extend into nearby bone

and eventually into marrow, producing osteomyelitis where even
the most powerful antibiotics cannot penetrate from the blood-
stream. These are the conditions that led to Miss C.’s death.

Miss C. died at the age of twenty-nine of massive infections that

could not be brought under control. During her last month, she

complained of discomfort, tenderness and pain in theleft hip. The

pain was relieved by analgesic tablets. Thereis little doubt that her

inability to feel pain until the final month of herlife led to the

‘extensive skin and bone traumathat contributedin a direct fashion
to her death’ (Baxter and Olszewski, 1960).

Astonishingly, examination of Miss C.’s nervous system by the

best means available at the time failed to reveal any abnormality.

The nerve endings and specialized receptors in her skin and joints

appeared completely normal, as did her nerves, spinal cord and

brain. Clearly, however, her nervous system was abnormal in some
unknown way. Somewhere, the injury signals that normally ascend

to the brain through the spinal cord were blocked at one or more of

the many junctions (synapses) through which they pass. Weshall

examine the possibilities in later chapters.
While Miss C.’s case is the most thoroughly documented one,

there are reports of several families with the same problem.In fact,

there is strong evidence that some formsof this condition are inheri-

ted. However, it is now clear that congenital insensitivity to pain

may be due to many causes (Comings and Amromin,1974). In some

cases, there is evidence ofneurological damage. Eventhis is puzzling,

though. In one form ofinsensitivity, examination of small pieces of

excised nerve (nerve ‘biopsies’) showedthat the largefibres in nerves

are highly abnormal. In other cases, the small fibres in nerves are

damaged or missing. This form occurs almost solely in Jewish

families and is known as dysautonomia (or the Riley-Day syn-

drome). It is a tragic disease because all physical developmentis



6 Pain and Injury: the Variable Link

abnormaland these people rarely live to adulthood. One form of
pain insensitivity is accompanied by the inability to sweat. In still
another form, the nerve roots that fan out from a peripheral nerve
and enter the spinal cord are damaged (sensory radicular neur-
opathy). Other kinds of insensitivity to pain are associatedwith
severe mental retardation. However, many cases remain a mystery.
Recently, a meticulous study of a sixteen-year-old boy with in-
sensitivity to pain concluded that the boy’s failure to feel pain could
not be attributed to abnormal nerveactivity or cerebrospinal endor-
phins (‘the body’s own opiates’) (Manfrediet al., 1981).
The importance of pain for survival becomes clear when wecon-

sider what happensto people whoareinsensitive to pain (Comings
and Amromin, 1974). One woman, for example, reported only a
‘tight feeling’ during an appendicitis attack and was saved when her
family doctor, who knewof her condition, suspected the worst and
admitted her to hospital. After the operation, she had no pain but
reported “a pulling sensation’ in theregion ofthe fresh scar. Through-
out herlife, this woman had sustained numerous cuts and burns
without feeling pain. Her mouth wasscarred from blisters as a result
of drinking beverages that were too hot, and her hands werecal-
loused from frequent burns. During two pregnancies, she reported
‘a funny, feathery feeling’ rather than pain.
Her seven-year-old daughter had the same condition. At the age

of three she broke her arm andatfive she broke her nose, andfelt
no pain at any time. At seven, after taking a bath, ‘she leaned over
and her buttocks pressed up against a grated bathroom heater; she
was branded withfive large crosshatches over the buttocks butfelt
no pain’. Interestingly, during a careful neurological examination,it
was foundthatthegirl felt no pain when pinpricked onall parts of
her body except a small circular area over the lower (lumbar) spine.
Yetall the tests indicated no other neurological abnormality in any
of the areasinsensitive to pain. This girl had one brother who had a
mild form of insensitivity and two sisters who perceived pain
normally.

Consider another family, some of whose members were normalin
everyrespect except that they felt no pain. The mother was once
near death during a pregnancy because of a dangerous complication
(eclampsia) which is normally accompanied by severe headache and
discomfort. Her doctor, knowing that she did not feel pain, diag-
nosed the problem from her other symptomsand saved herlife.
Because of her condition, the woman wasespecially alert to signs of
disease in her children. Indeed, one child developed appendicitis and



Injury without pain 7

peritonitis without any pain, and wassaved by his mother’s prompt

reaction to his casual remark about a ‘stiff stomach’ (Sternbach,

1963).
Most people whoare insensitive to pain learn, with difficulty, to

avoid damaging themselves severely. However, they survive because

they have language to symbolize potential danger and to com-

municate. Animals, who have no such verbal communication, would

have died.It is amply clear, then, that pain plays an importantrole

in survival.

Episodic analgesia

Cases of congenital analgesia are rare. However, there is a much

more commoncondition which most of us have experienced at one

time or another: being injured but not feeling pain until many

minutes or hours afterwards. The injuries may range from minor

cuts and bruises to broken bones and even the loss of a limb.

During the Second World War, Beecher (1959) observed the

behaviourof soldiers severely woundedin battle. He was astonished

to find that when the injured men wer2 carried into combathospitals,

only one out ofthree complained ofenough pain to require morphine.

Most of the soldiers either denied having pain from their extensive

woundsorhad solittle that they did not want any medication to

relieve it. These men, Beecher points out, were not in a state of

shock, nor were they totally unableto feel pain, for they complained

as vigorously as normal men at an inept vein puncture. Beecher

attributed their failure to feel pain to a sense ofrelief or euphoria at

having escaped alive from the battlefield in spite of the injury.

A similar study (Carlen etal., 1978) of Israeli soldiers with trau-

matic amputations after the Yom Kippur Warprovided comparable

observations. Most of the wounded menspokeoftheir initial injury

as painless and used neutral terms such as ‘bang’, ‘thump’ or ‘blow’

to describetheir first sensation. They often volunteered their surprise

that the injury did not hurt. These men were fully aware of the sad

consequences of losing a limb, and some spoke during their pain-

free state of feeling guilt at letting down their comrades, annoyance

at allowing the injury to occur, and misery about the future. These

soldiers were depressed (rather thaneuphoric), an emotionalstate

which is normally associated with increased pain, yet they felt no

pain whatever until many hourslater.

This episodic analgesia involving major injury is not confined

to soldiers. A recent study (Melzack et al., 1982) found that
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thirty-seven per cent of the people who arrived at the emergency
clinic of a large urban hospital with a variety of injuries, including
amputated fingers, major lacerations of the skin and fractured
bones, reported that they did not feel any pain until many minutes —
even hours — after the injury.

There are six important characteristics ofepisodic analgesia. First,
the condition has no relation to the severity or location of the
injury. It may occur with small skin cuts or with an arm ora leg
blown off by explosives. Second, it has no simple relation to the
circumstances. It may occurin the heatofbattle or when a craftsman
cuts off the tip of his finger while trying to make an accurate.cut.
Diversion of attention to some other event sometimes appears to be
involved, butit is not essential: the person’s attention can be focused
on the injury but nopainis felt. Third, the victim can be fully aware
of the nature of the injury and of its consequences andyet feel no
pain. A young womanwith herleg blownoff at the knee said, ‘Who
is going to marry me now?’ A machine-shop foreman whohadhis
foot amputated in an accident in his shop said, ‘What a fool they
will say I am to let this happen,’ and later, ‘Well, there goes my
holiday.’ Fourth, the analgesia is instantaneous. The victim does
notfirst feel pain and then bring it under control. The injury may
not be noticed oris described in neutral terms such as ‘a bang’ or ‘a
blow’. These people are not confused or distracted or ‘in shock’.
They understandthe extentoftheir injury and may touchthe injured
area or lookat it. They just do notfeel pain. Fifth, the analgesia has
a limited time-course. By the next day,all these peoplearein pain.It
is true that the relation of their pain to their injury is variable, but
they are not pain-free. Sixth, the analgesia is localized to the injury.
As we have seen, people may complain about an injection even
though the more extensive injury does not hurt. The machine-shop
foreman developed a painful crampin his other leg while the stump
of his amputated leg remained pain-free.

These characteristics are a challenge to any theory ofpain. Simple
explanationssuchasdistraction of attention from the injury or the
influence of the meaning of the situation may explain a few cases,
but most of them cannot be explained satisfactorily. Conceivably,
areas of the brain essential for pain experience and response maybe
engaged inother activities and are simply not accessible to the
input, even when attention is focused on the injury. Whatever the
explanation, situational analgesia highlights the variable link be-
tween injury and pain.
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Pain without injury

In contrast to people who fail to feel pain at the time of injury, other

people develop pain without apparentinjury. Tension headache isa

commonform of pain which ranges in intensity from moderate to

excruciating, yet there is no damage and no knownexplanation of

the origin of the pain. It was widely believed that muscle tension

was the cause, but no muscles have been found in contraction in

spite of a very careful search (Olesen, 1986). Another commonhead-

ache, migraine,was assumedto be caused bydilated blood vessels in

the head,but recent research showsthat the changesin bloodvessels —

are more likely the result of the headache rather than its cause

(Pikoff, 1984). A more rare but more severe pain of the head is

trigeminal neuralgia, in which a light touch to a trigger point

provokes an agonizing stab of pain, as though a knife had been

jabbed into the face. Careful studies of the tissues and nerves of the

face show them to be perfectly normal. A final example of such

pains is the ubiquitous and crippling low back pain. Every structure

in the region — muscles, nerves, joints, bone, tendons and discs —

have been blamed for this condition and yet the best modern

diagnostic techniquesfail to find any responsible damage in 70 per

cent of the cases (Loeser, 1994). In a later chapter, we shall discuss

these pains as diseases which are caused bya failure in the function

of central control mechanisms.

_ Pain disproportionate to severity of injury

Those who have experienced the passing of a kidney stone describe

it as painful beyond any expectation that pain can reach such an

intensity. The kidney may, under certain conditions, concentrate

some componentsin the urine so that these compounds precipitate

out and form small kidney stones (renal calculi). Small pieces of

these stones break off and pass into the ureter that leads from the

kidney to the bladder. In size, they are often not more than twice the

size of the normal diameterofthe ureter. Pressure of urine builds up

behind the plug formed by the stone, tending to driveit into the

ureter. As a result, the muscle in the ureter wall goes into localized

strong contraction. This band of contraction moves downthe ureter

to produce peristaltic waves to drive the stone down. During this

process, agonizing spasmsof pain sweep over the patient so that the

toughest and moststoical ofcharacters usually collapses. The patient

is pale, with a racing pulse, knees drawn up with a rigid abdominal
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wall and motionless. Even crying out is restrained because all
movementexaggerates the pain. Asthe stonepassesinto the bladder,
there is immediate and complete relief, leaving a dazed and ex-
hausted patient. The reason for describing this condition here is that
in mechanical termsitis a rathertrivial event. Furthermore,it occurs
in a structure which is poorly innervated when compared to any
equal volume of skin. In spite of the minor nature of the actual
event and the relatively small number of nerve impulses which are
sent to the spinal cord, the effect in terms of pain is gigantic.

Pain after healing of an injury

Motorcycle accidents are typically associated with injuries of the
head and shoulder. Onhitting an obstruction, the rider is catapulted
forwardsandhits the road at high speed. Crash helmets haveeffec-
tively decreased headinjuries; but the next vulnerable point to hit
the road is often the shoulder, which is violently wrenched down
and back. The arm is supplied by a network of nerves — the brachial
plexus — which leaves the spinal cord at the level of the lower neck
and upperchest, and funnels into the arms. In the most severe of
these injuries, the spinal roots are avulsed — thatis, ripped out of the
spinal cord — and norepairis possible.

C.A., aged twenty-five, an air-force pilot, suffered such an acci-
dent. After eight months he had completely recovered from the cuts,
bruises and fractures of his accident. There had been no head injury
and he wasalert, intelligent and busy as a student shaping a new
career for himself. His right arm was completely paralysed from the
shoulder down and the muscles of the arm werethin. In addition,
the limp arm wastotally anaesthetic, so that he had no sensation of
any stimuli applied to it. On being questioned, he stated that he
could sense very clearly an entire arm, but it had no relationship to
his real arm. This ‘phantom’ arm seemed to him to be placed across
his chest while the real paralysed arm hung athis side. The phantom
never moved andthe fingers were tightly clenched in a crampedfist
with the nails digging into the palm. The entire arm felt ‘as thoughit
was onfire’. Nothing has helped his condition and he finds that he
can control the pain only by absorbing himself in his work.
Wynn Parry (1980) studied a hundred consecutive cases of this

type of brachial plexus avulsion and found ninety-five to be in
severe pain with very similar descriptions of their phantoms and
their pain. Weshall return to this subject later to consider the causes
of the pain. It is introduced here to show that pain maypersist long
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after all possible healing has occurred. Even the most damaging

stimulation of the arm is incapable of producing pain, yet pain is
constantly felt even though no injury is occurring.
Damage of peripheral nerves in the arms or legs, by gunshot

wounds or other injuries, is also sometimes accompanied by ex-

cruciating pains that persist long after the tissues have healed. These

pains may occur spontaneously for no apparent reason. They have

many qualities, and may be described as burning, cramping or

shooting. Sometimestheyare triggered by innocuousstimuli such as

gentle touches or even a puff of air. Spontaneous attacks of pain

may take minutes or hours to subside, but may occur repeatedly

each day for years after the injury. The frequency andintensity of
the spontaneous pain-attacks may increase over the years, and the
pain may even spreadto distant areas of the body. The initial cause

of these pains is sometimes far more subtle than peripheral nerve

damage. Minorifjuries may give rise to astonishingly severe pain.

In these cases, Livingston (1943, p. 110) notes:

The onset of symptoms may follow the most commonplace of injuries. A

bruise, a superficial cut, the prick of a thorn or a broken chicken-bone,a

sprain or even a postoperative scar may act as the causative lesion. The

event which precipitates the syndrome mayappearbothto the patient and

the physician as of minor consequence, and both have every reason to

anticipate the same prompt recovery that follows similar injuries. This

anticipation is not realized and the symptomstend to becomeprogressively

worse.

Pain: good and evil

These prolonged, agonizing painsinevitably force us to examine the

purpose and value of pain. From the cases described sofar,it is

evident that pain can serve three purposes.First, the pain that occurs

before serious injury, such as when we step on (or pick up) hot,

sharp or otherwise potentially damaging objects, has real survival

value. It produces immediate withdrawal or some other action that

prevents further injury. Second, the pains that prevent further injury

serve as the basis for learning to avoid injurious objectsor situations

which may occurat a later time. The larger the animal’s brain, the

more easily such learning occurs, and it generalizes to other situ-

ations. In man,the learning involves language and the use of other

symbols, so that even people whoare insensitive to pain can limit

the extent of damageso thatsurvival is possible. Third, pains due to
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damagedjoints, abdominalinfections, diseases or serious injuries set
limits on activity and enforce inactivity and rest, which are often
essential for the body’s natural recuperative and disease-fighting
mechanismsto ensure recovery and survival. |

However, there are pains, such as those after brachial plexus
avulsion or amputation of a limb, that serve no useful purpose. A
person whohasa leg removed becauseofa circulatory problem may
suffer excruciating phantom limb pain for years, perhaps the re-
mainderofhislife, but gains nothing from thepain. Pain such as
this now becomes a problem in its own right. It is no longer the
symptom ofa disease but becomesa serious medical syndromethat
requires attention for its own sake. Chronic pain can even be de-
trimental to survival in man. The pain can besoterrible, so feared,
that people would sooner die than continue living with it. Suicide
among patients who suffer prolonged, unremitting pain is not un-
common. In cases such as these, the pain serves no biologically
useful purpose. It is as though some normally adaptive mechanism
has run amokand,like the dangerous criminal whose mind maybe
brilliant but warped, needs to be isolated, contained and treated.
Leriche (1939, p. 23), a brilliant surgeon who spent muchofhis life
attempting to relieve suffering, contemplated this aspect of pain:

Defence reaction? Fortunate warning? But as a matteroffact, the majority
of diseases, even the most serious, attack us without warning. When pain
develops... it is too late... The pain has only made moredistressing and
more sad a situation already longlost ... In fact, pain is always a baleful
gift, which reduces the subject of it, and makes him moreill than he would
be withoutit. |

The puzzle

The kinds of cases we have examined so far — ranging from the
inability to feel pain in spite of injury to spontaneous pain in the
absenceofinjurious stimulation — represent the extremesofthe full
spectrum of pain phenomena. They demonstrate that the link be-
tween pain and injury is often highly variable and unpredictable:
We do not yet have a satisfactory explanation for either type of
case. Instead we must resort to speculation and theory: the best
possible guess on the basis of the available evidence.

It was once thought that the mechanismsthat subserve pain would
be entirely revealed if we applied noxious stimuli to the skin and
then mapped the pathways taken by nerve impulses through the |
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spinal cord and brain. Unfortunately, pain mechanisms are notas

simple as this. When the skin is pinched or crushed,for example, it

is true that receptors with very high thresholds are stimulated, but

so are receptors with much lower thresholds which are ordinarily

activated by gentle touch or vibration. The sameis true for extreme

heat, or cold, or any other noxious stimulus. Painful stimuli, in

other words, are usually extremes of other natural stimuli, and they

tend to activate receptors that may also be involved in eliciting

other sensations such as tickle, touch, warmth or cold. Thecritical

question is this: does the brain examine just a specific message

ascending along specific fibres, or does it monitorall the input and

make a decision on the basis of the activity in all fibres? |

The answer to this question represents the key to the puzzle of

pain. It therefore has profound implicationsforits treatment. It was

long hoped that we need only find the pathways in the nervous

system that send pain messages from the bodyto the brain, and pain

could be eliminated simply by cutting the pathways. There are many

formsof pain, however, that defy this simple solution. Attempts to

stop spontaneous pains by cutting pathways inthe spinal cord or

the brain produce as manyfailures as successes (Sunderland, 1978).

Other kinds of pain are more amenable to surgical treatment. Pain

produced by cancerin the lower part of the bodyis totally relieved

by spinal cord surgery in aboutfifty per cent of patients, and is

partially relieved in another twenty-five per cent. But the remainder

— about one out of four — continue to suffer (Nathan, 1963). Even

those who are helped sometimes report that they now haveintense

‘girdle pains’ at the level of the operation — pains which they did not

have before (Noordenbos, 1959). In a few cases, the pain after

surgery may be worse than the pain for which the patients were

treated (Drake and McKenzie, 1953).

An important aim of pain research is the successful treatment of

pathological pain. The clinical syndromes which result from peri-

pheral nerve injury bewilder the scientist who tries to understand

- them. Still worse, the failure to solve the problems they present

means prolonged suffering and tragedy to many patients. People

who face death due to a malignant disease such as canceralso face

the prospect of extreme pain. Those whosustain brain damage as a

result of a stroke may suffer severe pain (often called ‘central pain’)

for the rest of their lives. The pain may continue unabated until the

end. Pain, then, is more than an intriguing puzzle. It is a terrible

problem that faces all humanity and urgently demandsa solution.

The field of pain research and theory has developed rapidly in
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recent years. These developments have come from manydisciplines,
including psychology, physiology and clinical medicine. As a resultof this progress, exciting new techniques have been proposed for thetreatment of pain. The purpose of this book is to describe the re-search and the theories, as well as the pursuit of new directions
aimed at the controlofpain.



2 ‘The Psychology of Pain
 

Psychological and anthropological studies have shown that pain is

not simply a function of the amountofbodily damagealone. Rather,

the amount and quality of pain we feel are also determined by our

previous experiences and how well we remember them, by ourability

to understand the cause of the pain and to grasp its consequences.

Even the culture in which we have been broughtupplays anessential

role in how wefeel and respondto pain. Stimuli that produce intoler-

able pain in one person maybetolerated without a whimper by

another. In some cultures, moreover, initiation rites and otherrituals

involve procedures that we associate with pain, yet observers report

that these people appearto feel little or no pain. Pain perception,

then, cannotbe defined simply in termsofparticular kinds of stimuli.

Rather, it is a highly personal experience, depending on cultural

learning, the meaning of the situation, and other factors that are

unique to each individual.

Cultural determinants

Cultural values are known to play an important role in the way a

person perceives and responds to pain. One of the most striking

examples of the impact of cultural values on pain is the hook-

swinging ritual still in practice in parts of India (Kosambi, 1967).

The ceremony derives from an ancient practice in which a member

of a social group is chosen to represent the power ofthe gods. The

role of the chosen man(or ‘celebrant’) is to bless the children and

crops in a series of neighbouringvillages during a particular period

of the year. What is remarkable aboutthe ritual is that steel hooks,

which are attached by strong ropes to the top of a special cart, are

shoved underhis skin and muscles on both sides of the back (Figure

1). The cart is then moved from village to village. Usually the man

hangsonto the ropesas the cart is moved about. Butat the climax

of the ceremony in each village, he swings free, hanging only from
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Figure 1. The annual hook-swinging ceremonypractised in remote Indian villages.
Top showstwosteel hooksthrust into the small of the back of the ‘celebrant’, whois
decked with garlands. Thecelebrantis later taken to a special cart which hasupright
timbers and a cross-beam. Bottom showsthe celebrant hanging on totheropes as the
cart is moved to each village. After he blesses each child and farm field in a village, he
swings free, suspended only by the hooks. The crowds cheer at each swing. The
celebrant, during the ceremony,is in a state of exaltation and showsnosign ofpain.
(from Kosambi, 1967, p. 105)
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the hooks embedded in his back, to bless the children and crops.

Astonishingly, there is no evidence that the manis in pain during

the ritual; rather, he appears to be in a ‘state of exaltation’.

There are many examples of comparable procedures in other

cultures. In East Africa, men and women undergo an operation —

entirely without anaesthetics or pain-relieving drugs — called ‘tre-

panation’, in which the scalp and underlying muscles are cut in

order to expose a large area ofthe skull. The skull is then scraped by

the doktari as the man or womansits calmly, without fiinching or

grimacing, holding a pan under the chinto catch the dripping blood.

Films of this procedure are extraordinary to watch because of the

discomfort they inducein the observers, whichis in striking contrast

to the apparent lack of discomfort in the people undergoing the

operation. There is no reason to believe that these people are

physiologically different in any way. Rather, the operation is

accepted bytheir culture as a procedure that brings relief of chronic

pain. |

Pain thresholds

It is often asserted that variations in pain experience from person to

person are due to different ‘pain thresholds’. However, there are

several thresholds related to pain andit is importantto distinguish

amongthem.Typically, thresholds are measured by applying a stimu-

lus such aselectric shock or radiant heat to a small area of skin and

gradually increasing the intensity. Four thresholds can be measured

by this technique: (a) sensation threshold (or lower threshold) — the

lowest stimulus value at which a sensation suchas tingling or warmth

is first reported; (b) pain perception threshold — the lowest stimulus

value at which the person reports that the stimulation feels painful;

(c) pain tolerance (or upper threshold) — the lowest stimuluslevel at

which the subject withdrawsorasks to have the stimulation stopped;

(d) encouraged pain tolerance — the same as (c) but the person is

encouragedto tolerate higherlevels of stimulation.

There is now evidence that the majority of people, regardless of

cultural background, have a uniform sensation threshold. Sternbach

and Tursky (1965) made careful measurements of sensation

threshold, using electric shock as the stimulus, in American-born

women belonging to four different ethnic groups: Italian, Jewish,

Irish, and Old American. They found no differences among the

groupsin the level of shock that wasfirst reported as producing a

detectable sensation. The sensory conducting apparatus, in other
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words, appears tobeessentially similar in all people so that a given
critical level of input alwayselicits a sensation. |

Cultural background, however, has a powerful effect on the pain
perception threshold. For example, levels of radiant heat that are
reported as painful by people of Mediterranean Origin (such as
Italians and Jews) are described merely as warmth by Northern
Europeans (Hardyet al., 1952). Similarly, Nepalese porters on a
climbing expedition are much morestoical than the occidentalvis-
itors for whom they work: even though both groups are equally
Sensitive to changes in electric shock, the Nepalese porters require
much higher intensities before they call them painful (Clark and
Clark, 1980)..
The moststriking effect of cultural background, however, is on

pain tolerance levels. Sternbach and Tursky (1965) report that the
levels at which subjects refuse to tolerate electric shock, even when
they are encouraged by the experimenters, depend,in partatleast,
on their ethnic origin. WomenofItalian descent tolerate less shock
than women of Old American or Jewish origin. In a similar ex-
periment (Lambert er al., 1960), in which Jewish and Protestant
womenserved as subjects, the Jewish, but not the Protestant, women
increased their tolerance levels after they were told that their re-
ligious group tolerated pain more poorly than others.
These differences in pain tolerancereflect different ethnic attitudes

towards pain. Zborowski (1952) found that Old Americans have an
accepting, matter-of-fact attitude towards pain and pain expression.
They tend to withdraw when the pain is intense, and cry out or
moan only when they are alone. Jews and Italians, on the other
hand, tend to be vociferous in their complaints and openly seek
support and sympathy. The underlying attitudes of the two groups,
however, appear to be different. Jews tend to be concerned about
the meaning and implications of the pain, while Italians usually
express a desire for immediate pain relief.
However, not all differences are due to cultural factors. It has

long been knownthat asmall proportion of people suffer painless
(or ‘silent’) heart attacks. They may survive several heart attacks
without ever reporting pain in the chest. Because the pain of a heart
attack (cardiac infarction) is usually severe, it forces the person to
stop all ongoing activity and thereby decrease the heart’s exertions.
People with painless heart attacks may be unawareoftheir infarction
(which can easily be detected with an electrocardiogram) and
continue to be active, sometimes with fatal results. Studies of these
people show that they have unusually high pai sholds for
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electric shocks, heat pain and even arm-muscle cramp. Their pain-

perception and pain-tolerance thresholds are significantly higher

than those of patients who suffer pain during heart attacks (Procacci

et al., 1976; Droste et al., 1986). There was no evidence that the two

groupsdiffered in nerve

inneryationaf

the

heartorextentof
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nor did the body’s ‘naturalopiates’ appear to play
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_y\ Incontrast to these studies, which demonstrate variability in pain

yi: tolerance, other psychological experiments are aimedat revealing a

AS? recise mathematical relationship between the measured stimulus

Athgput and theintensity of sensation reported by the subject. Stevens

ét al. (1958) asked subjects to estimate the magnitudesof a series of

avelectric shocks of varying intensity by assigning a numberto each

Whe expressed the subjective intensity of the shock. They found that

‘

€ stimulus—sensation relationship is best described as a math-

atical power function, a fact which has been confirmed by several

ther investigators. The actual value of the exponent, however,

:rdfrom study to study (Sternbach and Tursky, 1964). A similar

AWorderly, psychophysical relationship betweentheintensity of electric

Vv shocks and the perceived intensity of the sensory and ‘unplea-

santness’ components of pain has also recently been found, using

verbal descriptors and hand-grip force to express the perceived

intensities (Gracely, 1979).

Psychophysical studies that find a mathematical relationship

between stimulus intensity and pain intensity are often cited

(Mountcastle, 1980, 1986) as supporting evidence for the assumption

that pain is a primary sensation subserved by a direct com-

munication system from skin receptors to pain centre. A simple

psychophysical function, however, does not necessarily reflect

equally simple neural mechanisms. Activities in the central nervous

system, such as memories of earlier cultural experience, may

intervene between stimulus and sensation and invalidate any

simple psychophysical ‘law’. The use of laboratory conditions that

minimize such activities or prevent them 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.
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Past experience

The evidencethatpain is influenced by cultural factors suggests that
early experience influences adult behaviour related to pain. It is
commonly accepted that children are affected by the attitudes of
their parents towards pain. Some families make a great fuss about
ordinary cuts and bruises, while others tend to showlittle sympathy
towards even fairly serious injuries. There is reason to believe, on —
the basis of everyday observations, that attitudes towards pain
acquired early in life are carried on into adulthood.
The influence of early experience on the perception of pain has

also been demonstrated experimentally. Melzack and Scott (1957)
raised Scottishterriers in isolation cages from infancy to maturity so
that they were deprived of normal environmentalstimuli, including
the bodily knocks and scrapes that young animals get in the course
of growing up. They were surprised to find that these dogs, at
maturity, failed to respond normally to a variety of noxiousstimuli.
Manyof them pokedtheir noses repeatedly into a flaming match,
and endured pinpricks with little evidence of pain. They invariably
withdrew reflexively from the flame or pinprick and oriented to the ©
stimuli, but few of them showed strong emotional arousal or be-
havioural withdrawal. In contrast, the litter-mates of these dogs
thathad been reared in a normal environment recognized potential
harm so quickly that the experimenters were usually unable to touch
them with the flame or pin more than once.
The abnormalbehaviourofdogs raisedin isolation appears to be

due to a failure to attend selectively to noxious stimuli when they
are presented in an unfamiliar environmentin which all stimuli are
equally attention-demanding (Melzack, 1965, 1969). The results
Suggest that young animals learn thesignificance — or meaning — of
environmental stimuli during early life, and this plays an important
role in later pain perception. It is important to note that heredity
may determine the extent to. which early experience influences
behaviour. Beagles raised in isolation cages are not as severely
disturbed as Scotties or mongrels and are capable of behaving more
normally towards flaming matches and pinpricks (Melzack, 1965).
The role of early experience in determining pain perception

and responseis especially evident in studies of monkeys raised in
isolation. In several experiments, infant monkeys were raised in
individual cages that kept them isolated from the normal experience
of encounters with damaging objects, or elders whoslap orbite in
the attempt to teach the youngsters howtolive in a normal social
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environment.The resultingbehaviourwasdisastrous. Thesemonkeys,

whenreleased into a normal environment, often engagedin suicidal

attacks against older and stronger monkeys. They also viciously bit

their own limbs. Theseactsof self-destruction by the monkeys “have

on occasion resulted in broken bones and torn skin and blood ves-

sels. After being repaired, many of these animals fail to profit from

their experiences, continuing to bite themselves and to attack larger

animals who inflict new wounds...’ (Lichstein and Sackett, 1971,

p. 340).

Meaningofthe situation

The importance of the meaning associated with a pain-producing

situation is made particularly clear in conditioning experiments

carried out by Pavlov (1927, 1928). Dogs normally react violently

when they are given strong electric shocks to one of the paws.

Pavlovfound, however, that if he consistently presented food to a

dog after each shock, the dog developed an entirely new response.

Immediately after a shock the dog would salivate, wagits tail and

turn eagerly towards the food dish. The electric shock now failedto

evoke any responses indicative of pain and became instead a

signal meaning that food wason the way. This type of conditioned

behaviour was observed as long as the same paw wasshocked.Ifthe

shocks were applied to another paw, the dogs reacted violently.

Pavlov reports that similar results were obtained in other experi-

ments in which intense pressure or heat wasused as the conditioned

stimulus. This study shows convincingly that stimulation ofthe skin

is localized, identified and evaluated before it produces perceptual

experience and overt behaviour. The meaning of the stimulus

acquired during earlier conditioning modulates the sensory input

before it activates brain processes that underlie perception andre-

sponse. |

There are more familiar examples of the role played by personal

evaluation of the situation. Abdominalsensations that are assumed

to be gas crampsandare usually ignored maybefelt as severe pain

after learning that a friend or relative has stomach cancer. The pain

may persist and get worse until a doctor assures the person that

nothing is wrong. It may then vanish suddenly.Still another example

is the frequent observation by dentists that patients whoarrive early

in the morning, complainingofa terrible toothache that kept them

awakeall night, sometimes report that the pain disappeared when —

they entered the dentist’s office. They may even have difficulty




































































































































































































































































































































































































































































































































































































































































