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"I often say that  when you can measure what you are speaking about, and express i t  
in numbers, you know something about i t ;  but when you cannot measure i t ,  when you 
cannot express i t  in numbers, your knowledge is of a meagre and unsatisfactory kind; it 
may be the beginning of knowledge, but you have scarcely, in your thoughts, advanced t o  
the stage of Science whatever the matter may be." 

Lord Kelvin 

I. INTRODUCTION 

Most of the quantitative work on the effectiveneas of drugs in altering sensa- 
tion has been done on pain. This is easily understood in the light of the practical 
advantages to accrue from such work. Just as pain was doubtless the first reason 
for the development of the physician, pain and its control remain one of his 
principal interests. Notwithstanding the fact that the limelight in therapeutics 
has for some time been focused on the great advances made in chemotherapy, 
it is nonetheless true (433) that much of medicine is still concerned with the 
treatment of symptoms, and of these the moet important is pain; there is an 
instant need for the relief of pain. The scientist has a compelling intereat in pain, 
in its anatomical apparatus, in its mechanisms of production and in the chemical 
and neurological processes involved not only in its production but also in its 
relief. There is an abundance of good ressons for work on pain; there is, however, 
still another reason for study: In work in this area over the past decade, the 
measurement of pain has never seemed to the writer to be only an end in iteelf, 
valuable as this end might be, but rather an area whe- to 

other ubjective responses, where points of view and insight into technical 
S w h e 8  to other Gbjective responses and to the mntmls essential for such 
work could be gained. Here is a comparatively neglected area of pharmacology 
as far as quantitative work goes. When one considers how many of the agents 
in the Pharmacopoeia are designed to alter subjective responses, the need for 
quantitative work is evident. The extensive work on pain merits reexamination. 

The plan of this review has required the separation of parts of the material ao 
thst approaches to it can be made in several ways: Work on (a) man and (b) 
animals will be considered. The material involved will be separated further into 
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sections (a) on pain experimentally produced and (b) on pain of pathological 
origin. The principal techniques &experimental productiqp of pain involve 

cipally with electrical, rarely with thermal and mechanical techniques). muscles 
(used with mechanical techniques), and viscera (used with mechanical tech- 
niques). The pathological pain studied bas-efly from operative wounds 
or from malignant growths. 

The chief purpose of this review is to examine, as thoroughly as the data permit, 
the pain techniques employed, their applications, and the results obtained there- 
from. It seems rather remarkable that in all of the scores of studies that have been 
made, few investigators seem to have questioned the assumption that pain is 
the same whatever ita origin and useful for all purposes to which it has been 
put, that the only characteristics of interest are intensity and duration. But i t  
has recently become clear that the m$niwnm of pain (57) can be of dominating 
importance, and with the recognition of a fresh approach to pain, to ita relief, 
and to studies of the mechanisms involved is required. 

Prior to the last decade and a half, work on pain was not adequately controlled 
in most cases. Controls have been improving, and with this improvement the 
r81e played by bias in the interpretation of the reaulta has lessened. One sur- 
priaing consequence of this has been to question the validity of the use of ex- 
perimentally contrived pain in man for the purpose to which it has chiefly been 
put, namely, the evaluation of analgesic agents. This question must be examined 
searchingly, yet the reviewer hastens to add that he has no intention of chal- 
lenging all possible uses of experimental pain. Experimental pain has been es- 
sential for the work of thoae who have established the anatomy involved in 
pain impulse transmission. To mention a few: von Frey, von Helmholtz, B i o p ,  
Gasser, Erlanger, Lorente de N6, Adrian. It seems likely that ultimate under- 
standing of the importance and relationship of the two parts of the dichotomy, 
original sewtion and reaction to sensation, may be achieved by further use of 
experimental pain. Adequate experiments to do this in any complete sense have 
not yet been devised, although a good start has been made (316, 317, 318, 319, 
384, 439, 440). Many other uses of experimental pain must be discussed. The 
limits of wfulneas of pain of both origins, experimental and pathological, 6ill 
be examined and compared. 

11. DEFlNlTION OF PAIN 

". . . let a auBerer try to describe a pain in the head to a doctor and language runs at 
once dry . . ." Virginia Woolf 

UnfortunaNly pain is a universal experience of mankind and everybody knows 
what is meant by it; so this review will concern itself only briefly with psst un- 
satisfactory attempts to define pain. Pain is, it must be admitted, uncommonly 
diEcult to define. But attempts a t  definition are useful in that they throw light 
on the process and on the nature of the difficulties encountered. 
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Pain is a subjective matter clearly "known to us by experience and described 
by illustration" (414). There seems little point for the present purposes to labor 
a definition of what  all understand. Lexicographers, philosophers and scientists 
have none of them succeeded in defining pain. Having eaid that it ie the opposite 
of pleasure, or that it is different from other sensations (touch, pressure, heat, 
cold), or how it is mediated (through separate nerve structures), or what the 
kinds of it are (bright, dull, aching, pricking, cutting, burning) or what kinds 
of things will produce it (trauma to nerve endings, or to nerves, electric shocks, 
intense stimulation of the sensations of touch, pressure, heat, cold) or what i t  
comes from (injury, bodily derangements, or disease), or that certain typea of 
mild stimulation cam probably be stepped up to a painful level through condi- 
tioning, or what some reaction patterns to it aro (escape or avoidance), none 
of thee individual statements, nor indeed their sum total, provides a definition 
of pain. 

Sir Thomas Lewia said (414), ". . . I am so far from being able satisfactorily to define 
pain . . . that the attempt could serve no useful purpoee." Burke aaid, "Pain and pleaaure 
are simple idem incapable of definition." 

Bishop's and Geseer's and Adrian's intensive and productive work on pain covering 
many yeens baa given them abundant reasons to underatand the difiicultiea here. Gasser 
(237) haa commented, on request, as follows: "I am almoet sure that I have never attempted 
to formulate a definition of pain. If I had I would be more succeseful in trying i t  now. Can 
we not look a t  i t  thia way? The word pain serves as an inter-peraonal signal. Whatever it 
denotea to a particular individual is only something that he himself knows. That i t  must 
mean much the same to one individual aa to another, ia inferred because the signal can be 
used in inter-peraonal communication, with the communication still making sense. In other 
words, the eignal passes a pragmatic test for everyday life. 

"If I remember right Lewis described pain sensations having three different qualities. 
I think I identified two but not the third. Whether or not any of my recolleotion be correct, 
is unimportant. The point is that I had to perform the operatione in order to see if I could 
make any differentiatione in the qualities of my private experience." 

Bihop (85) has, on request, made a valiant effort to define what seems to be patently 
undefinable: "Pain ia what the subject says hurta. You can't get behind that. I t  coneista 
however of two phenomena. A. Pain as a subjective experience, reported aa a sendation 
when referred specifically to some part of the body and sufficiently unpleasant to be desig- 
nated M painful by the subject. End definition A. 
'm unpleasant sensation will of course vary with emotional state, anxiety, anticipa- 

tion of dinaster, eb., and is almoet impossible to deal with quantitatively since it has such 
a large component of what is referred to as reaction to sensation. It may be due to activa- 
tion of any modality of sense, and I suspect, to none. I know of people who can throw a 
sick h h h e ,  and so do you, as a proteat, and I can't say they don't have one. I once 
knew a man who could raise gooeefleah on hie arm by thinking of a war experience. 

l'B. Pain aa a physiological proceaa, with a subjective evaluation in addition to percep- 
tion ia a result of stimuli to sensory endings or pathways of two types of fibers; certain 
small myelinated fibers causing pricking pain on adequate stimulation, and unmyelinated 
fibers oausing burning pain.' Both pase up the lateral columm of the cord after synapse 
in the eubstmtia gelatinoea. End definition B. 

1 First and second pains have been separated (256) by determining the conduction times 
of the two. Interference with the alpha rhythm of the electroencephalogram marked the 
cortical arrival of the fast impulses. After the fast pain had been eliminated by tourniquet 



"Ae far as I know, no other endings will cauee pain as a report from normal aubjecta 
relaxed and uaapprehemive. Thia pain is also a subjective experience aa all sensation 
must be but with lees emphaeis on reaction, and more on immediate perception and dis- 
crimination. I wieh there could be two names for them two, both types of experience, the 
first including the aecond, but I am not a philologist and to coin new namea for so conven- 
tional an experience doeen't persuade anybody as to what hurta and what doesn't. 

"I am not sure thia will do you any good, but when I have to teat a patient as to what 
operation ie to be performed, if any, the second definition seema to be a practical one. It 
doee require some 'training' of the subject including a relief of anxiety etc., and some re- 
peated testa for learning to discriminate. But it usually dSerentiatea between pain B 
and anything else if done carefully, even in anxious patients. 

"Pain could ale0 be tied to the phyeiological reaatiane like sweating, blood preeaure etc. 
but I don't think that differentiatea adequately, like the man who can raise gooseflesh any 
eubject can go through the motions of being hurt. So while them testa have some value, 
I wouldn't make a definition depend on them. I am afraid I wouldn't make i t  depend on the 
effecte of analgaaim either, especially after your own work with them. 

"If you ever get a good peychologiet to tell you what pain is, please let me know. I 
haven't had any luck." 

Adrian (6), on being asked if he would attempt a definition, eaid "When I waa an under- 
graduate the inner circle besed their viewa on George Moore. Hia book was called 'Principia 
Ethical and i t  aet out to analyse all the definitiom of 'goodJ and to show where they all 
went wrong. He did thia so effectively that I ehould never dare to risk formal definitions of 
anything. I euppoee when we think of mental pain we mean the reverse of pleaeure and when 
we think of physical pain we mean eomething much simpler. But I don't aee how one can 
defiae the particular quality of physical pain. A chapter about its definition would be well 
worth having, for i t  would remind the reader of all the characteristics and conaequencea, 
ek.-but I think it would be like Moore's book on 'good' and would have to end up the 
same way by aaying that when we eay a thing ie good we mean that it ie good and not eome- 
thing else. " 

A wcalled operational definition of pain (197), where criteria such as the 
subject's statement, a cry, skeletal withdrawal, or other reflex are employed to 
denote the presence or a b n c e  of pain is still not a &inition in any safisfactory 
sense, even though such aigns perhaps adequately indicate the probable presence 
of pain. As Edwards points out (197), pain refers to an experience, not to the 
behavior produced by that experience. He concludes that no operational defini- 
tion of pain hae so far been formulated: "The word pain is now uaed to refer 
to a perception, like a tone or a color, rather than an affective state or a per- 
formance in a choice situation." I t  is not far-fetched to consider the subject's 
report as "operationism." 

I t  seems paradoxical to speak, as we shall in thb review, of measuring some- 
thing which cannot be satisfactorily defined, and if this were true it would be 
paradox or noneenae or both. The fact is, pain is defined introspectively by every 
man. The Wculty comes in verbalizing this well known experience, not very 
Wcul t  in terms of statements of ita presence or absence in various degrees or 
kinds but in saying what it is. 

asphyxia, the arrival time of the slow pain waa determined in the same way. Thua i t  wre 
poesible to demonstrate in an objective way the conduction velocities of the two tygee of 
pain. 
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Wikler (641a) and hie associates have set themselves the formidable taak of defining 
operationally "anxiety aaaociated with the anticipation of pain." This is done "in terms 
of disruption of adaptive behavior, not in t e r n  of 'avoidance' or 'escape' responses. There 
may or may not be significant differences among the kinds of 'anxieties' reflected in these 
three different measures, but what we have been aiming at, is the experimental investiga- 
tion of 'giving a damn about pain', and our hypothesis is that how much 'gives a damn' 
about pain can be inferred from observation of the extent to which signals heralding noci- 
ceptive stimuli which the subject cannot escape or avoid, disrupt previously learned responses 
that are 'adaptive'. After all, is that not actually the basis on which we proceed in assess- 
ing 'clinical' pain for purposes of deciding whether or not to intervene? Perhape we are 
getting closer to an operational definition of that sort of pain for which analgesics are 
prescribed. But this is a problem about which there can be many opiniom, and on the 
basis of the limited evidence presently available, I cannot successfully refute your con- 
clusion that 'Pain cannot be satisfactorily defined, except aa every man defines it intro- 
spectively for himself9-yet!" In view of the Lexington group's superb achievernenta to 
the present, i t  would take a much hardier soul than the present reviewer to aver that 
they will never succeed. 

111. PAIN APPARATUS; PAIN AS A SPECIFIC SENSATION 

The scientific study of pain is more than a hundred years old; one can place 
its beginning a t  1846% with Ernst Heinrich Weber's interest in the pain ap- 
paratus, specifically, with his separation of pain from the sense of touch. "It 
was plain to him that pressure, warmth, and cold are true sensations," as Boring 
(99) puts it, "because they have their proper stimuli . . . . Pain, on the other 
hand, seemed to him to have no proper stimulus but to represent a bodily need, 
like hunger or nausea. In recognizing this difference, Weber rendered science 
a service, but his contribution was negative . . . ." 

It was only a little while later, 1850, that Fechner saw in Weber's studies on 
intensity of sensory experience, ". . . a way for writing the quantitative rela- 
tions between mind and body, or, more particularly, between sensation and its 
stimulus. Out of this inspiration grew the whole of psychophysical research and, 
thus, in a way, of the new experimental psychology" (Boring, 99). 

A generation later, 1880, the theory of specific nerve energies presented the 
concept that separate nerve fibers served each quality of sensation. It was be- 
lieved that thus nerve fibers had their own beginnings in receptor organs and 
their own endings in the brain. This view had the powerful support of Johannes 
Miiller and of von Helmholtz (99). Before long this generally correct belief was 

Presumably it was sheer coincidence that scientific attack on the pain problem and 
the clinical interest in pain and conquest of one segment of the problem, through the general 
introduction of anesthesia, took place in the same year, 1846. And yet, one can speculate 
that there may have been a common tide of interest at  that time in the pain problem that 
led to such great reaulta. In any case the scientific interest in pain stemmed directly from 
the fact of clinical pain. If the two developmenta just mentioned aroee from a common 
atmoephere of interest, then 1846 can be said to mark the modern beginning of what haa 
become in recent yeare a recognition that the origin of some kin& of baaic (the term is 
used in its classical sense) scientific advance is to be found only in the sick mom, only in 
the presence of disease. This view has lately been notably exemplified by the advances made 
in the physiology of the endocrine glands, basic advances that could not have been made 
until triggered by the problems presented by deranged endocrine glands. 
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confused by the work of Goldscheider who, because he had difficulty eliciting 
pain alone from the skin, concluded erroneously that pain arose from intense 
stimulation of any sense. It remained for von Frey to set investigation again 
in the right direction. In 1894 he demonstrated pain spots in the skin. This led 
to the demonstration of pain as a special sensation, served by its own apparatus. 
The anatomical basis for this has been clarified and supported by the work of 
many (7,235,303,423,427). 

Specific references to the papers of Weber, Fechner, Miiller, von Helmholtz 
and to the numerous papers presenting the long controversy between Gold- 
scheider and von Frey have been omitted since these as well as the papers de- 
scribing tbe more recent developments concerning the pain apparatus, while 
interesting and relevant to the subject of this review cannot be dealt with here 
for reasons of space, and need not be, for thorough reviews are easily obtainable 
(5, 80, 197, 235, 236, 289, 574, 617, 636). 

IV. PAIN STIMULUS 

Pain can be evoked by many kinds of stimuli: thermal, electrical, mechanical, 
chemical. Pain originating in the skin has been more thoroughly studied ex- 
perimentally because of the greater a c d b i l i t y  of its receptor organa than has 
visceral pain. Few if any divergent views or conflicts of opinion have arisen from 
studies in the two areas. Pain is also evoked by disease or trauma. Formidable 
controversies have arisen as a consequence of the assumption that all pain of a 
given intensity and duration is alike whatever its origin. A major purpose in 
planning this review was to examine the assumption that pain is always the 
same, varying only in intensity and duration, and if thia view be found incorrect, 
to show why this is so. It can be said at  once, however, that there is much evi- 
dence that a serious error is made when it is armmed, as was nearly u n i v e d y  
the case only a few years ago, that all pain from any origin is equally useful for 
study of all problems. This is demonstrably not the case and the reason is that 
while all pain apparently has two components, original sensation and the re- 
action thereto, variations of great degree in the reaction part are determined by 
the significance of the cause of the pain, as has been shown (57). The significance 
of the pain controls the field of usefulnem for study of pain of a given origin. 
This will be discussed in detail below. 

It has often been stated that "the adequate stimulus for pain sensation is the 
damaging of tissue" (289). This seems unlikely. Light p m u r e  on a sensory 
nerve can be exquisitely painful. It seems improbable that this produces tissue 
damage. The view concerning tissue damage as the adequate stimulus is not 
accepted by Bishop (86a), nor by Beecher (57). 

Much evidence is available to indicate that the reaction component usually 
differs widely in the two types of pain and is responsible for the dilTerencea en- 
countered. ~ikler'(639) said, "A 'stimulus' cannot be defined in terms of its own 
properties alonC, since its capacity to evoke responses is determined in part by 
antecedent events, and by particular experimental arrangements." In other 
words, conditioning plays a part and so does all of the elaborate mechanism of 
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the reaction component. Attention will later be given to the view that pain 
thresholds are not pure perception but include reaction and that this is why 
they are so far from constant. The diflicult but soluble problem is to introduce 
quantification into this complicated field. Most successes have reeulted from the 
careful design of experiments whereby otherwise uncontrollable complexities 
are kept constant and made to cancel out. For example, just as the life W r y  
and pain experience are comparable for no two individuals, so error is introduced 
if this conditioning is not represented essentially unchanged throughout a given 
experiment, hence the importance of the use of correlated data, that is, the 
study of the same drugs under the same circumstances in the same subjects. 

In discussing skin sensation Bishop (81) points out that 1) no sensation is 
experienced in the skin, for sensation is a function of the brain cortex and 
thalamus; the skin contains certain mechanisms for changing environmental 
energy into nerve impulses. 2) Some of the activities of sensation are 'Srreprea- 
sibly" carried into consciousness; some are registered in consciousnese by atten- 
tion; some are not capable of reaching consciousness. 3) The state of the skin 
modifies the action of its sensory endings, chiefly by altering threehob. Thus 
temperature threrJholds depend on the temperature of the skin. Touch and pain 
thresholds depend on the skin's flexibility, i.e., moisture content. Various irrita- 
tive and inflammstory processes increase the excitability of the sensory endings 
in the skin. Bishop (868) emphasizes the importance of differentiating between 
pricking and burning pain, delta- and Gfiber pain. He says, "moet pathological 
pain is probably C whereas most testing is done in delta." 
Pain can be separated from other sensations: Spatial summation of pain does 

not occur, but summation does occur for warmth (temperature sensation) (289). 
The wounded soldier may be made aware of his wound by the blood flowing 
over hie skin (150). Whether this is due to warmth or touch is not entirely clear; 
warmth mms to be the sensation first obeerved, in the abeence of pain. The 
threaholda for wnsations other than pain (touch, vibration, two-point discrimina- 
tion, smell and hearing) were not rsised by morphine, codeine, ethyl alcohol, 
a barbiturate or acetyhalicylic acid in ordinary dossge (642). The pain threehold 
appesrs to be separable from the threshold for other modalities. A "marked 
disaocistion" was 0beeNed between tactile and pain sensitivity when the pain 
threshold (von Frey hairs) was elevated with ingested alcohol (465). 

A pain stimulus must be chosen which can be controlled and measured and 
which permits the establishment of a clearly perceived end point. The end point 
must not be altered by the necessary repetition of the experiment. This is a 
problem with all forms of stimulation; it is especially great with the radiant 
heat stimulus. Boring (99) describes "two notable contributions" made by 
Hardy, Wow and Goodell: 1) They have provided a measurable stimulus for 
pain. He points out that Weber had no proper stimulus; von Frey uaed heavy 
forces applied to small surfaces with force distributed, or needles scting by 
destruction of tissue. In either case effectiveness is not properly measured by 
the force applied. While Hardy, Worn and Goodell were not the first to use 
radiant heat as a painful stimulus, they were the first to make a systematic 
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study of it. 2) Boring considers that their next important advance was to measure 
the intensity of pain-the do1 scale. This, ideally a t  least, permits the plotting 
of sensation against stimulus and is applicable to Fechner's century old "funda- 
mental problem for psychophysics." 

A verbal end point has been used succdully in studies of nearly all types of 
sensation. It is dependable in the study of pain. (See V, B, 2.) It is not to be 
confused with muscle twitches, blinking, withdrawal, or any form of reflex or 
glandular response (285). Differences between pain threahold and motor re- 
sponses are well established (126, 128, 129, 132, 133, 519, 520, 521). 

It is the reflex response which determines the end point of nearly all animal 
experimentation in this field. But this is a reaction threshold, not a pain thresh- 
old. The use of respiratory depression as the critical parameter is an exception 
(592). (See V, A, 8.) 

V. METHODS FOR MEASURING PAIN 

A .  Pain for expempemmm!d procedures 
A rather full list of references will be ejven to the methods of producing pain 

for experimental purposes and their modifications and applications to various 
problems. The procedure of each method will be stated, but for reasons of space, 
principal attention in this review will be given to an examination of the ad- 
vantages and limitations of each method. It is remarkable how often the orig- 
inators of "algesimetric" apparatus proceed on the assumption-indeed in most 
cases there does not appear to be awareness that an assumption has been m a d e  
that the only problem is to devise some ingenious means of inflicting pain which 
is quantifiable in mechanical, thermal, electrical or chemical units irnd which, 
preferably, differs from methods devised by others. Such investigators some- 
times focus their inventive powers on the machine to be used and neglect the 
man to be tested. 
Pain is measured in terms of its relief. This system is common throughout 

pharmacology where induced nausea is sometimes appraised through the power 
of a given antiemetic agent to s u p p m  it, and induced cough by the power of 
a given antitussive agent to check it; antispasmodics in standardid doses 
reveal during relief the extent of induced moo# muscle spasm and antihis- 
tamines are compared on the baeh of their power to relieve the effects of a given 
dose of histamine, and so on. One special problem with pain is that the "ade- 
quate stimulus" for it is said to produce tiesue damage (289, p. 23) with W b l e  
error to ensue when subsequent measurements are made. (Bishop (864 ques- 
tions tissue damage as necessarily the adequate stimulus for pain production.)8 

8 Notwithatanding perfectly clear statements in the Hardy-Wolff-Goodell book (289), 
Hardy (276a) staka hie current view as follows (280): "The threahold of pain and reflex 
reeponsea to noxioua etimulation by heating is determined by the lowest rate of inactiva- 
tion of tissue proteins which will cauae tissue damage if the thermal stimulation is suffi- 
ciently prolonged." In an effort to be fair the reviewer has included this current view as 
armed by Hardy in a recent letter. But in this sentence as elsewhere Hardy hes linked 
pain threshold and tisaue damage, although rate is to be emphasised. 
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All of the common forms of stimuli used to elicit experimental pain (thermal, 
electrical, mechanical and chemical) have been observed (289) commonly to 
produce evidence of local tissue change, for example, a transient erythema. Un- 
like the coneequencea of arousal of other sensations, painful stimuli, if continued, 
invariably alter the tissue so much as to disrupt its function. Such observations 
led to the hypothesis that the adequate stimulus for pain is tiesue dsmage (289). 
As will be discussed later, it is difficult to reconcile this view with Beecher's (57) 
demonstration that great wounds are under some circumstances painlees and 
that significance of the wound appears to determine the presence or absence of 
pain. 

Goetzl et d. (244), in common with most investigators in the field, start out 
with the assumption that there are experimental procedures that can be used 
to evaluate the analgesic power of drugs and among them a "best" one. This 
review will be concerned with the evidence that the methods "work" and if 
they work, whether they do, both in man and in animals, and under what cir- 
cumstances and for what purposes. 

Most of the early studies on pain were made on man (244); animals as sub- 
jects are more recent. Early investigators outlined (a) the pain receptive field, 
@) physiology of the pain receptive organs (normal and pathological), (c) con- 
duction of pain impulses, (d) responses to painful stimuli, (e) study of analgesic 
properties. 

It is to be emphasized, reliability in algesimetry is determined by a number 
of factors: reproducibility of a known stimulus, stability of pathway between 
stimulator and receptor, stability of threshold of receptor and of perception and 
not only the power to duplicate findings in the same subjects but also in different 
subjects (292). 

Miller (451) comments that pain being a subjective phenomenon should be 
more easily characterized by man than by an animal. Somewhat paradoxically 
the opposite seems to be the case as far as experimental pain is concerned. This 
will later be discussed in detail. 

Either one of two approaches to determination of the pain threshold is ac- 
ceptable: the painful stimulation can be delivered for a h e d  time a t  increasing 
intensity, or a fixed intensity for increasing time. A reciprocal relationehip be- 
tween time and intensity should be established for a given method when time 
is used to determine threshold (289). 

1. Ideal method. Several investigators (131, 244, 289, 451) have attempted to 
set down in general terms the requirements of an ideal method for producing 
painful stimuli. The aim has been to find which practical method comes neareat 
to the ideal. The requirements of the ideal method are as follows. I t  should pro- 
vide: (a) stimulus which can be applied to a body part where n e u r o ~ l o g i c a l  
variations are at  a minimum in different individuals, where i t  can be measured 
and closely associated with the changes which produce pain, (b) quantitative 
data in response to a given stimulus under given conditions, with little tissue 
damage a t  the pain threshold level and the hazard to the subject small a t  the 
highest intensities, (c) a relationship between the intensity of stimulus and the 
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intensity of the pain experienced, (d) quantitative information as to the least 
difference between the intensities of two stimuli throughout the range of useful 
intensities, (e) the possibility of carrying out several to many repetitions of the 
stimulation even above the pain threshold value without interfering with subse- 
quent determinations, (f) easy application of the stimulus and clear identifica- 
tion of the pain end point, even though other sensstions may be aroused by the 
stimulus (strictly speaking, in ideal terms no other sewations should be a r o d  
by the stimulus), (g) quantitative determination of each pain quality when more 
than one are present, (h) sensitivity so that agents of low analgesic power can 
be detected, (i) differentiation among graded dosea of an analgeaic through their 
power to alter the effecta of a standard pain stimulus, (j) applicability both to 
man and to 8nimnls. 

The abstraction, "the ideal method," can have some value in orienting one's 
intereats and goals. The abstraction does more harm perhaps than good if it 
euggests that all of its "requirements" are worthy of a practical search. In fact, 
i t  is quite evident that mod invdgators  working with experimental pain have 
tscitly mmmed that the goala indicated above are legitimate and attainable. 
This is not the case in one or two important instances. For example, take the 
reaaonablegounding statement that the ideal method should show a quantitative 
relationship between the intensity of stimulus and the intensity of the pain ex- 
perienced. It would be moat convenient if it did. The fact is, there seem to be 
insuperable difficulties in achieving m y  such precise relationship. The reason 
for this does not emerge in the statements made so far in regard to the charac- 
teristics of the ideal method. The reason emerges only when i t  becornea plain 
that a dominating factor has been left out of consideration, the reaction com- 
ponent. It will be shown later on that this factor is a t  times of absolute im- 
portance, that is, i t  can determine, whatever the stimulus to the pain apparatus 
may be, whether pain will or will not be perceived. It will be made evident too 
that the reaction to pain of pathological origin is far greater than it is to experi- 
mental pain. Nonetheless, experimental pain appears to contain enough of the 
reaction component to destroy many a h e  thesis. The evidence for this will be 
presented in detail later. Briefly, i t  is probable that the lack of constancy of the 
pain threshold, the failure of so many investigators to demonstrate a dependable 
relationship in man between the pain threshold and analgesic action, and the 
failure of pain threshold data in man to be borne out in experience with clinical 
pain, indicate the presence of an important reaction component in experimental 
pain. 

I t  is difficult or i m p k b l e  to state all of the requirements of an ideal experi- 
mental pain method in meaningful terms when the complications introduced by 
the reaction factor are taken into account, unless one clings to the view that it 
must be held constant, yet knowing full well that it is probably never the same 
for two individuals nor even for the same individual from one time to another. 
These are strong statements; strong evidence is available to support them. 

Another difEculty with statement of the ideal experimental pain method liea 
in the problem of applicability both to man and to animals. Any statement of 
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the ideal should recognize what the parameters of decision are for the separate 
species and that they are very different. Even the ideal method, if it is to have 
helpful meaning, must take the species differences into account. It seems evident 
that any very useful statement of an ideal method for producing experimental 
pain has to be hedged about with so many qualifications as to give it only limited 
value. 

9. T h d  m e W  in general. The following studies, indicated by number, 
refer to original methods, their development and their application in the cate- 
gories specified. 
Man: 15, 17, 1+22, 60, 64, 75, 106, 121, 129, 131, 132, 136, 142, 165, 168, 

214,216,227,264,265,277-280,282,283,284,286,287,288,290,301,324,352, 
353,376,384,402,404,405,424,469,485,493, 515, 519, 520, 525, 528, 531, 558, 
561, 571, 591,604, 610, 629, 630, 633, 642, 668, 669. 

Animal: 23,66, 120, 157, 194,200,212,219,264,280, 297,298,315,324, 338, 
344, 451, 489, 490,491, 531, 591, 647, 648, 649, 651, 675. 

The highlights here are chiefly these: Goldscheider (249) introduced heat as 
a meam of evoking pain experimentally (see also 289). In the beginning heat 
was transmitted by contact, either through hot water or hot objects (121, 523, 
524, 525) generally applied to the skin. The sensations evoked by hot and cold 
water in the alimentary canal were studied (97). These methods were not con- 
cerned primarily with pain t h h o l d  studies (289); however attempta were made 
(199) to get a t  threshold values by direct application of hot bodies to the skin. 
The pain threshold value for cold water was determined as 18OC. (657). 

A great difficulty with all contact methods is that sensations of touch and 
pressure are evoked by them as well as pain. Alruta (13) suggested that this 
problem could be avoided by the use of radiant heat. This was accomplished by 
focusing the sun's rays on the skin (557, 610). Adaptation to pain will be con- 
sidered in a separate eection (X, 17) but i t  should be mentioned in e that 
i t  does o c c u ~  to heat (572). 

One of the greatest advances in this area came about when Oppel and Hardy 
(474) ehowed that the heat radiation technique could be applied so as to permit 
study in quantitative terms of the temperature eense of man. The extensive 
series of papers by Hardy, WoM and Goodell on the radiant heat method for 
producing experimental pain stem from this. They have summarid six ad- 
van- of the use of thennal stimulation: 

"1. The necessary apparatus is simple and easily constructed. 2. The intensity of the 
stimulating agent can be precisely measured. 3. The sensory threshold to pdn es a result 
of this stimulua is a eharply defined experience so that threshold0 may be determined with 
accuracy higher than that of other methods. 4. The method ie flexible so that the time of 
expoeure to the stimulus, the state of the skin, etc., can be varied at will. 6. The stimulus 
can be used for large and small areas of skin even though the surface be irregular. 6. The 
stimulua can be repeated in rapid succession without injury to the skin surface teated." 

It will be eeen that points 2 and 6 are open to considerable question. 
There are, however, many difficulties: Heat which actually constitutes the 

stimulus is difficult to measure in exact terms. The temperature of the receptive 
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field is determined not only by the heat delivered to i t  but by the circulation 
of the area. An assumption of direct proportionality between the heat stimulus 
and the opposing homeostatic mechanisms of the receptor area is not justified 
(242). From this it follows that (a) the real stimulus cannot readily be varied 
by small but measurable d8erences and (b) the pain producing temperature 
cannot be varied a t  once. Heat cannot be applied to isolated pain receptors and 
the stimulating amount of heat cannot be reproduced with exactitude. Finally, 
the duration of the painful heat stimulus is neither measurable nor conatant (242). 

Ideal quantification of the thermal stimulus should, of course, depend upon 
measurement of the rise in temperature of the pain receptors; but, it is believed, 
a useful approximation of this can be made by measuring the rise in skin temper- 
ature. The energy supply to the skin has been determined by means of a radio- 
meter (284). This is a t  best an indirect measure of the rate of skin temperature 
change. The use of a thermocouple in air as employed by some (549) has little 
to recommend it. It has been assumed that there is linearity between the watt- 
meter readings ((the energy diaaipated in the lamp) and the radiometer readings 
(23). Likewise, one may assume a linear relationship in the transfer of heat from 
the skin to the pain receptors in the skin, and that rise in skin temperature is 
a linear function of the radiant energy absorbed, providing the circulation re- 
mains unchanged-a fairly great aesumption. Thus the rise in temperature of 
the dermal pain receptors is fairly accurately a function of the wattage in the 
lamp, excepting gradual changes in the flament and optical system over a long 
period (651). 

9. RadMnt he& methails. a. Fixed duration, v d l e  inftmity (284, 289). This 
method has, remarkably enough, been altered hardly at  all in the 12 years sepa- 
rating the two references just given. Current procedure is d ~ r i b e d  in very great 
detail in the eecond of the two and will not be repeated here except in brief form, 
since everyone interested in algesimetry is familiar with the method: The light 
and heat from a 500 or 1000 watt projection lamp is focwed for precisely 3 eec 
on 3.5 cmf of blackened skin, uwrally the forehead of the eubject. The exposure 
time is so short that only local heating of the skin occurs and effects from con- 
duction a t  the edge of the aperture are negligible (289). A shutter provides the 
expoeure, e lect r idy timed. The current delivered to the filament of the lamp 
is the "only" variable. Increased current permits the delivery to the akin of in- 
creased heat so that the subject finally experiences a sharp jab of pain, the 
"threahold pain," a t  exactly the end of the 3-second exposure. The period be- 
tween exposures is 1 minute. When the intensity of heat required to give the 
threahold pain is determined, a radiometer is placed in the beam instead of the 
forehead and the intensity of the radiation is measured in gcal/sec/cmf. In 
the beginning the intensity of the beam was determined by a rheostst; later a 
"Varisc" was used. A voltage transformer and a vacuum thermocouple to keep 
track of the intensity of illumination have alao been used (214). 

Three times as much radiant energy are required to evoke pain from a light 
source as from heat rays alone (216). Flodmark and Wramner (216) have em- 
ployed a color filter and have not blackened the forehead since it is difficult to 
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get the same degree of blackening each time and also because removal of the 
stain is likely to produce injury to the skin with increased irritability to interfere 
with later tests in the same subjects (142, 216). The greater the wave-length of 
the heat rays, the more they act on the pain receptors. Some believes this is 
because the long rays are better absorbed than are the short rays into the skin 
layers where the pain receptors are found. 

Continued use of the heat lamp results (227) in a reduced output of radiant 
heat for any given reading of the voltmeter and careful calibration with a radio- 
meter is mandatory if the painful stimuli are to be accurately reproduced. 

The originators of the method (279) state that "for the mo& accurate measure- 
ment" of pain threshold by the thermal radiation method, i t  is neceeary to 
correct for the &in temperature. This can be done from the curve presented. 
Since the forehead skin haa a temperature of 34" f 0.5"C. under ordinary labora- 
tory conditions, i t  is not likely that failure to correct for this error vitiates much 
work. Error will be introduced when the room temperature is below 20°C. or 
when i t  is above 30°C. In the latter case sweating will occur and this will inter- 
fere with endpoint determination (214,279, 185,405) but not according to others 
(131). An elevation of 10°C. c a d  a lowering of the pain threshold by a p  
proximately 200 mcal/sec/cm2 (131). (See X, 7.) Cooling would have the o p  
posite effect. 

Species variations must be taken into account. Winter and Flataker (652s) 
have called attention to the fact that morphine produces a lowering of body 
temperature in many species of birds and mammals, but an elevation in the 
horse and the cow, and after large doses, in rats. Since dogs and rats are widely 
wed in thermal analgesic screening procedures, and since the reaction of the 
animal to the stimulus is a response to the rise in skin temperature, their find- 
ings and observations of differences are important. They report that morphine 
produces a rise in rectal and skin temperatures in rats and a fall in dogs. They 
also report that the lowering of skin temperature in the dog accountp for much 
of the rise in threshold produced by morphine in this species. In rats, the rise in 
threshold sssocistsd with morphine administration "is due entirely to an increaae 
in the temperature of reaction ; indeed, an elevation in threshold in this species 
occurs in spite of an elevation of skin temperature." Therefore rat data appear 
to be much more valuable than that from dogs when the stimulus ia heat to the 
skin. 

Usually, if not always, the originators of the method have approached the 
threshold from below, for the very good reason that suprathreshold stimuli are 
likely to damage the tissues and impair the "reading" of W u e n t l y  defermined 
"thresholds." But i t  must be admitted that the a p p d  from below involves 
the hazard of introducing a constant error (197). Other difEcultiea have been 
recognized (197): The usefulness of the radiometer reading aa an index of the 
amount of heat delivered to the skin depends upondidentical blackening of the 
skin from person to person. It has been reported (4f4) that radiation of the skin 
leads to histamine release or the release of a histamine-like substance and this 
in turn leads to hyperalgesia and this in turn to threshold alteration (285). 
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Whether the threshold values of heat alone would lead to this difEculty is not 
clear. Higher levels of heat which lead to persistent erythema are hazardous. 
They can lead to great lowering of the pain threshold (289). Presumably the 
early studies by Hardy, Wolff and Goodell did not take this possibility into 
account, for it wasn't until 1949 (281) that a caution not to use the same skin 
area for many repetitions was mentioned. The warning was with regad to supra- 
threshold stimuli (197), but earlier studies (286, 287) had employed supra- 
threshold stimuli without this caution. These authors have not presented mathe- 
matical validation of the supposed differences they have reported, and all too 
often insuficient variability data are given to permit present calculation. Not- 
withstanding these acuities, it must be recorded that Edwards (197) con- 
cluded that the results reported by Hardy, WolfT and Goodell "are appivently 
fairly stable and reproducible." This seems an unwarranted conclusion judging 
by the imposing and opposing data available in 1950, when Edwards' review was 
written, yet not included in his fairly extensive bibliography. The reader can 
make up his own mind as to whether this view is tenable a t  preaent, after the 
presentation has been made of the material in the sections to follow on pain 
threshold and on the effects of analgesic agents on pain threshold (see VIII, 
2 and IX). Edwards' conclusion is demonstrably open to doubt. 

Whyte (633) challenges the validity of the Hardy-WoM-Goodell method. I t  
is based on two assumptions, he says: 1) That the initial skin temperature of 
the forehead is constant. 2) That the rise in skin temperature effected by radiant 
heat is proportional to the intenaity. Effects of drugs may modify skin temper- 
ature. The range of intensities used is narrow and Hardy, WollT and Goodell 
assume proportionality up to threshold of pain. 

It seems remarkable that some investigators (265), using the raaant heat 
method, have found "no great difference in peak height" between subcutaneous 
and oral routes of administration of drugs, "but the time to reach the peak effect 
was markedly increased by oral administration." An examination of them data 
only adds to one's questions. Take the agent Nu 1779,lO mg dose. The threshold 
elevation was greater, 20.9 % on oral, as compared with 17.8 % on subcutaneous 
administration. Perhaps this is not significantly greater but it certainly is not 
less. At the same time i t  took twice as long, 120 minutes as compared with 65 
minutes, to reach this higher peak on oral administration than it had on sub- 
cutaneous. (These are all mean values.) It seems a t  least possible that enough 
destruction of the agent would have occurred with the passage of time to in- 
fluence adversely the peak effect on oral administration. Data of these kinds do 
not inspire confidence in the method. It would be interesting to know what the 
results would have been if the investigators had employed the safeguards of the 
"double unknowns" technique and the use of placebos also as unknowns in these 
relatively untrained but enthusiastic subjects. In a very much larger group of 
subjects (patients) Beecher et d. (59), in studying pathological pain and wing the 
double unknowns technique, could h d  no effect of morphine, 10 mg, or co- 
deine, 60 mg, on oral administration in comparison with a placebo, although they 
did find a significant effect from 0.6 g acetylsalicylic acid when given by mouth. 
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A number of other factors which require control in this area will be brought 
out in the sections to follow. In conjunction with appraisal of the method of 
Hardy, WoM and Goodell it is necessary that some reference be made to these 
matters a t  this point. They have shown (285,665) how important attitude and 
suggestion are in modifying both the experimental pain threshold and the re- 
action to pain. They report that pain threshold rises equivalent to those often 
effected by analgesic agents can be produced by suggestion through placebos. 
Even greater rises than these, although of shorter lasting effect, are produced by 
distraction. Also "prejudice, anxiety and doubts altered the reports on the pain 
threshold-raising effect of acetylsalicylic acid so that the analgesic effect was 
negligible." They say further, "The success or failure as therapeutic agents of 
such analgesics as acetylsalicylic acid is markedly Muenced by the attitude 
engendered in the subject." One can only wonder as to why Hardy, WOE and 
Goodell have not considered it nec- to introduce control of the factors men- 
tioned when they were dealing not only with the relatively weak analgesic agents 
but a h  with the morphine class of substances. That such controls are essential 
with all analgesic agents, including the powerful, has been repeatedly ehown by 
the Beecher group and others. The evidence was summarized in 1956 (53). 

I t  is regrettable that, although WOE and Goodell (665) made their intemting 
observations in a comparatively early study and there was already available to 
them a t  that time other supporting evidence of the importance of suggestion 
(m), for reasons not clear they appear to have considered their finding8 on sug- 
gestibility as chiefly applicable to the relatively weak analgesics. Their later 
studies would have been greatly strengthened; and in several instances reports 
on them would have been made unnecessary by such controls. 

Notwithstanding the extensive use of the Hardy, WoM and Goodell method 
over a period of years, no very satisfactory way has been worked out for handling 
the data (451). For example, customarily observations are made a t  15 to 30 
minute intervals during study of a given analgesic agent. Thus 4 to 10 observa- 
tions are accumulated for each dwe of the drug, with peak values occurring in 
20 to 90 minutes. The percentage rise of the threshold over the pre-treatment 
value is calculated for each dose, and on being graphed these rises are reported to 
make a sigmoid curve. But i t  is customary to use only a part of the data. For 
example, Thorp (591) in studying rats, as Miller points out, "did some violence 
to the data" by drawing a straight line through the central portion of the data, 
ignored the obvious aigmoid shape of the curve, and even calculated the equation 
for the part he considered to be linear. As justification for this treatment he 
assayed two unknown solutions of morphine. With one he equated 0.29 mg/ml 
to 0.30. Miller points out that this was merely good luck since the increase in 
threshold represented here is in the flat part of the sigmoid curve. Thorp's data 
were more impressive for the other solution where he equated 0.35 mg/ml with 
0.36. In this region the curve was changing rapidly and the agreement is ex- 
cellent. Objection has been made (649) that Thorp apparently confounded in- 
tensity with rate of onset in his graded dose experiments became he had too 
short a standard time after treatment for threshold determination. For this 
reason Winder finds Thorp's graded effects difficult to interpret. 
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It was asserted (289) in early work that there were 21 "just noticeable dif- 
ferences" in intensity from pain threshold to "ceiling pain." Two such difFerences 
were called a "dol." While i t  is a scale of equal intervals, i t  is not a ratio scale; 
that is, i t  cannot be assured that a 4 do1 pain is four times as intenae as a 1 do1 
pain (289). The do1 scale has been confirmed using electrical stimulation (582). 

Haugen and Livingston (300) summahe their difficulties, technical and other- 
wk, in determining the pain threshold and the "dol" scale. A) Technical: 1) In- 
strument dials may not be accurate in t e r n  of the number of millicaloriea 
actually reaching the skin. 2) The output of the lamp is subject to variation 
with age and use. The instrument must be calibrated with astsndardised radiometer 
a t  the beginning of every experiment. 3) The opening and closing of the shutter 
must be checked for accord with the time intervals specified on the instrument 
panel. 4) The pain threshold can vary (a) with the degree of blackening of the 
skin, (b) with the particular area of the skin selected (forehead, hand or forearm), 
(c) with the time interval between teats, and (d) with the pressure of the skin 
against the aperture. B) End point: Here there are difficulties of deckion as to 
(a) pain threshold and (b) the atepa above threshold leading to ceiling pain. 

They (300) became convinced that there was such a thing as ceiling pain and 
that destruction of the superficial sensory fibers marked the "end of the zenith" 
in this experience. 

Hardy, WoH and Goodell had called attention to all of the sources of error 
just mentioned, as Haugen and Livingston (300) point out. These latter in- 
vestigators report that for a time their results with the "dol" scale were so con- 
Bigtent aa to be resssuring but then would vary suddenly in an unpredictable 
way, and this happened so frequently as to make their results unacceptable. They 
preaent data to show how with continued testing, even though a subject's usual 
pain threahold was never exceeded, "something progressively deteriorated, with 
the accuracy of his judgment or the condition of the testing area of skin or both." 
This deterioration was even more striking when test doses above threshold values 
were used. 

They (300) concluded that a single test dose of heat above the pain threshold 
may alter the skin sensitivity for long intervals of time, so also may repeated 
subthreshold tests. This, they believe, is inevitable in trying to deal with patients 
in a clinic and doubt if the "dol" scale has practical value there. The use of 
several blackened areas of skin is not sound, for the assumption that the thresh- 
old is the same in various areas d m  not hold in their experience: (a) Not more 
than four or five exposures to determine the endpoint can be employed, lest the 
skin tend to become sensitized. (b) A ingle teat dose well above threshold can 
completely disorient an individual as to his original threshold; curiously the feel- 
ing of intense warmth that appears before the pricking pain (threshold) then 
dominate3 the sensory experience. (Is this related to the reported observation 
that sometimes the first a soldier knows of his wound is feeling the zwnn blood? 
See IV.) 

Haugen and Livingston (300) suppose the pain threshold would be rela- 
tively constant provided (a) all technical sources of error are controlled, (b) only 
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experienced subjects are used. (But the hazard of experience in narcotic studies 
is evident: I t  is not possible to use the unknowns technique when the subject is 
familiar with the "aura" of a narcotic.) This implies that the subjects know 
exactly what end point is sought and give their full attention to this end. (c) 
A minimal number of tests are employed, none of them very much above the 
subjects' usual W o l d .  Constancy can hardly be the csse if the reaction com- 
ponent is as important in threshold determination as seems to be the case. This 
will be discussed later (VIII). 

In studying the analgesic action of meperidine and acetylsalicylic acid in 
guinea pigs Winder (648) plotted the maximum W o l d  found against the log 
d m ,  with, as Miller (451) points out, only part of the data being used. The 
need remains for some method which will take into account all of the data. Miller 
considers it likely that "the neglected values might do more than merely bolster 
the peak readings. There is some indication that the discrimination of the method 
might be greater at  other points." 

On the basis of extensive methodological studies in animals Winder et al. (651) 
conclude in determining radiant heat "pain" thresholds that threshold intensities 
(for the skin twitch) measured at a fixed duration of stimulation (original Hardy, 
WOE and Goodell method) are much more uniform than are threshold durations 
as determined by the use of several fixed intensities @'Amour and Smith 
method), that is, variable intensity at a fixed duration is more dependable in 
their experience than variable duration at a fixed intensity for the determination 
of threshold values. One reason for this, it is believed, is that latency of response 
could not be controlled; but it is not clear why crossover, correlated data, would 
not control this variable. Possibly more important is a greater scatter of data 
(if true) owing to local vascular changes caused by varying periods of etimula- 
tion. However, it would take a considerable body of nice experimentation to 
show that this was a factor of greater importance than the vascular changes 
caused by varying intensities. 

b. Fized iwty, variable durath. The D'Amour and Smith (155) modifica- 
tion of the Hardy, WoltT and Goodell method has been found uaeful. A good deal 
of time can be saved by letting a fixed intensity of heat act for a variable time, 
until the threshold respow is elicited. D'Amour and Smith (155) and following 
them, others (157,200,219) applied the method to animals. The heat is focused 
on a rat's tail, for example, which lies in a groove. When the current is turned on 
a stop watch is started. At the "pain" threshold, actually reflex reaction thresh- 
old, the tail is flicked away and the watch is stopped. Burns with serious tissue 
damage can easily occur with impairment of the accuracy of the method. In 
order to lessen this hazard it is customary to arrange the apparatus so that an 
automatic cut-off of current occurs at  about two to two and onehalf time8 the 
threshold time. 

c. Im?ayrelation of data. Various procedures for locating the radiant heat "pain" 
threshold value in guinea pigs have been tried out (651): (a) ascending or (b) 
descending or (c) bracketing approaches to the threshold. Each of 33 animals was 
studied by each approach. Slightly higher values were obtained by the descend- 
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ing approach, presumably because of a negative effect on irritability produced by 
repeated suprathreshold stimulation or a positive effect of repeated subthreshold 
stimulation. Possibly both are factors, as the authors point out. The only slightly 
higher values obtained on the descending approach offer lack of evidence for a 
serious cumulative positive effect of repeated stimulation above the threshold. 
The threshold bracketing approach gave data not significantly Werent from 
the descending approach. The former was chosen as the procedure to be em- 
ployed for routine use, since it can be systematized and since the time required 
to determine even large changes in threshold is not particularly StTected when 
the bracketing approach is used. 

The minimal suitable recovery period has been studied (651) and i t  was 
found in guinea pigs that a rest interval of about. 70 seconds between runs was 
free from liability of accumulation of stimulation effects. Initially a 30-second 
interval had been used (284) in man, and in the dog (23), but later this was ex- 
tended to 60 seconds in man (74s). The effect of natural skin color as well as 
blackening the skin and finally the use of dark animals without blackening were 
studied (651) since blackening of dark animals did not usefully decrease diaper- 
sion of data. 

The skin twitch used in guinea pigs (651) as indication of threshold is like 
that used (23) in the application of the radiant heat method to dogs. When the 
duration of the thmhold value was increased two or three times blistering oc- 
curred. This agrees well with the observation (284) that twice the threshold 
stimulus for pain perception in man blistered. 

It is probable that the choice of a low intensity of stimulus (since there is an 
intensity level below which even prolonged duration of the given intensity will 
not produce a threshold effect) was responsible for the unlimited duration values 
found by some (155, 200) as Winder et d. (651) point out. ESrteneion of radiant 
heat threshold intensityduration curvea for pain W o l d  in man (74a) indi- 
cates a greater time constant for man than for the guinea pig. 

Fluctuations in room temperature had a demonstrable influence on the radiant 
heat threshold in guinea pigs (651). This factor requires control. 

Some excellent comments have been made by Miller (451) on interpretation 
of data derived from the D'Arnour-Smith approach: 

'With respect to handling the data of the D'Amour-Smith technique, i t  is interesting 
to note that, of the four groups of investigators who have used i t ,  no two have interpreted 
their data in exactly the same way. D'Amour and Smith converted their results into the 
all-or-none type on the basis of the proportion showing 'complete' analgesia within their 
cut-off time of about nine seconds. Ercoli and Lewis, in 1944, calculated what they termed 
the 'average analgesic doee,' which lends itself poorly to quantitative comparisons be- 
tween drugs. Davies and hie aasociatea found . . . the increase in reaction time in seconds 
plotted linearly against log dose and used this basis of effects. Foster and Cannan describe 
an 'analgesic index' which is the square root of the ratio of the average maximum reaction 
time after the drug to the average pre-injection reaction time. They found that indices 
so obtained plotted against dose in approximately a straight line. Of these four methods, 
two measure the drug effects in t e r n  of the increase in threshold, while the other two take 
the final level of reaction time as the better measure of effect. This lack of unanimity indi- 
oatea fundamental differences in thinking. 
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"All of the above authors encountered the problem peculiar to this method engendered 
by the frequent occurrence of such complete analgesia that the teat animal feils to respond 
within the cut-off time. Thus, there results a set of data which is a hybrid mixture of graded 
and quanta1 responses. Thus far, this situation has been met by assuming that each animal 
actually reacted a t  the cut-off time and including these assumed values in the averages. 
This practice introduces a bias into the mul t s  which is lega or great, depending on the 
actual magnitude of the arbitrary cut-off time. I t  is especially disturbing when the re- 
sponsea are figured in t e r m  of the increases in reaction time above the normal. However, 
because of the simplicity of the D'Amour-Smith procedure as a whole, this problem is 
worthy of serious study." 

(For further data on the unsatisfactory nature of percentage rise of threehold 
as the criterion for judgment see V, A, 6.) 

A b88ic queation is whether the reaction time of animals (D'Amour-Smith 
technique) following administration of an analgesic agent can be properly cor- 
related with the predrug reaction time. Miller (451) quotes and discusses un- 
published data by Lewis and shows that the post-drug percentage increases are 
greatest for the animals having the lower normal thresholds. He concludes that 
it is apparently erroneous to aarmme that the increase in threshold is a true meas- 
ure of anal@ and believes that the final threshold effect may be more depend- 
able. 

Winder et d. (651) conclude that "The radiant heat stimulus is inherently 
superior, in uniformity of application and absence of contact stimulation, to the 
conducted heat stimulus.. ." as used by Hildebrandt (315) and Woolfe and 
Macdonald (675). They consider it to be "far more mlective in a mixed receptor 
field than the otherwise ideal electrical stimulus" (Bishop (80) has pointed out 
that the electrical threshold for pain endings may be lower than for end-organs 
that are more highly specislized), and far superior to the "classical" disadvan- 
tages of mechanical and chemical stimulation in a mixed receptor field. 

The fact that sound objection can be raised to some of the uses to which their 
method has been put by themselves as well as by others and that some of their 
conclusions are open to question should not be allowed to obscure the fact that 
the introduction of the Hardy, Wolff and Goodell method of applying radiant 
heat in a quantified manner to evoke pain stimulated an intense interest in the 
measurement of pain. Their technique applied to animals has been utilised widely 
and with considerable satisfaction. This in itself is no small achievement. In- 
deed many of their findings and as yet insdciently questioned conclusions have 
been so thoroughly accepted that they are in danger of being made a part of the 
vaat body of opinion concerning pain and ita relief. The word danger is used 
not only because too little questioned acceptance of any scientific observation is 
hazardous but slso because, as it will be seen, there are a number of contradic- 
tions in their work. 

4. Condudsd heat. After exploring various methods of applying measurable 
stimuli to mice to produce "pain," Woolfe and Macdonald (675) proposed and 
used the hot plate technique. The standard time of exposure was 30 seconds, 
nlth tests following injection of analgesic agents being carried out every 10 
minutes for the first hour and every 20 minutes for the next two hours, or until 
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sensitivity had returned to normal. The end point is raising, kicking or dancing 
of the hind legs. (Mice will often sit up and lick or blow on their fore paws; 
movement of the forelegs ie not adequate for conclusion.) A temperature of 55OC. 
is d c i e n t  to evoke the end point in all nonnal mice. Increasing temperatures 
of 55' to 70°C. in steps of 5°C. have been employed. Higher temperat- have 
not been ueed because of probable damage to the feet with altered threshold 
from this cause. Mice are customarily used in groups of 10. Reaction time is the 
criterion employed for comparison of one situation with another. Eddy and his 
associates (1921, 194) bave used the method extensively and with satidaction. 

They report that "Initial reaction times for 2000 mice averaged 10.48 f 3.5 seconds. 
It differed from thie average by one standard deviation or lees in 74.4 per cent, by not more 
than twice the standard deviation in 21.9 per cent, and by more than twice the standard 
deviation in 3.6 per cent. The two initial reaction times on the same mouse differed by 3 
seconds or less in 61.5 per cent, by 4 or 5 seconds in 20.26 per cent and by more than 5 sec- 
onds in 18.26 per cent. In the laet group, in 75 per cent of the instances in which a third 
reaction time wae determined before injection, the third differed from the first reaction 
time by 5 seconds or lees." For their criteria of effectiveness see VI, 3 and their recent 
article (192s). 

Data provided Miller (451) by Eddy, indicated on analysie that the mice 
vary greatly not only from one to another but also between control readings 
taken 20 minutes apart. The odds were only one in a hundred that these varia- 
tions were due to normal chance. Miller concludes that the Woolfe and Mac- 
donald method is not more than a "convenient, rough screening method," 
because of the variation just described and because of the "generally accepted 
fact that mice are about the most heterogeneous small laboratory animal known." 
In a later paper Eddy and Leimbach (192s) report improved uniformity and re- 
producibility of results with the conducted heat method and describe their cur- 
rent criteria of effectiveness. 

The pain threshold of the forehead of man was determined by a warm wire 
algesimeter (405). Five spots on the forehead were in contact with a wire; 4 of 
these were always cool. The current was adjusted until a t  least 3 painful stimuli 
out of 5 tries were produced by the heated wire. Then the current was readjusted 
downward until 2 painful stimuli or less were perceived on 5 wire applications. 
The forehead pain threshold was taken as the amperage that produced 2>6 
painful stimuli out of 5 wire applications. Although it is stated that one of the 
purposes of this study was to evaluate the warm wire method of algesimetry, 
this is next to impossible with the data provided since the important material 
on pain threshold without medication as determined with this method is not 
given. Thus the reader has no good idea of the constancy of this vital datum. 
Ditrerences presented between mean threshold alterations produced by the drug 
and the placebo are hardly adequate. The overpowering doae of morphine used 
(20 mg) produced nausea in 7 out of 10 subjecta (information volunteered) and 
5 out of 10 vomited, even though the subjects were supine and not walking 
around. Two out of 10 are recorded as having sweated. Amperage, although used 
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here, is known to be less dependable than wattage for measurements of the kind 
attempted (317). 

6. ElectW methods. The following studies, indicated by number, refer to 
original methods, their development and their application in the categories 
specified. 

Man: 13,70,88, 116, 170, 171,224,244,246,259,272, 275,292,299,304,310, 
316-319,324,348,349,354, 392,394,404,405,416, 425,435,447,448,452,478, 
479, 485, 507, 526, 529, 539, 558, 560, 561, 582, 602, 610, 614, 624. 

Animals: 165, 212, 244, 349, 375, 381, 383, 454, 553, 555. 
More than 100 years ago von Helmholtz (612) used faradic currents to pro- 

duce pain. He studied the phenomena associated with make and break induction 
shocks, as did Fleming in 1892. The modern use of electrical method for pro- 
ducing pain for experimental purposes can be said to have started nearly 50 
yeare ago. According to Fleisch and Dolivo (212), Ruckstuhl and Gordonoff 
first used the method in rabbits. Man was the subject of choice and galvanic, 
faradic, high frequency currents or condenser discharges have been used. A 
liquid finger electrode was used by some (447, 448 et a&). Others (435) applied 
small platinum electrodes to 4 parts of the body and drew the unwarranted con- 
clusion that they had thereby "thus reduced the chances of error fourfold." 
Koll and Reffert (382, 383) used a condenser discharge stimulator in dogs and 
reported consistent results. Fender (207) studied the faradic stimulator and found 
voltage per se of little value as a parameter. Current, frequency and wave force 
he found useful. The effect of analgesic agents on the response of the rat to in- 
duction shocks was studied (437). Others (381, 394) used similar methods in- 
volving a stimulus derived from a repetitive condenser discharge, with the 
stimulus strength measured in milliamperes. Calculations were made from the 
peak voltage acn>ss a calibrated resistance in series with the stimulating elec- 
trodes. Dogs were used (381) with widening of the palpebral fissure aa the sign 
of "pain." Lanier used human subjects and depended on their report of threshold 
pain. 

It was found (381) that muscle reflex or skin twitch could not be uaed as a 
threshold with Knowlton and Gross' electrical shock method, for it was not 
altered by analgesic drugs, although they grant i t  seemed to work with a modifica- 
tion (23) of the radiant heat method. This is a curious obeervation. Others (165) 
reported, however, that electrical stimuli could be used in rats to demonstrate 
significant change in the pain threshold produced by narcotics. The sign of pain 
employed was a jump by the animal when current passed through wire8 in the 
floor of the cage. 

Goetzl et d. (244) used a stimulator arranged to give peaks of induced current 
to man's and to dog's teeth through amalgam fillings. Unfortunately, detaib 
adequate for exact repetition of their work were not provided. Others (451) made 
a considerable effort to repeat the work but were u n s u c d u l .  In view of the 
reported sucwsa of Koll and Reffert they believe the method worthy of further 
trial, but consider its reproducibility and discriminatory power still u n p m n .  
Although Ivy et d. (348) clearly believe that their method of electrical ahocks to 
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teeth has much to recommend it, their own data are at times not reassuring. For 
example, they report that, following the administration of 16 mg morphine sub- 
cutaneously in man, 7 out of 16 subjects showed a fall of pain threshold rather 
than a rise, in 1 there was no change, and in only 6 a rise. Two were unaccounted 
for. 

Notwithstanding data of the kind just preaented, the view has pensisted that 
electrical stimulation can be useful in pain studies (242). Goetzl considers that 
the skin as a site for stimulation is not very desirable since other derent systems 
are unavoidably stimulated along with the pain apparatus. The akin is also sub- 
jected to influences which are diflicult to control. External factors are tempera- 
ture and humidity; internal are temperature and the circulation. Drugs under 
test may influence the skin in such a way as to alter pain thresholds through 
circulatory change. (There is no proof that circulatory changes produced in this 
way may not also interfere with pain thresholds determined in the teeth.) 

Goebl and his associates like the tooth pulp particularly as a .sit. for stimula- 
tion. Thie they believe contains only pain fibers although they and others have 
reported a pre-pain sensation from electrical stimulation. (See below.) The tooth 
pulp is subject to relatively few external or internal varying influences. Goetzl 
reporb that the tiesue will long remain unharmed if the stimuli are not of "too 
great inteneity." Just what this is is not clear. 

Evidence has been preaented by Reynolds and Hutchins (506a) that painful 
stimulation of teeth produces a hyper-irritable central &ate which persists from 
months to years. What influence this might have on repeated determinations of 
pain heshold by electrical stimulation of teeth is not known. 

Isbell and Frank (reported by Wikler [636]) found no consistently reproducible 
threshold in man with electric shocks to teeth, nor did Bishop (86s). Thorp (591) 
attempted to use electrical stimulation in work with experimental pain but found 
contact mistance (rat scrotum) and the electrodes too variable and gave it up. 

Goetzl (242) assumes, in common with most workers in this field, that pain 
threshold elevation represents analgesic action, but concludes, on the basjs of 
an extensive study of many investigations on the effects of antipyretic drugs 
(including acetylsalicylic acid) on pain thresholds, that the widespread aesump- 
tion of elevation of pain h h o l d  ss a measure of inteneity of analgesic action is 
erroneous as far as the antipyretic substances go. But, a fair question would 
seem to be, if erroneous for them why not erroneous also for the narcotics? 

In view of the remarkable inconclusiveness of the method of electrical shocks to 
teeth in man (yet deemed satisfactory, 348), it is ditEcult to accept work that 
depends upon the method and technique. This same group (349) reported that 
epinephrine was a highly effective analgesic agent, this time in dogs ss well as in 
man. The data in this latter paper are more convincing than those in an earlier 
one on the same subject, even so, it is hard to believe that 0.5 rng epinephrine 
had four times as much effect on the human pain threahold as 16 rng morphine, 
but that is what they report. If this is the case it seems evident that something 
very Merent from pathological pain is under examination. As usual, the thresh- 
old changea in dogs are more impressive than in man. 
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A further difficulty is the observation (349) that while the 0.5 mg dose of 
epinephrine has a powerful effect on tooth pain sensitivity, it has no appreciable 
effect on pain sensitivity of the skin. The material presented in thia study can be 
construed as evidence of a sort that pain threshold changea are not relevant to the 
problem of general pain relief by drugs. These authors add a puzzling statement: 
"Our 0bee~ati01IE on human subjects do not indicate that the analgesic effect of 
epinephrine 0.5 cc given subcutaneously is of definite practical significance, in 
view of the variable mponee" although they state that epinephrine is "&$nitely, 
although variably analgesic when administered subcutaneously." I t  will be re- 
called that they had just "shown" it averaged four times greater &ect than that 
of a large dose of morphine. Their thesis so far has been that these threshold 
changes are important; now, suddenly, they are not very important. This is con- 
fusing. One wonders whether the epinephrine may have had considerable local 
effect on the circulation that could have impaired the tooth sensitivity. If so, 
the method would seem to have little dulness.  

Notwithstanding all of the difliculties and room for doubt just mentioned, the 
method of producing experimental pain by electrical shocks to teeth continued to 
attract its old devotees as well as new ones. They all seem to have been greatly 
influenced by Goetel et al. (244) who considered the tooth pulp method to be the 
most promiaing of all methods producing experimental pain. While many have 
accepted the method with interest, as pointed out (292), some have received it 
without conviction (197, 451), since adequate data on which to judge its relia- 
bility and validity are not available. Harris and Brandel (293) had found it not 
sufficiently sensitive or reliable. They were unable to demonstrate constant 
thresholds even at 10 minute intervals. 

A systematic study of the tooth pulp method was carried out (88) and the true 
measure of stimulation was found to be current applied, not electromotive force. 
I t  was found that a single rectangular pulse of 10 msec was best for stimulating. 
A uniform threshold could be achieved only when the tooth electrode was placed 
at the same point on a carefully dried tooth. Thrd~olds increased from anterior 
to poeterior and varied in mandible and maxilla. Stability of threshold was found 
when the above factors were taken into account. 

To these requirements others were added (292). Many (86a, 88,116,405,479, 
485,558,560,561,582,636,684) have observed that the first sensation evoked by 
electrical stimulation of a tooth is not painful (surely this permits some doubt 
that the only sensation arising in a tooth is pain as often stated) but becomes 
painful as the intensity of the stimulus is increased. Both the Sonnenschein and 
Pfeiffer groups found that the firat painful sensation offered the best threahold 
for the study of the effects of analgesic agents. However, Swikr  (583) [quoted by 
Harris and Blockus (292)l on studying both thresholds found a good parallelism 
in time-response curves after morphine adrhistration. 

Not only are placebo controls necessary but (292, 558) placebo effects should 
be compared with an extended control period during which no medication is 
given. Harris and Blockus (292) agree with the Beecher group that the double- 
unknowns technique, where neither subject nor observer is aware of what was 
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wed, is essential. They (292) have carried out an extensive study to evaluate the 
reliability and validity of tooth pulp algesimetry where "careful control is exer- 
cised over both the mechanical and psychological variables." An important ques- 
tion they seem not to have asked is whether the concept that experimental pain 
can be employed in man to evaluate analgegic agents is sound. This will be dis- 
cussed in X I .  

Some (539) have boldly entered the diEcult field of electrical stimulation. In 
a typical caae the stimuli are applied to the ear lobe ae they were a h  by others 
(324). The complexities of the field had been indicated in already published 
studies (317,464). The last two studies deeerve more attention than they aeem 
to have received. 

Amperage, voltage, frequency and reeiatance in circuit have all been men- 
tioned (666) as of im portance in the electrical stimulation method of producing 
pain. Disturbance in any of these could lead to error. 

Hill et (3. (317) have made a syekmatic study of apparatus for delivering 
controlled electrical stimuli, with the purpoae of discovering which aspect of a 
60-cycle alternating current, i.e., voltage, amperage, or wattage is chiefly perti- 
nent to discrimination of shock stimuli in psychological experiments. They point 
out that, while electric shock is eaey to apply, accurate control of it is most dif- 
ficult. I t  is clear that control of voltage alone is quite unsatisfactory, even when 
considerable physical reaiatance is added to the circuit in series with the biolog- 
ical material. While many arguments persisted, it had been fairly generally 
agreed that the phyeical aspect of the electrical ahock to be controlled is amper- 
age; yet careful studies have indicated that this is not aatiafactory, but that power 
(wattage) provides the k t  index of the muory &ecta In any caee, if, using 
electrical stimuli, dependable studies are to be made, the method, ss Hill and his 
colleagues have pointed out, must contain the possibility for accurate prediction 
of the voltage necessary for obtaining the amperages and wattages degired, when 
the akin resiehce is known. They point out further that Ohm's law cannot be 
depended on, since capacitance must be allowed for in studies of biological cir- 
cuits. This is particularly important when the akin impedance is high. These 
workers have therefore devised an apparatus which can deliver shocks of known 
wattage or amperage, and have constructed empirical power curves for pre-set- 
ting the Stimulator to deliver the shock intensities desired. Thew workers found 
in experiments on discrimination where "short term disruption of behavior" was 
produced by electric shock that control of power was greatly superior to control 
of voltage, or of amperage. There was high correlation between power delivered 
and eatimation of pain intensities. The data of this etudy "prove concl~vely," 
the authors believe, that power, wattage, is a more important physical variable 
than amperage or voltage in determining verbal reports of the intensitiee of shock 
stimuli. Voltage is less significant than amperage. Wattage is the variable that 
should be under the operator's control for experimental uee. They conclude that, 
when this is provided for, electrical shock stimuli may prove to be not only a 
convenient method to use in studies of pain but an accurate one. This remains to 
be shown. 
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It has been demonstrated (284) that the energy delivered by radiant heat is 
useful in studies on pain. Hill et al. (317) point out that, whatever the technique 
for producing pain, electrical, thermal, mechanical, photic, sonic or whatever, 
the relationship between pain intensity and the physical aspect of the stimulus 
can be more accurately described when the stimulus is stated in terms of energy. 

In this connection see Mueller el al. (464) (VII, 3, p. 117) for a discussion of 
difiiculties with electrical stimulation brought about by skin impedance and 
their conclusion that, when the skin impedance is high, all of the current, ingtead 
of passing through the entire electrode area, suddenly surges through a small area 
of breakdown of skin impedance. When the skin impedance was low they were 
unable to produce the necessary "prick" pain whatever the current. Thus there 
is great difficulty in standardizing the area of stimulation, and they question the 
conclusion of others (317) that the controllable stimulus can be expressed most 
accurately in ten= of energy. Apparently to Mueller et al. the problem is in- 
soluble as far as electrical stimulation is concerned. 

6. Mechanical m.ethds. The following studies, indicated by number, refer to 
original methods, their development and their application. 

Man: 13-16,34, 91, 106, 110, 130, 131, 147,240, 241,266,267,268, 288, 296, 
308,313,322,323,326,353,364,367,400,461,465,466,481,505,506,533,534, 
535,546,579,605,606,609,610,611,626,643,646. 

Animals: 103, 180, 184-187, 198, 212, 226, 245, 271, 309, 311, 366, 375, 453, 
454, 516, 540,552, 563, 576, 622. 

a. Von Frey hairs. Von Frey (609) developed a method for producing pain by 
acute bending of the epithelium (81). Horse hairs of various diameters and lengths 
were attached to a lever and the weights required to bend the hairs were deter- 
mined on a balance. When insensitive areas such as the hands are used, the maxi- 
mum range (0.0125 to 10 g) is not adequate when pain has been dulled with 
analgesic drugs (534); however, increase above 10 g was not desirable becauae 
tissue damage and bleeding occurred. Seevers and PfeitTer (534) in a modern 
application of von Frey's method used sensitive areas, the upper eyelids, the right 
lower eyelid near the inner canthus and both lips a t  the vermilion line. Five spots 
in these areas were chosen and subjected to multiple stimuli starting a t  the low 
range and proceeding until the pain threshold was found. The data from the five 
spots were averaged. Determinations were usually made a t  15 to 30 minute in- 
tervals after parenteral injections of drugs, and after intravenous injections as 
often as every five minutes. A limiting factor was the possibility of t i m e  damage. 
They found that the pain threshold varied widely from subject to subject. 

By eliminating the subjects who did not show a rise in threshold (low initial 
threshold) and those whose thresholds were too high to record with their ap- 
paratus, Seevers and PfeitTer were able to show satisfactory threshold elevations 
following the administration of powerful analgesic agents as had Mullin and 
Luckhardt (465, 466) somewhat earlier. Lee (403) also reported that some sub- 
jects with low initial pain threshold failed to show opiate effects on the pain 
threshold. 

On the other hand, Gaensler (229) observed in his patients who had low pain 
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theaholds in response to increased hydrostatic pressure in the biliary tree, a 
mean elevation in response to morphine of 340 mm water, whereaa patients who 
presented an initial high threshold showed only 125 mm water elevation of thresh- 
old &ected by morphine. This same effect was demonstrated in an individual 
patient and in groups of patients with morphine, meperidine and codeine. Un- 
questionably there was a sharp decrease. in theaholdelevating power with control 
thresholds of increasing magnitude. Along this same line Miller (451) found, in 
rats subjected to radiant -hest stimuli, that postdrug reaction times (thn?aholda) 
were not correlated directly with the initial reaction time (threehold). He found 
that the greatest percentage increase in threshold due to the analgesic occurred 
in general in the lower normal threahold groups and "indicate(s) the bias that 
results from the apparently erroneous assumption that the [percentage] increuae 
in threahold is the true measure of analgesia." 

The von Frey method has been discussed in detail (374). I t  has been used in 
recent times by others (367). See theae papers for details of special modifications 
of the von F'rey method. The last investigators referred to have applied the 
method to various purpoeea including comparisons in quantitative tern in man 
of the analgesic effects of the inhaled gases, nitrous oxide, ethylene, or cyclopro- 
pane. They have done this through establishing which concentrations of the 
various gases are nemwuy to elevate the pain threshold to a given point as de- 
termined by their modification of the von Frey technique. 

Biahop (81) observed that pain develops as mentioned above from acute bend- 
ing of the skin, so he chose curvature as a convenient measure of sharpness. His 
instrument was made by fixing small rounded droplets of solder on needle points 
attached to a lever which registered pressure. He determined quantitatively the 
excitability of pain endings in the skin in terms of the pressure required to reach 
the pain threshold when the contact ends Wered in bluntness, and concluded 
that the bending or the stretch caused by acute deformation, not premure, is the 
form of stress to which pain endings react. He pointed out, mechanical stimula- 
tion in distorting tissues makes exact localization of pain spots difficult. The 
growing ends of pain fibers in the skin are more sensitive to mechanical stimula- 
tion and lesa sensitive to electrical stimulation than are their final sensory end- 
ings (77). These findings were qualified by the conditions under which these 
stimuli are necessarily applied: conductivity to current of Merent tissue com- 
ponents, depth of endings, protection by overlying tissue and so on (77). 

I t  has been pointed out that the difficulties of determining a threshold concen- 
tration for local anesthetics are greater than might be supposed (114). Accord- 
ingly, some progress has been made (125) by developing the technique of apply- 
ing the solution to be tested to the cornea of guinea pige and thus thoroughly 
testing (BiX times, not once) at  regular intervals the corneal reflex. The propor- 
tion of stimuli which evoke responses is the item of interest. Groups of guinea 
pigs are used and the mean rate of disappearance of anesthesia is determined, 
Thus comparisons between agents can be made. One difficulty with all such pres- 
sure methods is that the stimulus cannot be limited to stimulation of pain end 
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organs alone but involves other afferent systems as well. This difliculty is now 
known to apply also to the cornea (632s). 

b. Gross precuncre, animals. Nume- grom p m  methods are included in 
the W g e  at the beginning of this seotion. Special mention should be made of 
Eddy's (184, 185) tail pressure method used in cats to indicate "pain" fhreshold 
by producing a cry. While Eddy used thie method for some years with fair estia- 
faction, it was not very prexiee and now he prefers a modification of the conducted 
heat method of Woolfe and Macdonald. This tail pressure method or mod%- 
tions of it have been utilized by others (271). But the tail squeezing method a p  
plied to monkeys was not satidactory (553) : the animal responded slowly and no 
accurate measurement of "pain" threshold could be made. It wae found also 
(226) in studies of the use of the tail p m  method in rats that, if m e k g  or 
soreness of the tail develops as a consequence of early testa, subeequent runs will 
be influenced by this change in the conditions of the experiment. This defect im- 
psira all pressure methods. Friend and Harris believe that this problem can 
"undoubtedly be largely overcome" by using forceps which will register pressure 
rather than diameter. If early uee has made the tail tender it is not likely that 
this will solve the problem. 

c. Gross pressure, man. A good many individuah (241,326,417,481, 535, 043) 
have attempted to develop simple and practicable devices and procedm for 
clinical use in apprsising patient sensitivity to pain. Pelner (481) used preasure 
on the skin over a bone (thumb) as a means of evoking pain. He studied 178 
human subjects by his method and also by Libman's method of predmnve on the 
styloid p m .  Pelner reports 22 % as "hypersensitive" by his method, whereaa 
he found 30 % "hypersensitive" when he applied Libman's method. 

Others (643) found preasure on the styloid pn>cess (417) of the d i d  bone 
not entirely satisfactory since the quantity of preesure exerted could not be ac- 
curately evaluated. Wilder used Hollander's (326) method (food grater inside a 
blood pressure cuff). Pressure is i n c d  until the subject cries out, winces, or 
changes his expression. Theae are presumably reactions to pain. The reaction 
threshold ia said to be lower in normal women than in normal men. The reaction 
level appears to be lower in patients with functional disease than it is in normals 
or thoae with organic diaease. 

In a pilot study rather than a well rounded investigation the pain produced 
mechanically by blows to the fingers, compresgion of the finger web and by the 
pulling of hairs was studied; Wells' (626) intereating approaches merit standardi- 
zation. Sherman used both the Libman and Hollander teats on 450 human sub- 
jects and found good corroboration of the two teets. He found in 130 patients 
with functional disease five times as many patients who were to be clasaed as 
hypersensitive as in 130 patients with organic disesae. He reported a h  that the 
pain threshold is lower for women than for men, and higher for coal minere or 
Micmac Indians than for his "normal" (total) group. In 260 routine "office 
practice" subjects 65 % were classified as having normal sensitivity to pain, 17 % 
were hyposensitive and 18 % were hypersensitive to pain. In the hyperseneitive 
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group 72 % were women, and in the hyposensitive group 90 % were men. These 
findings suggest cultural poees or attitudes lived up to; i.e., reaction was very 
likely a factor here. 

d. Tourniquet, muscle khaemia. For some years the writer has speculated that 
possibly one difficulty with experimental pain methods is that the experimental 
pain' produced is usually sudden and fleeting, "pricks," "jabs," "stabs" of pain 
and so on, whereas m a  clinical pain, aside from some of the colics, is much more 
eustained. Moreover i t  is difficult to i m p d b l e  to control with drugs the pain 
mused by sudden presPure on a wound or by sudden motion of a wound, or 
colicky pain by even large doses of powerful narcotics. There is more than a hint 
in these observations that study of slowly developing or sustained pain has con- 
siderable intereflt for experimental purposes. In this connection Adrian's (5) 
comment is pertinent, "The rule that the dectiveneee of the stimulus depends on 
the rate of change in the environment as well as on its extent applies to mechan- 
ical stimuli aa well aa to electrical, for a gradually increasing pressure on a nerve is 
far lees effective than a sudden blow." With this in mind Green and Beecher 
(263) studied the e5ects of morphine on the pain threshold elicited by tourniquet 
with encouraging results. This work is not yet complete. 

It is interesting to find that Hewer and Keele (313) using ischaemic muscle pain 
found 7.5 mg methadone equivalent to 7.5 mg morphine. This 1 : 1 relationship 
is exactly that found by Denton and Beecher (160), using pathological pain. 

In 1931, just 100 years after the term intermittent claudication had appeared 
in the medical literature, Lewis et al. (415) published their s u c d u l  data on 
reproducing the pain experimentally, in normal limbs. They did this by occluding 
the blood flow in exercising (isometric) muscles. It was their view that the pain 
mU88d is determined by a "stable chemical or physico-chemical stimulus de- 
veloped in the muscle maas during its exerciee." The pain is related to the amount 
of exerciee. With the subject performing with a constant effox-t a t  a constant rate, 
the pain threshold appears a t  a constant time. I t  is important that the subjects 
not count the contractions of the fist, leat they be influenced in &g endpoints 
by past experience. The authors present evidence that the pain developed is not 
directly due to oxygen lack of nerve endings, for if so complete obstruction of 
veseels for 10 minub ,  causing as i t  does considerable loss of oxygen should per- 
ceptibly dimininh the time taken for pain to appear when exercise is undertaken. 
It does not do so. 

Hanison and Bigelow (296) modified this muscle iechaernia method to use 
isotonic rather than isometric contractions. A sphygmomanometer cutr is applied 
to the arm and the pressure elevated to 250 mm Hg. It is important to have the 
arm elevated when the tourniquet is applied to avoid the accumulation of blood 
in the distal part of the arm which can produce discomfort and obscure the pain 
threshold sought. The subject flexes his fingers to form a fist and then extends his 
fingers a t  the rate of once per aecond, with constant force. They have reported 
g d  constancy of the end point for that method of producing "visceral" pain 
and have found it sensitive to the action of analgesic agents. They report that 
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while thresholds for a given individual are remarkably constant over a period of 
hours, variations among individuals are great and are found in a given individual 
over a period of days. Fatigue appeared to raise the pain thshold. 
These data as to lack of constancy are counter to those of others (528) from 

the same laboratory, but Harrison and Bigelow say that their observations are 
not pertinent to the question of universal pain threehold, since they did not con- 
trol environmental temperature, vascular state of the arm, previous exercise, drug 
effects, perceptibility of the subject to pain threshold as by influence of pain elee- 
where, suggestibility, attention, concentration. This is regrettable. This disavowal 
is all the more remarkable in the light of Harrison and Bigelow's statement that 
they carried out this study "to acquaint ourselves with the limitations of our 
apparatus and the controls necessary. We then began teata . . . upon drugs 
. . .", apparently without the controls they agree are important for standardiza- 
tion. 
These investigators (296) set out to determine if the effect of analgesic8 on 

"visceral" pain corresponds to their effect on cutaneous pain. See also others 
(667). They conclude that the dects  are similar. 

e. DiWion of the esophagus (trim& "pain"). A balloon 1% inches long was 
introduced through the noee into the esophagus to a point about 2 inchea above 
the cardiac end of the esophagus (131). The balloon was then inflated at the rate 
of 2 cm water pressure per sec. The observations at  one minute intervale were 
made on each subject to determine his "pain" threshold. While this varied widely, 
Chapman and Jones considered that the visceral threshold correlated fairly well 
with the radiant heat skin pain threshold determined in the same aubjecta. The 
authors speak of "visceral pain sensitivity" but they make it clear that the end 
point was a sensation of substernal fullnea rather than pain. They say, "A pain 
end point with a definite hurting quality, however, could not be messured." 
Occasional individuals reported "heart burn," a "cramp ache," a "sharp &ab" 
but no one clear endpoint was agreed upon as a beginning pain. There was a 
gradual transition from the sensation of substernal fullneas to pain-like sensa- 
tions, but no exact end point could be determined. Variation in the tone of the 
wall of the esophagus was probably a factor in the variations encountered. 
Anxiety played a part in the development of tone. The method is not suited 
to a study of experimental pain, at  least not in its present state of development. 

f. lX&&im of the bizimp tree ( v i e d  pcrin). It has generally been assumed that 
visceral pain is a different sensation from "mperficial" pain, being evoked by its 
own special set of stimuli and transmitted to the central nervous system through 
special pathways. Gwnsler's observations (229) are therefore of particular in- 
terest. For this work a quantitative method had been devised (400) for measuring 
visceral pain thresholds by hydrostatic distention through a T-tube in the com- 
mon bile duct of man. "Diseased" bile ducts were involved. Each patient scted 
as his own control before and after drug sdministration with the pain threshold 
determined introspectively. This method is a combination of experimental and 
pathological pain, since the pain elicited experimentally is in the site of recent or 
present disease to which the patient hss become more or leas conditioned or per- 
haps sensitized. 
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It is true as Adrian (4) points out that the pains which are of most interest to 
medical science (as well as to the patient's welfare) are less accessible to study 
than are those of the skin. So special interest attaches to the demonstration that 
the same doees of the same narcotics that block peripheral pain wiU also control 
the pain produced by distention of the b i i  tree. Such observations as well as 
clinical experience e8tablish confidence that much of general value can be learned 
by study of pain of peripheral origin. The measurement of deep pain thresholds 
presents not only all of the di5cult problems that hold for superficial pain studies 
but others as well. The viscera are not only relatively inaccesible but they do not 
respond to the quantifiable stimuli of heat, electric shock or pin pricks. They do 
mpond to stretch. 

Gaensler's (229) work provides an important con6nnation that data obtained 
on superficial pain thre$lolds is paralleled by work on deep or visceral pain. He 
chose the 8 mg doee of morphine se effective based on his visceral pain data. This 
agreea with the Beecher group's wound pain finding and so "equates" to this ex- 
tent at least the two methods. Gaensler believes that muscle pain is "integumental 
pain" like that of the skin. 

In general (124) there is not much evidence that one analgesic agent is more 
satisfactory than another with the several types of pain. The source of the pain 
4 y  appears to have no relationship to the effectiveness of the analgesic agent. 
Pain intensity and the nature of the agent used determine the quantity of anal- 
g&c agent needed for relief; however there is a suggestion that there may be 
some diflerence in effectiveness of common analgesic agents when used for dif- 
ferent purpoees. Lasagna and Beecher (395) found 50 mg meperidine per 70 kg 
body weight equivalent to 10 m g  morphine, whereas Gaeneler (229) finds that 
even 100 mg meperidine are inferior to 10 mg morphine in treating biliary tree 
pain. Such seeming conflicts of data may well be explainable on the basis of the 
agents' Bide actions. Meperidine was well ahown by Gaensler to produce spa~m of 
the sphincter of Oddi and thus to elevate pressure within the biliary tree, prob- 
ably increasing through its side action, the pain its primary effect was meant to 
subdue. Morphine does the same. 

Gaensler (229) found in 8 0b~e~a t ions  that placebos had a negligible effect if 
any on visceral pain thresholds, whereas, a t  the same time, a powerful analgesic 
like meperidine had a great effect on the pain threshold. This is puzzling. It is 
poesible, although unlikely; even in 8 subjects that there might have been no 
placebo reactors among them. In the absence of the "double-unknowns" tech- 
nique unconscious guidance by the operator could have great effect. Placebos are 
effective on experimental pain, for example, a significant plscebo effect with the 
tooth stimulation method was found (558). 

g. High frequency m n d  cwues. Aching pain is produced by high frequency sound 
waves emitted from a suprasonic omillator (27, et cmle). This form of energy has 
some promise as a pain stimulus for use in experimental pain work. I t  has not yet 
been systematically studied for that purpose. The pain threshold depends upon 
the product of the intensity of the beam and the time irradiation take8 place 
(509). Damage to hearing has been found at intensity levels that lie well below the 
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threshold for auditory or aural pain. See Roeenblith and Huetter (509) for a dis- 
cussion of the question of dangers in ultrasonic therapy. Dangers involved may 
exclude this technique from use for experimental pah purposes. 

h. General comnzent. Mechanical stimuli whether measured in terme of force or 
pressure seem to be well suited to the production of pain; but tissue reacts to 
preesure in a variable way (289) and one infers from this that painful stimulation 
is variably related to pressure. I t  is suggeeted that if the rate of change of pressurt! 
on the tisaue and the rate of deformation of tissue were studied and recorded, it is 
poesible that mechanicaly elicited pain thresholds might be more precisely de- 
termined than is the case at present. Also, there are few discernible step between 
threshold stimulus of mechanically produced pain and the maximum h r n i b l e  
(289). There is great variability in what will produce pain from one time to an- 
other as far as the external stimuli are concerned. This fact ie especially evident 
with the hollow viscus as was made evident in the foregoing brief discussion of 
balloons in the esophagus. 

7. C h i d  metho&. The following studies, indicated by number, refer to 
original methods, their development and their application in man: 13, 17, 24, 
139, 269, 401, 508, 511, 610. 

If the "adequate stimulus for pain" is a chemical substance, and there is some 
evidence for that view (289,415, 511,527), then the production of experimental 
pain with such a subetance woid have considerable appeal. 

Cutaneous pain has been produced experimentally with chemicals (24). I t  
was found that injection techniques, intradermal injection or pricking through 
a drop of solution, gave undependable results. So a blister was raid by canthari- 
din, and the separated epidermis removed. The blister base was used for testing. 
Small quantities of the test solutions, about 0.2 ml, were then applied at intervals 
of 5 to 10 minutes. Between applications the area wss bathed with a special 
isotonic electrolyte solution. Armstrong et d. (24) had their subjects squeese a 
pressure bulb which recorded a tracing on a moving drum to indicate intensity 
of pain. The subjects could not see the tracing. The pain threehold mponee to a 
given chemical was found to be quite constant for a given individual. The in- 
tensity of pain is proportional to the concentration of the noxious chemical ap- 
plied. The advantages found by the workers with the method (24) can be sum- 
marized: Spontaneous pain in the lesion goes away within 10 to 15 minutea. The 
exposed nerve endings permit immediate contact with the teat solution. The same 
nerve endings are exposed to the various teat solutions. It is said that with suit- 
able intervals between applications, the pain receptors are in a comparable state 
of sensitivity for each test. The question of fluctuation in sensitivity can be con- 
trolled with the application of standard pain-producing solutions of potassium 
chloride or acetylcholine. The expoeed area remains sensitive up to two days 
during which time 50 to 60 applications can be made. 

Various investigators have produced pain by the use of chemical agents in 
peptic ulcer (504, 659, 673) and in headache (542). Some attempt at quantifica- 
tion hss been carried out but it seems unlikely that such techniques will have very 
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great usefulness in solving more than very limited experimental pain problems. 
Others have carried on similar studiea (289). 

r/ 8. Miacellaneuua methods. Depreasion of t.he respiration in rabbits parallels 
analgesic activity of narcotics in rats (592) so that, in general, a given degree of 
analgeeia carries with it a given degree of respiratory depreseion. The data hold 
well for morphine, meperidine and methadone. Thia is presumably a non-reflex 
effect and the only such method for animal use known to the reviewer for the a p  
praisal of analgesic agents. I t  would fail in man for dihydrocodeine (262); but 
then, N-allyinormorphine failed to be picked up as an analgesic in snimnln. No 
methods are universally effective. The Hardy, Woltr and Goodell method often 
fails in man but not so often in animnln. 

The reviewer, without knowledge of this work, propad  a imilar study to the 
National Reeearch Council in 1952 (45) in connection with a discussion of screen- 
ing of analgesics in h m a l s :  

"All methods now employed depend upon a refiex. It ie difficult to undemtand why they 
work ae well ae they apparently do. We should like to investigate another approach to 
a n y  screening. From the work described (on man in the report presented at that time), 
there =ma to be a cloee aseociation between analgesic power and depression of the reepira- 
tion by drugs equivalent to morphine in pain relieving strength. We should like to check, 
using unltnowne., whether it might not be poesible to identify valuable analgesics in mi- 
male more eetisfactorily by depression of the respiration than by the reflex methods now 
in w." 

The idea seems to have been mund as had already been shown (592). I t  de- 
eervea further exploration. 

Foster and Carman (219) have attempted to uae side action liability in screen- 
ing new analgesics in nnimrrle. Changea in the respiration in respore to electric 
ehock have been 4 in monkeys to indicate the "pain9'-reaction threehold (553). 
I t  haa been reported that narcotics eliminate vasoconstriction in a hge r  follow- 
ing a painful Btimulus (529). 

Others (222, d ante) have employed the miotic d e c t  in evaluating anslgesic 
drugs in man. Theae inveetigators consider their objective method of appraisal 
to be an adjunct to other methods. I t  ie especislly uaeful for demonstrating per- 
sistence of side action. Their findin@ with this method made poeeible the predic- 
tion that the action of rrcetylmethadol would p& for a long time (40 to 60 
hours) and that repeated doses must be given only guardedly lest cumulative 
pohoning develop. Thia method gives supplementary information concerning the 
appearance, inteneity and duration of side effects when sdministered by different 
routes. Unfortunately, meamrementa of miotic effect, as the authors point out, 
do not correlate very well with the degree and duration of pain relief in man. 

A vascular reaction (vasoconstriction) has been ueed in man as evidence of 
pain. It ie reported (529) that the threshold for this is consistently elevated by 
nmt ic8 .  

Not only pain but aleo non-painful cold and touch produced a noticeable al- 
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teration in the encephalogram. The change was so lacking in specificity as not to 
be useful, however, as an indicator of pain threshold (65). 

B. Pain &ng in pdhdogy 

The foregoing sections have provided many indications that experimental 
pain has certain sharp limitations of usefulnm as it has been generally employed 
to the present. In a later section on "Reaction" evidence will be pmaented which 
indicates what the nature of the differences is between the two types of pain, 
experimental and pathological. But first, methods of measurement wiU be dis- 
cuesed. 

1. Lee's m e W .  Lee (403) planned and carried out a well conceived and careful 
study of opiates (a) in cancer patients with chronic pain and (b) in surgical pa- 
tients with acute pain. His purposes were to determine the minimal effective 
clinical analgesic dose and duration of effect of morphine and new morphine 
derivatives, to find the incidence and duration of sleep accompanying snalgesic 
action, to determine the occurrence of side effects from single or repeated doses, 
and finally to discover evidence for the development of tolerance to and depe~d- 
ence upon a drug, "administered in its minimal effective dose at  intervals con- 
sistent with its duration of action over a prolonged period of time." 

In his system, Lee gave smaller doses than he judged would be neoeesary, to 
patients free of narcotic and in need of pain relief. The dose was gradually stepped 
up until "complete relief of pain occurred in most caees," or until it was evident 
none would occur at reasonable dosage levels. Placebos were "occasionally" used. 
Four kinds of data were collected: Observations were made by nursee as to anal- 
gesia, sleep, toxic or other side effects. The double unknowns technique was used. 
How often the nurses' inspections were carried out is not clear. A physician exam- 
ined and questioned the patients (at intervals not stated) aa to the patient's 
impression of his pain and the immediate and "chronic" effect of the drug d, 
that is, both pre-injection sensations and inter-injection comfort. At about two- 
week intervals opiates were withheld for 6 to 22 hours and abstinence signs looked 
for. Following the periods of withdrawal a smaller dose than formerly was given, 
and this was adjusted upward as needed. At least once weekly at 15-minute in- 
tervals for an hour or more after a usual dose of drug, information as to the fol- 
lowing, blood pressure, temperature, heart rate, respiratory rate, comfort or dis- 
comfort and "psychic condition" were charted. There were also notea by the 
patient, based upon a questionnaire, utilized twice daily. This part of the study 
did not last long, for "the patients were apathetic toward following the schedule 
as long as they were comfortable and otherwise entirely and emphatically un- 
reasonable in their exaggeration of their discomfort." This is very like the ex- 
perience of Houde and Wallenstein (332) and not in line with Keele's (365) re- 
ports. (See V, B, 4.) Iieele, it must be remembered, dealt with very few patients. 
If they were highly selected for cooperativeness, the incidence of placebo reac- 
tors was probably high (398). Finally, an attempt was made to get at  the pa- 
tients' pain threshold using a modification (534) of von Frey's method. Lee con- 
firmed Seevers and PfeXer's objections to the method. He found, as Seevers and 
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Pfeiffer had, that some individuals with a low fhreshold showed no elevation with 
opiates. 

It is interesting to observe that Lee (403) found with his method, in 776 pa- 
tients who got morphine for acute pain in the Massachusetts General Hospital, 
the average individual dose of morphine was 9.6 mg, in excellent agreement with 
Lasagna and Beecher's later 0 b S e ~ a t i o n ~  (397). For 20 patients in the State 
Cancer Hospital with chronic pain, he found the average dose of morphine to be 
13.1 mg. Undoubtedly some tolerance had developed in the chronically ill pa- 
tients. 

It is quite clear from Lee's 9.6 rng average dose of morphine for patients with 
acute pain that he has obtained as correct a figure as others. Lee has, in efTect, 
done in a polished way what able practitioners do in evaluating drugs. More re- 
cently Wxil (601) has carried out much the same kind of study. With Lee's 
hundreds of patients and thousands of doses he has arrived a t  the same value as 
others. But the method is p o n d e m  and not flexible; i t  is expensive, especially 
in terms of time and effort. The Beecher group and the Houde group have shown 
that more precise data csn be obtained with a relatively few patients in a much 
shorter time and with greater flexibility and adaptability to the problems of the 
evaluation of new agents. 

2. The B& group'rr method. Although pathological pain had from times of 
antiquity provided the occasion for the trial of medicinal agents intended to re- 
lieve suffering, and although Lee (403) and others as just described, had refined 
the ancient trial-and-error methods, the Beecher group, beginning in 1946, were 
the first to systematize the use of pathological pain for the study of analgetic 
agents and for study of mechanisms of action of these agents. Houde and Wal- 
lenstein at the Sloan-Kettering Laboratoly in New York have, beginning in 1950, 
employed similar techniques and have developed their own very successful and 
useful approaches to the use of patholgical material, shortly to be described in 
some detail. Former members of the Beecher group have continued to use these 
techniques or modifications of them: Keats a t  Baylor University and Lasagna 
at  the Johns Hopkins. Likewise, laboratories, a t  Randolph Air Force Base, at 
the National Institutes of Health, laboratories in Pennsylvania, Cincinnati and 
in London have all used and reported confirmation of the usefulness of these 
techniques. Evidently they have filled a need. Beecher has emphasized the dif- 
ferences between experimental and pathological pain (see XII). He has called at- 
tention to the limitations of usefulness of experimental pain (44, 50, 54, 55, 56, 
67, 159). 

In work extending over a period of years, more than a score of subjective re- 
sponses have been studied. This work has been tmmmkd in three papeta (44, 
5 1 , s ) .  Pain has served usefully as a prototype for guidance of study of other sub- 
jective responses, and the principles of control worked out with pain apply as well 
to work on other subjective responses. The basic method remains that evolved 
from 1946 to 1949 (159, 160, 161) and improved in 1950 (361). Special methods 
have been developed for hypnotics (394), for euphoria (399, 608) and for anti- 
tusaives (261). 
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In essence, this method requires the use of a group of cooperative individuals 
who report on the sensation under studyl\Abitrary criteria of c w ,  ouPkf 
of, a dktwb'i symptom are set up: The usual requirement for "relief" is pain 
50 % gone at 45 and at 90 minutes following drug injection. This is a judgment 
patients have found easy to make.' Apparently it means 3 t pain relief at  the 
two dated times. The judgment is reproducible in the Harvard laboratory and 
also in others. See the confirmation of this in Houde's laboratory, below. Duration 
of pain relief has also been determined (262, 397). Eseential considerations are 
not only pain relief, but also its duration and the concomitant side effects. The 
neceesary controls are the we of the "double unknowns" technique, that is, 
neither subject nor observer must know what or when test agents are employed. 
Placebos are inserted, also as unknowns. A standard of reference is employed 
(such as morphine in studies of analgesic agents). The order of dmhbtmtion of 
the test, drugs, standard of reference, and placebo is nmdomised. Correlated data 
are used; that is, all agents are employed in all subjects, and mathematical valida- 
tion is used to establish supposed differences of d e c t  between agents. In all new 
problems and in many other cases this is best done by a profeseional sfatistician 
who has firsthand familiarity with the work in progress. The importance of 
these controla hss now been confirmed by many investigators. The contrary view 
of Keutman and Foldes (372), that to follow these properly "would practically 
exclude clinicians from the study of this primarily clinical problem," seems rather 
wide of the mark. 
Man is, of course, essential for study of subjective responses. As a working 

hypothesis it seems necessary at present to carry the requirements farther than 
thia and to eay that appraisal of therapeutic agents designed to modify subjec- 
tive responses arising in disease or trauma must usually be studied where they 
ark spontaneously. The supporting evidence for this hypothesis L preeented and 
d i s c 4  elsewhere (44, 50, 54) and in other eections of thb review. However, 
some convincing evidence hss now been presented that subjective mpneea aris- 
ing in disease or trauma can be s u c d u l l y  mimicked (316, 318, 319, 384, 438, 
439,440,443). It must be emphaeized that the above is merely a useful working 
hypothesis, not yet disproved; however, in view of the data presented it seems 

, unwise to ignore the poeeibility that this may turn out to be more than a hy- 
pothesis when further teata have been made. If it turns out that the use of patholog- 

The "quantitative assessment of subjective magnitude" is the problem here. The 
Beecher group's data on severe poetoperative pain have been confirmed with remarkable 
agreement by the Houde group where severe pain produced by malignant disease was 
utilised, when drugs were given to produce or more pain relief." (See V, B, 2, a and 
Table I.) Steoens (668, 609) hae worked with a similar problem as applied to loudness of 
sound. In studying the relationship between subjective loudness and the physical intensity 
of the stimulating tone he employed 65 unpracticed observers. In their jret judgments they 
were able to produoe aoneietent determinations of loudness ratios (669). In another study 
(568) the observers merely assigned whatever numbere that seemed appropriate to describe 
the loudness of a series of intensities which were presented in an irregular order. On other 
occasiom a standard loudness was assigned as 1,10 or 100 and the subject thua assigned ap- 
propriate numbers to the variables. Sometimes the range- as determined subjectively cov- 
ered a spread as wide as 1 to 1000. Remarkable conaietency in these value judgments was 
found. 
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ical material L as essential for most work as now seem may be the case, it is prob- 
able that the explanation will lie in the 60-year-old concept of the importance of 
the reaction component of suffering (54, 446, 578), to be diacuaeed later (XII). 

a. Depedabdity of method--Reasons for c o n . .  The Beecher group has, aa 
indicated, utilized postoperative wound pain. It is necessary to show that the 
patients studied are capable of making the necessary discriminations. The fol- 
lowing evidence eetabliaha this. 

1) A disintemted individual not a member of the research team prepared two 
aeries of ffnnkn. six in each. These contained "unknown" solutions. The task was 
to find which flask of one series was comparable in analgesic power to which flask 
of the other. At the end it was found (361) all of one eeriee contained 10 rag mor- 
phine per ml, and in the other aeries the concentration of morphine had varied. 
On graphing the paired does against differential percentage of pain relief it was 
found that 10 mg morphine of one seriee waa equivalent to 10.8 rng in the other, 
an 8 % error. When the regreeeion linea are calculated out this adds 2 % more for 
a total error of lo%, for patients in severe podoperative pain. (This degree of 
error in measuring the subjective efiect, pain, is not Merent from the degree of 
error encountered in making objective medical measurements in man.) 

2) An unexpected confirmation of Merent type came in studies of a new 
analpic (358), designated as WIN 1161-2. Assurance had been given that the 
compound was chemically stable; however, the dose required for a given per- 
centage of pain relief increased steadily with the passage of time, indicating that 
the new compound waa not stable. Following repeated assurances of stability, 
the experiments were repe9ted with the same result. A completely independent 
chemical study showed that thie compound wse not as stable as finst thought. 
The biological assay had detected the instability before the chemists were aware 
of it. 

3) The power of the postoperative patients to discriminate consistently and 
significantly between morphine and a placebo (160,361,397) and even between 
a placebo and acetylsalicylic acid (59) is strong evidence, even proof, of the 
discriminatory ability of the postoperative aubjecta involved. 

4) The data premnted below in diecussion of Houde's methods showed dec- 
tiveneaa identical with Beecher's data concerning (a) a placebo and (b) the 10 
mg dose of morphine. (See Table 1.) The latter data were obtained from patients 

TABLE 1 
Pain relief eflctsd by  10 mg morphine and by a ploeebo 

Per Cant Relhved 

Lasagna and Beecher (397), postoperative 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  wound pain.. 

Eoude and Wallenstein (333), chronic pain id 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  cancer patients. / 1952-1953 1 67 1 65.0 / 12.0 

* Averaged data from Lasagna et al. (398). 
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who had been subjected to anesthesia and the data of the former had not. The 
power of discrimination of the two group was the same. Clearly &rimination 
had not been impaired by the preceding anesthesia in the Beecher group's data; 
this is the point at issue. 

5) Reproducibility of data in the Beecher laboratory, when relatively small 
numbers of subjects are used, adds support but not proof. There ie, for example, 
the satisfactory constancy of the effect of the 10 mg dose of morphine per 70 kg 
body weight over a period of some years in treating pain under accurately defined 
conditions. There is good reproducibility, working of course always with double 
unknowns. Examples are as follows : 1952 : 70 % relieved (359) ; 1953 : 66 % (395) ; 
1954 : 69 % (397) ; 1956 : 71 % (262). 

A severer test of the method was made when two groups of investigators from 
the last study apprakd the power of dihydroisocodeine with reference to 
morphine. The second group worked after a three-year interval without knowl- 
edge of the findings of the first group. The excellent checks are shown in Table 2. 

6) Finally, six other laboratories in other parts of the United States are using 
these techniques and report excellent confirmation. 
Items 1, 2, 3 and 4, above, establish that the preceding anesthesia had not 

impaired the ability of the postoperative subjects to discriminate and to make 
valid judgments. 

b. Most advantage~w~ area for s2wly. The ideal situation for study is the area 
where the d d e c t  curve is changing rapidly; in this region differences be- 
tween small doses can be brought out most sharply. This is, in a aenee, a mathe- 
matical certainty, as far as difTerences in effect of given doses go. The advantages 
have often been considered, of working at an AD50 level (satisfactory pain relief 
in 50% of the patients). Practically, however, there is considerable limitation of 
this pornsibility, for if, over a rather long period, the medications are often in- 
effective in controlling the severe postoperative wound pain that serve8 as the 
material, the investigator begins to lose the cooperation of the patients and the 
ward personnel. The best pain for study is incompletely relieved pain, whether 
one deals with moderately severe pain only partially (about half) relieved by 
small doses of morphine or very severe pain nearly maximally relieved by large 
doses of morphine. The first situation is best, for it is then that the d-ective- 
ness curve is changing rapidly. 

TABLE 2 
Relief of Pain from dihydroieocodeina compared with standard dose of morphina 

Percent 
Relief 

72 
70 

72 
88 

No. of 
Patients 

Firat group. . . . . . . . . . . . 12 

13-year interval] 
Second group. . . . . . . . . . 

FAD;%; &,,, 
15 
30 

15 
30 

Per Cent 
Relief 

61 
74 

63 
88 

M,, roe Sk4 
10 
10 

10 
10 
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c .  Maximum power. Even with powerful narcotics like morphine the "average 
pain" of a group of individuals in severe, steady pain cannot be completely re- 
lieved with reasonable (safe) doses. (See XI, H.) The effectiveness of narcotics 
is shown by the inverse relationship between severity of pain and percentage of 

, individuals relieved. It must be appreciated that the maximum safe pain-relieving 
power, when steady, really severe pain is under consideration, is represented 
roughly by an AD75 (75 % of the group satisfactorily relieved) by 15 mg morphine 
per 70 kg body weight (397). This limitation appears to exist with the drugs used 
to alter other subjective responses. However, this view needs to be established. 

d .  Use of correlated data, paired doses of drugs. When subjective responses are 
under study, the experiment should be arranged so that as many variables as 
possible cancel out by the use of correlated data, that is, the placebo pitted 
against the active agent in the same individual, or two doses of the same drug 
compared in the same individual, under comparable circumstances. Specifically, 
persistent individual peculiarities or characteristics can be made to cancel out in 
many cases when such paired dosea are used. The quite unsatisfactory alterna- 
tive to this technique is to use a tremendous mass of data. It is always advisable 
to have more than two agents in any study to minimize chance detection of the 
placebo. 

e. "Double-blind" technique and drug-wise subjects. The elimination of bias on 
the part of the subject or the observer emerges clearly as a basic and essential 
requirement, yet some investigators still insist that only highly trained subjects 
with long experience are useful. (See X, 14.) The contradiction in these two views 
seems evident (50) when any drugs are under study that reveal their use to the 
individual by aide effect, nearly dways true of agents designed to produce sub- 
jective therapeutic effect. The widely experienced subject quickly learns to 
identify the "aura" of a narcotic, for example, or the barbiturate effect with its 
"hang-over." Thus, with experienced subjects, it becomes impossible to preserve 
the eaaential unknowns technique in such areas. This is quite obvious in the use 
of analgesics to control pain; it is also true with the smaller doses of narcotic 
used to control cough. Highly trained subjects come to have a vested interest in 
the outcome, whether scientific or pecuniary (continuance as paid subjects) or 
egoistic (personal attention); the failure to eliminate their bias can have devas- 
tating results. To be sure, learning on the part of the subject is always a hazard 
to be watched for and minimized with proper controls, but the hazard is far 
greater with the experienced group. It is beet to use as subjects, when experi- 
mental pain is under study, individuals who have no knowledge of the work in 
progress and no interest in its outcome, who are not familiar with the drugs 
studied and who after a brief period will be followed by other subjects. 

f. Subjediw efect revealed by objective change. A cooperative statement by the 
subject must take Grst rank as an indication of the existence of a subjective 
response or of change in it. Supporting evidence or, in areas of sensation very 
difticult or impossible for the subject to estimate or communicate, useful pre- 
sumptive evidence of a concomitant subjective &ect can sometimes be revealed 
in objective change as, for example, when the face of the patient in pain assumes 
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a relaxed, cheerful appearance denoting comfort. In other studiea it has been 
poesible to demonstrate the mental effect of a drug by alteration in psychomotor 
testa (254,607) and to record objectively alteration in sleep pattern by changes 
in ratioa of alpha and delta wave frequency in electroencephalogram (101). 
Cough is objective evidence of a subjective desire to cough and vomiting is 
evidence of nausea (in normal individuals). The use of a tachistoscope to study 
the effects of drugs on the time to recognize "charged" words has proved useful 
in studying subjective change through objective manifestation. But the coopera- 
tive statement of the subject remains by far the most useful criterion of change 
in subjective response. 

g. Appraisal of side efleds. There is a vague but commonly held view that 
analgegic action depends in large part on aide effects of the agents involved. I t  
has been said (289) ". . . only those agents which have conspicuous and perhaps 
from a social point of view, dangerous 'side effects' best relieve suffering." The 
report of Gravenstein et al. (262) on dihydrocodeine indicate that this common 
point of view does not necessarily hold, for dihydrocodeine, although a strong 
analgesic agent, has hardly any acute side effects at the 30 mg doae. Seevers and 
PfdTer (534) have made a rather clear Werentiation between mdgeeb and 
what they call "narc&" or "subjective depression." They believe that analgesia 
can and does occur independently of the "subjective depression." Dihydro- 
codeine is, as mentioned, a case in point (262). 

Comparison of the side effects of any two therapeutic agents can be made 
aoundly only when therapeutically equally effective doses are considered. I t  is 
surprising how often this obvious requirement is ignored. The statement some- 
times made that meperidine, for example, is % as strong as morphine is mislead- 
ing: in optimum dose, considering anslgeaic power and side dects, they are 
equianalgeeic (395). Another problem in this ares srises with the mmmption 
that the side effects of narcotic agents for example, can be appraieed easily in 
postoperative, sick individuale. Some toxic effects of narcotics (notably nauses 
and vomiting) are much like the common &ctions of the sick. Thus it becomes 
difticult, unlm special teams of observers are employed and many, preferably 
hundreds to thousands of cases are evaluated, to get valid information (in post- 
operative subjects). 

In a d series (136) no respiratory depression in 69 postoperative patients 
d v i n g  meperidine was reported after the use of methadone, yet Denton and 
Beecher (161) found evidence to indicate that the methadones are as depressing 
aa morphine. Batterman and Mulholland (32) reported only one csee of respira- 
tory depreaaion in 1119 postoperative and medical patients but othera (215) 
show that in equianalgesic d m  50 mg meperidine is nearly as depreaaing to the 
respiration as 10 mg morphine. This finding of powerful depression of the respira- 
tion by meperidine is in accord with the observations of still others (424a, 494). 
The failure to get adequate information in postoperative patients, as indicated 
by the work just described, is perhaps a sutficient commentary on the hazarde 
involved in the use of patients to get at side d e c t  information. 

Even with the most careful, full-time observation the Beecher group could 
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devk,  it was impoesible for them to evaluate the aide effects of these agents in 
mck, podoperative patients. The casual 0bBe~ations of busy doctors or ward 
nurees is without value, a point not adequately appreciated. The use of normal 
subjects for the study of toxic effects has been the cuatom. This is not very 
satisfactory either since it is possible that pain, for example, may be associated 
with a lower incidence of nausea produced by morphine in the sick than in the 
well. Here, just as with appraisal of the primary therapeutic effect, the "double 
unknowns" technique, insertion of placebos as unknowns, randomieation, uae of 
correlated data, and the mathematical validation of differences must be used if 
the incidence of toxic effects is to be established. 

The appraieal of analgeaic agents thus involves three stages: 1) Screening in 
animals, for analgeeic power and toxic decta, and this is fraught with the un- 
certainties of possible species differences and the use of doees usually not compa- 
rable to thoee wed in man. 2) Evaluation in man as to pain relieving power, 
duration of action, and toxic effects, with all of the problems and hawrrds of 
human experimentation. 3) Judgment, evoked by wide experience under many 
conditions, as to comparative advantages and diesxlvantages with respect to 
other agents. 

3. H d  group's method. Interest in the fundamental problems associated 
with analgesic agents and anslgegic action haa been the motivating force under- 
lying the Houde and the Beecher groups of invetdigatom. A rather tedious but 
first concern has had to be given to tools of measurement and methods of attack, 
to poesibilities of quantification and dependability of method. It  is fair to say 
that at present considerable success has been achieved along theee lines. (See 
V, B, 2, a.1 

Houde and Wallenstein (332) point out reasonably enough that mal t s  on 
snalgeeics obtained "in patients remming from operative t r a m  may not 
necessarily apply to patients dying from inoperable cancer." They have directed 
their attention to the uae of patients with chronic pain for the screening and 
appraisal of analgeaic agents, and, since the individuals with chronic pain have 
in moet caws had an exteneive hidory of opiate administration, these investi- 
gatore do not make any claim that their conclusions necessarily apply to other 
populations of patients (333). 

They epitomixe their viewpoint and procedures aa follows: "An eesential feature of our 
studies is the adherence to principles of blind and controlled research such 8e has been 
sdvocsted by Dr. Beecher and his aeeociatee for the measurement of subjective reaponma. 
Thia includsa the w e  of full time observers, the coding, disguising and randomication of 
drugs in aocordsnce with the 'unknown' technique, the use of placeboe and reference stand- 
ards, and the reliance on the patienta' own subjective responaea to objective questioning. 

"Moreover, we have deaigned our experiment so that each subject serves aa his own 
control thereby matching the sample-population aa to age, sex, &ease, type of pain, and 
other physioal and personality factora. In the selection of subjecta, only well-oriented 
patients capable of communicating their subjective experiences, and to whom the drugs 
may be given safely, were chosen. However, when the teat drugs were to be administered 
orally the subjecte were choeen, for the moet part, from among patienta who were already 
receiving their analgetic medications by mouth, and thw they represent somewhat dif-  



100 HENRY K. BEECHER 

ferent populations from those of the parenteral studies where most eubjects were usually 
previously receiving perenteral analgetics. Undoubtedly many in the latter groups were 
tolerant to some extent to narcotics and although we did avoid including patients who 
were receiving more than ordinary doses of narcotics, we recognize the limitations that 
this imposea on the interpretation of our reaults." 

They employ a full-time nurse who works 8 hours a day 5 days a week and in 
this way they differ from the Beecher group where trained technicians are utilized 
as o h e m  throughout the 24 hours of the day. Each system hsrr its advantages 
and its disadvantages: The single individual working for a limited time un- 
doubtedly obtains more consistent reaults and has a more conatant relationship 
with her patients than several individuals could; on the other hand %-hour 
observation probably includes cyclic changes in the patients' analgesic needs 
not obtained with the limited observation period. 

In common with the Beecher group they do not accept sleep as proof of the 
absence of pain. The Beecher group have on occasion presented both kinds of 
data; i.e., considering sleep as an indication of pain relief and not so considering 
it (262). 

The latter view seems to the Beecher group as well as to Houde and Wallenstein 
aa the preferable approach. But problems arke in the 24-hour observation system 
when one proposes to awaken patients and question them as to the preeence of 

\P ain. These matters have been discussed by Gravenstein and Beecher (260). 
Taking into account that the relief of pain is not an all-or-none affair, but 

rather a continuum from none to most severe, Houde and Wallenstein's goal has 
been to develop a categorization of pain which would be sensitive to rather small 
analgesic &ects. First they attempted to separate the patients' pain into two 
kinds: bearable or unbearable. This was not successful probably because "the 
ability to bear pain is dependent on other factors-physiological, psychological 
and temporal-(rather) than the mere severity of pain itself, and even alight 
pains will become unbearable in some patients if endured over long periods of 
t' e." 

The categories of pain W y  employed are similar to those described by Keele 
365) (see V, B, 4): none, slight, moderate, severe, agony. This last category is g. 

rare and has contributed little, so they are considering abandoning it (333). They 
also have divided the responses according to whether the medication produced 
50 % relief or comfort or both (398). An attempt was made to have all patients 
keep their own pain chctrts ss Keele had done. Thia did not work out well, ss 
Lee also had found (V, B, I), for data were lost owing to failure of patiente to 
fill out their charts regularly, inaccuracies in doing so occurred, and introspection 
concerning their pain which led to the influence of emotional factors greatly 
lessened the value of the system. 

Houde and Wallenstein (333) have used three fundamental study plans: Their 
usual initial screening procedure was to sdminister an arbitrary dose of the drug 
to be tested, a reference standard and a placebo, in a randomized order. Later, 
a factorial design was employed in which the drug under test, the standard and 
a placebo were administered singly and in combination. Finally, when precision 
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was sought, the test drug, the standard of reference, and graded doses of test 
and standard were adrrmvste . . red. 

The categories of pain from none to agony were labeled 1 to 5, for statistical 
purposes. The pain relief score was compared by difference each how after drug 
sdministration with the score just before the drug was given. Such data permit 
plotting of time-effect relationship, peak effects and total effects. Data of this 
type permit careful statistical examination of the effects found. 

This approach permits great flexibility of use and Houde and Wallenatein (332) 
were able to compare "weak" (acetylsalicylic acid) and "strong" (morphine) 
analgesics, one given by mouth and the other parentedly. The differentiations 
between drugs and placebos were aufliciently sharp so that they considered them- 
elves justified in undertaking evaluations of new drugs. 

When agents are compared one of which is to be sdministered orally, as acetyl- 
salicylic acid, and others parenterally, as morphine, patients are given both an 
oral medication and a hypodermic injection a t  the same time. Thua they were 
able to test the effects of a placebo, acetylsalicylic acid, morphine and a combi- 
nation of morphine and acetylsalicylic acid by thk ingenious arrangement. 

Houde and Wallenstein (332) point out that questions can be raised as to the 
"linearity" of their pain groups. Even if the pain categories do not bear a linear 
relationship to one another, they do represent g r m  differences in sensation and, 
since they have no evidence that any scale is better than the arithmetic, they 
have accepted it (333). They have provided data to show that the category-score 
data can be used to establish significant difference with the Chi3 test without 
assuming linearity. They were able to show the same effects with beautifully 
nimilnr curves whether their pain categories or 50% relief criteria were used. 
The same attributes seem to have been measured by the two systems. 

They recogniee that different patients may have differing criteria of need for 
analgesics. The patient who receives maximal relief of a slight pain would have 
that relief represented by a smaller number than would be the caae with a pa- 
tient with more severe pain. They have overcome this problem at  least in part 
by dealing with "moderate" or "severe" pain rather than slight. The fact that 
each patient served as his own control may account for the fairly uniform dis- 
tribution of the categories for each drug. "Total effects" have been stressed in 
their evaluation, since this is the most important factg. As they point out, peak 
effects can also be determined, but unless differences aie great, larger numbers of 
observations will be required than was the case for total &ect estimations. 

The composition of the patient-pain groups is manifestly important: a weak 
analgesic may be differentiable from a placebo when good discriminators are 
involved, and yet failure to show a significant difference with even a powerful 
analgesic as compared with a placebo may occur when a relatively high propor- 
tion of non-discriminators is present (332). They do not consider it advisable to 
try .to screen out poor discriminators. By the use of "correlated data" or "cross- 
over" studies, where each patient acts as hie own control, they have consistently 
been able to show significant differences between acetylsslicylic acid or morphine 
and their placebos with 10 to 25 patients. When 2 drugs of . G m k  analgesic 
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power are compared, more patienta will obviously be needed than when the 
difference in drugs is greater. Houde and Wallenstein (332) have concluded that 
when the drug tested gives a significantly different score from the placebo but not 
from the standard that it will probably be more profitable to compare the regres- 
mon slopes of graded doses of test and standard drugs than to persist with the 
preliminmy screening method. Teata are usually extended until the trial drug 
shows a significant difference from the standard or the placebo or both (333). 

One must agree with these investigators that no clinical method can be more 
~ensitive than the population in which the tests are made. Sensitivity of such 
methods is limited by the discriminatory ability of the patients involved. But 
to return to the question raised at the outset of this section as to whether pain 
data obtained "in patients remering from operative trauma" may apply "to 
patienta dying from inoperable cancer," it can be said that a remarkable confir- 
mation has been eetsblished that the two approaches give the same information, 
as ahown in Table 1 where recent observations obtained in relatively large num- 
bers by the two groups are recorded. 

The excellent agreement of the data obtained by the two techniques adds 
strong support to the reasons to believe that patients utilized in the poetoperative 
period by the Beecher group are fully as able to discriminate aa patients d e r i n g  
from chronic pain, whose situation has not been complicated by recent anes- 
thesia. Evidence eetsblishing this has been presented above. 
AB pointed out by Houde and Wallenstein (333, 335), the methods just dis- 

cussed could be applied to other problem, such as the rate of development of 
tolerance, the study of maximal drug effects, the problem of selective activity. 

4. Keek's method. Keele (313,314,365) recognized, as aU have done who have 
worked with pain problem, the difficulty of verbalizing descriptions of pain. He 
recagnieed too the patient's confusion as to what features of his pain experience 
should be reported to the observer and, finally, the difticulties of remembering 
that experience. With theae things in mind Keele planned what amounte to a 
time-intensity curve, a pain chart, to be kept at regular intervals by the patient. 

provides a quantitative record of severity; qualitative features of pain are +. 
Following a study of words used by patients in pain, Keele constructed his 

chart with five one, slight, moderate, severe, and 
time in hours. Observations 

by the patient were to be charted at hourly intenah before and after the 
sdminietration of anslgesics. The method appeared to be especially suitable for 
patienta with chronic pain. 

It was found (314) that morphine (15 mg) on being given on 33 occaeions to 
12 patienta, abolished severe (grade 3) or very severe (grade 4) pain one hour 
after injection on 20 out of 33 occasions (61 9%). When a placebo was used on 33 
occasions in 15 patients, pain of qvere degree (grade 3) was abolished 1 hour 
after injection on 14 out of 33 occasions (43 9%). While these data are not strictly 
comparable (here the dose is 15 not 10 mg and complete pain relief occurred) to 
thoee of and Beecher (397) or of Houde and Wallenstein (333), the 
re.eult stremea the unsatisfactoriness of the patient's own pain chart. 
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Keele reported that the task of char t i i  their pain was welcomed by the pa- 
tient; however, others (332, 403) who had tried a similar method did not agree; 
they found the patients' records eo inaccurate and misleading as to require that 
it be given up. One judges that thie group aleo found the reoorda kept by the 
patients unsstiafactory in poetoperative patients, for Flintan and Keele (215) 
substituted for their early method, when dealing with "acute pain," group quee- 
tioning by an ob rve r  who then kept a pain chart. 

Thia modification, se they eaid, "came near(er) to the procedure described by 
Keste, Beecher and Moeteller (361)" than to the original Keele method. They 
mention that their method differs however from Keata et al. in the following 
ways. 1) They did not use the "unknowns" techniquee as far as the obeerver was 
concerned, for they were obliged to be on the lookout for toxic etTecta of the 
untried agent, and did not consider the use of unknowns safe. 2) They did not 
consider it justifiable to use &e controle. 3) They regarded sleep 8s indioating 
complete relief of pain. 
Flintan and Keele (215) agree with Denton and Beecher's (159, 160, 161) 

reasons for the use of pathological pain to aesay snalgesic drugs and with their 
reasone for studying eide dects in normal subjecfe, wtisfactory as this is. 
They aleo agree with Betxher (42) "that a clinicsl trial is the only ~tkdactory 
way of estimating the analgesic potency of a drug." 

VI. 8TA'lTSTICAL PBOBLEMB AND THE= SOLUTION' 

Prepared by Professor Frederick Moeteller 
1. E z p e r i M  design. For drug assessment, workmg with postoperative 

patients, Keata and Beecher (358) tried to fhd a doe. level of the "new" drug 
comparable to a standard doee of 10 mg of morphine per 70 kg of body weight. 
By alternating doses within aingle patients, it wse possible to compare per cent 
relief from the etandard morphine dose within group of patients with per cent 
relief from the test drug. Merences in per cent relief for each dose level of the 
unknown were plotted against dose level of the unknown drug. A e o n  line 
is fitted to the points, and the position where the regression line cmaea zero per 
cent difference in relief is taken se the dose level of the unknown equivalent to 
the etsndard doee. The device is quite simple to cany out and flexible in its se- 
quential approach to the level. The Beecher group have used podoperative 

6 Familiarity with the original articles discussed in this review makes it quite clear in 
moet cseee that when a "significant" effect ia claimed, this can be demonstrated mathe- 
matically. The trouble is, in a good many caeee, better experimentation hrre shown the 
"significant" effect to be in error. Plainly the solution to the conflict must be sought else- 
where. The solution seem to lie in many places: experimental design, choice of material, 
or in incorrect application of atatietical procedures, to name a few sourcee of error. While 
a statiatiaal analysis of even the beat of the studiee covered here would be unutterably 
tedioue and without reaaonable profit in a review, there ia a need for comment on statistical 
mattere by a profwional mathematician who hae a h t - h a n d  familiarity with gab prob- 
lem.  

For a decade Dr. Frederick Moeteller, Professor of Mathematical Statistics a t  Harvard 
University, has saved the reviewer from many an error; this is acknowledged with appre- 
ciation. During thia decade i t  has become increasingly clear that statistical guidance in 
thia complex field is for the expert. 
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wound pain and have clearly established the ability of their subjects to dis- 
criminate among drugs and placebos and among given doses of given drugs. 
(See V, B, 2, a.) 

The technique has been validated by asseasing an unknown amount of mor- 
phine against variable known morphine (361). In this sssessment, the unknown 
happened to be 10 mg/70 kg and was estimated a t  10.8 mg. 

A useful design has been suggested by Houde and Wallemkin (335) (' m8680- 
ciation with Dr. Irwin Bross). The approach has two important features: (a) it 
allows the assessment of the dose-effect curve of an unknown in comparison 
with that of a standard; (b) the approach can be used sequentially. 

The steps in the procedure are as follows: First, the dose scale ie laid off in 
equal logarithmic units, the unit being determined by two dose levels assigned 
to the standard. For example, in a study of "Numorphan" as compared with 
morphine, the morphine was used a t  2 standard doses-8 and 16 mg. The re- 
mainder of the scale (because "Numorphan" seemed more potent tham morphine) 
would be 4, 2, 1, 0.5, . . . mg. In addition to the 2 standard doses of morphine, 
xl, z,, 2 doses of the unknown (doses adjacent on the grid) are chosen, say yl, 
y h n e  of the pairs (8,16), (4,8), (2,4), (1,2), . . . in the example given. Now 
that the 2 standard doses and the 2 unknown doses are chosen, the 4 doeea zl, 
zs yl, yt form the primary experimental unit, called a quartet. A group of patiente 
starta out on a single quartet, each patient receives the quartet in some order- 
the possibility of balancing exists-for example, a set of 4 patients might be 
assigned the dose order in a Latin square design: 

Order of administration 

Patient 1 : z1 2 1 YI Yz 
2: zr Yl 21 b'l 
3: Y1 21 Yl 21 

4 : y t  Yl 21 21 

Also a patient may be given more than one administration of a quartet-possibly 
in a new order. (It seem to be an assumption of the method that the drugs do 
not interact.) 

If, on the basis of reeults for a given quartet, it appears that the response is 
not comparable in magnitude between the unknown and the standard, a new 
yl, y, pair L chosen to be combined with the 2 standard d m  to form a new 
quartet (several randomly selected groups of patients can start out on merent 
quartets if this is deeirable). As the data accumulate, more emphasis is put upon 
quartets where the yl, yr pair appeam to yield responses comparable to the XI, z, 
pair. 

The analysis goes as follows. For a given patient and quartet, let the measured 
responeee to the doses XI, zt, yl, yr be XI, Xs, YI, Yr respectively. Then 3 quanti- 
ties are computed. First, 

21 = (X, - X I )  + (Yz - Yl). 
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This is essentially the sum of the regreseions for the given patient-quartet. If one 
regards the difference log z2 - log zl as one doee b i t ,  then X2 - XI is the 
obaerved dope for the standard and Yt - Yl is the observed dope for the un- 
known, because in any quartet log y~ - log yl is also one doee unit. The two 
slopea have been summed to form 21. To meaaure whether the drugs are being 
evaluated in the same general range of potency, a second score 2 2  is computed: 

Insofar aa 2% is nearly zero, the observation suggests that the doee pairs zl, zx 
and yl, 92 are equipotent. Estimates of relative potency usually asaume that the 
dopea for both drugs with doee plotted on a logarithmic scale are equal. To asseas 
this equality of slopes, a third quantity 

Za = ( X f  - XI) - (Yz - Y1) 
is computed. This is essentially the difference of the observed dopes in the 
quartet. Insofar as it tends to vanish, the slopea tend to be equal. 

To get the relative potency (aeauming the average value of Z, is small), one 
first eshatea the common slope from the average of the Z1 values (averaged 
over patient-quartets). This estimate is 

B = Zl 

2(log zi - log 21) ' 

In the denominator, the 2 comes from the fact that Z1 summed the dopea, the 
logarithm of the interval length returns the scale to the original doeage units. 
For any quartet, let 

X l z l  w = log - 
YlY2 

be the assessment of the ratios of the 2 drugs. (Of course, 3 = 2 if the adjacent- 
Yl !/, 

pair routine has been followed, so that W = 2 log 5. However, if one wiahee to 
U l  

follow the derivation of the potency formula, it is convenient to write W in the 
more symmetrical form.) Finally, the logarithm of the potency 4 can be esti- 
mated using 

Here W is the average of the W's for the different quartets used, weqhted ac- 
cording to their frequency of use, and % is similarly the average of the obeerved 
2, values. 

It is suggested that approximate confidence limits for relative potency may 
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be derived by substituting upper and lower confidence limits for Zt in the ex- 
pression for log 9 . O  
AB an illustration, the quartet analysis on the "Numorphan" example, as 

described by Houde and Wallenatein (335), is given below. 

"Thirty-eight patients were started on one or more of the quartets and croaasver dat8 
waa obtained on 26 of them. Eight and 16 mgm. of morphine sulfate were used aa standard 
medication, and the four quartets included, respectively, dosea of 1 and 2,0.b and 1,l and 
2 and 2 and 4 mgm. of 'Numorphan'. A total of 158 I.M. doses of each drug were adminis- 
tered. All .drugs in the quartets were superior to the Bsline controls. . . . The regreaaion 
estimate fdr the combined slope was significant beyond the 1% level and there were no 
significdnt'deviationd from the regression (Table 3). The overall range of analgesic effec- 
tiveheaa of the combined 'Numorphan' dosea did not differ significantly from that of the 
two morphine doses used. Table 4 summariaea the estimates of relative potency derived 
from these data. The ratio of potency of 'Numorphan' to morphine is 8.96 to 1. I t  would 
appear from this study that 'Numorphan' is a potent analgeaic, 1.12 mgm. of the drug 
being equivalent in effectivensaa to 10 mgm. of morphine sulfate with the eatimate ranging 
from 0.90 to 1.65 mgm. with confidence limits a t  the 5% level." 

The sequential aspect of the approach has been tested by 3 groups working 
independently on the evaluation of piperidyl methadone at 3 different inatitu- 
tions. The reaults for 2 of the institutions have been reported with potency assays 
of 2.04 and 2.12, respectively, a most encouraging comparison. 

The general approach seems to have many ramifications and offers poesibilities 
for the study of other questions such as tolerance and cross-tolerance. The limi- 
tation seems to be the requirement of getting responses to the 4 dosea of a quartet 
from the same patient. Whether the technique, or some modification of it, could 
be used with postoperative patients, as in the investigations of Beecher's group, 
would require both mathematical and empirical investigation. Those interested 
in a discussion of sequential experimentation more closely allied to Wald's work 
may find Bross (105) useful. 

2. On the -ng of categon'cal mbjeclive responses. Houde and Wallenstein 
(332, 333, 335) have developed a method for evaluating analpica in patients 
with chronic pain. A feature of the method is that a graded response is obtained 
from the patient concerning the severity of the pain. These responses are "none," 
"slight," "moderate," "severe," and "agony." "Agony" is assigned only on the 
combined judgment of patient and 0 b ~ e ~ e r .  (It is reported that this category is 
rarely used and that the investigators are considering eliminating it from the 
scale.) Theae reports are arbitrarily assigned the scores 1, 2,3,4, 5. By ssseesing 
a patient's pain before medication and again each hour for a six-hour period 
thereafter, an hourly relief score is obtained. Thus, a reduction of pain from "se- 
vere" to "slight" gives a relief score of 2. However, increases in pain over the pre- 
medication reading are recorded as zero relief; similarly, if the patient requires 

a Dr. Irwin Broes, in a personal communication, points out that thia approximation 
neglecta the fact that B is a random variable. After preliminary inveetigation he reporb 
that taking account of this variability leaves the length of the confidence interval essen- 
tially unchanged, but shifts its position somewhat. Dr. Broaa waa kind enough to go over 
a number of points in the design that were not originally clear. 
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TABLE 3 
Quurtet analy&Morphine vu. "Numorphan" 

~(0 .06)  = 1.991. 
p(0.01) = 2.640. 

Significant at 1% level. 

TABLE 4 
Quartet anaIyris--Morphine (MS) us. "Numorphan" ( N M )  

Relative potency w a y  
- 

Dose ratio. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  W = 1.913 
Slope. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B = 6 .18  
Relative potency (NM:MS) . . . . . . . . . . . . . . . .  4 = 8.95 (+1.8!21, -1.061)* 
Beet estimate.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 mg MS = 1.12 mg "Numorphan" 

= 0.90 to 1.66 mg "Numorphan"* 

* 6% confidence limits. 

additional medication within the aix-hour period, he is scored as having zero 
relief for the remainder of the period. The relief mrea for a six-hour period are 
totaled and then manipulated to sseess drug effecfe. The use of such arbitrary 
scoring from 1 to 5 sometimes is criticized not only for ita arbitrariness, but also 
because the numbers (or categories) may mean different things to different pa- 
tienta. Invedigators using such device. hope that, by uaing the patient as his 
own control, directionality and magnitude of change are consistent within the 
patient. Insofar as a category changes meaning for the same patient from time 
to time, there should be more variability in the over-all aaseament of a drug. 
Insofar as some other set of numbers, aay 0.8, 1.2, 2.1, 3.5, 6.0, might better 
have been assigned to the categoriee than the onae 4, the problem has to do 
with weighting. A good deal of mathematical investigation of the use of weighta 
when scores are to be summated has been carried out in the field of educational 
teeting, and the general conclusion haa been that modest changes in weighta in 
situations where many scores are added change the conclusions very little (644). 
The parallel here is that drug asseaament is carried out ementially by summing 
over the patients' summary scores. Differences in the use of the scale by different 
patients, such as tending to uae only a pair of adjacent categoriee (say "none" 
and "moderate") as oppoeed to use of the full range of the scale, seeme also to 
be a mere weighting he-that is, some patienta tend to contribute more to 
the over-all evaluation of the anslgeaics than others. At any rate, the method of 
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assessment aeerns to give satisfactory results. The argument for scoring incresses 
in pain as simply zero relief can also be put on the basis that negative relief 
scores are to be weighted zero. However, i t  is not entirely clear why this action 
is taken. Houde and Wallenstein state "As our primary concern is with analgesia 
rather than with random fluctuations in pain, any increase in pain over the pre- 
medication reading is recorded as zero relief" (333). Since random fluctuations 
in degree of pain presumably go down as well as up, the reawning does not seem 
to be adequate. One adequate reason would be that drug assessment is more 
stable or accurate with this weighting than with the obvious one. 

3. Uw of are08 in meuauring analgesic effect. Miller (451) states "Since analgeeia 
has two qualities, that of intensity as well as duration, it is conceivable that 
potency estimates might be based on either or both. Thus far, however, no one 
has worked out a means of combining measurements of both of these into a 
single parameter so that, if considered at all, they are taken separately." If 
intensity and duration are not related in some very systematic way, the fact is 
that the two qualities are separate and that an adequate appraisal of both re- 
quires separate analyses. It is a commonplace that multivariate questions often 
have multivariate answers. As Winter (652) puts it "No method of expressing 
d t s  then, no matter what mathematical labors may be put into it, can give 
the total picture of the effect of increased dosage, if only one dimension is taken 
into consideration." (See also 4743.) 

Nevertheless, the desire to get a single figure in answer to a multivariate ques- 
tion is strong. In animal experimentation Eddy et al. (194), employing the hob 
plate method with mice, used areas as a device to decide whether or not an animal 
had been affected by the dose. Essentially a curve of response time in seconds is 
plotted against time in minutes after injection. The calculated 60-minute poet- 
injection reaction-time area for any drugged mouse had to differ from its own 
normal reaction-time area (average initial reaction-time X 60) by a t  least twice 
the standard deviation of the plotted areas of the undrugged group in order that 
a mouse be considered to have shown a significant variation in its reaction-time 
area due to drugging. The percentsge of mice showing such a siqnificant dect 
was computed for each dose level for purposes of 888essing the drug. The per 
cent affected plots up approximately linearly on log-probit paper. (Eddy and 
associates report time to onset, peak effect, and duration.) They recommend 10 
a n i d  per dose for screening and 30 to 40 per dose for establishing dose-effect 
relations. In a further modification Eddy and Leimbach (19%) attempt to arrive 
a t  total area variation and give specifications for termination of observation. 
They also modified procedure to balance out other variables from one group 
of animala to another. 

In a panel discussion, Mosteller,' following Eddy and associatea and in response 
to correspondence with E. Brown Robbins, used the excess area over initial re- 
action time of rats subjected to the tail-flick method as a direct measure of 
responxe to dose. These areas were then expressed as a percentage of the maxi- 

' Joint meeting of the Biometric Society and American Society for Pharmacology and 
Experimental Therapeutics, Atlantic City, 1950. 
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mum possible excess. If the initial reaction time varies little from animal to 
animal, there seems little advantage in turning to the percentages. Mosteller 
used the area for a fixed period (90 minutes). These areas plotted approximately 
linearly against dosage, see Table 5. From the original data it waa clear that for 
higher dose levels some rats far from returning to their initial reaction times of 
about Bix seconds at the end of 90 minutes were still near their maximum response 
times of 20 seconds. Stopping, therefore, a t  a fixed time does not use the area 
idea to the hilt. 

Winter (652) using the tail-flick method for rats measures the reaction time 
until the rat has more or less returned to normal. More specifically, in Winter's 
technique 3 preinjection trials are made and reaction time in seconds measured 
(average 4.35 sec) and a degree of heat is used that makes these times quite 
stable (a standard deviation of 0.36 sec or about 8% of the mean haa been ob- 
served). In the examples given by Winter, the reaction times are measured a t  
15minute intervals through the first hour after injection and a t  30-minute 
intervals thereafter. Heat is cut off after 10 seconds if the rat has not responded. 
The excm in area over the original reaction-time level is measured until the 
responses have practically reached a baseline again. The exact rule for ending 
the measurement process is not given in the reference cited. Winter finds the 
excess in area over the initial reaction time for each animal. He finds that these 
areas when plotted against the logarithm of the doee are approximately linear. 

The cut-off time for the tail-flick data in Table 5 waa 20 sec; Winter uses 10 
sec. Naturally, this time is to be determined so as to leave the tissue undamaged. 
It seems reasonable that if the cut-off time is short enough, the area depends 
largely on the duratio~ of d e c t  at larger dose levels. However, duration iteelf is 
a rather illdefined concept that may vary a great deal with the rule for stopping 
the measurements. The area should not be quite so sensitive to such an arbitrary 
rule because the main contribution to the area ordinarily comes from that part 
of the mponse curve where the drug is having its most powerful effect on response 
time and not from the less definite tail part of the curve. The areas have the ad- 
vantage that they yield a numerical value for each individual separately and 
therefore produce a direct measure of animal-to-animal variability. Winter sug- 
gests that the potency of an unknown can be assessed a standard error of 25 % 
on the basis of 6 IsnimrrlR for the Btandard and 6 for the unknown. He suggests 
that the standard error can be cut to 15% with 17 animals. The method appears 
to be promising. 

I t  is worth noting that Houde and Wallenstein's method is also an area method 
based on the relief scores. They use a fixed total time period of 6 hours. Pre- 

TABLE 5 
Reaponae to morphine suljale in  rats 

Donge, rng/Lg.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . % h e  (0) 0.8 1.2 1.8 2.5 
----- 

Average % maximum possible p i n . .  . .I 12 I 35 I 58 I 74 I 90 
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sumably for the drugs and dose levels employed, the response curve has been 
completed at the end of this period. 

4. Tealzealzng for change toilh m e l a l e d  proportiom. The problem of W i n g  for 
change in a 2 X 2 table has sometimes been mishandled in the past and is only 
beginning to be routinely recognized by workers in the assessment of drugs. The 
problem is eesily illustrated by a study of incidence of side effecta in the compara- 
tive t&hg of 2 analgesics. A number of experimental patienta hsa been treated . 
on 2 Werent occasions with Drug A and Drug B. 

Noting which patients had nausea following each dose leads to a record of one 
of the following 4 typea for each patient: 

Patlent D w  A DW B 
Jones, A. B.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Naueea Nausea 
Smith, C. D . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Nausea - 
Johnson, E. F.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - Nausea 
William, G. H . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - 

With this information in hand, 2 questions are commonly aaked. The first con- 
cerns the frequency of occurrence of nausea with either or both d r w .  This is a 
usual quedion that classical binomial methods are suitable for solving and does 
not need to be puraued further here. The second common question is whether 
Drug A is more likely to produce nausea than Drug B, and this is the question 
that is often mishandled. 

The first way of mishandling the data is to set up a table like Table 6 (labeled 
"Mishandling No. 1"). The same 100 patients have received both Drug A and 
Drug B. With Drug A 18 show nausea, and witb Drug B 10 show nausea. The 
standard chi-square method (or t-test) might then be applied incorrectly to the 
ditrerence between proportions in the lines for Drugs A and B, even though there 
is matching. The principal mistake here is that the basic unit is a patient, not a 
dose. It is a common finding that patienta experiencing nausea after Drug A 
may be more likely than others to experience muses after Drug B and vice ma. 
This expected correlation of outcome is one reason for using the matched doees 
on the same patients. What is needed is a reclassification of the data ueing pa- 
tients as the unit. This reclassification le& to the appropriate table--Table 7. 

In Table 7 the joint outcome for the two drugs is shown. Nine cases had n a w a  
with both drugs; 81 casea never had nausea. Drug A produced nausea in 9 cases 
when Drug B did not, and there is one case with nausea from Drug B but no 
nausea from Drug A. 

TABLE 6 
Example of mishandling (No .  1 )  

TotJ 

100 
100 

Drug A , .  . . . . . . . . . . . . . . . . . . . . . .  
Drug B . .  . . . . . . . . . . . . . . . . . . . . . .  

Total. . . . . . . . . . . . . . . . . . . . . . . .  

Nausea 

18 
10 

Not-Nausea 

82 
90 

28 172 1 2Ml 
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TABLE 7 
E z o m p b  of appropnyate table 

IB-Dl-1 19-11-1 7 
d m  = 

- - = 2.22 st. dev. 
3.16 

Drug B 
Nausea. . . . . . . . . . . . . . . . . . . . . .  
Not-Nausea. . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . .  

P(z 1, 2.22) - 0.013 (one-sided test). 

A eecond mishandling of these data would apply the ordinsry chi-square 
analysis to Table 7. Such a teat for association would teat whether patienta tend 
to respond similarly, or possibly oppoeitely, to the 2 drugs, rather than on 
differential incidence. 

l'he primary interest is whether Drug A produces nawea more often on the 
average than Drug B. For this purpose, one is not interested in the whole table 
but only in the two terms of the diagonal labeled E and D. The question asked 
is whether C + D is significantly ditrerent from C + E, or equivalently whether 
D and E can be regarded as equal. Here there are only 10 cases that give infor- 
mation about the merential incidence of nausea for the 2 drugs. The facts that 
some patients had nausea both times and that others had no nauaea on both 
occasions is good information for other purposes, but not for Wing  whether 
Drug A differs from Drug B with respect to nausea incidence. Thie is determined 
from the frequencies in cells E and D of Table 7 by the standard test, shown 
immediately below Table 7. The difference between D and E, neglecting the sign, 
is rlimininhed by one and divided by the equare root of the sum of D and E to 
obtain 2.22 standard deviations. The eignificance of the result is obtained from 
a table of the normal distribution. The subtraction of unity is a correction for 
continuity equivalent to Yates' correction of one-half in the usual chiquare 
teat. In the example, there is good resson to think that Drug A is really worse 
than Drug B with respect to producing nausea. 

The quick test just described is an approximation to the exact teat whether 
the 2 celle have the same probability on the baak of the outcome of E + D 
binomial trials. I t  is possible therefore to use exact rather than approximate 
methods. The probability of getting 9 or more heads in a sample of 10 coin flips 
is (1 + 10)/21° = 11/1024 = 0.011, which agrees closely, of courae, with the 
probability associated with a z-value equal to or greater than +2.22, which was 
0.013. 

McNemar (431) is believed to have originated the teat. It is discussed also in 
(143, 197, 432, 459) and used extensively, for example, by Denton and Beecher 

Dnu A 

Naura 

9 (c) 
9 @I 

18 

Not-Nauaa 

1 (D) 
81 (F) 

82 

Tatd 

10 
90 

100 



112 HENRY K. BEECHER 

(159, 160, 161) (with a slightly different formula) in comparing the side effects 
of several paired drugs. Cochran's paper extends the method to the study of 
situations where more than 2 observations are taken for an individual, to illus- 
trate--if each experimental patient receives 3 drugs, the question may be asked 
whether the 3 drugs dBer in their production of nausea. 

6. Random numbers. In setting up experimental groups of animals or patients, 
or in arranging orders of sdministration, some investigators still randomize by 
writing numbers on slips of paper, mixing them, and then drawing them blindfold 
from a hat. It is rather difIicult to mix or shufIle physical objecta like slips of 
paper, so most people now use random numbers. Some sources are the RAND 
random numbers (The RAND Corporation [496]) which gives both random uni- 
form digit- (numbers 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 drawn with equal probability), 
and random normal deviates. The latter numbers are especially useful in trying 
a theoretical run of a new statistical technique. The Fisher-Yatea (211) tables 
provide random uniform digits, as well as Latin Squares and instructions for 
randomizing these. Arranging sets of objects in a random order is an irksome 
and time-consuming task, but Cochran and Cox (144) a t  the suggestion of Pro- 
fessor George w. Snedecor have constructed a set of tables of random permuta- 
tions of 9 and of 16 objects. From these one can obtain random permutations of 
smaller numbers of objects. In using random numbers it is well to record not 
only the source book but the actual location in the table from which the numbers 
were drawn. It is astonishing how frequently occasions arise when i t  is desirable 
to reexamine the original numbers. 

6. Cmpari8on of means in the analysis of variunce. In the study of r e a p o m  
to drugs the analysis of variance is widely used in the assessment of effects and 
in the allocation of variability to its sources. No purpose would be served by a 
long list of references to document this point, but Miller's (451) critique of 
analgesic testing methods and Winder's (650) statistical examples in pharma- 
cology might be mentioned to illustrate respectively a rather straightforward 
and a quite complex design and analysis. 

For those who are unacquainted with this methodology but who wish to extend 
their information in this field, a wide variety of books is available: Fieher (210), 
some parts of Finney (209), Snedecor (554), Cochran and Cox (144), Federer 
(205), Kempthorne (368)-the list is ordered roughly from easy to very hard 
readmg (though ease in reading Fisher is quite deceptive). 

The Winder (650) reference is particularly instructive for its careful study of 
possible transformations of the data that may lead to more appropriate analysis. 
An elementary discussion of the use of transformations in analysis of variance 
is given by Quenouille (495). Generally speaking, transformations in the analysis 
of variance are used 1) to improve normality of distribution, 2) to stabilize 
variances-that is, to equalize the variability of several sets of data (especially 
when variabiity depends on the magnitude of the mean), 3) to achieve additivity 
or linearity and thus simplify interpretation or analysis, or finally 4) becauae 
they lead to a clearer physical interpretation. In bioassay, two transformations 
quite commonly used in tandem are the logarithm of the dosage and a probit 
rather than the per cent responding. 
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There have been some important developments in the field of analysis of 
variance that may be useful in the study of pain. In the simplest analysis of 
variance situation there are several drugs, treatments, or conditions b e i i  teated. 
The classical analysis of variance is designed to teet whether there are Merences 
in the results achieved by the several treatments (as well as other questions such 
as those concerned with interaction). For many yeam it  has been an irksome 
question just how one should proceed after deciding that the several treatments 
do give different reaults. Usually it is desired to state that the apparently best 
treatment is really the best one with some approximate degree of confidence 
attached, or to set confidence limits on the difference between a pair of means. 

It would be fair to say that before 1950 no technique of reaching such a deci- 
sion together with a satisfactory probability statement was available. Usually 
workers merely made all possible pairs of comparisons. Then probability state- 
ments were attached appropriate for the comparison of a pair of treatments in 
the absence of others. Since 1950, numerous publications have appeared suggest- 
ing various methods for handling this problem. A key reference is Duncan (174) 
because of the background it gives for this general problem including a diecusaion 
of many special considerations, because of its comparative etudy of the various 
methods proposed, and because of its references. 

In Duncan's technique it is poesible to present the treatments ordered in ac- 
cordance with their effects in such a way as to show which treatment is signifi- 
cantly distinguishable from each of the other treatments and which treatments 
must be regarded as grouped. All poesible pairs of comparisons are made. To 
illustrate, an experiment on yields of barley gave for 7 varieties A, B, ..., G means 
arranged as shown below in order of magnitude and underscored in accordance 
with Duncan's analysis: 

Varietiee . . . . . . . . . . . . . . . . . .  A F G D C B E 
Mean yields.. . . . . . . . . . . . . . .  49.6 58.1 61.0 61.6 67.6 71.2 71.3 

Duncan's analysis leads to the interpretation : 
(a) Any two means nd underscored by the same line are 8ignijhnUy diflerent 

(5 % level). 
(b) Any two means underscored by the same line are not signijhntly diflerat. 

Thus for this example, while A is not distinguishable from F, and F is not dis- 
tinguishable from G, a difference is recognized between A and G. 

A complete description of the technique requires more space than is available 
here, but in outline, the following step are required. First, an initial analyais of 
variance is made to obtain the standard error for a treatment mean, then Dun- 
can's table (pp. 3, 4) is consulted to discover for the given significance level the 
required multipliers of the standard error to be used in comparing the difference 
between a pair of treatment means. The multiplier depends on the particular 
pair of means to be compared. When the means are ordered, a comparison be- 
tween A and F in the example corresponds to a multiplier using the fact that 
only 2 adjacent means are involved, whereas a comparison of A and G include, 
the knowledge that there is an additional mean, F, between A and G. Once the 
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initial analysis of variance is made, it is very easy to carry out an analysis 
baaed on Duncan's technique. 

Scheff6'8 (517) technique involves a more general idea than merely the com- 
parison of every pair of means. He suggests the podbility of studying all possible 
contrasts in an analysis of variance. A contrast is a weighted sum of means that 
has the property that the sum of the weights is m. Let C, A, and F be the true 
mean yields in the example above. Then using ScheE6's method, one could ask 
whether C + A - 2F was significantly ditrerent from zero, or eet confidence 
limite on such an expmsion, and, indeed, all other such expmsions simul- 
taneouely. It is not obvious that such general contrasts will be widely used in 
the field of analgesics or biometry, but interactions take this form. For example, 
suppose that, as in the experiment of Houde and Wallenstein (332), several 
patients each received doses of lactose, "aspirin," codeine, and a combination of 
"aspirin" and codeine. It might be suppoeed that a doee of medication was com- 
poeed of an d e c t  owing to administration (L) plus additive effecte owing.to the 
particular medication used-"aspirin" (A) or codeine (C). Then for the factorial 
design the 4 &ecb would be 

administration of lactoee - L 
administration of "aspirin" - A 
administration of codeine - L + C  
administration of "aspirin" + codeine - L + A + C 

One teat of this model is to evaluate the interaction or contrast (L + A + C) + 
(L) - (L + A) - (L + C). If the model is true, the observed contrast should 
be nearly ZRFO. Houde and Wallehin's corresponding mean relief scores were 
7.2 + 2.2 - 4.8 - 4.1 = 0.5. Scheffd's technique would set confidence limits 
on the true mean of such a combination. The purpose in describing the interac- 
tion at such length here is to indicate that some questions about contrssta do 
occur rather naturally, and thus to prevent a too immediate dinmirwRl of Scheff6's 
approach. Moet situations require only the comparisons of pairs of means and in 
these situations the extra size of the confidence region required to be able to 
make confidence statements for the more complicated kinds of contrasts are not 
justified. 

For the simplest kinds of analysis of variance tables, either one-way clsssifica- 
tion with the same number of observations in each column or a two-way claasi- 
fication with one observation per cell, a method developed by Link and Wallace 
for comparing all possible pairs of treatments is described in Mosteller and 
Bush (460). These methods are particularly easy to carry out because they depend 
only upon computing sums and ranges and consulting tables. 

A related problem that may be of particular interest in bioassay occura when 
several diflerent treatments are to be compared with a aingle control or with a 
single standard. The same general difficulties have been encountered in at- 
tempting to make suitable confidence statemente about such comparisons, and 
one technique for handling this problem is given in Dunnett (177). 
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VII. THE PAIN THRESHOLD 

1. Dejinition. The pain threshold can be defined aa the fkt  barely perceptible 
pain to appear in an instructed (665) subject under given conditions of noxious 
stimulation. Its preaence is revealed by a verbal statement. It  is measured in 
t e r n  of the lowest intensity of stimulus which will evoke it. The pain threshold 
can be determined and studied only in comious and cooperative man; however, 
reflex Bigns of reaction to p m e d  pain in animala permit useful studies to be 
carried out in various species. 
6. Man's report us. animal's re*: A mnunticol problem. Evidence that a 

painful stimulus has been operating requires aa delicate yet precise an indicator 
ae can be devised. By common agreement the "pain threehold" concept has 
been used. A source of misunderatanding has been the curious failure of many 
to appreciate that while the term wed, "pain threehold" is the same for man 
and for animals, in actuality very Werent things are referred to by the same 
term: In man the threshold is determined by a conscious judgment in the cortex; 
but in anhala it is determined by a reflex, which may be a spinal reflex only. 

In animals since the type of objective response utilised aa an indication of 
pain is actually a reaction to pain, it may be beyond the pain threshold (80,244). 
In man "pain" threshold refers to a perception; in animalR to a r&'m to 
supposed pain. These Werences have been brought out by Beecher (56). Many 
experimentalists have made a great deal of prick as a threshold in man; but 
Bishop (864 points out that the threshold for prick is not in any way equivalent 
to what an animal will react to. He states further that some of the things inter- 
preted as painful reaction can be obtained from touch in a lightly aneathetized 
animal. 

The flexor d e x  to radiant heat in a paraplegic man compared well with his 
pain threshold (289). So there is evidence in man for parallelism here. 

The problem of how to determine whether an animal experiences pain in re- 
sponse to a presumably noxious stimulus is a dillicult one. The reeponse has to 
be objective. It  is hazardous, to say the least, to conclude that an observed 
motor reapom in an animal reflects what is going on in the realm of sensation. 
Unfortunately there is no bodily reaction in man which occurs only in response 
to pain. The evidence available (666) appears to indicate that little or no correla- 
tion exista between the perception of pain and reactions to painful stimuli such 
ae changea in skin re&tance. Theae matters have been discussed by Irwin et d. 
(344). Pain perception and the obvious reactions to pain are very Werent 
phenomena. These investigators indicate that the phenomena frequently awo- 
ciated with pain in animals are mediated within the spinal cord or brain stem 
below the levels of perception. Thew reflex- may share the neural pathways 
for pain, if at all, for only short distances. 

It  has been reported (157) that, using a thermal stimulus, "the anesthetic 
effect" of morphine in a rat fully anesthetized with a barbiturate could be 
demonstrated. 
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On the other hand it is remarkable that animal testing methods are as useful 
aa they are in predicting analgesic power of new drugs. These methods all 
depend upon reflexes. For example there is the tail fiick of the rat (155), the 
back skin twitch of the rat (200), guinea pig (651), dog (23), the lifting of the 
hind leg from the hot plate in mice (194, 675). The heat stimulus seems to have 
been most useful. 

As Irwin and his associates point out, it had been suspected that the back akin 
twitch of Ercoli and Lewis is a spinal reflex. It has been shown (92, 634) that 
morphine and similar agents atrect spinal reflexes. Accordingly, Irwin and his 
colleagues set out to define in physiological terms what is measured by theee 
screening methods in animals. They showed that the tail flick elicited by radiant 
heat as in the D'Arnour-Smith method persisted after spinal cord section. It was 
like that observed in normal rats. It is unquegtionably a spinal reflex which 
persists even when the pathways to the integrative levels for pain perception 
are interrupted. By a similar approach the back skin twitch was also shown to 
depend on a spinal reflex. 

With the single exception of N-allylnormorphine all of the known potent 
analgesics have been shown to produce significant elevations of the thresholds of 
regporn in animals when radiant heat was used to produce a tail flick or a back 
skin twitch. The next problem was then to determine whether the changes ob- 
served were effects of the drugs on these reflexes. The &ecb of morphine, 
methadone and meperidine were tested on the thresholds of rats (D'Amour- 
Smith method) or dogs (23) were studied. Significant rises in thresholds were 
obtained after each of these analgesic agents, but the rises were less in spinal 
animals than thoee found in intact animals. 

Wikler (634, 635) showed that both morphine and methadone when tested in 
spinal cats and dogs consistently depressed only those hindlimb reflexes which 
are characterized by considerable after-discharge and did not depress but 
actually increased in some cases those hindlimb reflexes that had little or no 
afterdischarge. Wikler therefore concluded that the site of action of these drugs 
was on the internuncial neurone system of the spinal cord. 

Irwin and his associates speculate that the internuncial neurone chains may 
play a part in the pain experience, since it is now fairly certain that complex 
cortical and subcortical sssociation pathways are involved in the appreciation 
of unplessant sensations. 

The back skin twitch and tail fick reflexes have similarity to other multi- 
neurone reflexes. Study of such reflexes in spinal cats (635) showed that mor- 
phine depressed these action potentials. 

Evidence is presented (344) that morphine and methadone augment supra- 
spinal inhibitory mechanisms involved in the tail reflex beaides directly affecting 
the reflex arc. The same workers have observed in mponse to radiant heat stimuli 
d, locslieed tail movements in rats that were deeply etherized, pithed or 
dead. Such responses cannot be distinguished from reflexes greatly depressed by 
anslgesic agents; so they have suggested and defined the use of a maximal 
measurable effect ceiling for any given intensity of stimulus used. 
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In animals, "painful" stimuli evoke reflex responses; these increase as the 
intensity of stimulation increkm. And as the in-w! stimulation increases 
higher and higher centers respond. In man, domination of the cortex makes it 
difEcult or impossible to separate out and use such reflexes, but in animals such 
separation is possible, and so is it in man with spinal cord injury. It has been 
reported (69) from a study of men with spinal cord injury where one leg is 
meethetic and the other is not, that reflex muscular activity in the anesthetic 
leg occurs in response to radiant heat stimulation a t  an "almost always iden- 
tical" level of stimulation as was necesssry for the pain threshold to be perceived 
in the unanesthetized leg. This supports the view that the skin twitch, for 
example, in normal animals in response to stimulation corresponds reasonably 
well to the pain threshold. Denny-Brown in discussion of this paper said that 
sensation occurring a t  the same level as the associated rdex response perhaps 
could be explained by the pain derents going to the higher levels being branches 
of the internuncial of the reflex atTerents. Goetd (242) points out that practical 
separation between the reflex levels appears to be greater the lower the species. 
He assumes that a specific threshold exi&a for each level of reflex activity. In 
analgegimetric studies of antipyretic agents in animals, squeaking, crying, 
defensive movements, lid reflex, leg withdrawal, pupillary and psychogalvanic 
reflexes have all been used by various investigators. 

A few inveetigatora have attempted to sensitize the test area in man to the 
radiant heat stimulus by the prior use of ultraviolet radiation. In animals sub- 
cutaneous injection of croton oil has been used for the same purpose (242). 

Small d m  of barbiturates have been -red to animals (454) to in- 
crease their visible reactions to painful stimuli. This ia in line with the evidence 
(357) that barbitmatee block internuncial newones and in &ect produce a 
"pharmacological lobotomy." Evidence of greater motor reactivity than before to 
painful stimuli in man following lobotomy has been found (132,133). The use of a 
barbiturate makes it easier to get more accurate data on analgesic action of drugs 
under study by this method (454). Barbiturates in rats produce their depressant 
effects (hypnosis) without altering pain threshold a t  least as often as they pro- 
duce a significant rise in pain threshold (298). Hart and Weaver conclude that 
barbiturates cannot be relied upon to reduce sensitivity to pain in animals, but 
Keats and Beecher (357) found true analgesic effects of barbiturates in man. 

9. Stimuli and tism.98 involued. The great varieties of these have been indicated 
in the section on Methods. 

In a study of the nature of the reception of cutaneous stimuli, the hypothesis 
was set up (624) that when a stimulus impinges upon a cutaneous receptor it 
produces a chemical reaction which gives rise to a neural impulse. It was s u p  
posed further that raising the skin temperature would increase sensitivity, that is, 
lower thresholds. This was found to be true for vibratory sensations and for 
pressure. In this study Weitz was concerned with the &ects of skin temperature 
on pain sensitivity. The pain stimulus was produced by sbocks from a Harvard 
inductorium. He found a sharp fall of pain threshold with rising skin tempera- 
ture and concluded that elevations of 2.5" to g°C. above the normal skin tem- 
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perature produce an optimal increase in skin sensitivity. Increase above this 
produced decreased sensitivity, elevated pain threshold. The point relevant to 
the review is this: Sensitivity to cutan8ous pain stimuli is a function of akin 
temperature as has been shown with electric shock pain (624) and for compresgion 
and percussion pain (626) and for rsdiant heat (me V, A, 3). There is an optimum 
temperature for msximum sensitivity. Here is one more item which requiree 
control for precise pain threshold meaauremente. The pallor, that is, circulatory 
change in the skin, produced by narcotics with or without nausea would cer- 
tainly lower the akin temperature. A further item to be controlled is the d e c t  of 
pain on skin circulation (467). 

Considerable discussion has been given to the question of the physiological 
mechanism (305a) involved in the pain sensation. Heat pain hae variously been at- 
tributed (64) : 1) to the absolute temperature applied, 2) to the rise of temperature 
above a physiological zero level, 3) to the rate of temperstwe change, 4) to the 
temperature gradient acrosa the skin (626) and 5) to the temperature difFerence 
between adjoining cutaneous regions. These views have been neither proved nor 
disproved. Buettner (112) holds that heat pain is a function of an abaolute 
temperature below the skin surface and places this receptor point a t  0.1 rnm 
down. Benjamin's data (64) indicate that this is 1.0 mm down. Buettner con- 
cludes that the actual threahold temperature is 44.8"C., whereas Benjamin found 
it to be about 40°C. Presumably the &ecb of circulatory changes on akin tem- 
perature and pain mponse were controlled by the design of Benjamin's experi- 
ments, but this is not entirely clear. 

Benjamin (64) working with human subjects hae shown that the surface 
temperature when the pain threahold is i s h e d  is directly related to the heat 
energy input and also that the temperature gradient acroes the ekin when the 
pain threshold is reached is directly related to the heat energy input. The rate 
of warming is a factor of importance. Benjamin repeated the simple experiment 
originally performed by Lewis of placing tbe hand in water which was gradually 
heated. In this case the pain threshold was found at 43°C. When the hand 
was placed in a series of basins at different temperatures, the pain threshold 
was at 47°C. 

The temperature for the heat pricking sensation has been variously recorded, 
43.9"C. (19), 43°C. (Rein, see 414), 41°C. (594). The steepness of the gradient 
determines primarily the induction of a sensation of warmth, but is mndary 
in the production of pain by thermal stimulation, according to von Frey and 
Rein. 

It  has been shown with the radiant heat method (485) that a fall of 3-5°C. 
in the akin site tested caused an approximate rise of 30% in the pain threshold. 
It seems evident that the threshold intensity of skin pain due to heat is closely 
related to the initial skin temperature. The possibilities for error if this is not 
r e c o p i d  are very great. A drug that reduces the circulation in the skin (pallor, 
reduced circulation produced by nausea or by pain or circulation reduced by 
direct drug action or by p r m )  could produce a rise in threshold quitsumelated 
to real analgesic effect but of the same order as the changes often relied upon as 
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indicative of analgesic effect. The efFects of drowsiness, of emotional state,  
and ao on, could e a d y  mislead ~~ and ount for some of the 
m n b d i d o r g  reporb. It is evident from the n o x e r  and his mlltxgues 
that no study involving heat to the skin and which fails to control skin tem- 
perature can be conaidered as really dependable. 

Idoyd-Srnith and M e n d h h n  (424) report 44.6 f 0.7"C. standard deviation 
as the tolerance limit for skin temperature. They found a small, yet statistically 
eignificant difference in tolerance limits between the epigastric and interscapular 
skin areae. Various other data are given as to the mponse of patients to different 
radiation intensities. 
This problem has been further examined (279,527,626) with the radiant heat 

method. Skin temperat- were measured with a radiometer. Two mom tem- 
peratum were used,S°C. and 26°C. In cold pain, vasoepaam may be a contribut- 
ing factor (657). A nice relationship was demonstrated between skin temperature 
and pain M o l d .  Heating of the skin of the forehead 10°C. caused a lowering 
of the pain threshold of about 200 mcal/sec/cm'. The relationship holds as a 
straight line which runs through mro stimulus at 44.g°C. This suggests that skin 
must be raieed to this temperature, regardleas of the initial skin temperature, 
to be prrinful)y stimulated. From this, these writers conclude that it is the actual 
 ski^ temperature rather than the rate of skin temperature rise or the amount of 
skin temperature elevation that makes for painful stimulation of the skin. It is 
plain that akin temperature must be controlled whatever the method of stimu- 
lation as long as the skin is involved. 

It has been shown (111, 305) that h e  damage to the skin is produced by 
tempertitwee of 4445°C. Others have found a temperature of 44.g°C. to be 
neceeesry to evoke a painful stimulua (279). Wertheimer and Ward (629) confirm 
with an extrapolated temperature of 44.1°C., Hardy, Goodell and Worn's (279) 
44.g°C., and Buettner's (111) and Henriques and Morite' (305) 4-4" to 45°C. as 
the critical temperature where skin damage is produced and skin pain elicited. 
Hardy, Goodell and Woltr infer from this a close relationship between t h e  
damage and threshold pain. They believe that "the adequate stimulus for pain 
is t i m e  injury." But even great tiasue injury is often not an adequate stimulus, 
for Beecher (57) showed that significance of the wound often is the determinant 
of whether pain will or will not appear. 

To this reviewer the work on heat also implies that repeated testing in the 
same skin ares is clouded with uncertainty of meaning of the results found, for 
even a prompt second test in the same area, if the above be true is made on 
abnormal tiesue. 

It is clear that one of the leading problem in pain threshold determination is 
the choice of a valid, repeatable end point. Mueller et d. (464) have d i s c 4  in 
detail some of the conditions necewuy to standardiEe an electrical pain stimulus. 
They agree witb Bishop (80) that the threshold pain from electrical stimulation 
is a prick. They found however when akin impedance was lowered that they were 
unable to reproduce the prick sensation whatever the current. They explained 
this on the basis that, when the akin impedance waa high, a breakdown of 
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impedance "occurred in only one small area and all of the current, inetegd of 
passing through the entire electrode area, suddenly surged through the mall 
area of breakdown. Thus, for the same total electrode current the current density , 

would be much greater than when skin impedance was initially low." They 
studied the manner in which breakdown occurs and the conditione which are 
required to evoke a prick sensation. They concluded that an electrical stimulus 
is not easily controlled and muammized the disadvantages of an electrical atimu- 
lus for pain threshold testing. Although the pricking sensation repreaenta a clear- 
cut end point, the prick depends on the dielectric strength of the skin; it is not a 
measure of threshold stimulation. Mueller et al. were unable to find any other 
reproducible end point. 

While they were unable to explain the mechanism of electrical prick produc- 
tion, they suggest that histamine may play a part. Evidence ha8 been found 
that electrical stimuli liberate histamine at pain threshold levels (512). Ex- 
perimental evidence that histamine is the chemical mediator for cutaneous 
pain has been presented (510). 

4. Galvanic skin rapome as an indicdor of the pain threehdd. The galvanic 
skin response has been used to indicate the threshold for reaction to pain (669) 
and this threshold has been found lower than the pain threghold on occasion. 
A relationship between galvanic skin response and intensity of pain hss been 
reported (227) but it was also found on repetition of the pains that they had lost 
their effectiveness to produce the galvanic skin reapom. I t  is believed (227) 
that the galvanic skin response is an indicator of the threat contained in the 
procedure and is thus only indirectly related to pain intensity. Others (141) 
concur. Still others have found the galvanic skin r e spom to vary independently 
of pain perception thresholds. For several referencea see Edwards (197). 

Appreciation and description of the heat pain end point must involve a com- 
plex series of neural pathways including the cerebral cortex (=). Andrew8 
pointed out further that skin resistance, being under the control of the autonomic 
nervous system is only secondarily affected by the cortex. He hoped that through 
simultaneous determination of pain threshold and skin resistance he could have 
a means for differentiating between autonomic effects and those involving 
higher centers, with thus "an objective check on the accuracy of the subjective 
reports" of threshold. This hope seems to have been too optimistic in view of the 
undoubted fact, well stated by Andrews himself (22) that ". . . when the stimulus 
exceeds the pain threshold, there is a sharp increase in the emotional content of 
the stimulation and a sudden increase in the magnitude of the skin reaistance 
change would be anticipated." Possibly skin resistance is "only secondarily 
affected by the cerebrum," but it seems doubtful if this can be dismissed. On 
the basis of his data he concluded, "It appears that the skin reaistance response 
cannot be used as an objective measure of the endpoint in the determination of 
pain thresholds, for the response following a "P" [pain] report is not invariably 
greater than with weaker stimuli." 

The me of the galvanic akin response as an objective indicator of pain thresh- 
old has been proposed and compared with the pain threshold as determined by 
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the radiant heat technique (141). This pain threshold method presents the 
necessity of discriminating between two sensations: warmth and pain. I t  also 
is unpleasant. These factors make for dif3iculty in pain threshold determination, 
especially since unpleasantness while not necessarily the same thing as pain, 
may be equated with it. I t  is not clear why in the light of the prior unsatisfactory 
experience of others just described, Clausen and his associates chose to study 
the galvanic skin response as an indicator of pain threshold. 

VIII. "CONSTANCY" OF THE PAIN THRESHOLD 

Shemngton held that the pain ending is one in which the surface may be 
disturbed by various agents, and that a discharge of impulses can start from 
wherever surface breakdown occurs. There is evidence that this can occur over a 
considerable length of a given fiber (4). The pain fiber gives oiT terminal branches 
at  many levels, all accessible to stimulation. The view is appealing that a given 
stimulus to a given portion of this pain apparatus should be detected by all nor- 
mal men at the same level of stimulation. Admittedly such a simple concept 
ignores the complexities of the "reaction component," (see XII) and the prob- 
able contamination of "threshold" values with "reaction" (see below). One 
might suppoee, however, that if he could in fact devise an experimental Pitustion 
divorced from reaction that he could demonstrate constancy of the pain threah- 
old. Such constancy would, then, support the view that the variable reaction 
had been either eliminated or rigidly controlled. Failure to demonstrate con- 
stancy of the pain threshold is, conversely, support for the view, if the above 
hypothesis is correct, that the reaction component has not been mfIiciently 
controlled or eliminated. Thus considerable interest can be attached to tbe much 
debated queation of whether there is constancy of the pain threshold as Hardy 
and WoltT and their sssociates aver. Speculation is fruitless; the available data 
must be examined. 

1. Reporls of mtancy of the pain t h d  in onan. Notwithstanding earlier 
work to the contrary (435, 447) it was reported (284) that there was great 
uniformity of the pain threshold (radiant heat) from person to person as well as 
constancy in a given individual from time to time. The subjects were the three 
investigators and studies were carried out almost daily for nearly a year. All 
observatione were within f 12% of the mean. Unquestionably the radiant heat 
method of Btimulation developed by thie group OfFered a great increase in pre- 
cision of stimulation. Their work was extended (528) to cover 150 subjects under 
ordinary living conditions. In the light of their disavowal from time to time of 
untrained subjects it is interesting to find here that they ssy "the threshold 
was easily r e c o p i d  even by untrained subjects." A single value was obtained 
for each subject; this coneisted of an average of all obeewations made on the 
subject. 

Schumacher el a2. (528) state for the 150 persons involved in their study that 
the psin threahold is 0.206 f 0.03 gcal/eec/cms. The range of threshold readings 
was from 0.173 to 0.232 gcal/sec/crns. Thee data are a little (10%) lower than 
the earlier average obtained by Hardy, WoH and Goodell on the three subjects. 
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Schumscher and his associates report that 91 % of all determinations fell within 
f 8%, with a standard deviation for the group of f 1 %. They report that the 
pain theahold could not be correlated with the subject's eetimatee of pain , 
sensitivity and that the threshold is uniform throughout the 24-hour day. (See 
X, 24 for a contrary finding.) They state in conclusion, "Individual reactions to 
pain are not the result of individual variatione in pain threshold." Evidence in 
conflict with the findings reported in this study give some reason to state the 
sentence just quoted in a reverse way: Variations in pain threshold are the 
result of individual reactions to pain; but see below. 

Javert and Hardy (352) report "remarkably uniform" pain thresholds (radiant , 
heat) in women in labor. Some 300 determinations were made before, during and 
after labor. They say further, "All of the obstetrical patients had a constant 
skin pain threshold." This, too, is surprising in view of the patient.' lack of 
training (see X, 14), and the distraction and emotion (see X, 18, 20), inevitably 
attendant on childbirth, especially in the absence of analgesic medication. 

Potelunaa et d. (493) in studying the pain thresholds on the nonnal skin of 65 
patients with diseases of the skin, report a considerably wider epread of pain 
threshold (radiant heat method) than the same group had found witb normal 
subjects. Potelunaa et d. report that 61 % of the patients fall within the normal 
range, 210-250 mcal/sec/cmt reported (284) for trained subjecb, 8% had lower 
and 31 % had higher pain thresholds. The average was 235 mcal/eec/cms, with a 
range from 170 to 330 mcal/sec/cmp. It has been reported (129) that the pain 
threshold to radiant heat is "similar" for peychoneurotic and normal subjects. 

If the reviewer's belief is correct that the explanation for variation in psin 
threshold, when all technical problems are controlled, is interjection of the reac- 
tion component, then these data ahowing wider than usual epread of the threah- 
old data support his view in that it would be supposed that subjects with skin 
disease (focus of attention) would be likely to have more than a normal response 
to pain in the skin, even though the skin tested be normal. The matter wil l  be 
diecussed in the section on reaction (XII). 

Hardy et d. (289) report that the pain threehold is approximately uniform 
over the body surface, as measured by the thermal radiation method. Thirr is 
not in agreement with earlier work of others using electric ehock stimuli (435) 
where great spread of pain threshold was found over several parte of the body. 
Nor is it supported by a report (424) of eigni6cant differencee in tolerance 
limits to radiant heat between the epigastric and interscapular skin areas. Much 
greater spontaneous variation in radiant heat pain threshold on the hand than 
on the forehead haa been found (558). 

Miller (451), on reexamining old data provided by Goodell and Wolff where 
they studied pre-drug threahold effects, found good consistency of data among 
the three subjects on a given day, but enormous variations between dap ,  "far 
gpeater than would be expected once in a thousand tirnee through chance." It is 
evident that there is day to day variation. 

Miller (451) has also examined Grm' findings and reports remarkable con- 
sistancy using the Hardy, Wolff and Goodell method in 4 subjects on 3 beparate 
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days. The normal pain thresholds were determined twice for each subject for 
each day. The 24 readings thus obtained all lay between 228 and 235 mcal/sec/cmf. 
Such extraordinary constancy is not the usual experience in biological investiga- 
tion. Since the details of these experiments were not given, further comment is 
not in order, but it may be fair to comment that such precision is not the rule 
where the de&n of the experiment is such as to eliminate unconscious guidance. 
I t  would be interding to see this experiment repeated so that the operator 
did not know whether a narcotic had been sdministered or not. Denton and 
Beecher (159) found that a widely experienced operator who was called in to 
corred their failure to use the radiant heat method successfully got conaistent 
data aa long as he knew what had been -; he failed to do so when he 
did not. This is by no means to impute dishonesty; it merely indicates how dev- 
astating are the results of unconscious guidance when subjective mponeea are 
involved. 

9. Foilurn to m$nn cun&ncy of pain llrr& in mcm. a. Radiant heat method. 
Some partial failures to confirm constancy are mentioned in the preceding sec- 
tion. Using the radiant heat method of Hardy, WoH and W e l l ,  Chapman and 
Jonee (131) found in studying the pain threshold of 200 normal subjects that the 
thre&old varied much more widely ( - 40 % to + 50 %) than Hardy, WOE and 
W e l l  had reported (f 12%). Chapman et a2. (128) showed in 44 healthy 
control subjects a spread of pain threshold to radiant heat stimuli as follows: a 
range of 0.241 to 0.356, with a mean of 0.287 f 0.024 (S.D.) gcal/eec/cmf. 
Pain threeholds are the same for patients with neurocirculatory ssthenia as for 
normals, but the reaction level (wince) is lower for the latter group. 

8everal 0th- uaing the radiant heat technique have failed to find the pain 
threehold constant (142, 402, 515, 549). 

b. Eleckic shock method. Lanier (394) put to tat the generality of the conclueion 
that pain thresholds are uniform. To do this he used electric shocks to measure 
the pain threshold in a series of 15 college women on 2 days. With his technique, 
modified from Fender (W), condenser diechargea are amplified and delivered 
through such high resistance that variations in the subject's skin resistance have 
little effect on the current flowing in the stimulus circuit. On converting his 
variability indicea into relative unite he found a range which represented a 
variation around the mean of -80 to +300%. The standard deviation was 
f 55% of the mean. The variability of these pain threehold meaeurementa is 
thus much greater than that reported by Hardy's group for the radiant heat 
stimuli. Their standard deviation repreeented, it will be d e d ,  a variation of 
f 1 %, whereas Lanier'e corresponding mdiicienta of variation in 2 series of 
eqerimenta were above 50 %. 

Granting that frequency distribution, as calculated by the Hardy group based 
upon averagea of all threehold determinations for each subject, would normally 
ahow lesa variation than a di~tribution of single threshold measurements, Lanier 
recalculated his data in thia manner and found, nevertheless, that hie pain thre&- 
old data atill ahowed almoet fifty times grester variability than that of the Hardy 
PUP.  
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The conclusion is inescapable that as carried out here, pain thresholds for this 
type of electrical stimulation are neither uniform nor constant in Werent 
individuals. 

To teat the question of whether individuals with, say, a low threshold for one 
I 

series of measurements continue to exhibit the same level of sensitivity in sub- 
sequent tests on Werent days, rankderence correlation coefficients were 
computed between several series of measurements (394). To do this the averages 
of all thresholds for one day were correlated with those of the second day. The 
coefficient was 0.55, a moderately high degree of correlation, but far too low for 
any accuracy in predicting an individual's standing from one day to the next. 
Lanier called attention to his finding that half the subjects had almost identical i ranks, on the 2 days of the study (the hazard in using 3 subjects is evident, very I 

often the case in the Hardy work), while the other half showed the variability 1 
which lowered the correlation. 

Lanier next examined the consistency of the 2 sets of threshold measurements 
made upon the same skin spot. Four spots had been examined, arm, head, head, 
arm. He found high correlations between the averages of each of the two series, 
for all four of the spots tested on the first day. The coefficients for arm, head, 
head, arm were, respectively, 0.86, 0.91, 0.89, 0.94. However, the correlations 
among average thresholds for ditrerent spots in the same body area were much 
lower, from 0.32 to 0.44. Finally, averages of all threshold determinations made 
for the arm for a given day were correlated with corresponding aver- for the 
forehead. Correlations for 2 sets of values obtained on Werent days showed the 
same coefficient, 0.60. 

It can be concluded from this careful study that the electrical pain threshold 
of an individual may vary widely from day to day and from one skin area to 
another. Certain subjects are comparatively stable, while others vary over a wide 
threshold range. The factors which cause such variability are not clear. The 
reviewer supposes that the reaction component, impoeaible to separate here 
from "perception" is largely responsible for the variation. This will be dis- 
cussed below. 

&ly work with electrical stimulation of the skin showed considerable threah- 
old variation (447). Also with electrical stimulation of the skin others (485) 
found that the threahold varies widely from animal to animal and from man to 
man. Electrical stimulation of the scrotum of rats showed (437) the standard 
deviation was 58% of the mean reactive threshold. This spread in snimsls 
agrees exceptionally well with that of Lanier (349) who in studying electrical 
pain threshold in man found a corresponding figure of 56 %. These are far greater 
variations than were reported (528) for radiant heat threshold variation. On this 
basis Pfeitrer discarded electrical stimulation of skin as a feasible method. Others 
(292) using the electrical stimulation of tooth pulp method, found significant 
variation of threshold among human subjects. With the same method still 
others (478) found a remarkably wide spread of threshold values, 0.2 to 1.8 volts. 

c. Mechanid methods. Seevers and PfeifTer (534) using a modification of the 
von Frey hair technique, found that the pain threshold varied widely from 
subject to subject; 14 individuals ranged from 0.4 to 6.0 g and the given indi- 
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vidual's pain threshold varied widely from week to week. Mechanical distortion 
of the skin indicated that the spread of pain thregholds in man is much greater 
than that of sensation thresholds (506). 

d. Viama2 stimddion. Using ischaernic muscle pain produced by isotonic 
contractions it was shown (296) that thresholds for a given individual were 
satisfactorily constant over a period of hours, but not over a period of dam 
Great variations occurred among individuals. 

Great variation in the biliary tree pain threshold from one patient to another 
(229), but less variation in a given patient from one time to another was found. 
The saving factor which makes this method useful is the finding that the varia- 
tions in tbreahold in the same patient during the course of a single study were 
very small. In 10 patients repeated threshold determination on the same day 
varied lees than 5 mm of water. In 15 patients out of 36 the threshold was prac- 
tically constant for many weeks. All pain threshold measurements in the same 
patients on the same day were found to be a t  least within f 10% of their respec- 
tive average values. Such patients were well suited for the comparative study of a 
number of analgesic drugs. "Uniformity of pain threshold from individual to 
individd obtained [by others] by thermal radiation of the skin could not be 
duplicated with visceral pain threahold determination" (229). This despite a 
very careful examination of the most favorable patients in Gaensler's series. 

A wide spread in visceral "pain" threshold (balloon in emphagus), from -60 % 
to +58 % of the mean average value of 37 cm water has been reported (130, 131). 

9. Failures and partid failures to confirm constancy of "pain" threshold in 
animals. Va&w methods. Andrew8 and Workman (23) report that the constancy 
of the radiant heat "pain" threshold for dogs is a t  about the same level as for 
man. The same threshold value is obtained even when the area of stimulation is 
changed. The threshold is independent of the area stimulated. With constancy of 
area stimulated the intensity-time relationship is quite similar to that obtained 
in man. They report that the threshold changes with the administration of drugs 
are also similar to those found in man. With conducted'heat considerable varia- 
tion among animals has been reported (675). 

Miller (451) reports with rats that D'Amour and Smith found the standard 
deviation to be about 12% of the normal threshold, whereas he, Miller, found 
in his work the figure to be about 8% with the radiant heat technique. 

It ha,a been pointed out (80, 294) that just as man senses a painful stimulus 
before an avoidance reaction is initiated it is ressonable to assume that this 
may also be the case in animsls; so their reflex reapom may give an inaccurate 
indication of the true pain threahold. I t  was found (246), using electric shocks to 
teeth in dogs, that the "pain threshold" varied greatly among animals, as much 
as loo%, baaed upon averages obtained over a 16-week period. The variations 
within a given animal seemed large. Wide variations in animals' thresholds to 
electric shock stimuli have been reported by others (485). 

In studies of 2 dogs subjected to electrical shocks it was found (381) that the 
threshold of "pain" was not constant from day to day but varied widely. It was 
satisfactorily constant, however, for a period of several hours. 

In a rather small number of guinea pigs it was found (651) that coefficients 
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of intaranimal variability of threshold among various experimental conditions 
ranged between 9 and 23% of the respective mean value in watts. This is in 
sharp contrset to the 1 to 2% reported by others (528) for man. The Winder 
group's experience is more nearly that of Chapman and Jones (131) in man. It 
is to be observed that this latter group found a Rimilnr variability when they 
dealt with the wince response, presumably more nearly comparable to the guinea 
pig's skin twitch than man's pain threshold data. 

The pain threshold of rats was determined by the tail pressure method (226). 
If the first day's data are discarded and days 2 to 5 used, there is no constancy of 
threshold from rat to rat. This Gnding is at the 1 % level of r6Pnificance. M e r -  
aces  among tat days are also significant, in this case at the 5% level. These 
Gndinga in animals do not support observations of the Hardy group as to the 
constancy of the pain threshold in man. 

4. General comment. When radiant heat is used, the first "sharp prick" or 
"stab" of pain is usually taken to indicate the "pain threshold." The aesumption 
is that this can be duplicated on subsequent trials and after drugs have been 
administered. While this is accepted as fact by thoee who depend on this method, 
it must remain an assumption for man at least until it is considerably better 
eefabliehed than is the case at present. The considerable number of invwigators 
who have failed to confirm Hardy, WoB and Goodell's observations is a case in 
point. However, even if the constsncy of the pain threshold were a fact, and if 
there were constant responses to drugs, it still remains to be shown that the 
observations have any important relevance to the pain relief problem. Many 
reasons for doubt are presented in the sections to follow (see especially XI). 

Time and again the reviewer has come up again& codicting data as to the 
constancy of the pain thm&old, for example. From the data submitted on 
oppoaite sides of this queetion a certain explanation for the contradictory con- 
clusions is often not evident. In such a situation it seems reasonable to take the 
stand that if a factor is in truth a constant, this will be generally confirmed. 
Voices to the contrary, if more than one or two, must be accepted as evidence 
that either the factor is not constant or that proper experiments to demonstrate 
its constancy have not yet been devised, and final judgment is then to be reeerved. 

Suppose one eliminated all subjects with a variable pain threehold (Lanier 
said half hie subjects were quite stable), one would surely be on more definite 
and perhaps sounder ground. Surely it is of intereat, even though of limited value 
to take the stable onea when attempts are made to get at  the perception-reaction 
dichotomy, if it is true that variations in threehold are the result of the reaction 
component entering into the threshold (perception) determination. Then a 
further control in threshold studies is essential, one not yet o k e d  by any 
group: Elimination of thoee subjects with variable pain threshold, inclusion 
only of those with stable threahold. Perhape constant and reproducible data mn 
be obtained by elimination of a considerable percentage of subjects; but it is 
hard to say what the meaning of thia would be. As Colin White has said, some 
samples are representative of nothing but themselves. 
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IX. "PuXITY" OF THE PAIN TEREBHOLD 

The terms sensation, perception and reaction to pain all need special definition. 
The firat two will be dealt with here. The involved problem of reaction will be 
considered below (XII). 

In the &teenth and especially the nineteenth centuries British philosophers 
liked "to distinguish perception from sensation-tion as the bare content 
given to mind, perception as the apprsheneion of an object. An object, they con- 
tended, is . . . actually a meaning" (98). There are both anatomid and physio- 
logical reasons, to be referred to below, for doubting that pain at least is ever a 
"pure" sensation by the time it emerges in canscioueness: The imp- set up by 
noxious stimuli have evidently been subjected to "processing" at the spinal 
cord level and upward. This proceseing is, in a word, part of the reaction to be 
comidered in detail later on. For the purpoees here preeent the philowphical 
contentions can be avoided by accepting Watson's view [I9131 that dependable 
knowledge about sensation can be obtained only when the subject experiencing 
it makes discriminations. Watson's behavioriam was succeeded by the logical 
poeitiviets [I9311 and from them flows the current operationism which equates 
seneation with discrimination (see 98). Whatever the philomphical shortcomings 
of this may be, acceptance of thia view, if followed to its reasonable conclusion, 
might have avoided the tremendom &orb recounted in a preceding section to 
prove and then to disprove that the pain threshold is a universal constant, for if 
the duct ion of senatstion to d i e c m t i o n  had been accepted it must have 
been evident that the pain threshold was moat unlikely to be a constant but 
rather a mixture of original sensation and reaction and to vary arr the reaction 
mponent  varied from one situation to another. The great variation in the 
pain threshold reported by many inveetie;stora fits this view. 

A basic tenet of most invemtigators who employ d e n t a l  pain in their 
work has been that the pain M o l d  repments a pure "perception" of pain. 
In this they have for the most part followed Hardy, Wolff and Goodell who also 
believe (vide supra) ". . .that the threshold for the -on of pain under 
normal circumstances is approximately the same in all subjects and in the same 
subject at varying tirnee of day" (673). 

Chapman and Jones (131) express the view long held by Hardy, WoH and 
Goodell that ". . . pain perception probably represents a purely mumry phe- 
nomenon." A failure to make sharp diatiictiom and to stick to them is indicated 
in the following confusing pssssge from Hardy, Worn and Goodell's moet recent 
(289) long discussion of the matter. 

"The peroeptual characteristic of pain liea in the fundamental nature of the sensation 
. . . one of the mcultiee in cowiderstions of the intmpectional aapecta of pain haa been 
the confusion of the perceptual featurea of the pain eensation aa such with the feeling, 
s t a b  that often accompany it. It ia the point of view of the preaent authors that an ade-' 
quate analysia of the pain experience requires a separation of the two aapecta. If this be 
accepted, pain stands clearly aa a sensation from the perceptual point of view." 
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I t  seem8 clear that Hardy, Wolff and Goodell have rejected the classic dis- 
tinctions between sensation and perception; but it is not a t  all clear what their 
"perceptual features of the pain sensation" may be. From the classical view- 
point "feeling states" would have been included in perception. But now they 
say one of the difficulties is that these features are confused. F i d y ,  they have 
decided that adequate analysis of the pain experience requires a separation of 
the "perceptual features of the pain sensation" from the "feeling states that 
often accompany it." ID the light of the available data this would appear to be 
an impossible task. 

Extensive data were provided in VIII, to indicate the notable lack of confirma- 
tion of the often stated view, that the pain threshold is a constant, not only with 
the radiant heat stimulus but with the electrical and mechanical as well. Hardy, 
WOE and Goodell appear to use pain sensation as synonymous witb pain percep 
tion, but as observed above, perception by definition includes the meaning or 
significance of the sensation, which in this review is spoken of as processing or 
reaction. The real difEculty arises when they seek to define the "perception" as 
something sharply different from reaction. It will be seen that there is good reason 
to  believe that the two components cannot be separated out in their pure forms. 
A survey of the abundant literature on the subject presented above forces one 
to conclude that the pain threshold is not constant from one individual to another 
nor even in a given individual from one time to another. 

The lack of constancy is much l e a  surprising in fact than the much advocated 
view of constancy would be, for constancy would indicate that the pain impulse 
was not influenced by individual differences or by a time factor or by past or 
present experience, or by training, from its originatiod until its eruption into 
consciousness has occurred. There is good reason to believe this is not so. The 
inconstancy of the pain threshold is probably to be explained by contamination 
of i t  with resction component of what doubtless started out as a pure perception. 
There is a good anatomical basis for this in the nerve nets in the spinal cord. 
Individual nerve fibers have wide ramifications with the extensive conducting 
apparatus. Several fibers innervate each "pain" spot in the skin for example and 
them supply other spots as well. Pain reactions are based upon a t  least a three 
neurone arc with one or more neurones in the gray matter (4, 426). Many more 
references along this line could be given. This hardly seems necessary for the 
purposes of this review, since them anatomical facts are everywhere accepted. 

Ray and WoH (498) have shown that when they produce a high cordotomy 
giving unilateral analgesia, that noxious stimulation in the analgesic area may 
be followed by burning pain a t  a corresponding point on the opposite side of the 
body. There are wide interconnections within the spinal cord. 

Wikler (634,635) showed that both morphine and methadone when tested in 
spinal cats and dogs consistently depressed only those hindlimb reflexes which 
are characterized by considerable after-discharge and did not depress but actually 
i n c d  in some cases those hindlimb &exes that had little or no after-dis- 
charge. He concluded that a site of action of these drugs was on the internuncial 
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neurone system of the spinal cord. This is further evidence for ramification of 
pathwaye with possibilities for spread of impulses within the spinal cod.  

Pain does not occur in the periphery; it is a phenomenon of the central nervous 
system. Evidence has been accumulating that consciousness of pain has more to 
do with the cortex than was once believed. Gerard (238) has summarized several 
findings to support this view: The pain which appeared with focal epilepsy has 
been relieved by excising a little of the cortex (450). Phantom limb pain has been 
cured by surgery of the cortex (158). Stimulation of the post-central gyrw has 
evoked pain (Bumke and Foerster, quoted in 238), even though handling of the 
cortex is not usually painful; indeed bilateral pain is possible even when an entire 
hemisphere is missing with corresponding thalamic degeneration (615), and pain 
may be absent with what appears to be a normal cortex (391). Even unilateral 
leukotomy can relieve the unpleasant afEect of pain. The leukotomy appears 
not so much to relieve the sensation as to relieve attention to the sewation (514). 
Poeaibly leukotomy and morphine, as dissimilar as two pain relieving agents can 
be, have in common the power to distract. 

In considering factors involved in alterations of the pain threshold Bihop (80) 
mid, "It is not clear in view of the obvious central effect of drugs whether they 
have any effect on the periphery in ordinary analgesic dosage, nor is it always 
clear whether the increased perceptual threshold under drugs, etc., is in effect a 
reault of changed mental attitude, lack of attention, interest or less careful die- 
crimination, for instance, which to be sure are themselves factors in the complex 
sct of perception itself." Along the same line Cattell (124) said, "It may well be 
that the threehold raising effect [of malgesics] is secondary to influences on the 
mental state of the subject, who otherwise is likely to be preoccupied with the 
painful experience. Just as environmental distractions cause a rise in pain t h m  
hold, so do mood changes or the interference with mental ~rocessea through drug 
action. The rise in threshold which may accompany analgesia must then be looked 
upon as incidental to the changes in mental function, with awareness of pain 
not necesearily altered. 

Both of the above statements cast serious doubt on the purity of the pain thres- 
hold as a measure of perception alone. They strongly suggest the possibility of a 
reaction component in the threshold response, Wolff, Hardy and Goodell not- 
withstanding. 
When one couples the anatomical possibilities for communication and spread 

of impulses with the undoubted fact that determination of a pain threahold 
requires judgment, i.e., comparison of the non-painful sensation with the barely 
painful, and this involves memory, it is not di5cult to undhbtaud how the 
reaction component could be involved in perception. Pain perception is greatly 
influenced by placeboe, by emotion, by anxiety, to mention three powerful 
factors a t  random. Their effectiveness is easily demonstrated. These are all 
parts of the reaction component (see XII). How, then, is one to suppuee tbat 
pain thresholds can ever be pure perception. It is doubtful if there is any such 
thing as a pure perception. Probably all perceptions are contaminated with 



130 HENRY K. BEECHEB 

reaction component. This can be stated as an assumption. The fact is, the pain 
threshold hae not been shown to be constant, and the probable explanation is 
contamination with reaction component. The latter will shortly be diecusaed. 

X. FACTORS WHICH ARE SALD TO PRODUCE V A U T I O N  IN  THE PAW 

THRESHOLD OTHER TEIAN ANALGEBICB 

It is an arresting fact that while the concept of a constant pain threshold has 
been vigorously advocated in the last decade and a half, in about this same time 
nearly four score articles have presented more than a score of factors, other 
than analgesics, which are said to cause the pain threshold to vary. One observa- 
tion doea not necessarily cancel the other, but the disturbing fact is, no studies 
on pain threshold have controlled even the majority of the poesibly significant 
sourcea of variation. Most conclusions in this entire area must, therefore, be 
tentative. There is, however, the plain indication in these data that if dependable 
work is to be done on the effect of &c agents on pain threshold these 27 
types of factors must be studied and if relevant or possibly relevant must be 
controlled in euch work. 

1. Rczce. Negroes and Southern Europeans perceive pain at a lower level t h  
do those of North European stock (131). The Negro rerrds to pain at or near 
his pain "perception" level, whereae the North European's spread between per- 
ception and reaction is distinguishable. However, Meehan et d. (&) report 
no RiPnificant ditrerence between Indian, Eskimo and white 8ubjeds. 

6. Sex. Women are said to have a greater pain sensitiveness than men (150, 
535, 643). Thie has been denied (289). Others have reported that the Werence 
is not significant (131,582) although woman's daily variability is slightly greater 
than man's (582). 
3. Ageing. Both pain perception (131, 142, 150) and pain reaction (131) are 

reported to decrease with age. This stated effect on perception has also been 
denied (286, 289). 

4. Autonomic nervous sy8tem. Observations reported in X, 5,6,7, 13,20 and 24 
are wholly or in part also under the influence of the autonomic nervous pgetem. 

It is poeaible that agents which stimulate the autonomic nervous system elevate 
the pain threehold; but it will be seen there are difiicultiea in the way of accept- 
ing this elevation as representing general analgesia. Groea et d. (264) agree ap- 
parently with the general assumption that narcotic agents "exert their pain- 
relieving action througha depression of the thalamic region of the central nervous 
system." The evidence for thie is slender. They also point out and eummariae 
evidence that the autonomic nervous system may be involved in the production 
of snalgeeia. Unfortunately, the evidence for this is also tenuous: the experi- 
mental design of most of the bolstering work is not adequate for reassurance on 
this 8COre. 

It can be said, however, that the work to be mentioned providea intsmshg 
hints which deserve better examination than they yet have had. For example, 
there m the "potentiation" (sic) of opiate analgesia by proetipine (548). This 
has been "confirmed" (Ma) .  It  is claimed that 8 rng morphine plus 0.5 mg 
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proetigmine produces as good an anestheais as 15 mg morphine. Andrew (20) wss 
unable to confirm the obsel-vations of 8Isughter's group. I t  was only when very 
severe pain (397) but not when moderate pain (160, 361) was used that the 
Beecher group could demonstrate any ditrerence in analgesic power between the 
two doe- of morphine. The dose dectiveness curve of morphine breaks sharply 
at about 8 mg morphine. Then there is the "production of analgesia" by epi- 
nephrine (349), and other vasopressor axnines (348), the "production of analgesia" 
by prodigmine and physostigmine (216). There is evidence that the cholinergic 
depressants, scopolamine and atropine, "tend to decrease both the intensity 
and duration of analgesia" (136). Adrenalectomid rats showed less mdgeaia 
from morphine than normal rats did (295). Morphine is known to etimulate the 
adrenal glands (339,340,341). Pain itself has been "ahown" to produce anslgeeia 
which persih after the original pain has ceased (478). The assumption in the 
present connection is that analgesia reulta from adrenal stimulation. (It can be 
obaerved in passing that here is still another factor to throw off experimental 
pain threshold determinations.) Gross d d. (264) support in dogs the obeerva- 
tions (226, 295) that adrenalectomy reduces the dectiveness of narcotics. Spe- 
cifically, the pain threshold response to morphine, meperidine and methadone 
is lowered by adrenalectomy, according to Gross and his associates. (The sine 
of the threshold changes is not very impressive.) While considerable discuxion 
is given (264) to the question of a relationship between possible vsaomotor 
changes and andgeab, the most likely possibility is not mentioned, namely, that 
epinephrine does indeed elevate the pain threshold, especially when radiant heat 
to the akin is used to produce pain, through its constricting d e c t  on the skin 
blood veids. Ischaemia of the skin is known (284,571,633) to elevate pain thres- 
holds. If this likely explanation is correct, there is no longer much mystery left 
in the "analgesic" effects of epinephrine. If experimental pain thresholds are to 
be relied on, it is evident that this poesibility requires control, however =cult 
it may be. 

A s  in moat matters in this field, a contrary voice has been raised. It has been 
reported (284) that epinephrine preceding the administration of morphine "com- 
pletely obliterated" the threehold-raising effect of 15 mg morphine in 2 out of 3 
subjects and greatly reduced the rise in the third. Others (131) have reported 
that about 0.5 mg epinephrine subcutaneously had no effect on either pain 
threshold or reaction. 

6. Cir* d m g e .  Pain itself can c a m  peripheral vasoconstriction (467). 
With the radiant heat technique, preeeure on the skin by the apparatus near 
the ares tested produced an elevation of pain threshold (571, 633). Factors 
which influence the rate of heat loge from the skin also elevated it (285). Con- 
striction of the head by a tight bandage, with impairment of circulation pro- 
duced a rise in threshold of only 4 to 6% according to some (284). Whether 
the reduced circulation in the skin (shown by pallor) associated with the use of 
morphine in large dose (with nausea, see below) (405) accounted for the "sig- 
nificant" elevation of pain threshold produced by morphine is not clear. Possibly 
the reported &ect of epinephrine in elevating the pain threshold is on a circula- 
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tory basis. There is no constancy of threshold effect of cold or pain on blood 
pressure in normal subjects in the same age group (9). The foot and leg can 
withstand water at a temperature of 445°C. but if the circulation in the leg is 
arrested this temperature becomes intolerable (571). 

6. Skin temperature. (See also VII, 3.) The well known triad of narcotic 
&ects involves pinpoint pupils, depressed respiration and a faU of redcrl tempera- 
ture (Zl). This fall of internal temperature is probably associated with reduced 
skin temperature. This can alter pain thresholds determined by the radiant 
heat method (19, 285). The pain threshold elicited by percumion and by com- 
pression bears a direct relationship to skin temperature (626). 

The rehtionsbip of skin temperature and pain threshold has been studied 
(628,629) with the threshold measured in terms of duration of a constant stimu- 
lus. This eystem has the advantage of a single trial quickly run giving quanti- 
tative information, whereas the original (284) technique required several runs 
and a much longer time to bracket the threshold. This technique avoids, theo- 
retically a t  least, the danger of hyperalgesia produced by repeated trials. Also 
with the new technique calibration is less time-consuming than with the old. 

There is some evidence (424) that radiant heat of "comfortable" degree exerts 
an analgesic effect. With pin pricks to an area exposed to radiant heat in 39 
subjects, 29 reported dulling over the exposure area, one increased eensitivity, 
and 9 no Merence. Since there was no spread to areas with similar nerve supply, 
the authors conclude that the findings represent an effect on peripheral nerve 
endings. The possibility that such effects could account for pain threshold eleva- 
tions must be kept in mind. 

Acetadid produced a slight but definite lowering of body temperature and so 
did morphine, as the "pain" threshold in monkeys was elevated (553). The 
"pain" threshold was determined according to the voltage required to produce 
the change in respiration considered to be the end point. 

ID paraplegic men the reflex movement threshold of a dermatome can be 
raised or lowered by thermal stimulation (69). This is believed to indicate that 
there is production in the spinal cord of a central inhibitory state or a central 
excitatory state as a consequence of the various levels of stimulation. Possibly 
an analogous effect occurs in the brain in normal subjects during experimental 
pain studies and accounts in part for the observed variations in the "pain 
threshold . " 

7. S W ' n g .  When a thermal stimulus is used, even invisible perspiration on 
the skin can alter the threahold determination (214, 405). "Sweating caused a 
great decrease in this type of stimulus" (279, 285). On the other hand, it has 
been stated that even profuse sweating does not influence the threshold for 
thermal pain (131). 

8. Elevation of carbon dio& temion. The fact is well established that the 
narcotic. commonly tested in experimental pain studies and widely used clin- 
ically usually depress the respiration severely (358, 395, 396, 397) with sharp 
elevation of the carbon dioxide tension in the subject and failure of the subject's 
respiration to respond normally to stimulation by carbon dioxide (loc. cit and 
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182, 183). The important observations of Stokes et al. (571) on the effect on 
pain threshold of a rise of carboxi dioxide in the bsdg b been entirely neglected, 
even by the discoverers in subsequent work. They found that breathing 10% 
oxygen did not affect the radiant heat pain threshold as elicited by the Hardy, 
WoliT and Goodell technique. Thus hypoxia appears to affect skin pain less than 
it affects vision. Breathing 5 or 7.5% carbon dioxide for only a few minutes 
elevated the pain threshold by 13 to 28%, respectively. Certainly the study 
merits repetition. Since the latter value is sometimes the change accepted as 
evidence of the primary action of an analgesic, it becomes evident that a highly 
important factor, respiratory depression (minute volume depression and carbon 
dioxide tension elevation) must be controlled, that is, observed and corrected 
for in pain threshold studies. This, unfortunately, has not been done. It is not 
possible to say just how destructive to dozens of atudies this neglect may have 
been; it needs to be determined. 

These investigators have shown that the analgesic action of carbon dioxide is 
central, not peripheral, for it recurred when the pain threshold was tested on an 
extremity where blood flow had been stopped by a tourniquet. They a180 showed 
by the same technique that the analgesic effects of nitrous oxide are central. 
This supports the view that analgesic agents in general act centrally and not 
on the peripheral pain apparatus. 

9. H y p d g e s i a .  Sunburn can lower the radiant heat pain threshold by as 
much as 50% (285). The thermal pain threshold is greatly lowered in areas of 
primary hyperalgesia, that is in the area of tissue damage, but not in areas of 
secondary hyperalgesia, as in an area of referred pain (288). In this same study 
it was found that whereas spatial summation of pain does not occur in normal 
tissues it does occur in hyperalgesic areas. 

In various referred hyperalgesic states measurement of pain threshold re- 
vealed (285) notwithstanding the hyperalgesia a normal pain threshold which 
"differed in no way from that of a corresponding and normal area similarly 
tested. It is inferred that such changes in sensation as occur in the 'hyperalgesia' 
associated with referred pain are not the result of lowered threshold. They 
represent instead a change in the evaluation of the intensity of the stimulus," 
a change in processing or reaction (see XII). 

10. Other form of trauma. Skin lesions, traumatic deformation of tissues, 
calluses, denudement, or tissue injury near the nerve endings can all alter the 
pain threshold. Local anesthetization can obliterate it (285), so also can tran- 
section of afferent nerve fibers. Nerve injury can alter (raise) the pain threshold. 
In the central nervous system syringomyelia can raise the pain threshold so also 
can lesions in the region of the internal capsule and lesions near the thalamus. 
Structural defects of the neural apparatus always raise the pain threshold if 
they alter it at all, according to some (285). Others (620) have found that 
morphologically abnormal nerve endings in the skin are associated with a 
lowered pain threshold. Lowering of the pain threahold is often the result of 
tissue damage in the vicinity of the peripheral end organs of the area stimulated 
(285). The queation can be raised as to whether this lowering could be explained 
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by a conditioned sensitive attitude on the part of the subject toward the dam- 
aged axem being stimulated, in other words, evidence for a reaction component 
in their pain threshold determination. 

There is always the possibility that suprathreshold stimuli from any experi- 
mental pain method will so modify subsequent determinations as to make them 
unreliable. Several observers have found this hazard to be great with the radiant 
heat technique; however, Hardy et d. (2%) carried out daily measurements on 
themaelves for about a year with reproducible d t a .  Presumably a good many 
determinations were made on the same skin sreae; therefore it seems unlikely 
that any pemistimg t h e  damage is associated with proper w of the stimuli 
at pain levels they w e  working with. 

11. N a w .  "ESrtensive nausea seemed definitely to lower the pain threshold 
(von Frey technique) and prevent the analgesic action of all the drugs" (534). 
One might have supposed, ss suggested under circulatory changea, that the 
reduced circulation in the skin (pallor) might have led to an e M  pain thresh- 
old, and in fact in another report one of the above authors has found this (warm 
wire algesimeter) (405). The distraction and emotion also sesociated with 
nausea presumably would lead to an elevated pain threshold (eee below). 

18. Fatigue. This can alter, usually elevate, the pain threehold according to a 
number of obeervers using a thermal stimulus (19, 214, 285), with ischaemic 
muscle pain (296), and with an electric shock method (448). But according to 
other8 (131) using the radiant heat stimulus, acute physical fatigue did not 
alter the pain threshold, but "mental fatigue" after an &hour study period 
caused a fall of 8 to 10 % in pain threshold below the limits of n o d  variation 
in 3 eubjects. In 3 others the pain threshold fell to the lower limits of their 
established normal variation. Pain reaction values a h  fell in a parallel way. 
Four aubjecte showed no change after mental fatigue became a e b l e  factor. 
In their 1947 review, WoH and Hardy my that the pain threehold is inde- 
pendent of fatigue. 

IS. AnzieCy and fear. A determining infiuence of anxiety on the appearance 
of pain and its relief by morphine hae been studied extensively by Malmo and 
Shagaaa (439,440). Hill et al. (318,319), using electric shocks, have studied the 
extent to which anxiety and morphine alter pain inbmity estimation in poet 
drug addicta. From their studies they conclude that pain threshold meaeure- 
menta to be useful must include control of the important variable of anticipatory 
fear of pain. Failure to do so probably accounta in part for the great variations 
found in reports of measurement of pain threshold. 

These investigators also conclude that under conditions which promote 
anxidy or fear of pain, the subjects tend to overestimate the intensities of 
painful stimuli. I t  was found that morphine reduces such anxiety; when the 
conditions of anxiety are eliminated for the most part, little overeetimation 
occum, and morphine does not affect the ability of the eubjecta to estimate ac- 
curately the intensities of painful stimuli. 

Kornetsky (384), extending the work just mentioned, emphsaisee that a 
poesible source of variation in threshold studies, certainly one to be controlled, 
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is the anxiety-producing qualitiee of the experimental circumstances. Ifis work 
with the radiant heat method of stimulation indicates that very different re- 
sponsee are obtained when anxiety is preeent and when active steps are taken 
to dispel it. This agrees with the earlier parallel work of Hill et d. (318, 319) 
using an electric shock stimulus. I t  would hardly eeem likely that the anxiety 
factor alone would explain the great pain threshold changes found by Hardy, 
Wolff and Goodell in themselves, for early in their long experience anxiety 
must have become slight or non-existent. Nervous tension before an examina- 
tion for internship produced a fall in pain threshold in a third of a group of 
twelve (131). 

Beecher (57) has shown with pain of pathological origin how anxiety appears 
to determine the development of pain. Since anxiety, tension, fear are demon- 
strably of such great importance it is urgent that they be controlled in threshold 
studies. However, others (285) have reported that variations of mood did not 
alter the pain threehold. 

14. Training (num). The rcrdiant heat method of producing pain for experi- 
mental purposee haa been used far more often than all other methods combined. 
Perhaps this accounts at least in part for the many statements made about the 
training of subjecta used with this technique. It can hardly account for the 
codict in the statements made when this technique was employed. It may be 
well to take a look at the record, first to see what the current view as to the 
need for training of the subjects used really is. For sample data see Table 8. 
Wier (641), noting the divergent d t s  obtained by Hardy et al. and by Denton 
et d., say8 ". .. thresholds of perception of painful radiant heat stimuli 
elevated by opiates in trained subjects, but not in untrained individusla." In 
the studiee of Hill et al. (318) morphine reduced the overeetimation of intensities 
of painful electric shock stimuli which was associated with fear and apprehension 
but had no effect on pain intensity eetimation when these factors were absent. 
This eeems to be evidence for the psychic reaction component influencing the 
pain threshold, and, incidentally, evidence that the so-called pain threshold is 
not a pure -tion (see IX). Miller (451) in commenting on the work of 
Denton et d. (162), who hsd concluded that the Hardy, WOE and Goodell 
method was not satiefactory in untrained subjects, said, "Thus, it is possible 

TABLE 8 
The average pain threehold* and indez of variability repotled by various invealigaloru upon 

untrained subjecta - 
173-232 
17S-W 
229-376 
241-366 

Invutigator 

Elchumsoher st al.  (7). . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  Chapman and Jonea (4) 

@hapman 81 d. (3) . . . . . . . . . . . . . . . . . . . . .  
Chapman st al.  (2).  . . . . . . . . . . . . . . . . . . . .  
Schilling and Museer (6). . . . . . . . . . . . . . . .  

M 

206 
305 
283 
287 
348 

N 

160 
200 
56 
44 

138 

SD ----- 
a1 
45 

24 

~ o a c l e n t  vui.+on 

1 
14.7 

8.4 
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that lack of training may have been responsible for the failures on human 
subjects reported recently from two British laboratories (165, 591)." Others 
believe that training is important. 

What is meant by "training" is, of course, relative. Miller (451) presents and 
discusses "well-balanced" data sent to him by Gross concerning the change in 
the radiant heat pain threshold of 4 "green" subjects over a 4-day period; 
". . . tbe subjects had settled down to practically the same threshold value by 
the second day," he says. It is interesting to recall that Denton and Beecher's 
(159) "untrained" subjects were "intelligent, cooperative, college men" who 
had been drilled in the technique before the study started (and it) was applied 
to each man (29 subjects) 11 times in a 5-week period. Thus Denton and Beech- 
er's subjects were far more numerous and far more trained than Gross had found 
necessary. Nevertheless, they (159) reported that "Inspection of the data on 
pain threeholds determined by the WoM-Hardy technique revealed such gross 
inconsistencies that a detailed statistical analysis was not justified. Some thresh- 
olds were higher after the injection of isotonic sodium chloride solution; some 
were lower after the administration of morphine, and these discrepancies were 
common." But here is an interesting thing: A well-known investigator with 
years of experience with the Hardy, WoM and Goodell method was the one 
who established the unreliability of the method under the circumatancea just 
described. This unreliability was evident as long as this operator wss kept in 
ignorance of what the subjects had been injected with. When this operator 
knew that the subjects had received morphine he had no trouble in demonstrat- 
ing a suitable rise in pain threshold with these same "untrained" subjects! 
This is not to impugn his honesty, but it is to emphasize the necessity to rule 
out bii insofar as this is possible. It is not possible to accept Miller's q l a n a -  
tion of untrained subjects as at the bottom of the problem if he accepts Gross' 
fewer and far less (than Denton and Beecher's) trained subjects as "trained." 
The fact that the pain threshold rose in an expected fashion after the sdministra- 
tion of morphine in Denton and Beecher's subjects when the operator knew 
what the subjects had had but failed utterly when he did not know is sufficient 
comment on the question of whether these particular subjects were "trained" 
or not. 

While the experience of Hardy, WoH and Goodell has been wide, they have 
not held a consistent attitude toward the problem of training. There are a eerie8 
of contradictions in successive statements as to who are suitable subjects for the 
radiant heat technique and where dependable data can be obtained. For example, 
Hardy et al. repeatedly have stated that only experienced subjects are suitable 
(291). They say specifically that medical students, described as intelligent 
(287) are not satisfactory (277): "It is concluded that untrained subjecte (160 
medical students), even of high intelligence, cannot be wed successfully to 
measure the threshold raising effects of aspirin, codeine, and meperidine (100 
mg) . . ." So far this is consistent. It is perhaps significant that this is one of 
the earliest studies on their part (perhaps the fh t  one) where they have used 
the double unknowns technique, and placebos as unknowns, and have finally 
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got away from the use of sophisticated, drug-wise subjects. These essential con- 
trols may explain their failure to &ow consistent pain threahold changea rather 
than the untrained characteristic of the subjects; it is, however, to this latter 
fact that the authors attribute their failure, possibly incorrectly. 

In noteworthy distinction to the Hardy group's imhtence (at times; see 
below) on the use of only trained subjects, Gross d d. (265) found that medical 
students were "particularly reliable in these studies (using the Hardy, WOE, 
W e l l  technique in man) because of their great intereat in the drug decta." 
These students were trained only "about 10 days until they could consistently 
recognize the normal end point." Leaving out early inconsistencies such as the 
statement (668) that "this threshold pain was easily recogniaed even by un- 
trained subjects," and passing on to more recent work, carried out in the same 
period as the studies just referred to above, 1948 to 1950, one finds that medical 
students are satisfactory (287): "The second poup of experiments, done by 
medical atudents under supervision, indicates the scatter of reports from un- 
trained but intelligent subjects and observers. In general, the average of the 
reporta of the intensity of pain evoked by each unknown stimulus was within 
one do1 of the value determined by the method of just noticeable differences and 
the scatter of reports was approximately the same as that obtained with experi- 
enced observers." In this same paper, they say further, "The accuracy of estima- 
tion does not depend upon the subject's experience with the method. . . ." 
And a little later, "Experience in reporting pain intensities did not increase the 
accuracy of the estimation." They have also said in another paper (286) when 
the three authors were the only subjects, that they, ". . . were sgreed.that this 
experiment (pain intensity judgments, do1 scale work) required much more in 
the way of concentration and attention than did measurements of pain thresh- 
olds. . ." yet they say students gave data "approximately the same as that 
obtained with experienced observers." Yet again they have said (288) that 
students are not satisfactory even for the simpler pain threshold measurement 
described above. 

The confusion is compounded further. While Hardy, WoM and Goodell have 
often rejected the work of others when it failed to agree with theim, on the 
basis that they used trained subjects and the others did not, Potelunas et d. 
(493) working in the same period, studied the pain threshold in a group of 65 
patients with dermatological lesions. They say, "In theae experiments the 
patients received no prior instruction regarding the test (Hardy, Woltr and 
W e l l  radiant heat method) . . ." A aeries of heat stimuli were administered 
and they state, "In most cases there was no difficulty in recognizing this change 
in the sensation (i.e., the end point)." How can one accept work in the clinic 
with these untrained, certainly often unintelligent patients, when they have 
sometimes denied, as shown above, that much more promising untrained sub- 
jects can be used? Again and again they have used untrained subjects in the 
clinic and then subsequently referred to these data as dependable. They have 
even used women in labor (352), at the same time maintaining that untrained 
subjects were not dependable. 
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Furer-and Hardy (227) [Furer in the discussion] say: ". . . patients, after very 
few contacts with the procedure have little difficulty identifying the do1 stimuli." 
This.doea not agree with the comments of Haugen and Livingston (300) who 
say that even after many months of trying they ran into difficulties when they 
tried to formulate an accurate concept of the 'dol' scale. Their judgment was 
still so &udy at fault they did not consider that the method bas value in the 
clinic. There are plainly many problems in the field under discussion. 

16. Training (animals). Some have insisted (96,591) that it ia necesesry to 
train rats before they are used for pain threshold deterrninationa. However, in 
very careful studies on animals, Winder (647, 048, 649, 651) succdully used 
untrained guinea pigs in such a way that each animal =wed as its own control. 
Miller. (451), in line with the general experience of many investigators, also 
found he could get satiefactory information from untrained rate and suggested 
that more intelligence on the part of the operators required leas of the animals. 

To sug up the matter of training: I t  is evident that training in man has 
certain advantages which are quickly achieved (by the second or third day) 
and that drug experietlce introduces the veqy great hazard of loss of the "un- 
knowns" requirement. This coupled with an interest in the outcome can be 
ruinous. The extensive experience of many invegtigators demonstrates that 
training of snimals to discriminate the threshold value is not neceessry. 

16. Bias. It is generally agreed by investigators in this field that the double 
unknowns technique must be employed. But what has not yet been d c i e n t l y  
recognized is the fact, pointed out by Beecher (50), that drug-wise, sophisticated 
subjects cannot be kept in ignorance of whether a powerful narcotic has been 
ueed in distinction to a placebo. Such knowledge coupled with a vested interest 
in the reault can be devastating, as already mentioned in conjunction with 
training. Bias almost certainly plays a large part in the great elevation of pain 
threahold at one time so easily "demonstrated" by the use of powerful analgesic 
agents (see XI). The double unknowns technique includes the operator as well 
as the subject. When Denton and Beecher (159) first began tbeir work with the 
radiant heat method they had no doubt of its usefulness in man to appraise the 
effects through pain threshold elevation by powerful analgesic agente. They 
were quite unable to reproduce the then generally obtained threahold rise with 
morphine. The double unknowns technique was used. The d8erent d t  ob- 
tained by an "informed" investigator was described in X, 14. 

Bias is always a problem to rule out. The best solution appears to be to use, 
for a short time, subjects who have no knowledge of drugs and who have no 
interest in, or knowledge of, the outcome of the experimente, and to turn to 
fresh subjects before the old ones become drug-wise. The investigator is obliged 
to pick his way, if he can, between an experimental procedure which may give 
rbe to anxiety in the new subject and thus modify the results obtained, and the 
hazards referred to which are associated with breadth of experience. It is a h  
possible that breadth of experience may add new and subtly conditioned reaction 
components. 
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17. Adaptation. Adaptation to pain has been studied experimentally for half 
a century. It  seems clear that under certain wen defined circumstances adapta- 
tion to pain does occur and it can occur quickly, that is, soon enough to rahe a 
question as to whether it may not influence pain threahold determinations. No 
systematic studies with the purpoee of settling this queetion have been carried 
out; they should be. On the other hand there is aome indication (141, 142) 
that when repeated threshold determinations are made in the same body area 
at one sitting, the second threshold is somewhat lower than the first. Possibly 
this is to be accounted for by primary hyperestheah (see I). 

The cutaneous pain aroused by a needle leads to adaptation (115) provided 
the stimulus is of unvarying intaxity. Adaptation progresses from maximal pain 
to pressure to indifference. The authors point out that reporb of adaptation to 
pain had been previously presented by several others (577). (See e q m i d y  the 
references given (115) to the work of von Frey, Murray, Goldscheider.) In the 
present work (115) it is intermting to observe that adaptation occurred in the 
usual period of time required for pain threshold studies, although there was 
great spread in this, for one set of observations from 6 to 780 sec, for another 
from 4 to 160 sec, for a third from 5 to 110 sec. The average adaptation times 
for three subjects were 34.7 sec for 2.5 g Btimulus weight, 56.1 sec for 5.0 g 
and 86.6 see for 7.5 g. 

Straus and Uhlrnan (577) quote Murray as saying that superfieid pain adapts 
out almost as readily as does superficial contact. They have attacked the ques- 
tion of conditions necessary for pain adaptation and time newasmy for adapta- 
tion to various intensities of pain. Pain spots were localized on the volar d a c e  
of the shaven f o r m  and needle pricks were used to produce pain. They were 
regularly able to demonstrate adaptation to pain. For a 3 g-stimulus adaptation 
occurred in one subject in 5 sec; for another subject in 11.9 sec, for a 5 5  g-etirnulus 
adaptation occurred in 14 sec for one subject and in 26.3 sec for another, for an 
8 g-stimulus adaptation occurred in 19 sec for one subject and for another in 
44.1 sec. These times are such, especially for the weaker stimuli, as to suggest 
pcmsible interference with pain threshold determination under conditians at ail 
comparable to those of this experiment. 

The data are too few and too varied to permit any conclusion that intensity 
of the stimulus conditions adaptation; but this is a poesibility worthy of study. 
Adaptation to radiant heat pain was demonstrated (572) in about 2 minutes, 
sometimes less. 

Pain mechanically produced gives way to a feeling of pressure (195), pain 
produced by radiant heat gives way to a feeling of warmth and pain produced 
by cold d y  gives way to a feeling of cold. One wonders if the last caae may 
not simply be an example of cold a n d e s i a .  It is concluded that pain is adapt- 
able. Adaptation after arousal of pain occurred in 3 to 5 minutes (195). 

Adaptation in general and to pain is d i s c d  by others (98,321, 574). Using 
needle pricka several investigators (115, 573,625) found "complete pain adapta- 
tion " in 80 to 100 % of the trials. All agree that there is a "tremendously variable" 
adaptation time both in data from a single individual and in group data. Others 
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(195, 572) found adaptation to thermal pain appearing in almost all cases. 
"Within the range of stimulus intensities used adaptation of the pain threshold 
is a function of both the size of the original threshold and of the intensity of 
stimulation to which the subject haa been exposed" (582). Probably this holds 
for various kinds of stimulation and all experimental pain methods. Others 
(673) claim that no true adaptation to pain occurs as it does to touch. 

When the necessary systematic study is made of this matter it will be im- 
portant to study the question of whether disappearance of anxiety (see the above 
section concerning this subject) on repetition of the painful stimuli, may not 
account for the disappearance of pain, or, to state it in another way, the a p  
pearance of adaptation. 

18. Distraction, indimtian, lethargy. Gripping a bar aa tightly as possible 
raised the radiant heat pain threshold in one subject 7 '3% and in another 15%. 
An extremely loud noise behind them produced a rise of 14 and 32 %, respectively, 
in 2 subjects (284, 285). Distraction, inattention, lack of concentration are re- 
ferred to by others as factors which may cause variation in the radiant heat 
pain threshold (19, 142, 200, 373) and in the ischaemic muscle pain thresh- 
old (296). 

Lethargy increases the suggestibility of subjects (665). Thus drugs which 
produce lethargy may mul t  in elevation of the pain threshold in two ways: 
increased suggestibility and lack of attention. Here are other factors to control 
in threshold determination as altered by drugs, for most analgesics, at least of 
the narcotic type, increase lethargy. Perhaps it is this which is being measured, 
rather than pain relieving power. 

19. Judgment impaired by drugs. Not only analgesics, but other agents as 
well, have effects on the mind which lead to diflScult decision (19, 257, 258,320). 
Drug effects make recognition of the pain threshold difficult (591). It has been 
observed that the degree of psychic effect produced by morphine coincides 
with the elevation of threshold (289), with the psychic effects persisting longer 
than the analgesic effects. Thus the drugs studied may make it difficult to 
determine end points. 

I t  was reported (560), following a study of nitrous oxide analgesia (electric 
shocks to tooth pulp method), that this form of analgesia is sesociated with 
impairment of psychomotor performance; and it was concluded that analgesia 
is probably a manifestation of general depression of the central nervous system. 
The generality of this conclusion may be questioned in the light of findings 
concerning dihydrocodeine, which can be used at a dosage with considerable 
analgesic power yet with few side effects (262). 

20. Suggestion and emotion. The opiates, alcohol and ether are said to increase 
suggestibility (257, 258, 320). With subjects under such drug effects, it is pos- 
sible that suggestion carried by the knowing operator's voice, tone and inflec- 
tion, may have produced threshold elevation especially in the highly drug- 
experienced group. Suggestibility apparently is a learning process. At any rate, 
this possibility is a strong argument for the double unknowns technique. The 
dects of hypnotism (for detailed discussion see XII) have been studied (630) 
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on pain perception and galvanic skin response. Past studies have dealt with 
physiologic studies of galvanic skin response (see VII, 4), heart rate, facial 
flinch, respiration and vasomotor reactions. Using the radiant heat technique, 
it was found (665) that light hypnosis and suggestion of anesthesia raised 
the pain threahold 40%. W ' i  to separate pain perception and pain reaction, 
these investigators used the galvanic skin response as an objective indicator of 
pain reaction. West et d. (630) follow Landis in believing that the galvanic skin 
response consista of 1) decreased apparent resistance of the skin under the 
control of the autonomic nervous system, following sensory or mental stimula- 
tion, and 2) increased afferent electromotive force of the skin. Fusion of t h e e  
dec t s  into a single response can be photographically recorded. Evidence has 
been found that the galvanic skin response is an indicator of the "threat con- 
tent" of a painful stimulus (227). This led to a study of the same technique 
with hypnotic anesthesia. The galvanic skin response was decreased by 20% by 
hypnotic suggestion in the "anesthetbed" limb as compared with the normal 
(532). It was found too that hypnotic anesthesia reduced greatly pulse rate 
variation and nearly eliminated the facial flinch and response of the r-iration 
to pain (532). This was confirmed; little effect on the galvanic skin response was 
found (179). Brown and Vogel (106) raised an opposing voice. They did not 
find that the hypnotic state eliminated physiological responses to sensory stimuli, 
but did report that suggestions of hypersensitivity greatly increased these 
reactions. Others (169) found, however, that suggestions of anesthesia led 
through hypnotism to a decrease in vasomotor responses to pain. Following a 
consideration of this background, West et d. (630) added the considerable 
advantages of using several stages of hypnotism plus quantified stimuli (radiant 
heat) rather than pin prick, with measurement of changes in the radiant heat 
pain thresholds and finally they obtained quantitative records of the galvanic 
skin responses in both control and hypnotized states. 

In the majority of caaea definite elevation of pain threshold was found as a 
consequence of hypnotic suggestion of anesthesia (630). The effect of hypnotic 
suggestion was much greater in deep than in light trance. Their results show 
unquestionably that hypnotic suggestion reduces the galvanic skin response to 
painful stimuli. "Attitude and suggestion may modify both the pain threshold 
and the manner of reaction to pain" (665). It may be asked, believing this, how 
can the Hardy, Wolff and Goodell group insist on the wide constancy of the 
pain threshold? It seems probable that, when pain threshold is altered in these 
ways, an element of the reaction component is prmnt ;  that is, it is not possible 
to obtain pure thresholds. I t  is difficult to see how they can cling to their con- 
cept of the pain threshold as pure perception. Clearly the threshold is modified 
and modifiable by many things. 

It has been shown that the attitudes of the subject and of the operator are 
very important: "doubts, lack of confidence, relative alertness or carelessness, 
and increased suggestibility with lethargy were seen to be relevant" (665). 
Wikler (641) has discussed the importance of the operator's attitude. See X, 
16 for a relevant experience of Denton and Beecher (159). 
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WoB and Goodell (665) have recognized the effectiveness of suggestion in 
altering pain thresholds but did not, in their original report, adequately take 
this into account where they reported that acetylsalicylic acid raised the pah 
threshold. Others (558) have restudied the problem wing both radiant heat 
stimuli and electric shocks to teeth in man. This work was carried out at  9:00 
a.m. or 3:30 p.m. and ignored the poesible effects of a diurnal change! in pain 
threshold which haa been reported (see X, 24). When body temperature changes, 
it seems likely that changes in circulation in the skin would occur diurnally 
and possibly affect pain threshold. (See X, 6 for evidence that skin temperature 
affects pain threshold.) In the study just mentioned, the inveatigatora (558) 
used the inaccurate voUage as their parameter of stimulation. They ignored an 
essential control in that the observer knew the nature of the agent used. 

The Hardy, Wolff, Goodell method is most vulnerable (451) because of the 
great effects emotional and psychological influences can have on the pain thresh- 
old. Wolff and others (142) have emphasized this. The importance of emotion 
and auggeatibility has been recognized by still others (296). When the experi- 
mental pain intensity (radiant heat) exceeds the pain threshold there is a swift 
increase in the emotional content of the situation (22). One might suppoee this 
would influence pain threshold determination to a widely variable degree. 

Isbell and Frank (see 636) observed that, when a crucial emotional state was 
produced by a search of postnarcotic addicts for concealed narcotics, morphine 
failed during this emotional state to elevate the pain threshold; elevation was 
usually found when the subjecta were not emotionally disturbed. 

Sensitiveness to pain is climiniRhed during crying (417). This agrees with the 
observations of many, including the reviewer, that emotion can block pain. 
Libman speaks of sensitizing or desensitizing factors. Some emotional factom 
which alter pain sensitivity are: Worry, fear, anger, sorrow, fatigue, diversion 
of attention and joy. 

Lanier (394) found that about half of his subjects were stable and gave reason- 
ably constant thresholds. Posaibly threshold studies had better be limited to 
such subjecte. However, it would then be diflicult to assess the meaning of 
the data. 

$1. W d  cmd cold. (See also X, 6). Cold rooms and strong drafts will 
affect radiant heat pain thresholds (214, 285, 651). With warmth sensation 
there is summation (284, 285), that is, the bigger the area stimulated the lower 
is the threshold, but with pain, increase of the area stimulated does not lower 
tbe pain threshold. I t  has been concluded that spatial summation operatea in 
the case of warmth but not pain. This has two important m e . :  1) it indi- 
cates that pain and temperature senees are different and 2) intemity of pain is 
dependent on intensity of stimulus and not on area stimulated. This does not, 
g0 it is thought (284, 285)) contradict the common observation that the greater 
the area traumatized, the greater the gutrering. 

9.9. M&ple stimuli and extidon phammu. Hardy et d. (284) reported 
that intense pain in any part of the body (tourniquet pain) raised the pain 
threshold of the skin as much as 35 %. This has been confirmed: Brief ischaemic 
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muscle pain was found "invariably" to produce a long lasting elevation of tooth 
pain threeholds, whereas acetyldicylic acid had no such effect (479). In other 
experiments, acetylsalicylic acid, when its administration preceded the induc- 
tion of ischaemic muscle pain, prevented the elevation of tooth pain thresholds 
otherwise produced by the ischaemic muscle pain. It is not stated whether the 
acetylsalicylic acid might have interfered with the development of the induced 
(ischaemic muscle) pain. If the above findings are valid, they help to explain 
how counterirritation relieves pain. Others (142, 176,296) also report that pain 
elsewhere will influence pain threshold determination. 

It has been reported (289) that pain produced in various ways (ischaemic 
muscle, or immersion of hands or feet in ice water, distention of a duodenal 
balloon, compression of the trapezius muscles by clamps) altered the dqpee and 
duration of the action of morphine: the longer the interval between the admin- 
istration of the morphine and the induced pain, the less effect the induced pain 
had on the threshold-raising effect of the morphine; but, if pain was induced 
near the time of morphine injection, the threshold-raising &at of the morphine 
was greatly reduced. This observation has been confirmed (368). 

Gammon and Starr (233) produced pain in themselves by the subcutaneous 
injection of 10% sodium chloride and by the application of irritant ointments. 
Various forms of counterirritation (heat, cold, electric current, vibration, tactile 
stimulation) produced relief. They then isolated sensory nerve8 of cats and 
found nerve impulse phenomena (in reapom to the kinds of stimulation they 
had used in themselves) which were analogous to the changes in sensation 
experienced by t h d v e 8  in some wxs. Radiant heat greatly increased the 
pain produced in themselvea by capsicum ointment; nerve impulse frequency in 
a Flimilar experiment was greatly incresaed in the cats nerves by heat. Cold 
decreaeed this pain in the man and in the cats reduced the nerve activity. 
Counterirritation appears to produce pain relief in some cases, but not in all, 
by peripheral effects. The authors sum& the evidence for a central nervous 
system component and explain why they believe wasation of counterirritation 
is under some circumstsnces effective in relieving pain. 

Parsons and Goetal (478) produced pain in 11 subjects by spraying ethyl 
chloride over the tibiae for 20 seconds. This pain lasted for 2 to 3 minutes at 
most, yet they report "analgesic effects," i.e., elevation of pain threshold (electric 
shocks to teeth), lasted for 90 to 120 minutes! They claim that the induced pain 
elevated the pain threshold, i.e., produced analgesic effects in all instances, yet 
in another study (348) by the same group 16 mg morphine raised the pain 
threshold in only about half the instances. One could "reasonably" draw the 
erroneous conclusion from this technique that counterirritation was far more 
effective in relieving pain than a large dose of morphine. That this is demon- 
strably not so, does not deter the authors in the least. It seems not to occur to 
them that such observations csst real doubt on the validity of their method. 

Hamuri and Mueller (301), in a study of 3 paraplegic patients with intract- 
able pain, found that their pain threshold was elevated over that of 100 para- 
plegic patients who did not have a pain problem (for the 100 patients, this was 
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230 f 10 mcal/sec/cmg). When the intractable pain was relieved by surgical 
procedure the thresholds for pain perception returned to n o d .  This agrees 
with Hardy, WoH and Goodell's observations (284) that pain in one part of the 
body elevates the pain threshold in another part. Hazouri and Mueller used 
increase of 10 per minute in pulse rate in response to radiant heat as the "re- 
action" threshold. 

Bender et d. (63, et ante) have presented work on perception of touch and 
pin prick on simultaneous stimulation of face and hand. The failure of the 
subject to report one of two simultaneous stimuli is called the "phenomenon of 
sensory extinction" or "extinction." The part of the body where the phenomenon 
was perceived is said to be "dominant." The pattern of face dominance and 
hand extinction was typical. No explanation for the phenomenon was offered. 
One can speculate that it may be related to other types of extinction phenomena: 
the injured man whose attention was first directed to his paid= wound by 
the warmth of the blood on his skin; the absence of pain in a wound received 
in the presence of strong emotion; the elimination of pain by the elimination 
of anxiety (57, 316, 318, 319, 439, 440). Or, to turn to another situation, the 
extinction of hearing when the attention is otherwise engaged as in reading 
something of great interest. Or the relief of pain by counterirritation. 

The extinction phenomena may be relevant to the studies where experimental 
pain is produced in 2 areas, radiant heat to forehead or arm and perineal pain 
of childbirth (see B l ) ,  or tourniquet and graters to arm and heat to forehead. 

The evidence that pain in one part of the body will raise the pain threshold 
in another area is additional evidence for the importance of the central proceesing 
of pain phenomena and evidence for the subservient position of pain perception 
to the central processing phenomenon (reaction). The same holds for the in- 
hibition of pain by sexual stimulation and for the inhibition of pain by other 
skin senses as well as for inhibition of pain by the cortex (emotion). 

The effect on a given pain threshold of multiple s i t e  of simultaneous stimula- 
tion has as indicated received some attention but as yet not as much as might 
well be rewarding. A second stimulus, whether pain, sound or kinesthetic stimula- 
tion produced a decrease in the intensity of the original pain (176). On the other 
hand it was reported that a subthreshold stimulation became pain when the 
stimulus was increased by electrical stimulation applied to 2 fingers (299) 
instead of one. 
23. Placebos. ". . . a subject who knows he has been given an analgesic will 

demonstrate more pain threshold-elevating effects of the agent than does the 
subject who, receiving the same agent, is convinced that he has not received an 
analgesic" (289). The fair question can be raised as to how the Hardy group 
can, believing this, continue to use 3 drug-wise subjects from whom the use of 
a narcotic cannot be hidden. They have agreed that placebos are important. 
As a matter of fact they learned early, 1943, in their studies of pain (665) that 
placebos could on occasion produce as much elevation of pain threshold as the 
analgesic agents they were studying. This of itself would appear to be strong 
evidence that they were not dealing with a pure perception but rather one 
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contaminated with reaction component (see XII). The puzzling thing is why 
they did not ever after employ this essential placebo control. Others have 
questioned the use of the radiant heat method in man for threshold variations 
which lie within the range of effects produced by placebos or suggestion (200). 
There is no reason why this observation should be limited to the radiant heat 
method. It applies to all methods. Beecher has shown how effective the placebo 
can be in relieving many kinds of symptoms (59, with 35.2 f 2.2 % of patients 
relieved. 

I t  is of interest and it should be sobering to observe (292) that,,when given 
orally, placebos, acetylsalicylic acid and a mixture of the latter with phenacetin 
and codeine all significantly elevate the threshold, but h e  are no signi@nl 
d i f l e tms  among their eflecta. 

Sonnenschein and Ivy (558), while not finding any significant change in pain 
threshold after administration of acetylsalicylic acid, did find a rrinnificant 
change in threshold (elevation) produced by a placebo. (The acetylsalicylic acid 
threshold change was corrected for the placebo effect.) They believe that the 
positive findings of others (284) are, possibly, to be explained by their lack of 
placebo controls. 

Flodmark and Wramner (216) employed a placebo in 4 subjects but, since 
this produced a maximal deviation of only f 0.1 %, it was considered within the 
normal variation of the method. This is hardly an acceptable control, for it is 
quite poegible that the 4 were placebo "resistors", whereaa in the 19 subjects 
on which the work depends a considerable number would certainly have been 
placebo reactors (398). If the placebo effect is as small as Flodmark and Wramner 
believe, this is evidence (a) that the experimental pain situation is unlike the 
pathological one or (b) that the subjects were guided, notwithstanding the use 
of the "unknowns to subject technique," by the lack of the narcotic aura, or 
through unconscious guidance by the operators who were aware that a placebo 
had been used. In any case, compare their results with the oppoaite obtained 
by Hardy and WoH. Hewer and Keele (313) got "consistently negative" results 
with placebos (ischaemic muscle pain) as unknowns to the subject but apparently 
not to the obeerver. 

In their work on experimentally produced anxiety and pain Hill et ul. (318, 
319) found that placebos had no such d e c t s  as morphine in these studiea, but 
it must be remembered that their subjects were postdrug addicts and it may 
not have been possible to use placebos in them as successfully as in non-addicts, 
i.e., as in unsophisticated subjects, since, presumably the post-addicts could 
detect the morphine "aura" as opposed to the placebo. Work in rat. (66) showed 
that a placebo increased the reaction time to radiant heat "pain" 36 %. 

24. D i d  mnbtion. While Martin and Grabfield and Martin (259) using 
a faradic current as stimulus report a diurnal variation in pain threshold, Macht 
and associatea (435) using a similar method could not confirm this, nor could 
Hardy et ul. (284) using radiant heat. 

Grabfield and Martin (259) restudied the sensory threshold to faradic stimu- 
lation with a view to determining what factors cause it to vary. They confirmed 
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a diurnal variation. Peak of irritability occurred at 10 to 11 o'clock in the mom- 
ing, with another rise beginning in the late afternoon. They point out that their 
hdinga agree closely with the observations on "ergographic" output and in 
general with reaction time obeervations of others. The authors conclude from 
these parallel fin- that diurnal variation is central rather than peripheral 
and that the sensory threshold is "a reliable index to the general nervous con- 
dition of the subject." These findings suggest another m b l e  source of error 
in experimental pain studies. 

Some evidence for a diurnal variation of pain threshold was found (131) in a 
group of subjects teated at 9:00 a.m. or at  5:00 p.m. In most c a m  the morning 
values were near the subjects' upper limit and in the afternoon near the lower 
limit. 

A consistent curve of diurnal variation in pain sensitivity with electric shocks 
to teeth has been reported (354). 

26. The paesage of time. The pain threshold on electrical stimulation of a tooth 
tends to rise over a period of months (116). But as time pasaed during a given 
d o n  of experimentation, the pain threshold fell slightly. 

With the radiant heat stimulus in guinea pigs utilized over a 4hour experi- 
mental period, it was found (651) that a rdPnificant downward drift in threshold 
occurred. This amounted to about a 10% change. Eddy and associatm (194) 
have found a similar &ect in mice exposed to conducted heat. The invedigators 
point out the importance of using each animal as his own control rather than 
the more variable "abeolute" levels. Such use of correlated data in man has 
been found by the Beecher group and the Houde group to be indispeneable if 
modest numbers are to be worked with satisfactorily. 

A slow rise of the radiant heat pain threghold was found (571) over a period 
of weeks. It amounted to about 15 % rise in 5 weeks. The rise was slow enough 
not to interfere with acute studies, but indicated the importance of subjecting 
all individuals etudied to the ssme experience. This ie a further necessary con- 
trol. I t  is aleo important to control the time interval between exposures to the 
radiant heat stimulus, if variation in the pain threshold L to be kept at a minimal 
level (142). 

With the passage of time and continued testing, it was found (300) that 
"something progressively deteriorated, with the accuracy of (the subjects') 
judgment or the condition of the testing area of skin or both," and obvious 
error appeared in the data. 

A curious periodicity in tolerance to morphine (anslgesic dect)  over a 50- 
day period of morphine sdministration has been reported (246). The investi- 
gators believe that their data "unequivocally demonstrate" the development 
of chronic tolerance to morphine in the dog as judged by tooth pain. They have 
confirmed observations (588) that complete tolerance to depreseion and dmwsi- 
nees does not occur on the administration of 3 mg morphine sulfate per kg 
body weight in dogs over a long period. 

26. MieceUaneoua fadot8. Severe acidosis, severe alkalosis, or 24-hour fasting 
had no dect on pain threshold or reaction (131). A head cold or constipation 
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can disturb pain threshold determinations (214), so also can the wetness or the 
blackening of the skin expoeed to radiant heat stimuli (142, 216, 289). The 
phenomenon of double pain responses (fast and slow, ma 236) to stimulation 
perhaps complicates the end point determinations in all experimental pain 
studies. It  might be supposed that this would be particdaily great with the 
radiant heat techniques, especially for untrained or partially trained obeervem. 
Variations in conducted heat, area of body stimulated, reporting method, 
educational level may all produce Merencea (142, 216) in pain threshold de- 
terminations. 
U. Lotoered pain thredold. No chemical agent introduced into the circulation 

has been reported to lower the pain threehold, except as indicated below; how- 
ever, in unpublished work, Eddy (189s) has observed repeatedly, with con- 
ducted heat in mice, "a greater than anticipated downward trend of reaction 
time after drugging especially when the agent a p p e .  to produce general 
hyperirritsbility." With the exception of injured or inflamed skin (289, 527) 
the only instance of lowered pain threshold to radiant heat were in hysterical 
or anxious patients (surely the reaction component had intruded into these 
threshold meaauremente) and in malingerera (285). 

An increased d t i v i t y ,  that is, a lowered threehold to painful stimuli haa 
been reported (405, 466, 534) after the primary action of opiatea has worn cd. 
Lowering of the pain threshold has been reported to follow noxious stimulation 
of a tooth (507). 

Various reporta of relief of somatic pain of organic origin after bilateral and 
unilateral frontal lobotomy have been referred to (376). Six patients had uni- 
lateral frontal lobotomy performed for the relief of pain, all but one were auc- 
c d u l .  Of the 5 improved patients the thermal pain threeholds were lowered 
bilaterally in 4, and in the fifth, lowering occurred on the same side as the 
lobotomy and elevation on the other side. The patient not relieved by the 
lobotomy was the only one showing bilateral elevation of the cutaneous pain 
thresholds after operation. The point of in te rn  is the tendency of the peripheral 
pain threshold to be slightly lowered, not elevated, in patients undergoing 
frontal lobotomy for pain. If this Merence can be shown to be s@Scant, 
the point is important. The effect of lobotomy on pain is perhaps due to its 
effect in relieving anxiety. 

It  has been reported (620) that morphologicslly abnormal nerve endings in 
the skin are associated with a decrease in pain threshold. Trotter (599) and 
Trotter and Davies (600) believe that changes in the phyaicochemid state 
of the endings might produce a similar result. Using a radiant heat stimulus it 
has not been poesible (666) to show any significant lowering of the pain thresh- 
old in h-c areas of skin associated with deep pain. 

XI. PAIN THREBHOLD AND ANAMEBIC AGENT8 

A.  &&?ral 

An adequate working definition of an adgekc  agent is the following: an 
agent which brings about relief of pain without significantly dulling conscious- 
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ness. I t  is customary to exclude agents which act by removing the cause of the 
pain and agents which block pain impulses peripherally. This definition, unlike 
the definition of pain itself, is fairly satisfactory. 

The question of whether or not the pain threshold is elevated in man by 
narcotics is of importance. If it is, then narcotics may indeed influence peripheral 
pain mechanisms to a great extent, and C-fiber studies, with and without mor- 
phine are indicated. However, there is no direct evidence that morphine affects 
conduction in peripheral nerves. If the pain threshold is not dependably ele- 
vated by analgesics, then this can be construed as very strong evidence that 
&c drugs do not act to an important degree on the peripheral pain ap- 
paratus, but act centrally, presumably on the reaction component. In other 
words, a pain threshold unchanged by narcotic agents means that pain is getting 
through to the central nervous system. That is to say, there is no particular 
need to study the d e c t  of a painful stimulus on C-fiber activity with and with- 
out morphine. 

Evidence has been obtained by Wikler (634, 635) that analgesics acted on 
spinal &exes sssociated with after-discharge, that is, presumably, on multi- 
neurone &ex arcs. Such action appears to be a minor part, if any, of the essen- 
tial pain-relieving consequences of the use of such agents. He also showed (640) 
that the lip-twitch response of the dog to electrical &mulation of a tooth-pulp 
nerve is depressed by subcortical action of analgesic agents. Along this same 
line it has been ehown (331) that the tail flick of rats and the back skin-twitch 
of dogs can be depressed by analgesic agents in spinal animals. Irwin et al. 
(344) and Houde and Wikler (336) obtained evidence that morphine augments 
supra-spinal inhibition of these reflexes, also an action that must be central. If 
such dec t s  were of much importance with the doses of analgesic agents known 
to be clinically effective in relieving pain in man, it might be supposed that 
this could be made evident in the effects of analgesics on the pain threshold. 
While the evidence on this score is conflicting, no such clear-cut and dependable 
demonstration has been made in man. 

What might be called the opposite side of this problem is also interesting (for 
details see XII). In conjunction with the question of whether the peripheral 
pain apparatus can still function yet pain be not perceived, several observations 
can be made. Emotion or distraction can block the perception of pain; this is 
common knowledge. Both in hypnotic suggestion and in hysterical anesthesia, 
pain is not felt in response to noxious stimulation, yet the pain apparatus is 
anatomically unimpaired. I t  has been shown in four patients with hysterical 
aneetheaia (580) that although these individuals presented a hysterically anes- 
thetized limb they none-the-less showed a cold pressor response like that of 
the normal limb, yet denied subjective sensations of cold. Hysterical anesthesia 
thus does not block sensory stimuli a t  low segmental levels. 

The assumption of most investigators in this area has been that the pain 
threshold is dependably elevated by analgesic agents. The majority seem never 
to have had any doubts as to the validity of this view, notwithstanding the 
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formidable array of inconclusive and contrary data. In this field a number of 
invdgators  who may have had some doubts appear to have had an irresistilbe 
temptation to reassure themselves by analogy and then to proceed incautiously 
from that shaky base. Parallele are drawn (451) among analgesics on one hand 
and antispasmodics or antihistaminics on the other hand, for example. It is 
h d o u s  to make compariso~w between agents designed to alter subjective 
response and those planned to produce objective change. The danger lies in the 
unproved assumption that the "pain threshold" change produced in man by 
analgesics haa much if anything to do with pain relief, whereas the antispas- 
modica in relieving smooth muscle spasm have accomplished their mission and 
are beyond dispute effective in so doing. It will be seen that the strong& evi- 
dence in man is against any important relationship between "pain threshold" 
change and pain relief. Moat of the evidence also indicates that pain relief has 
a cloee connection with the &ect of analgesic agents on the reaction component. 
(See X I . )  

It haa been stated (284, 364) that morphine relieves pain in 3 ways: (a) by 
elevating the pain threshold, (b) by influence on the reaction to the original 
sensation (apprehension allayed), producing a sort of "reversible pharmacologicali 
leukotomy," similar in consequence to a surgical leukotomy (357), (c) by in- 
ducing lethargy and sleep. 

Dependable work in animals has led to the uncritical assumption that this 
e n t a h l i h  a general clinical relationship between the action of analgesic ageatcr 
and wrin threshold elevation, notwithstanding the fact, already pointed out. 
that "pain threshold" in the different species, man and animals, are very dif- 
ferent things based on unlike criteria. 

There seems to be no easy and well marked path here. The fact that one 
can on occasion, despite the many factors which can cause the pain thmhold 
to vary (aee X), find some human subjecta who do appear to show a dependable 
relationship of analgesic action to pain threshold elevation then poses the 
question as to what such a painfully arrived at small sample really represents. 

B. The production of analgesia 

A characteristic of a sense organ with such endings as are found in pain spots 
is that even a single brief stimulus haa a persistent "after-efTectM; i.e., a single 
shock to the nerve ending sets up in the fiber a repetitive series of nerve im- 
p h .  This is unlike the situation with a nerve fiber where a single shock sets 
up a single impulse (5, 76, 77, 80). 

It may be suppoeed that the perception of "original sensation" requires the 
function of several structures: (a) the specific pain receptors, (b) the conducting 
pathways, the nerve fibers, (c) intervening synapses, all the way up the central 
nervous system until awareness of sensation is achieved. No systematically . . 
admm&ed analgesic agent is known which will abolish function in the pain 
receptors or the conducting nerve fibers; therefore, if "original sensation" is to 
be depressed by analgesic agente, presumably it must be done by action on 
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synapses. These are known to be vulnerable to a number of agents, but there 
is no evidence that customary d a m  of analgesics wed in man -tically 
adminiatered can influence them (86, 218). 

Wikler's (634, 635) observations on the effects of morphine on the redexes of 
spinal animals where reflexee associated with afterdischmge were d e p d  by 
morpbine but reflexes not aamiated with afterdidurge or with little after- 
discharge were either not depressed or were actually heightened-all of this 
indicate that morphine can work at a cord level and on multineurone reflexes, 
p r e s u m a b l ~ ~ ~ .  

Batterman and Himmelsbach (31) believe that clinical analgesia is probably 
the result of one or more of the following effects: 1) interruption or reduction of 
afferent pain sensations in the midbrain or the thalamic area, 2) altered reaction 
component (reduction of the "fear reaction"), 3) increased threahold to pain 
at  the periphery. This last one appears to be of "minor importance" as far as 
analgesia is concerned. Somewhat paradoxically theae writers then a h  say 
that (3) above is of "immense help" in evaluating the relative potency of anal- 
gesics. Just how threahold effects can be at the same time of "minor importance" 
as far as analgesia is concerned, yet of "immense help" in evaluating analgesic 
potency is a mystery not explained. 

A n b s  (2) believes that simultaneous measurements of akin rwistmo8 and 
pain threahdd are of value in differentiating some aspects of drug action. The 
action of morphine on that part of the autonomic nervous system which controls 
skin r d t m c e  appears to be comparable in normal mbjecta and poetaddict 
subjects. Morphine reducea the skin m ~ ~ n s e  in both. He concludes from this 
that "The reduced akin r d t m c e  response is probably associated with a reduced 
pain appreciation, which offers an explanation of the clinical relief of pain in the 
post-addict," for he had reported earlier (21) that although normal subjects 
and poet-addicts had comparable pre-drug pain threaholda, morphine had 
little pain threshold raising effect in poet-addicta in comparison with n o d  
subjects, yet the clinical relief of pain is accomplished in poetaddicts with 
modest doses of morphine. He draws the interesting conclueion that measure- 
ments of pain threghold have little connection with the clinical relief of pain. 

The same conclusion has been arrived at by others who have expressed the 
view that pain threshold elevation by pain-relieving agents is probably of only 
minor importance in regard to analgesic effectiveness (30). Battermsn my8 that 
WOE and his associates have emphasized this too. The "emphaeis" comes out 
more strongly in their 1952 book (289). Surely this is somewhat paradoxical, for 
Hardy, WoM and Goodell maintain that with their method they measure 
"original sensation" divorced from "reaction." They report great elevation of 
thie pain threshold by analgesics yet believe that elevations of pain threshold 
are only one of the @ble modes of action of analgesics and according to 
Andrews (21,B) and Batterman (30) a minor one. 

The finding just reported (22) that modest doses of morphine will relieve 
clinical pain in post-addicts, yet not produce, presumably the accustomed 
psychic effects sought after by addicta is considered to be evidence that morphine 
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does have action at the "lower integrating levels" (30). It may, but then it is 
not clear how Battennan can hold this view and yet, at  the eame time, con- 
clude, as he did, that threshold-raising effects are probably of minor importance. 
Evidently he distinguishes between procesees at "lower integmtbg levels" 
and threshold processes. There does not appear to be much evidence for such a 
dietinction. It eeems sounder, on the available evidence, to conclude that there 
is little, if any, relationship between analgesic action and threshold effects. 

Cattell has said (124) "The rise in (pain) threshold which may accompany 
snalgeaia must be looked upon as incidental to the changes in mental function, 
with awareness of pain not necesssrily altered." Others of the Cornell group 
have often insisted that the pain threattold findings are a measure of the original 
eenaation, not complicated by the reaction component. Cattell (124) continues, 
"The available evidence points to changea in mentation and mood as the im- 
portant elements in the analgesic action of drugs and we must regard pain 
threshold data as measurements of psychic mtions." Cattell's view evidently 
Mere from that of his associates. He also repeats the thesis that the more the 
mental effecta of analgesics the more their pain-relieving power. This does not 
appear to hold with dihydrocodeine, for it has been shown (262) that this anal- 
gesic agent, although less effective in a 30 mg d m  than morphine in a 10 mg 
d m ,  has at  that doee hardly any mental dects. 

Also devant  to this W o n  are the findings that fear and anxiety are related 
to the appearance of pain (see X, 13) and that their relief by morphine is re- 
lated to the relief of pain (57, 316, 318, 319, 384,434445). 

C. Evzibm for a depadable relationship between adg& adion and experimental 
p i n  threshdd in man 

The investigators (notably 20, 116,216,219,277,435,465,466,534,6864439) 
have utilized three principal methods of producing experimental pain: radiant 
heat, electric shock, and the von Frey method of mechanical stimulation or a 
modifioation of it. Impremive as the number of studies is, on examination 
many of thee studies are not so reliable as they seemed at first. (For a critical 
examination of experimental pain methods and analgesic agents with special 
attention to the radiant heat technique, eee 197, 318, 319, 451.) In general the 
difficulties are as follows. 

The design of the experiments has not been such as to permit the elimination 
of bias. For example, Hardy, Wolff and Goodell have used themselves as sub- 
jects for most of their si@cant drug studies. While they now accept the im- 
porfance of wing unknowns, this ia of c o w  quite impossible when the subjects 
are highly experienced and familiar with the decta of narcotics (50). 

Although WoH and Goodell (665), as mentioned above, showed early in tbeir 
work on narcotics and pain which has been so often followed, that suggestion 
could have very great dects  and that placebos could have as much effect as 
analgesic agents, neither they nor their followers have usually adequately safe- 
guarded their work from the poeeible effects of suggestion, nor has it been 
custcrmary to subtract placebo decta before concluding that a significant drug 
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result remained. While reliance on statistical methods to the exclusion of com- 
mon sense is certainly und~irable, too few of these investigators have acted on 
the sure knowledge that common sense can in many caees be preserved only 
with some recourse to statistical methods. Miller (451) points out in conjunction 
with this same work--data were furnished to him by Goodell and WoH-that 
while the standard deviation of a single observation is only about 5% of the 
average this is large in comparison with the threshold changea that may be 
produced by drugs. 

Others have frankly eliminated subjects or data which did not come out as 
expected, that is, showing an elevation of pain threahold in reaponee to the 
administration of powerful narcotics. Seevers and PfeiiTer (534) eliminated 
m e  subjects who showed a low pain threahold since they did not usually 
show an elevation with the use of the opiates. Lee (403) reported the same 
thing. Miller (451, p. 43) discusses tbe question of whether a low normal thresh- 
old signifies that the subject will have a low threshold after the medication. 
His finding was in the negative and this means that percentage increase of 
threshold is not an accurate measure of analgesia. Gaensler (229) r e p o d  that 
narcotic relief of pain (pain caused by increase in hydrostatic pressure in the 
biiary tree) was greater when the initial pain threshold was low than i t  was 
when the pain threshold was initially high. That is, narcotics are comparatively 
more dective when the area traumatized is sensitive (painful), when,the pain 
is great, than when it is less. This fits in with Beecher's (55) o b w s t i o n  that 
placebos are more effective when the pain is severe than when the pain is less 
severe, and, furthermore, supports the concept that analgesics effectively act 
on the reaction component of suffering (XII, C). Gaensler (229, p. 414) pointed 
out that it was never possible to abolish the pain of distention of the biliary tree 
however large the dose of morphine. He showed striking Werenceg in pain 
threshold elevation by both morphine and meperidine. If the subject had not 
been alerted ahead of time the elevation was twice what i t  otherwiee was. One 
would have supposed that the first painful stimulus would have produced a 
d c i e n t  awakening to give comparable curves from then on, but this was not 
so. Before narcotics were administered the thresholds were identical whether 
"asleep" or awake, but not after. Perhaps one can conclude that the narcotics 
really alter pain perception very little but do produce a bemused state, com- 
parable to distraction, which they can be "alerted out of" and will then report 
on the little altered pain perception (cf. lobotomy). This fits the view that it 
is the reaction which is chiefly altered, not the perception (see XII). 

It was shown (see X) that a very great number of factors could cause pain 
thresholds to vary. In the studies presenting favorable results, as a consequence 
of analgesic action listed above, too few of these factors have been controlled. 

D. Data which give rise to doubt czs to a dependable relatianship between analgesic 
action and the pain t h r W  in man 

Macht et d.  (435) make the puzzling statement ". . . the sdministration of 
some opium alkaloids produced a fall (electric shock method of stimulation) 
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and . . . others a rise in the threshold of pain sewtion, thus affording a quanti- 
tative method of studying analgesia." I t  is also dif6cult to draw quantitative 
conclusions from their work because of the few subjects and inadequate doeage 
of the less potent analgesics used (534). They consider that a "crucial corrobora- 
tion of the validity" of their method is the failure of ealine placebos to alter the 
pain threshold. This observation perhaps merits less enthusiasm than that of 
the authors, Bince only the three authors were used as subjects and, considering 
the time required to test the six opium alkaloids studied, they muat have be- 
come before long sophisticated subjects well able to diilerentiate between the 
aura of the narcotics used and a placebo. This fact plus their vested interest in 
the outcome leads to a less than "crucial corroboration" of their method. Un- 
fortunately their error in this regard is a common one, indeed, one that threat- 
ens much work in this field. The only safeguards known to the reviewer, and it 
must be agreed these are only relatively reassuring, is to minimize the problem 
by using fresh subjects for only a relatively few observations, to use subjects 
that know nothing of the purpoee of the experiments or the parameters at 
iesue and, finally, who care nothing about the outcome. 

The experiments of the Macht group are revealing. For example, they report 
that 10 mg morphine "produced quite marked lowering of the pain threshold" 
(judging by the context they meant elevation) in two of their subjects but not 
in the third where the pain threshold was essentially unchanged. The dose was 
i n c d  to 12 mg and "instead of producing an analgesia" definite "hyper- 
sensibility" to pain was produced in this third subject, "as indicated by the 
rise in threshold." (Notwithstanding their odd error in the use of the term 
threehold, their meaning is clear.) Others might conclude that their method 
was not satisfactory. Later on they report that codeine has "very poor analgesic 
power . . . far inferior to that of morphine." This is not in accord with clinical 
observations when the agent in optimal dose is administered parenterally (395). 

Straub (575) reports that, while narcotine is a practically inert drug, when 
it is admi&tered with morphine a many-fold intensification of the morphine 
effect is produced. Macht et d. (435) believed they confirmed this statement. 
They reported that 5 rng morphine did not alter the pain threshold, produced 
no adgeia, yet 6 mg morphine in combination with narcotine "produced in 
each subject the highest degree of analgesia that we obse~ed in our whole 
research." Yet narcotine in carefully controlled work appears to have little or 
no pharmacological effects in man. Indeed there is reason to believe it may be 
precipitated in the tissues and absorbed only exceedingly slowly over a period 
of days. 

Jones and Chapman (353) report an elevation of pain threshold in man pro- 
duced both by morphine and by monoacetylmorphine. This elevation was, 
however, far lees than that reported by Hardy et d. (284) and similar to that 
reported by Slaughter. The studies of Jones and Chapman were not carried 
out as unknowns. It is pmling to fmd that in none of the 24 subjects was the 
threshold lower after the use of morphine than before, yet in Denton and Beech- 
er's (159) studies lowering was often found by Chapman who assisted in the 
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work. In the latter experiment the double unknowns technique was wed. This 
is an illustration perhaps of the unconscious influence of the operator and is 
evidence for the use of the double unknowns technique. Jones and Chapman 
(353) report that monoacetylmorphine strikingly reduced the pain of ischaemic 
muscle contraction comparable to its reduction of radiant heat pain, notwith- 
standing the very different types of pain. 

Others (373, 476) tried to use. the radiant heat method to demonstrate the 
threshold-raising effects of parentera1 procaine but without much success. 

Ivy et d. (348) using electrical shocks to teeth observe in passing that 7 out 
of 16 human subjects, receiving 16 mg morphine subcutaneously, showed a 
lowering rather than a rise of threshold to dental pain; in one there was no 
change, and in 6 there was a rise. Two of the 16 subjects are unaccamted for 
and yet the workers consider the method usefull These data are very like those 
of Denton and Beecber (159) with the Hardy-WOE-Goodell method which 
they conaidered notably unsatisfactory. I t  k surprising that Ivy et al. can have 
relied on their method. 

It  L highly questionable wbether any real ditrerence exists in Flodmark and 
Wnunner's (216) data between the 30% elevation of pain threehold by 15 mg 
morphine and, a week later, 40% elevation by 8 mg morphine plus 0.6 mg 
proatigmine. Their own data (see their Figure 3) show that this variation and 
more is to be expected. In the experience of Denton and Beecher (159), Keats 
et d. (361) and Lassgna and Beecher (397) the 2 doe- of morphine are only 
barely distinguishable when large numbers of patients and severe pain are used. 
Remarkably enough the investigators did not compare the of 8 mg 
morphine and 8 rng morphine plus 0.5 mg proetigmine. This "confirmation" of 
the Slaughter group's work must be &missed. 

PfeifTer et d. (485) report a variety of threshold dects in man. For example, 
eee Table 9. 

I t  is to be observed that the nail bed and finger pad pain was produced by 
radiant heat whereas the tooth pulp was etimulated electrically to the point of 
pain. These authors do not appear to be concerned with their own data which 
&ow heroin, judging by their threshold changes, to be sixty times more ef- 
fective on severe both pain than on nail bed pain whereas levomethadone is 
equally dective in the two circumstances. The reviewer is not aware of any 

TABLE 9 
Summary of mcon per c d  rise in pain ihrmblda with heroin (8 mg), dilaudid (8 mg), and 

I-Metkodonc (6 mq) 

Firyu Pad 

% 
8 
9 

17 

Tooth I 

% 
26 
26 
21 

DU3 

Heroin (100 min) . . . . . . . . . . . . . . . . . . . . .  
Dilaudid (160 min). . . . . . . . . . . . . . . . . . .  
1-Methadone (160 min) . . . . . . . . . . . . . .  

Tooth I1 

% 
60 
M) 
24 

Nail Bed 

% 
1 

15 
20 
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other examples of powerful analgesic agents having euch differentially specialized 
effecte on the same types of pain. 

Using the Hardy-WOE-Goodell radiant heat method, Christeneen and Gross 
(136) found methadone three times more potent than morphine. Denton and 
Beecher (160) found these two agents to be equal in analgesic power, milligram 
for milligram, when used to relieve pathological pain. Troxil (601) found 10 mg 
morphine e q d  to 15 mg methadone. The error arrived at with the radiant heat 
method is a commentary on the ha& of using experimental pain as it has 
been used for information applied to the clinic. 

For dl of Harris and Blockus' (292) care in designing and carrying out their 
experiments, apparently eome important factors remained uncontrolled, for 
example, oral placebos elevated the pain threshold to a very highly significant 
level while parenteral placebos did not even show a positive trend. (If the 
significance levels had not been so fm apart, one might have supposed that tbe 
explanation lay in inadequate number of subjects.) To the reviewer this merits 
attention. Surely the pusde must be resolved before one can have confidence 
in the significant threshold changes that they have reported, for example, 
by 65 mg codeine administered pmterally. 

Perhaps the key to the difficulty is a b&c and poesibly erroneous aseumption, 
which strikes at the heart of experimental algesimetry in man. The reviewer 
has no wish to single out the work of Hanis and Blockus (292) for special critj- 
cimn. This work is used to illuetrate certain points because it represents a gen- 
erally caieful study. Notwithstanding this fact, certain questions can be ap- 
propriately raised. They say, "To validate an algesimetric procedure it should 
be demonstrable that a compound generally acceptable aa a clinical analgesic 
will cause the threshold of experimentally induced pain to become higher than 
it might otherwise be if no treatment or a placebo had been given." This states 
very clearly the aseumption which is basic to dl experimental algesimetry. 
Surely it is time to ask why experimental pain threshold elevation is eamntial 
"to validate an analgesic procedure." There is a very great deal of evidence at 
hand to indicate that it is not essential. First, there are diecrepancies in even 
the best work, like that mentioned above, where placebos produced a &piticant 
change when dmhistered orally but not at  all when given parenterally. There 
is the widespread failure to confirm in man (eee below) Hardy, WOE and Good- 
ell's reported threshold changes following the dminktration of analgeeic agents. 
Since theire is by far the most carefully and extensively studied method used 
in experimental algesimetry, these many carefully documented failures in man 
cannot be ignored. 

Seevers and PfeifTer (534), on the basis of studies of analgedc effectiveness 
using a modification of the von Frey hair technique, arrive at  the arresting 
conclusion that morphine "is relatively impotent as concerns analgesia." (The 
Btudy involved heroin hydrochloride (diacetylmorphine), 2 mg, morphine 
sulfate, 10 mg, dilaudid@ hydrochloride (dihydromorphinone U.S.P.), 1 mg, 
and codeine phosphate, 64 mg.) This statement perhaps provides a commentary 
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on experimental pain methods in man for the evaluation of analgesic agents and 
emphasizes the wide gap between such experimental conclusions and clinical 
findings. 

Only half (8) of the subjects were considered suitable for further study with 
a modification of the von Frey technique (534), some with a low pain threshold 
showed no effect from opiates, and those with a high threshold p a d  off the 
"hair" range before maximum analgesia had been produced. While the in- 
vestigators can make any choice they wish, with such eliminations of subjects 
questions must be raised as to the meaning, the significance, of their results. It 
is curious to find in a given typical individual that morphine is essentially with- 
out d e c t  on repeated testing, whereas heroin and dilaudid are much more 
effective. Can one conclude that, in given individuals, morphine is without 
effect, or, in reality, is something other than analgesia being measured? 

Seevers and Pfeiffer (534) say, ". . . neither the degree nor the duration of 
analgeaia is as great from intravenous as from hypodermic [subcutaneous] 
injection." One can understand how the duration of analgeeia could be shorter 
on intravenous injection but it is certainly not clear how the degree could be 
less, in the light of all that is known concerning drug concentration and clinical 
effectiveness. 

Several things in this study deserve emphasis. 1) Subjects with low pain threah- 
olds had to be excluded since they "obtained no measurable analgaeis from the 
opiates." 2) Nausea seemed to lower the pain threshold and prevented the 
analgesic action of all the drugs, yet one might have supposed from what is 
known from other studies that the emotion and distraction of nausea would 
have elevated the pain threshold. 3) Some presumably typical individuals per- 
sistently had essentially no analgesic effect from a clinically highly effective 
dose of morphine, but did from other narcotics (see 534, Figure I), and one subject 
developed "not the slightest degree of analgesia from any of the (opiates)," 
even with larger than ordinary doses. (The reviewer knows of no clinical counter- 
part of this failure.) 4) The degree of analgesic effect on intravenous injection 
of the opiates was less than on subcutaneous administration. (However, not- 
withstanding their statement their own Figure 4 does not give good evidence of 
this.) Dilaudid, while strong subcutaneously, had a comparatively weak action 
on intravenous injection. These must be accepted as facts observed, but in toto 
they raise a question as to whether analgeaia is what is really being measured. 

In most cases narcotics failed in the study by Javert and Hardy (352) to 
raise the pain threshold in women in labor. This adds to the evidence that thresh- 
old changes sometimes produced by narcotics are neither dependable nor rele- 
vant to the real pain problem. They report, further, that morphine, heroin, or 
meperidine often reduced the pain intensity from 6 to 8 dols (severe) to 2 to 3 
dols (comparatively slight) without a rise in pain threshold. They believe this 
was due to the action of the narcotics in reducing uterine activity. The fact 
remains that uterine activity was great enough to expel the baby. It seems 
doubtful that the reduction in uterine activity alone could account for the re- 
duced pain. I t  would not be expected to account for the pain of cervical or peri- 
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neal dilatation. A more likely explanation is that pain threshold change, aa 
measured, simply is not relevant to pain relief. 

Hardy clearly considers the pain threshold-raising effect of an analgesic impor- 
tant; but he says it "is not the only important action of an analgesic in reducing 
pain" (282). Hardy and Javert (281) observed that while apomorphine greatly 
reduced the pain intensity of a woman in labor, it had no effect on pain threehold. 
I t  is evident that Hardy considers pain relief separable from threshold change. 

With findings of this kind accepted by him, it is difficult to see how he can 
attribute importance to threshold change, since, as he agrees, pain relief can 
occur quite without threshold change. 

Woltr et d. (289) say, "All agents known aa analgesics raise the pain thresh- 
old . . ." This is not established for man. But then they say at  once, ". . . the 
pain of a patient in labor is greatly reduced following the administration of an 
opiate, without alteration in pain threshold . . ." Here is contradiction within 
the same paragraph. 

Houde et d. (330) describe a patient who, notwithstanding a great elevation 
in pain threshold by an snalgeeic agent, had a return of pain in the region of his 
d k a e  at  the height of the pain threshold reaction. 

Parsons and Goetzl (479) "feel" that "a drug may possess analgesic properties 
in spite of its failure to raise the pain threshold in normal human subjects." Thie 
is heresy, for their whole series of papers is dedicated to the proposition that 
snalgesic power can be revealed by pain threahold elevation in normal human 
subjects. 

Slaughter (547) reports that both he and Chapman have independently ob- 
observed that some individuals appear to be "congenitally refractive" to 8 rng 
morphine. This reviewer knows of no clinical counterpart of this. I t  would be 
interesting to know just how common such "refractive" individuals are. It is 
surprising that neither Slaughter nor Chapman appears to consider that such 
failures challenge the adequacy of the method for the task undertaken. 

While WoB el d. (667) have, it is fair to say, emphasized that pain threshold 
elevation by analgesic drugs is less important than their d e c t  on the reaction 
factor, the question arise aa to whether pain threshold elevation is of any impor- 
tance in man and whether in animals, when changes in its response to analgesics 
seem to be definite, it may not, in actuality, be so because of d e c t s  of these drugs 
on reaction. With the evidence of undependability of threshold change in man 
so great as it is, it is difficult to see how so many investigators can continue to 
place so much reliance on it in appraising analgesic agents in man. 

Gold, in commenting on Cattell (124) said, "Several laboratories have now 
begun to compare analgesic agents by their power to rake the (pain) threahold. 
There should soon arise a classification of analgesic agents based on their power 
to rake thresholds." But then he continues with his usual wisdom, "I have the 
notion that such a classification, however, would not match the classification 
based on clinical experience in the relief of pain. A small dose of morphine 
which does not raise the threshold any more than a large dose of aspirin is 
much more effective in relieving pain than the large dose of aspirin." 
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I t  seems unlikely that elsewhere in science such a doubtful concept as the view 
that pain thresholds are generally and dependably sensitive to the dects  of 
analgesic agents has had the attention and study of so many investigators 
over such a long time. 

E. Failure to mpport the concept of a dqmdable r e l a t i d i p  between 
pain threshold and amdgemk action 

It is apparent that many observers have never had the slightest doubt of a 
dependable relationship between analgesic action and pain threshold elevation 
in man. The design of the experiments of the originators or of those wbo have 
" c o h e d "  them have not in many cases been reassuring. The same can be 
said of several of those who have failed to confirm them, but in general the op- 
ponents have had better designed experiments than the advocates. 

In the traditional pattern, noxious stimulation haa been increased until min- 
imal pain, the "pain threshold", appears. Algesimetric methods to be useful, eo 
it is said (244), must permit the determination of pain thmholda in a quantita- 
tive way. It would seem, in view of the maae of evidence presented in foregoing 
sections, that the algesimetric methods based upon experimental pain in man 
hardly fulfill this "requirement." The data to be preeented in this aection cast 
further doubt on the ueefulne%~ of such methods for the experimental evaluation 
of analgesic agente in man. Nonetheless, it will be shown (see XII) that, when 
pathological pain is utilized, what amounts to a kind of threshold effect is de- 
termined in quantitative terms. In the latter case the labels have new meanings 
and the data referred to p m n t  a new kind of threshold in t .  of d w e c t  
curves which demonstrate a given &ect, i.e., a given percentage of patients 
relieved by a given doae of drug under specified conditions. So, in essence, the 
above statement is supported, quantification of "threshold" ie poeeible and 
useful. 

Here is a partial list of those who have failed to confirm Hardy, Wolfl and 
Goodell's observatio~u in man of pain threshold rim aa a consequence of analgesic 
action. Some only of the investigators used "trained" subjects so it is difEcult 
to accept the view that trained subjects are useful whereas untrained are not. 
Even Hardy, WOE and Goodell, as has been pointed out, are not conrJiatent in 
requiring training as essential. 

The following investigators were unsuccdul, using the radiant heat method 
of stimulation in man (19,21,75, 117, 118, 131, 159, 165,215,300,350,390,591, 
633, 636 experiments of Isbell and Frank). Slaughter (547), as mentioned, re- 
ported that both he and Chapman had found some individuals, judged by this 
experimental pain method, to be "congenitally refractive" to 8 rng morphine. 
Thorp (591) found no statistically significant riae in pain threahold in man even 
when 10 mg morphine was used (he worked with unknowns). He mentions the 
increasingly difficult endpoint determination with increasing d m  of morphine 
and speaks of "a most uncertain method." He shows a decided elevation of pain 
threahold with the Hardy, WOE and Goodell method when another pain is 
produced, i.e., muscle ischaemia pain in the arm. Whyte (633) haa extrapolated 
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Hardy, WOE and Goodell's data and finds that pain ought to occur wben the 
skin temperature reaches about 46T. in a n o d  mbjwt, 50°C. after acetyl- 
salicylic acid, and 54°C. after morphine. Whyte found no such changes. 

Hardy, Wow and Goodell recognize that pain threahold variee with sweating 
and blood flow, for example, but give no evidence that these factora remained 
constant during drug studies. Severe pain certainly producea secretion of epineph- 
rine and this has a profound effect on the peripheral circulation which can modify 
pain M o l d .  Conceivably eevere pain may thua disturb subsequent threahold 
determinations for some time. Repeated tmting in a given ares is likely, as 
Whyte points out, to cauae variations in vascularity and initial skin temperatures. 

The following have failed with the method, wing electric shocks to teeth in 
man to confirm Hardy, WoH and Goodell's obaervations: Harris and Blockus 
(292), Harris and Brandd (293), Sonnenschein and Ivy (558), Ivy et al. (348). 

The following have failed to support Hardy, WoB and Goodell's obaervationa 
with the von Frey hair method (or a modification of it) of stimulation in man: 
Mullin and Luckhardt (466) (data on acetylsalicylic acid), and Seevers and 
F'feiller (534). The latter reported that some individuale (with low pain threah- 
olds) showed no effect from opiates. 

In studies of ischaemic muscle pain Hewer et al. (314) conclude that analgesics 
act mainly by some mechanism other than that which rsises pain thresholds. 
They baee this on the observations of H d y  et al. (284) that the action of 
morphine on the threshold of pain from radiant energy is almost abolished when 
this drug is given to subjects suffering from ischaemic muscle pain. However, 
Hewer and Keele (313) have studied the effect of intravenously injected analgesics 
on existing ischeemic muecle pain. They found that with small doses of analgeeics 
there is relief of such pain. 

F. Pain threshdd d i w t i e 8  encmnteted with the acetylscrlicglak acid &a8 of 
analgesics in man 

The "mild" m c a  such as thoae of the acetylsalicylic acid class have 
produced an inordinate amount of trouble for thoae who have tried to show a 
dependable relationship between Bnslgeaic action and pain threehold elevation. 
Here are some examples of di5cultiee with thee  agents in human experimenta- 
tion. 

Hardy et al. (284) reported that a large dose of acetylsalicylic a ~ i d  rsieed the 
pain threshold 35 %, whereas the heat theahold was hoered 55 %, thus separating, 
they believed, the 2 typea of sensation. They also showed that a constricting 
sphygmomanometer cuff could abolish most aensstions in the hand but not pain. 
The pain thFeehold of the constricted hand and the forehead showed the same 
c h w w .  

WoH et al. (668) show great effecta on radiant heat pain thmhold in man 
from acetylsalicylic acid, with apparently clear-cut difference between dosea 
increasing by as little as 0.03 g. It is remarkable that they could achieve such 
precision while many other careful investigators could not demonstrate any 
dependable effecte in man with any doee of acetylsalicylic acid, with the same 
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method or with other methods. They have reported elsewhere (Wolff and Goodell, 
665) however, that a placebo given in a setting where the subject believes it will 
raiee his pain threshold does so equivalent to that of an active agent, acetylsali- 
cylic acid. It is puzzling to this reviewer how they arrive a t  their conclusions as 
to the effectiveneas of acetylsalicylic acid and similar agents in raising the pain 
threshold when they admit placebos can do as much. One would have supposed 
that for the threshold-raising effect of acetylsalicylic acid to be meaningful i t  
would have to be elevated significantly above that of a placebo. 

Hart (297), using a modification of the D'Amour-Smith method, found acetyl- 
salicylic acid and salicylamide and ita derivatives to have analgesic power in 
animals. Hart's modification of the D'Amour-Smith method consists in an 
arrangement whereby the animal is warmed up before it is subjected to the 
painful stimulus. While D'Amour and Smith (155) found response times from 
rat to rat negligibly low, Hart could not confirm this constant threshold in 
animals. Hart says, "Whatever the defects of our method may be, by its use we 
have not yet failed to detect analgetic action in a drug which has proven clinically 
useful for the relief of pain." This is quite a feat with the weaker analgesics he 
used. But, as Hart candidly points out, he has been unable to define the limita- 
tions of his method. Perhaps the approach deserves further examination. 

How to explain the great differences between the Hardy, Wolff and Goodell 
group, on one hand, and other competent groups, on the other, is a question. 
Perhaps it is beat to record the discrepancies and leave i t  a t  that. 

The discrepancies may be a reflection of the hazard of the experimental design 
used by Hardy, Wolff and Goodell: Basing as much as they have on 3 subjects, 
themselves, is perilous, especially since the use of the double unknowns tech- 
nique, i t  is generally agreed even by them, is essential although they did not 
attempt to use i t  in their early work. But one must also agree that such a design 
is impossible with drug-wise, sophisticated subjects who could not possibly be 
kept in ignorance of the use of powerful narcotics or even probably in many 
c88ea, acetylsalicylic acid. With a vested interest in the outcome (the hazard 
of not using disinterested subjects) it is clear that the essential elimination of 
bias could not be kept out of such work. The reviewer could not do it with their 
experimental design. He doubts that they could either. 

Several groups have failed to confirm Hardy, Wolff and Goodell's report of a 
pain threshold-raising effect of acetylsalicylic acid (75, 117, 118, 390, 479, 558). 

Harrieon and Bigelow (296) report a 25% elevation of threshold (with the 
muscle ischaemia method plus work) produced by acetylsalicylic acid and they 
say this effect is similar to the effects of this agent on cutaneous pain. The trouble 
is, a 30 % elevation was produced by a placebo. How they can conclude from that 
that the cutaneous pain effects of acetylsalicylic acid were confirmed is not 
stated. 

The failure of salicylates to elevate the experimental pain threshold in man 
has been reported by various authors (75, 277, 292, 293, 558). In an effort 
to square the experimental failure with the clinically observed fact of the effec- 
tiveness of acetylsalicylic acid, several explanations have been offered. It is said, 
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that the methods for testing are not sensitive enough, yet the methods are s&- 
ciently sensitive to demonstrate tbrc &tiveneakaf plawkms, or to follow the 
changes produced by verbal suggestion, or to reflect moderate changes in tem- 
perature and so on; that experimentally induced pain is not the same thing as 
pathological pain; that the phenomenon is not explicable on the basis of the 
present concept of pain and analgesics (294). Perhaps the difficulty is that pain 
threshold measurements are irrelevant to the problem. 

Although Harris and Blockus (292) are staunch advocates and defenders of 
the essentiality of pain threshold change in the appraisal of analgesic agents, 
their own evidence can be presented against this view. Despite their careful 
study, they were obliged to conclude that the effects of acetyblicylic acid were 
not distinguishable from those of a placebo, as far as pain threehold change in 
man is concerned. Rather than facing this as evidence of inadequacy of the pain 
threahold change concept, they take refuge in the following statement. "Although 
we have often obtained relief from certain pains by taking aspirin . . . , in view 
of our experimental outcome, we are of the opinion that the causative mecha- 
nism of the pain waa relieved rather than the perceptual thresholds being ele- 
vated." By implication, Harris and Blockus (292) are adding a further and 
elaborate requirement to algesirnetry: When they know, or think they know 
(the reviewer is not prepared to grant that they do know in this instance), how 
an analgesic agent works, they will not require that it raise the pain threshold. 
When its action is mysterious as it is with morphine, then the pain threshold 
must be elevated. Not enough is known about the action of any analgesic agent 
a t  this time to permit such a dichotomy to be made. Nor is it permissible, in 
view of its well established pain-relieving power, to deny, as Harris and Blockus 
(292) do, that acetylsalicylic acid is an analgesic agent. These views have been 
presented in some detail as an example of the difEculty a good many observers 
have in facing the possibility that pain threshold change may really be unrelated 
to the action of analgesic agents. 

Gaensler (229) found no pain thresholdelevating effects of acetylsalicylic acid 
(0.6 to 1.2 g by mouth in 12 patients), when he used increased pressure in the 
biliary duct to produce pain. 

Mullin and L u c k h d t  (466) report that morphine, alcohol, trichlorethylene, 
all elevate the pain thresholds aa judged by the von Frey hair technique without, 
apparently, appreciably decting tactile sensitivity. They also report that 
acetylsalicylic acid, a barbiturate, a bromide and other agents affected neither 
pain nor tactile sensitivity. 

Ercoli and Lewis (200, p. 311 et seq.) give a good summary of work by others 
on acetylsalicylic acid. 

G. W i o n s h i p  of the "pain"-reaction tJIreshdd of a n i d  to the action of cmalgesic 
''gents 

There has been fairly general agreement to the present time that the reaction 
threshold changea (it is not permissible to call this pain threshold) produced in 
animals by analgesic agents are often useful in appraising analgesic power. The 
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usual failure in animals with the less powerful analgesic agents like acetylealicylic 
acid is a point to consider, so also is the failure with the powerful narcotic N- 
allylnormorphine (396). But, generally speaking, threshold changes in animals 
have been more dependable than corresponding effecta in man. It haa been 
pointed out before by the reviewer that pain ia pain to an animal, presumably, 
and all pain serious and significant. The threshold changea in animals which are 
elevated by analgesic agenta may, and probably do, reflect changes in the re- 
action component, and this is far greater in the preaence of sigmficant pain than 
otherwise (see XII). I t  is no speculation, however, that the threshold changea 
which are depended on in animals are very Merent things from those in man. 
In animala (see VII) the thre.shold changes are indicated by reflex activity, and 
usually by spinal reflex activity a t  that (344). In man they are based upon corti- 
cal activity. A good many useful studies can be referred to in this connection 
(23, 155, 165, 184, 185, 186, 194,200,297,349, 591, 651,675). 

Goetel el a2. (245), using the tail pressure method in mice, present smooth 
curves of effect increasing with morphine dosage. A considerably greater d e c t ,  
judging by the appearance of the curves, was produced when d-amphetamine 
was given with the morphine. They state that the results obtained are in agree- 
ment with experiments in the dog. 

Fleisch and Dolivo (212) found electrical stimulation of the rabbit tooth pulp 
to be the only satisfactory method of getting a t  threshold effecte of analgesic 
drugs. They credit Ruckstuhl and Gordonoff with the ahock to teeth method. 

Andrew and Workman (23) report that acetylsalicylic acid has a threahold- 
raising effect in dogs. Cobra venom had no efTect in raising the t h d o l d ,  not- 
withstanding Macht (434). 

Hougs-Olaen (338) finds, with radiant heat on the rat tail, methadone to be 
1.3 times more active than morphine. bfsximurn risea of pain threshold a t  a 
given time cannot be used for comparison of two drugs, even when administered 
by the same route, since the maxima may occur a t  Merent times depending on 
dosage and agent. I t  may be better to use the area under the curve (see VI). 

All has not been smooth sailing, however. Woolfe and Macdonald (675) con- 
cluded that meperidine is in the codeine rather than the morphine class, a mis- 
leading observation. Bliss and Sevringhaus (90) found a nine-fold variation of 
meperidine as compared with morphine when 6 laboratories attempted to de- 
termine analgesic potency in animals. (Table 10. See also Table ll.) Thia 900% 
spread with experimental animals can be contrasted with a 7 % spread for mor- 
phine between the Houde and the Beecher groups and their 8% spread with a 
weak agent, a placebo (see Table 1). Most investigators have not, as mentioned, 
been able to evaluate weak analgesics, such as acetylsalicylic acid. There was a 
general failure to detect, in animals, that N-allylnormorphine was a powerful 
analgesic as was shown in man by Lasagna and Beecher (396) and confirmed by 
Keats (363). 

Winder et al. (651) report a significant rise of "pain" threshold by acetyl- 
salicylic acid in a small number of guinea pigs produced. Winder (648) found this 
agent to raise the "pain threshold" of guinea pigs more than meperidine did. This 
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TABLE 10 
Van'atiuna in relative* analgesic power aa delsrmined ( ' u n h n s ' )  in  six loboratories in  

animols 

Momhine = 100. 
** Some log-dose response curves non-parallel; results valid only a t  EDSO or a t  mean 

response for standard. 
These data were furnished through the courteay of Dr. Bliss. 

Laboratory 

I 
I1 

1118* 
IV** 
V 

VI 

TABLE 11 
Analgeeic power of methadone i n  relation to thot of morphine* 

Codeine 

42.0 
3.2 
8.1 

33.0 
9.5 

29.7 

Methadone 

148 
170 
102 
133 
114 
131 

The comparieon shows better agreement between experimental pain in animal8 and 
pathological pain in man than between the former and experimental pain in man. 

** Morphine = 100. 

Mcpcridine 

15.2 
5.0 

12.2 
45.5 
5.1 

17.7 

Invcati&.tor 

Thorp el al.  (1947). . . . . . . . . . . . . . . . . . .  
Hougs-Oleen (1949). . . . . . . . . . . . . . . . . . .  
Iebell el 01. (1947). . . . . . . . . . . . . . . . . . . .  

. . . . . . . .  Christeneen and Groee (1Q48). 
Troxil (1947). . . . . . . . . . . . . . . . . . . . . . . . .  
Denton and Beecher (1949). . . . . . . . . . .  

is an illustration of how misleading work with experimental pain as opposed to 
evaluation with pathological pain can be. 

wFi= 

1.24 
1.62 
2.67 
5.89 
1.30 
1.83 

H. Ceiling effects 

S P d a  

rat 
rat 
man 
man 
man 
man 

Approximate ceiling effectiveness of analgesic drugs must be recognized as a 
demonstrated fact in man. This is shown for the action of morphine and meperi- 
dine on visceral pain by Gaensler (229, Figure 3) ; 20 and 30 mg morphine were 
not more effective than 16 mg, and 200 mg or 100 mg meperidine were not ap- 
preciably more effective than 50 mg. Gaensler (229) found that the maximum 
uk.wal pain-relieving power of morphine appeared about 30 minutea following 
parented injection, i.e., much earlier than with the Hardy-Wolff method or the 
von Frey method. A ceiling e5ect has been shown by Denton and Beecher (160) 
for morphine and the methadones, by Keata et d. (361) and by Laartgna and 
Beecher (397) for morphine and by TJrnrrPnn and Beecher (395) for meperidine 
and codeine. 

Hardy el al. (283) found, on constructing dose-effect curves, that little in- 

%= 
130 
130 
400 
300 
150 
100 

Metbod 

heat to tail 
heat to tail 
experimental pain 
experimental pain 
pathological pain 
pathological pain 
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crease of the pain threshold occurred with doses of morphine above 15 mg, or 
of codeine above 60 mg. This agrees with the Beecher group findings of maximum 
effect. 

Ercoli and Leuis (200) found ceiling effects: morphine 20 mg/kg produced 
the maximum duration of analgesia. They also report that enormous doses of 
morphine by mouth (25 to 40 mg base/kg) produced no effect in 15 rats. Seven 
rats were given 80 mg base/kg, but only 3 showed brief and moderate anesthesia. 
The average analgesic dose by mouth was 200 to 250 mg base/kg, about half 
the fatal dose. 

Winder (647, 648) reports that, insofar as dosage can be pushed in his guinea 
pigs without interference from side effects, the analgesic effects appear to in- 
crease progressively for morphine and meperidine but not for acetylsalicylic 
acid. It seems unlikely that animals would be so different from man where power- 
ful narcotics have a distinct ceiling effect. Winder's positive elevation of thresh- 
old with acetylsalicylic acid is not in agreement with Goetzl's (242) discouraging 
review on aspirin. If Winder is truly measuring analgesic effects, his work pro- 
vides further evidence that man and animals differ. 

Not only the ceiling effects of drugs but also ceiling pain has been discussed 
(289, 300). 

There are many kinds of reactions to noxious stimulation. They generally 
fall into one of three groups: skeletal muscle responses, reactions mediated by 
the autonomic nervous system, and, finally, the most important one aa far as 
suffering goes, the processing by the central nervous system of the original 
stimulation. This last response is more important than other forms of reaction 
for the simple reason that it can determine the presence or absence of suffering; 
it is an intimate part of the pain experience. The other reactions are not a com- 
ponent of pain but consequences of it. 

In section I1 the general problems of defining pain were discussed with a brief 
reference to the "operational approach." As pointed out there, i t  is the reviewer's 
belief that true operationism embraces the use of questions and answers, and 
that the Beecher group's techniques, for example, are operational. Extreme 
operationists have gone so far as to deny that one can depend upon what the 
subject says about his pain. To the reviewer this is a kind of nihilism. If this 
extreme view is accepted, then even when dealing with man one would have to 
depend upon reactions to pain. As already made clear, these reactions may be 
quite far removed from the pain threshold. Others agree with the inaccuracy of 
reaction as a basis for judgment (80, 227, 244). (See VII, 2.) 

A .  Psychic reaction or processing component 

It is important to state as exactly as possible what is meant by "original 
sensation" and reaction (54). The output from the sensory receptors is the pri- 

"Peut-on avoir une sensation sans avoir I'idb, la conscience, le tBmoignage interne 
qu'on Bprouve cette sensation?" 

(Voltaire: Oeuvres Compldtee, Phyeique; 1768.) 
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mary phenomenon and is derived from stimulation. The resulting atlerent nerve 
impulses emerge finally in the oeatcal w o u s  ,gad become there a recog- 
nized sensation or perception. (The two tenns evidently refer to exactly the 
same thing [see 1x1.) Presumably in all normal individuals the primary, the 
initial events, are the same for a given stimulus. Also there can be little doubt 
that the secondary response, the reaction to, or the processing of, the primary 
events, is Werent for each individual. Cleavage between primary and secondary 
response has to be an arbitrary matter. From a neurophysiological view it would 
seem better to place the end of the primary response just before any proceseing 
haa begun; but in practical terms this is impossible. I t  seems necessary to call 
the events including the eruption of the sensation into consciousness as primary, 
"the original sensation," and the succeeding events as secondary, as reaction, as 
processing. One must face the fact that processing doubtless begins before aware- 
ness has been achieved. (See IX.) 

The existence of the sensation and its recognition are then the stimuli which 
precipitate the important psychic reaction, presumably the major part of the 
processing. In the sense in which the term reaction is used here the reference is 
not to physical activity such as the withdrawal of a burned finger from a flame, 
but rather to the mental process set up by the original stimulation. It seems 
hardly questionable that this perception and process of recognition are influenced 
by the subject's concept of the sensation, by its significance, by its importance 
and degree of seriousness. An ache beneath the sternum, in connoting the possi- 
bility of sudden death from heart failure, can be a wholly unsettling experience, 
whereas the same intensity and duration of ache in a finger is a trivial annoyance 
easily disregarded. I t  seems unquestionable too that the meaning of a sensation 
depends upon, is governed in large part by past experience as well as by present 
consideration; thus discrimination, memory and judgment enter into this process 
of reaction. One can suppose that in physical terms, “association paths," "long 
circuiting," "reverberation" of nerve impulses and thus internuncial neurones 
are involved. This working hypothesis can reasonably be extended to suppose 
that, when one can reduce or eliminate a subjective response by the use of drugs, 
drugs are effective either by virtue of (a) lessening or blocking the original sen- 
sation or (b) by reducing or impeding the process of recognition or (c) by altering 
the processes of discrimination, memory and judgment which follow recognition. 

The basic resson for the choice of the dichotomy, original sensation-reaction, 
has a rather long history; it goes back 60 years to a book by Marshall (446), for 
it was there that the concept of the reaction as important began to emerge. 
Marshall said,". . . I cannot bring myself to believe that . . . pains can be revived 
apart from any content to which they are attached." According to Marshall's 
theory, " . . . pleasure and pain are not independent mental contents, capable of 
existing in consciousness alone, but [are] . . . a sort of modification or coloring of 
sensations and ideas" (578). While Marshall did not clearly formulate the crucial 
m m p t i o n ,  Strong (578) did, stimulated by Marshall. Strong said, "Whenever 
we feel a pain, there we have a sensation or idea, distinct from the pain, with 
reference to which pain is felt,. . . in every actual state of mind we are able to 
distinguish these two sides, the cognitive and affective." 
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The great confusion as to whether pain is a separate modality (see 111) has 
been due, Bishop (77) believes, to failure to recognize that pain has two aspects: 
(a) it is a sensation with its own sense organs and fibers and (b) it is an unpleasant 
psychological experience, which leads to an attempt to escape the stimulus. 
Pain may be experienced as a sensation without its "dolorous &ectJJ Bishop 
says, but his evidence for the practical demonstration of this is not clear. It 
seems most unlikely that this is possible (see IX). In the above remarks Bi iop  
has restated Strong's (578) hypothesis of original sensation versus the psychologi- 
cal reaction to it. How to separate pain sensation from its dolorous &ect is the 
problem. The confusion referred to by Bishop is derived from an attempt to 
deal with the two categories at once, "one a psychological category of unpleassnt 
experience, the other a physiological category of neurological pathway, to a 
complex set of eventsJJ (77). 

Forbes (218s) has discussed the pre-pain results of stimulating pain receptors. 

He says, one must recognize "the difference between pain viewed psychologically as 
unpleasant, and pain as excitation of pain receptors. The latter, even well above threshold, 
can be actually pleaeant, and therefore not recognized as pain by the average subject. 
This can beat be illustrated by pressing gently on a skin surface with a moderately sharp 
edge, e.g. a finger nail. The most gentle contact evokes only touch sensation; s alight in- 
crease in preaaure evokes a sharply defined change in the quality of sensation, but a t  thresh- 
old this muation is not unpleasant. Further increase of pressure causes a gradual increase 
in the new sensation till i t  becomes unpleasant and is thus recognized as pain. The first 
onset (threshold) of the new (pain) sensation is very definite,-an easily recognized end 
point. The transition to a degree of stimulation which ia unpleasant, and therefore called 
'pain', is gradual and ill-defined, therefore subject to great individual variation. I am con- 
vinced that the pleasurable sensation enjoyed in a hot bath ia due to moderate atimulation 
of the pain receptors. The threshold of excitation of those receptors is definite; the thresh- 
old for an unpleasant excess, popularly called 'painful,' ia very fuzzy, and probably varies 
enormously between individuals,-probably far more than the threshold for the pain reoep- 
tor modality. 

'When I do a similar experiment, concentrating sunlight on my finger with a lens, I note 
a similar tramition from the pure sensation of warmth to the added pain seneation, but 
the difference between the two is not aa clear and definite as it is with tactile pressure; even 
in this case the change in modality aa the pain receptors are first stimulated occurs before 
the intensity of pain sensation becomes unpleasant. 

"The moral is that in defining what you are measuring, i t  is important to ditrerentiate 
between the threshold of what 'hurts' ( i .e .  is unpleasant) and the far more definite thresh- 
old of excitation of pain receptors, which hardly anyone calls 'pain'. I find no evidence that 
you or any of the authors quoted has recognized this distinction. The neareet approach to 
it seem to be Bishop's 'painless prick.' " 

Professor Forbes' comments are interesting and deserve recording, but to the 
reviewer there are two di5culties here: First, how to tell whether in a mixed 
receptor field the sensations mentioned truly arise from the pain receptors and 
not from touch or pressure or warmth receptors and, second, by common agree- 
ment the pain threshold has been defined (VII, 1) as the first barely perceptible 
pain. While many sensory thresholds have their own special intereat, the pain 
threshold is of primary interest in these studies. 

Bishop haa been able to stimulate the pain-inducing mechanism so as to pro- 
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duce a painless "prick." Increase in frequency of the same stimulation evokes 
pain. He "suggests that a rational w d  unequivocal definition of modality could 
be based upon physiological mechanisms, more objectively than upon psychologi- 
cal reactions, even though psychological experience is involved in the identifi- 
cation of sensory mechanism." This of course amounts to defining pain as the 
adequate stimulation of "pain" endings. Bishop goes on to say "Its justification 
will depend on the ability of the subject to discriminate between stimulation of 
these endings and of any others whether or not the stimulus and the emotional 
state of the subject is appropriate to the arousal of a dolorous reaction." To the 
reviewer this falls considerably short of an "unequivocal definition." For ex- 
ample, how is one to reconcile with this Beecher's observation (38) that a very 
high percentage of men wounded in battle experience little, and in many cases 
no pain (men not in shock, clear mentally, having received no morphine recently 
and none in many csses)? It cannot be doubted that their pain-inducing mecha- 
nism has been stimulated to an even greater degree than was the case with the 
civilian undergoing surgery who, with much less extensive wounds, reported 
pain of s a c i e n t  degree to require narcotics several times as often as the wounded 
soldiers (57). It is common observation that emotion can block pain. Such block 
doubtless occurs centrally; it seems extremely unlikely that the "pain-inducing 
mechanism" fails in the periphery. If the failure, then, is central, how and where 
is one to separate the two confusing categories of "sensation" and "unpleasant 
psychological experience?" 

Wow and Goodell (665) make a great point that "The reaction pattern is, 
however, independent of perception and may be dissociated from it." They 
offer as examples of the diesociation of pain perception from the reaction pattern, 
indifference to injury sustained during excitement of games, combat or sexual 
arousal; during injury the absence of reactions to pain effected by suggestion, 
hypnosis or catalepsy; the apathy to injury accompanying autosuggestion or 
religious or mystical rites; painless childbirth. They agree that this dissociation 
may be of varying degree. It should be observed that all of these examples are de- 
rived, insofar as the cause of the pain is specified, from pathological or traumatic 
situations. Another type of approach to the separation of the two components 
is shown in the work of Keats and Beecher (357) on the dissociation of pain and 
comfor-t by a barbiturate and by morphine. They compared this with tbe results 
of frontal lobotomy or leukotomy. This work with drugs showed that a change 
in attitude toward the pain could be similarly effected by the drugs and by 
lobotomy. This is evidence that pain perception and attitude to pain can be 
separated, that the reaction component is the important factor from the patients' 
point oi view, and that suffering is largely dependent on the reaction (attitude) 
rather than the original sensation. ("I have my pain unchanged but it doesn't 
hurt me now.") (For a further discussion of lobotomy or leukotomy and reaction 
see XII, F, 1, c.) 

There seems to be some separation of perception and reaction in the differences 
encountered between normal subjects and psychoneurotics (see XII, F, 1, b). 

Evidence was presented (X, 20) that suggestion can affect the experimental 
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pain threshold. Such an effect does not demonstrate a separation as referred to 
here. This so-called separation of reaction pattern and perception appears to 
be not so much a separation as domination, even obliteration, of perception by 
the reaction. Doubtless one could argue that the elimination of one factor by 
another is a kind of separation, but this is hardly what is implied by the term 
separation. 

B.  Experimental us. pathological pain and the psychic reaction component 

I t  is an assumption, not more, that all pain experience in man consists of the 
original sensation plus the psychic reaction to that stimulus, and one assumes 
further that in various situations there are great quantitative differences in the 
r81e of each component. There is much to support this hypothesis. It is Beecher's 
view (54) that this assumption can be extended probably to include all subjective 
responses, especially those that arise in disease or trauma. It is also his view that, 
because of the difficulty of reproducing in the laboratory pathological reaction 
to the original stimulus, the choice of "real" as opposed to contrived sensation is 
a good one. Hardy et al. (291) say that "pain s&im must be separated from 
associated reaction paUemz if progress is to be made." One can easily agree that 
this separation is desirable, but there is doubt that it has been made as yet, 
clearly and unequivocally, in work with experimental pain. Not much irnagina- 
tion is needed to suppose that the sickbed of the patient in pain with its ominous 
threat against his happiness, his security, his very life, provides a milieu and 
reaction entirely different from the laboratory. Some anxiety and some fear 
can be contrived in the laboratory and associated with experimental pain (57, 
316, 318, 319, 384, 439, 440). I t  is not likely that this contrived situation can 
ever be made to approximate closely the real situation which arises in pathology 
or trauma. 

After this mtion was written, it was of interest to find the following statement 
by Bishop (80): "A comparison of the attitude of the subject undergoing pain 
stimulation as  an experimental procedure with that of the sick and anxious 
patient whose pain is mysterious, unpredictable and of unknown causation, not 
to mention the factor of persistence of the pain, indicates that in casual experi- 
ence the reaction to pain may be of more significance to the animal than its mere 
perception ." 

Of course the importance of the assumption hinges on the question of how 
great the reaction element actually is. It will presently be shown that it can 
dominate the situation. Consider, for example, the curative power of placebos 
(53, 55). 

Hardy, Wolff and Goodell appear to believe they have in their experimental 
pain a pure original sensation, for they often write of their data as providing 
access to study of sensations without reaction, and yet they go on to describe 
their own rather elaborate response (reaction) to their experiments (see 667, 
pp. 664 and 677; 673, pp. 10 and 14). It is evident that they have had a decided 
reaction to the total situation. They seem to dismiss a pleasant reaction as no 
reaction a t  all, and in reaction appear to include only unpleasant mpo1113es. 
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While a good many Merent approaches to the study of subjective responses 
are possible, some appear more promising than others in terms of probable 
results. I t  has been a continuing source of surprise to the writer that the di- 
chotomy mentioned earlier, experimental versus pathological source of sensations, 
has not been an obvious distinction to make. I t  has not been to some. The matter 
is pertinent to the theme of this review. Since a fundamental and, in the writer's 
view a t  least, a most important assumption is involved, that, perhaps, throws 
some light on the phenomenon of perception, it may be well to summarize the 
reasons for this distinction. If in the end this assumption is found to be full of 
faults, it will be easily discarded. As long as it is as productive as a t  present, it 
will be retained. (One can successfully differentiate between powerful and weak 
analgesics and placebos as unknowns using pathological pain, but not if experi- 
mental pain in man is used. See V, B, 2, XI.) 

Szasz (585) considers "organic," "psychogenic," and "experimental" pain. 
He avers that within the framework of concepts he has elaborated, "organic" 
and "psychogenic" are meaningless, but he proposes to retain the terms "not 
as descriptions of the pain experience, but as judgments of an observer. The differ- 
ence between 'organic' and 'psychogenic' pain is (in his view) similar to that 
between 'realistic' fear and 'neurotic' anxiety." He says further, "The designation 
'experimental' . . . refers to the opinion and intention of the observer and not 
to the ego experience." Szasz has not understood the meaning of the reaction 
component as the great differentiating factor between experimental and patho- 
logical pain. The overwhelming importance, a t  times, of the significance of a 
wound (57), of the cause of the pain cannot so easily be disregarded. The casual 
discomfort of experimental pain contrasts sharply with a pain that means or 
implies disease or even impending death. There is more here than the "opinion 
and intention of the observer." Szasz, notwithstanding, the ego experience is 
inevitably involved. According to Seevers and PfeiiTer (534) there is no reason 
to believe that the pain stimuli used in experimental and pathological pain 
are different. I t  was shown in V, B, 2 and XI that a very different response to 
analgesic drugs was found under the two circumstances. I t  is agreed that, when 
an experimental pain is contrived in such a way as to contain a large element of 
anxiety or fear, the difference lessens between pain of the two origins. I t  will be 
shown in this section on psychic reaction that experimental pain as usually pro- 
duced M e r e  very greatly from pathological pain. 

A large dose of morphine is not capable of consistently and significantly alter- 
ing the brief jabs of experimental pain, even in properly set up and controlled 
experiments in man. Compare this with the fact that much smaller doses of 
morphine consistently reduce, often check completely, the severe pain of an 
operative incision or a great wound. I t  seems that the sensible conclusion is that, 
significantly, the two situations are not comparable, and that something more 
than stimulation of nerve endings is involved, believed here to be reaction. 
Great wounds with great signijicance and premmably great r e a c t h  are mude pain- 
less by smaU doses of morphine, whereaa fleeting experimental paina with no serious 
signijicance are not blocked by morphine. The diflerence i n  the two s i t d i m  w d  
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seem to be in diflerence of significance of the two zaounds. Morphine acta on the 
s i g n i m  pain, not a the other (54,57,316,318,319,384,439,440). 

Also related to this discussion is the question of why some wounde are painless 
and others are not (38,57). Adrian (4) says, ". . . pain me- are clearly more 
potent than any others in rousing the brain from deep, and in capturing the 
attention." If this be true, one can only wonder how it is that the majority of 
the seriously wounded soldiers studied by Beecher (38) a t  Anzio often had their 
expected wound pain blocked. These men were clear mentally, and not in shock; 
they had not had narcotics recently and none a t  all in many caaes. It aeem from 
this that the waction, or processing, component can dominate the pain experi- 
ence. It Is more potent than the noxious stimuli in determining the presence or 
absence of suffering. The total situation has of courae great influence on the 
reaction that develops in it. Thus after removal from battle badly wounded men 
were often euphoric, their reaction to their wounds, to removal from the battle- 
field (a milieu of destruction and death) to the relative safety of the forward 
hoepital, was a r d o n  of &isfaction, nonetheleas a reaction (38'57). T b  prob- 
ably is an example of a pleasant reaction having practical importance, for a very 
high percentage of the wounded soldiers, although in good general condition, 
entirely denied pain from their extensive wounds or had so little they did not 
want any medication to relieve it. 

In a comparative study of wound pain (57) a group of male civilian patients 
undergoing major surgery was asked the same questions as those put to the 
wounded aoldiers. Of the wounded soldiers about one third (for the types of 
wounds compared in the present instance) wanted medication to relieve their 
pain and two thirds did not. Of the civilians sutrering from far less tissue trauma 
four fifths wanted medication to relieve their pain and one fifth did not. Thus the 
@ma are reversed. While the details are discussed elsewhere (57), the important 
difference in the 2 groups seems to lie in their responses to the wounds. In the 
wounded soldier it was relief, thankfulness a t  his escape alive from the battle- 
field, even euphoria (his wound was a good thing); to the civilian his major 
surgery even though essential was a depressing, calamitous event. The civilian 
group's pain was strikingly more frequent and more severe than that of the 
soldiers. Thee data slate in numffical terms what is knoum to aU thougwul clinical 
o b w o :  There is no eimple, direct relatiomhip between the wound PER SE and 
the pain ezpenktced. The pain is in very large part determined by other factors, and 
of great importance here is the significdnee of the wound, i.e., readon fo the wound. 

A factor not taken into account in work with experimental pain is that the 
natural function of pain endings and newe fibers is to produce reactions to 
lesaen the pain and protect the body from damage (4). Insofar aa such deep 
eeated reactions are skeletal they are frustrated by the experimental require- 
ments. What effect this abnormal state of atrairs has, if any, is not known. I t  
seems likely that i t  has an effect on the "central" or "mental" reactione. 

There is, moreover, the fact, widely reported and fairly generally agreed 
upon, that experimental pain can be useful in appraising analgesic power in 
animals (XI, G). In man, experimental pain has so far proved weleas in the 
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hands of many careful workers (XI, D, E, F), but pathological pain is highly 
ueeful for this purpose (V, B). Freaumably pain is pain to an animal, and all 
pain eerioua and significant of danger. In man only pathological pain is aig- 
nificant and eerioua. Thus in both instances narcotia are ef& but chieflg 
efleclive (probably) anly in the presence of significcmt meaning of the pain involved. 
This looks 0s though narcotics are eflctive through their r e € d h d i p  to the meaning 
of the pain, i.e., to the reaction to it. 

Consider also, as recorded earlier (38), that the majority of men freehly and 
grievously wounded in warfare, but clear mentally, not in shock and with normal 
blood preseure, having had no narcotics for a period of 4 h o w  or more and Borne 
not at all, date that they do not have wound pain great enough to require media- 
tion on direct questioning. They mpluin  as vigorously as normal men at an inept 
venipumtwe; so there ia no tda2 pain bloek. There is every reason to suppoee that 
the wounds they have received etimulate sensory nervea, that the original stimu- 
lation etarta out, but the usual end rault is somehow prevented. The usual 
1 ~ ~ 0 1 1 8 e  to a severe wound, pain, doea not occur in the majority of these ass. 
Thus emotion can block pain; that iscommonexperience. I t  is d i w  to underdad 
haoemdioncanafl&t]rebcrsicpcrina~usdhet~byafl~thereodion 
to the original sensdion. Certainly psychological effecta have great influence 
on subjective reaponsea, not only pain but other mponsea as well. Every emall 
boy has learned, knows, even though he does not consciously recophe the fact, 
that emotion can block the pain of a wound received during fighting but not 
perwived until the fight and the emotion have subsided. 
Thus it eeems reasonable to separate pain on the baais of its origin and sig- 

nificance to the aubject, experimental or pathologic (this includee traumatic, of 
couree). Premnably this applies to other subjective responses that have powerful 
connotstiom; this assumption needs further t&ing. 

One cannot know whether in the above instances the pain mnsation or the 
reaction to pain is blocked; however, since the conscious man badly wounded in 
warfare often does not sutler at all from his great wound, yet is annoyed by, 
and d m  apparently normally from, a venipuncture, one can conclude that the 
nervoua system a n  tnrnsmit pain sensatione but that Bomehow the reaction 
to them is the altered element. This conclueion ia strengthened by the observa- 
tions (see XI) that there is no dependable relationship between pain threshold 
in man and the effect of analgeaica. 

The fact that powerful analgeeice have not clearly been shown to produce a 
dependable elevation of experimental pain threshold in man, yet are univereally 
found to be effective in treating pain of pathological origin, indicates a difference 
between experimental pain and pain of pathological origin. The concept de- 
veloped in thie eection provides a poeaible explanation of this ditrerence. 

C. Further evidence for the irnportut~ce of the pagchic r e  wmponcnt 

Still another type of evidence supports the view that the moet important 
factor in eutrering is the paychic reaction: It was found (357) that it wm poseible 
to differentiate between comfort and pain relief. Soon after initiation of the study 
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referred to, it waa observed that in a sizable number of subjects following doses 
of morphine and more especially pentobarbital, the decision as to the presence 
or absence of pain relief was difficult. Two types of puzzling reactions were ob- 
served. One was in those subjects who claimed that their pain had not, or had 
only slightly, changed, and yet, who did not want further medication. They 
appeared comfortable (here, of course, the judgment is based upon objective 
data), content, and divorced from any "painful" experience in contrast to their 
pre-drug state. Despite the fact that their pain was said to be still present, i t  
waa impossible to believe that further medication was indicated. The converse 
waa found in those subjects who claimed that the pain was "quite a bit better," 
and yet, who continued to be restless, tense, unhappy, bothered greatly by 
minor ailments (position, tubes) and generally uncomfortable. Here it was 
impossible to believe that the medication had been very successful, despite the 
relief of pain. The patient was not content. Therefore all doses were evaluated 
both for pain relief and for comfort. Thus four categories of response were ob- 
served, viz: (a) no comfort, no pain relief, (b) no comfort, pain relief, (c) comfort, 
no pain relief, and (d) comfort, pain relief. The latter categories of response were 
considered to represent the therapeutic or desired effect, both from the physician's 
and the patient's viewpoint. 

Hill et al. (316) administered 250 mg pentobarbital sodium intramuscularly 
to post-addict subjects and found that this failed to reduce the disruption of 
performance presumably caused by anxiety which accompanies painful self- 
penalization, although morphine had reduced such disruption. They conclude, 
therefore, that the barbiturate does not relieve severe experimental anxiety 
wheress morphine does. They also recall the wellknown fact that pentobarbital 
is not a powerful analgesic agent whereas morphine is. The inference is that the 
barbiturate is not very effective as an analgesic because it doea not relieve the 
experimental anxiety associated with the pain that was employed. There are 
many hazards in such a syllogistic approach to this problem. The investigators 
are aware of this fact and have not drawn any sweeping conclusions. 

Barbiturates in small dose do appear to relieve "spontaneous" anxiety (as 
opposed to the "contrived" anxiety of the experiments just referred to) and have 
a wide clinical acceptance and usefulness for this purpose. A 100 mg dose of 
pentobarbital sodium administered intravenously (41) to healthy young volun- 
teers was found to lead usually to a brief period of happy drunkenness during 
which time inhibitions were relieved and highly charged areas spontaneously 
and incautiously brought into the conversation. For years such procedures 
have been utilized to relieve pathological anxiety in "narcoanalyais.'' In short, 
it is common experience that barbiturates are highly effective in relieving.clini- 
cal anxiety. 

While the use of post-narcotic addicts as subjects leads to interesting informa- 
tion concerning this special group, a great di5culty is that narcotics cannot be . * 
adrrrrmstered to them as unknowns and their reaction to opiates as far as euphoria 
and dysphoria are concerned is opposite to that of normal individuals (399). 

In 143 postoperative patients receiving intravenously 8 mg morphine per 70 kg 
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body weight, 27 obtained neither comfort nor pain relief, 7 had pain relief but 
no comfort, 9 had comfort but no pain relief and 100 obtained both comfort and 
pain relief from the medication. It appears to be possible and feasible to separate 
comfort and pain relief. 

Somewhat comparable data were obtained following the intravenous injection 
of 60 or 90 mg pentobarbital sodium per 70 kg body weight. Here in 146 post- 
operative patients in pain, 5 had pain relief without comfort and 16 comfort with- 
out pain relief. Presumably the comfort is established by the reaction. These 
"comfort" data offer suggestive support. This support appears somewhat stronger 
when it is recalled that the state produced by the intravenous use of these doses 
of barbiturate is like that caused by frontal lobotomy or leukotomy. Keata and 
Beecher (357) suggestd that a kind of pharmacological lobotomy is produced 
which may interfere with long circuiting of nerve impulses, association paths. 

Several (95, 385, 615) have held the view that relief of suffering may result 
from interruption of activity in association paths which is part of a vicious cycle. 
Presumably irritants, both organic and psychic, activate long-circuiting afferent 
impulses which involve internuncial pools a t  fronto-thalamic levels. The hypothe- 
sis is that, when the wide-spreading impulses reach the cortex, various condi- 
tioned states are aroused; impulses spread to the motor cortex; the more 
widespread the long-circuiting is through association areas, the greater is the 
conditioning of the response. Frontal lobotomy physically interrupts the as- 
sociation pathways and stops the reverberations. It does not seem unreasonable 
to suppose that the reaction to pain requires the functioning of association 
paths, "long circuiting" of nerve impulses (357). It is difficult to explain in any 
other way how frontal lobotomy or barbiturate can relieve pain (and this they 
have been shown to do) other than by altering the reaction to pain sensation 
(see XII, F). Comfort and pain relief can be separated by a barbiturate, by morphine, 
and by frontal lobotomy. I n  the presence of apparently persisting pain ("my pain 
is the same, but i t  doesn't hurt me now") comfort can be established. The pain ap- 
paratus functions, but the disturbing element can be blocked in Ulese three ways; 
evidenlly the processing, the reaction, is Ule altered factor. 

Further support for the importance of the reaction can be found in the use of 
antitussive drugs which seem (261) to be principally effective in altering the 
patient's state of mind and not his cough frequency (chronic cough). This work 
also supports the view that pathological sources are essential for the appraisal 
of drugs designed to modify subjective responses arising there. While the effec- 
tiveness of antitussive agents is very slight in their effect on cough frequency 
(chronic cough), a suppressing trend seems to be present. This was not the case 
with experimental cough produced by the inhalation of ammonia gas or citric 
acid mist in the study referred to. On the other hand, Bickerman and Barach (73) 
appear to &ow a significant effect of antitussive agents on cough frequency in 
man. Evidently a considerable number (75%) of their subjects were eliminated 
if they did not show the desired tussive effect over a rather long time. It is 
apparent, however, that failure to show desired tussive effect was not the only 
reason subjects were eliminated from the Bickerman-Barach study. Bickerman 
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has said it was his impmion that 3 out of 4 persons tested coughed in mponee 
to the citric acid aerosol. This also agrees with his statement (73) that a pre- 
sumably typical sample (2 out of 10 subjects) failed to cough. This is in agree- 
ment with the reviewer's experience (261), i.e., three quarters or more coughed on 
the 5% citric acid aerosol. Notwithstanding this high eligibility percentage, 
Bickerman and Barach excluded 75 % (115 out of 153 subjects). They excluded 
two thirds of the eligible subjects. I t  is difficult to know what these selected data 
represent. 

It is interesting that experimental cough produced by the intravenoue injec- 
tion of paraldehyde (although not a satisfactory technique for reas0118 men- 
tioned, 261) is associated with pain and fear (the other techniques are not), 
and heroin was effective in reducing the number of paraldehyde indueed coughs 
(261). This fits in with the picture presented above. Study of cough show8 that 
a&&e agents in pat* with cough of pathologid e n  do not d y  aig- 
nificantly reduce the number of coughs, but the pat* think they cough k. They 
can somelimes difleretati.de, when tested with unilcnouma, between an "efiectiue" 
antitussiue, &m, and a placebo. In such w s  the reaction, not the cough fre- 
quency, is nwdiJied by the a&w& agent. 

Stronger support for the importance of the reaction aspect of d e r i n g  than 
that in the immediately foregoing two paragraphs can be found in the ~epeated 
demonstration of the importance of placebos in relieving subjective responses. 
Over the yeam this placebo effect has been shown (by others in 8 studies and 
by the reviewer's laboratory in 7 studies) to average 35% of subjects relieved 
(53). Shoe only some 75 % of patienta in severe pain can be satisfactorily relieved 
(397) by even large doses of morphine (15 mg per 70 kg body weight), this placebo 
eflect amounts to about 50% of the "drug" effectiveness. The only effect the 
placebo can have is on the reaction to pain. Certainly it would be impossible 
to believe that 1 ml of 0.9 % sodium chloride solution had any physical effect 
on the anatomical apparatus of pain. Placebos, organidly inefledive as they are, 
mn only aflect reaction. 

In the work just referred to, the average effectiveness of placebos was men- 
tioned as 35%. In a study recently completed (55) and referred to above, it has 
been poesible to show that the effectiveness of placebos is greater when streaa 
(pain) is greater than when it is less. I t  was found that, when podoperative 
wound pain was at ita greatest, a standard dose of morphine relieved 52 % of a 
group of subjects in pain; a placebo relieved 40% of the same subjects, i.e., 
77 % of those relieved by morphine. (Half of the population was given morphine 
firet and half a placebo; at the second sdministration the order was reversed.) 
Later on, when the pain was much less in the same group of patients, the same 
dose of morphine relieved 89 % and the placebo 26 %. Cleghorn and his associates 
(see 55), in desling with objective studies of the power of a plaoebo to fire the 
adrenal8 in anxiety states, reported that the effectiveness of a placebo increases, 
as measured by objective changes, with the degree of anxiety. 

In these observations it appears that the greatat significance for the patient, 
whether pain or anxiety, is associated with the greatest placebo effect. The in- 
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c r d  eflectiveness of placebos with increased stress can seemingly only be explained 
by the importance of the reaction, m procming, coffywnnt of suffering. 

Thus a considerable quantity of factual data has been presented here to support 
the 60-year old speculations of Marshall and of Strong as to the existence (and 
importance) of the reaction, or processing, component in suffering. In  whichever 
way one looks a t  the problem of subjective responses, the reaction component 
looms larger in the stimulation-suffering-relief sequence than the original sensa- 
tion. All of this leads to the practical conclusion that in treating subjective re- 
sponses more attention might with profit be given to a search for therapy designed 
to alter reaction. 

Irwin (343a), however, points out that ". . . studies with spinal cord reflexes, in both 
animals and man, show morphine to possess an unusually selective depressant action on 
pain reflexes. In addition, along the lines of our own studies in the rat, morphine appears 
to enhance supra-spinal inhibitory mechanisms on pain reflexes (tail-flick and skin-twitch). 
This must mean something. It is an electrophysiological fact that eensory impulses to the 
cortex can be damped by inhibitory mechanisms operating a t  a spinal cord level. If one is 
dealing with a spreading central excitatory state in the spinal cord or brain stem, initiated 
by a pathological pain focus, which tends to enhance the intensity of pain perceived-I fail 
to aee why a spinal cord depreesant such as morphine which selectively influences pain 
pathways (reflexes) should not reduce the pain by damping down the central excitatory 
state (which is facilitatory in nature) and even constricting its area of spread in the spinal 
cord. This would not only reduce the intensity of pain, but also may modify the quality 
of the pain perceived. We have the experimental evidence pointing to this mode of action 
of morphine, but inveatigatora have failed to give it the emphasis which I feel i t  deserves. 
I t  should be apparent that a mechanism such as this, considering the doses of morphine 
used, would have least influence on sudden induced pain and most influence on chronic 
(pathological) pain. In this respect, the concept harmonizes with known clinical facts." 

These remarks are interesting and pertinent to the discussion a t  hand and pos- 
sibly describe in part how the reaction component is modified by analgesics. 
Irwin's view does not appear to be a t  variance with the theais under discussion 
but rather relates to possible mechanism. 

D. Cumula2we central e f l a  of pain summation and the pqchic reaction component 

It haa been assumed that all neurones from the pain end organs enter a neurone 
pool in the dorsal horn of the spinal cord. Synaptic connections are made there 
with a network of internuncial neurones which maintain an excitatory state based 
upon impulses from the peripheral end organs (289, 634, 635). 
Lewis (412) proposed an arrangement very like this in his "nocifensor" sys- 

tem, but he believed the s k k  is the controlling site of the excitatory state rather 
than the spinal cord and that these nocifensor nerves are capable of effecting 
changes in the skin without reference to the spinal cord, yet possibly are suscepti- 
ble to influence from the central nervous system. 

Walshe (617) objected to the postulation of special nerves to supply the 
nocifensor system. Livingston speaks of the wide spread of the pain process 
(see 132). (Even the anticipation of pain causes blood vessels to dilate.) He 
believes that a central process underlies the wide spreading consequences of 
pain or anticipation of pain and that this central process proceeds with increas- 
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ing momentum. He believes that if one can reduce the input of harmful impulses, 
the central process will get a chance to subside. Morrison and Spiegel (458) 
present evidence that, with pain accompanying proved organic visceral diseaae, 
there is an increase of skin potentials in the respective dermatomes, compared 
with the remainder of the body, by 10 mV or more. 

It has been postulated that referred pain requires the existence of branching 
and interconnected sensory pathways (543). This arrangement leads to misin- 
terpretation of the true origin of the pain sensations by the central nervous 
system and secondarily to the liberation of metabolites by the nerve endings 
where the pain is felt, and these give rise to secondary pain impulses which 
originate a t  the periphery. 

If the stimulation of the pool is intense enough impulses will pass out over 
various primary pathways and give rise to secondary hyperalgesia. It has been 
shown experimentally that continuous stimulation from the wound area is not 
necessary for the production and maintenance of secondary hyperalgeaia (289). 

In Sherrington's classic studies (149), it was shown that stimulation of a few 
fibers of two afferent nerves, each inadequate to evoke a reflex, can together do 
so if the time interval is not great; the longer the interval the less the response. 
Summation occurs within the spinal cord. Other work showed that an excitatory 
state in the reflex centers was produced by a subliminal volley of impulses, made 
evident only when a second centripetal volley reveals that facilitation has oc- 
curred. There is no space to deal in this review with the fascinating phenomena 
of the central excitatory state. The matter is mentioned here since it is pertinent 
to several observations on pain reactions. Likewise there is no space to deal 
with the interesting phenomenon of central pain, variously called "spontaneous" 
pain or "thalamic" pain. This is doubtless related to a central excitatory state 
and depends probably on external stimuli to get it going and perhaps keep it 
going. [See Kendall (369) for a discussion of it and for references to original 
work of Head and Holmes and others; see also (615).] 

Bishop (81) points out that pain is followed by slight adaptation, the less com- 
pletely the stronger the stimulus (see also X, 17). Important is the cumulative 
central effect of pain summation. A pain intensity that can be readily borne for a 
short time becomes intolerable if long continued. This central factor of cumulative 
effect (Bishop says this is what Wolff refers to as "reaction" in contrast to dis- 
crimination; but this is open to question) "more than compensates for the slight 
adaptation shown by sense organs and becomes the factor of major importance 
in pathological states." 

Causalgic pain, as Gerard (238) has put it, ". . . tends to increase in time and to 
spread in space. It has a devastating ability to leak around any kind of surgical 
block interposed in its path. The pain exhibits the tendency, seen in the course of 
evolution of the nervous system itself, of progressive centralization and cephaliza- 
tion of its site. Central pain is common only when pathologic change involves 
the grey matter proper. . . ." 

Artificial synapses, "cross-talk," (238) can occur between fibers that have 
become oversensitive to the electrical fields of their neighbors. Such breakdown 
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of ieolated eonduction, so that sympathetic efferent impulses excite somatic 
afferents, has been used to explain caudgia. As Gerard (238) points out, this 
can hardly be the whole explanation or even the most important explanation, 
for surgical operations on the periphery, after such pain has persisted for a time, 
will not cure the pain. The disturbance which may have been initiated in the 
periphery has now moved into the central nervous system. This is an example 
of a persistent reaction. 

Central reinforcement is probable in the increased pain with emotion (238). 
Peripheral factors, such as incressed muscle tension, may also operate to increase 
the pain (673). Central reinforcement and irradiation are general occurrences. 
Spread of deep pain from one cooled finger to an adjacent blocked finger has to 
be central (673). Some (618) believe it is this central process that lobotomy 
affects. "Pain then becomes a sensation rather than a threat and the individual 
is no longer dominated by pain." (See also 670.) 

Another type of evidence, supporting the view that causalgic type pain results 
from central overactivity maintained by peripheral stimulation, is that a single 
nerve block in the periphery will a t  times cure the pain permanently. Gerard 
(238) haa summarized the evidence for (a) c a d g i c  pain being continued by an 
overexcitatory state in the spinal cord and for an oppoaite view (b) that causalgia 
appears aa a result of defective innervation rather than excesses. Reconciling 
evidence is provided. 

When noxious impulses from injured tissue are blocked (procaine) from en- 
tering the central nervous system, hyperalgesia will be eliminated whether 
caused by nerve stimulation or skin injury (288). It is concluded that "the 
barrage of noxious impulsea from the site of injury develop in the cord a central 
excitatory state," and that, when the flow of noxious impulses into the cord is 
interrupted, there is "a rapid discharge of the excitatory state." This latter 
statement might imply a termination of the abnormal state in the cord. This 
does not seem to be the case, for, when the procaine block has worn off, the 
hyperalgesia returns. 

I t  is interesting to observe that pin pricking in the hyperalgesic area causes 
the area of hyperalgeaia to recede. This is interpreted as causing an immediate 
but temporary discharge of a part of the central excitatory state (288). 

Critchley (151) has written in detail on how to distinguish between psychogenic 
pain and organic pain. Since the evidence presented in thie review indicates how 
little of suffering is attributable to the original sensation and how much to the 
reaction or psychic component, it seems unsafe to distinguish between pains 
according to various kinds of spontaneous origins. All pains are in some part 
pychogenic, i.e., amplified by the psyche a t  leaat. It seems of little importance 
in suffering whether pains are induced peripherally or not. Even if all pains 
have a peripheral beginning, they are amplified or minimized by central modi- 
fication. 

Sides, quoted by Critchley (151) said, ". . . a sensation is not an intense idea, 
nor is an idea a weak sensation." This all seema much too neat. An idea can 
produce a sensation; a disgusting idea can evoke a sensation of nausea. 
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E. "Negative" .support for the importance of the psychic reaction componenl 

A central necessity in discussion of measurement of pain is to recognize the two 
principal components of the pain experience, perception (the original sensation) 
and reaction (the psychic processing of the original sensation). It is easy but 
hazardous to conclude that one deals with one of these components rather than 
the other when a mixture may be involved. Hardy et al. (285) say "The age-old 
linkage between perception of pain and reaction to it has 6lled the vast literature 
on the subject, especially that based on animal experiments, with irrelevancies 
and contradictions. It is this natural but unfortunate identification that makes it 
neceesary to interpret with caution the great body of 0bse~at ion available 
from clinical sources and animal experimentation." The problem confronting this 
reviewer could scarcely have been better stated. It is ironic that theee very 
authors have added so much to this problem by their demonstrably erroneous 
assumptions that they deal with a "pure culture" of perception when they refer 
to pain threshold determinations made by themselves on themselves. The pain 
threshold is not dependably elevated by narcotics in man but generally is in 
animnln (XI, E, F, G). The lack of a dependable response of the pain threahold 
to analgesic agents in man (XI) leaves the reaction component of d e r i n g  as of 
principal importsnce in the relief of suffering by nsrcotica. The failure to alter 
pain threahold in man is evidence against narcotics acting on the peripheral pain 
apparatus, whether in man or in animels. I t  seems hardly likely that a t  such an 
elemental level man and animals would differ. Presumably, then, the threshold 
rise in animals is dected by central mechanisms, just as "must" be the case in 
man with pathological pain which is subdued, that is, the threshold is elevated, 
not only by narcotics but also by placebos. 

There is no evidence for separate fibers or sense organs for itch, but there are, 
on the other hand, many "correapondences" among the members of the series, 
prick, itch, pain (81). It is highly probable that itch belongs to the pain modality 
rather than to the tactile. Itch, Bishop believes, results from the temporal summa- 
tion of repeated mild pricks. Now if, as dermatologists claim, morphine does not 
relieve itch, then this might be construed as further evidence that morphine 
relieves pain by acting on the reaction component to pain rather than the original 
pain sensation. If its action were on the original sensation, seemingly morphine 
should relieve itch, if Bishop is correct. 

The lack of constancy of the pain threshold (VIII) weakens the Hardy-WoM 
thesis that they are measuring original sensation with their method divorced 
from reaction. Reasons were pmented (VIII and IX) for believing that varia- 
tions in the reaction component are responsible for the inconstancy of the pain 
threshold. 

"It is a foregone conclusion that laboratory methods for algeeimetry must be 
designed to prevent or ameliorate pain induced artificially" (Miller, 451). Since 
the reaction component in suffering is so great (see below), and since this has 
not usually been accurately contrived in the laboratory, perhap Miller's con- 
clusion had better be reconsidered, for there is much evidence that artificial 
pain in man has failed in its purpose as a testing ground for analgesic agents. 
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In fairness to Miller it must be pointed out that his review was written eight 
years before this one. It  is chiefly during this period that the Mculties with the 
earlier data have become apparent. One can suppose, in general, that, where the 
the reaction component is small in the teat situation, contrived symptoms are 
treacherous things to lean on, but that, where objective change, such as smooth 
muscle spasm, is concerned, one can deal more surely with it experimentally 
than one can with pain, unless, as sometimes happens, subjective factors are at  
the back of the muscle spaam. 

In post-addicta the threshold-raking effects of analgesics are greatly reduced 
in comparieon with their effects in normals, yet mod& doses of morphine will 
relieve the clinical pain of post-addicta (21, 22). If the threshold in man is de- 
pendably elevated by analgesics and if such elevation ie a measure of reduced 
original aensstion, as Hardy, WOE and Goodell believe, then the above can be 
construed ae supporting the importance of the r d o n  component in suffering, 
for the modest doses of morphine in post-addicta have relieved pain without 
changing essentially the pain threshold level. By elimination one can suppcme 
that the morphine affects the reaction component. Even so, the concept may 
seem a little shaky. The modest doses of morphine which relieve clinical pain 
in post-addicta presumably are too small to give much of a psychic change, at 
leaat leas than usually required. Either the "reaction" process is more sensitive 
in the post-addict than are other psychic prooesses which are influenced by 
morphine, or the "reaction" process is something not akin to the psychic proc- 
esses referred to. 

"Those drugs which possess a marked psychic effect on the individual are the 
most potent as regards analgesia" (30). [Dihydrocodeine does not fit with this 
statement (262).] Batterman uses this explanation to account for the observed 
fact (see 21,22) that, in addicta although morphine has lost its threshold-rsising 
effects, even small doees still relieve clinical pain. (How then can one account 
for the effectiveness of dihydrocdeine with ita scarcity of paychic effects?) 

Haugen and Livingston (300), using the Hardy-WOE-Goodell dolorimeter, 
have attacked the question of the pain threshold, to determine under what condi- 
tions it is cotuhmt. They do not believe that the threshold is a measure of per- 
ception, while tolerance is a measure of "reaction" (667). Haugen and Livingston 
aver that "reaction" is certainly a factor in interpretation of any sensory experi- 
ence. The fact that many pemm do agree better as to how much heat barely 
c a w  pain than they do as to how much heat they can stand is not a matter 
for surprise. The fact that distraction, suggdon, placeboa apparently can all 
greatly modify the pain threshold, ahows that it is highly subject to paychological 
factors. 

F. V a r i m  other fm bf reaction to stimuldion 

There are of course many kinds of reactions other than the psychic pn>cessing 
of the original stimulation just referred to. These reactions are nearly all of the 
automatic or reflex variety. Reactions, other than the psychic or proceasing 
reaction dwribed in the foregoing sections, perhaps better called the conse- 
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quences of pain; they are directed chiefly to the end of escaping pain. They vary 
all the way from a spinal reflex, to a visit to the doctor, or the building of hos- 
pitals (4), or research activities in order that pain might be better treated or 
escaped. There are still other forms of reaction which do not fit into the three 
major categories, skeletal m w l e  reactions, autonomic responses or the psychic 
processing deecribed above. An example is headache rmulting from the electrical 
stimulation of a tooth (507). 

1. Skeletal muscle reactions. a. General. Individual nerve fibers have wide rami- 
fications and the conducting apparatus is of vast extent. Any stimulus of the 
body surface can set up impulsea in a large number of different fibers. "A 'touch 
spot', a hair or a 'pain spot' is not innervated by one fiber but by several and 
these fibers supply other spots as well" (4). As Sherrington has shown, the spinal 
cord controls the immediate skeletal reactions to pain. Such flexion and with- 
drawal movements are not very precise. As deren t  discharge is increased, ac- 
tivity in the spinal cord spreads widely and may continue as after-discharge 
when the original stimulation has stopped. The widely connected neurones pro- 
vide for summation effects. Pain, the danger signal, leads to reactions to minimize 
it. Increased muscle tension, a wince of the outer canthus of the eye, the reflex 
withdrawal of a burned finger from a flame, a cry, motions of rejection, flight, 
escape, all of t h e  are instances of skeletal muscle reactions to pain with the 
purpose of escaping from an unpleasant environment. 

"The immediate reactions to an urgent signal are managed by the spinal cord and the 
higher centres may be unable to control them, for we are dealing with a mechanism which 
must act automatically and at  once, whatever the cerebral hernispherea may have planned 
for the general direction of behaviour. But clearly, the reactions to pain signals cannot 
proceed entirely a t  the spinal level. They must reach the cerebrum and enter into con- 
sciousness if the organism is to face the danger effectively, and they must retain their ur- 
gency and power of overriding less important reactions. We are dealing, however, with a 
mechanism for use in emergencies when widespread and violent action may be of more 
value than exact control and when more and more of the body may have to take part in 
avoiding the danger and bringing the signals to an end." Adrian (4). 

Pain reactions involve a "three neurone' arc," with a t  least one neurone in the 
grey matter. Great possibilities for spread of stimulus are opened up through 
internuncial neurones. This with summation can lead to extensive activity. 
"Thus an intense pain stimulus may come to dominate the whole executive 
apparatus of the cord" (4). In the brain the effects of pain are diffuse and gen- 
eralized, not confined to definite channels and special centers in the brain as they 
are for signals of touch, hearing or sight. 

b. Psychoneurotic indiuiduuls compared with normals.  Numerous studies have 
indicated that the radiant heat pain thresholds are about the same in psycho- 
neurotic as in normal subjects; but the motor reaction level is lower in the psycho- 
neurotics than in the normals (126, 128, 129, 519). I t  was found that 22 women 
with the "menopaussl syndrome" were comparable to psychoneurotics in the 
above comparisons and so also were a group of peptic ulcer patients (521). 

c. Ef& of lobotomy. Some interesting side lights thrown on the pain experi- 
ence by lobotomy were discussed in XII, A and C. Further information provided 
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by lobotomy or leukotomy investigators (132, 
133,442) where it was a given individual 
was about the same following lobotody or leukotomy, yet the skeletal muscle 
reaction threshold was lowered following the operation. Evidence that this 
lowering is not a permanent effect is shown in the work of Chapman et al. (133) 
who carried out follow-up studies on reaction to heat stimuli in 13 patients out 
of the original 23, who had been subjected to lobotomy. This check-up one to two 
years after the 6rst testing indicated that the decreased tolerance to heat found 
in the first studies probably represented only a temporary change after lobotomy. 
The motor reaction levels in response to heat stimuli had a tendency to return 
to the preoperative level during the second postoperative year. Presumably the 
damaged brain adjusts to the injury of lobotomy and some new mechanism 
restores the normal reaction. Improvement with the paasage of time in psycho- 
motor function following lobotomy haa also been reported by others (385). 

Leukotomy and morphine, these two dissimilar agents, both appear to have 
the power to distract. Perhaps therein lies their power to relieve pain. The fact 
that pain is relieved by frontal lobotomy without changing pain thresholds while 
actually lowering the motor reaction thresholds is evidence that this reaction is 
not important in pain relief (641). The psychic reaction as a component of the 
pain experience is modified by frontal lobotomy advantageously, however, even 
though emotionality may be greater following frontal lobotomy than it was 
before. This is evidence that the reaction of easily triggered emotions, such as 
quick anger and impatience, are not the important psychic reactions, affected 
by frontal lobotomy, as far as pain relief goes. The meaning of the pain seems to 
be the changed psychic reaction of importance. 

It is believed that frontal lobotomy "does not relieve pain, but rather the dis- 
abling reaction to pain, the fear of pain" (223). A similar action has been postu- 
lated for morphine (318, 319, 384, 439,440,442,443,444). (See also X, 13.) 

2. Reactions eflected by tlae auhmmic nervous system. a. The skin resistance, 
galvanic skin reqwme.  A painful stimulus is followed by a change in skin re- 
sistance. (See VII, D and X, D, E, F.) The physical factors involved in skin 
resistance are: the electrical resistance of the skin and action potentials from the 
sweat glands. These obsemations were made in 1911 by Wells and Forbes. More 
recently Deane and Forbes have found evidence that the "basket cells'' are 
involved (218a). Evidence was presented to indicate that the galvanic skin 
reaction could not of itself soundly be used as a determinant of pain threshold, 
for with the paasage of time and increasing use of the determination the galvanic 
skin response diminished. It was postulated that the galvanic skin response was 
a fair measure of the threat content of the situation (60, 227) and that as this 
lessened so also the changes in skin resistance lessened. Adaptation was rapid. In 
short, the skin resistance varies independently of the pain threshold (197,227). 

In studies of the galvanic skin response as a reaction to the pain of thermal 
stimulation, it was found (670) that the amount of heat necessary to evoke this 
"alarm reaction" was widely variable from day to day in the same individual and 
from individual to individual (3 persons). It was also reported that the effect 
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of alcohol on the galvanic skin response outlasts its effect on the pain 
. threshold. 

One may question whether the gdvanic skin response in response to radiant 
heat stimulation measures an important reaction effect of analgesic agents, 
since Isbell (unpublished work referred to by Wikler (636)) found that pento- 
barbital sodium in modest doses would affect it as much as powerful narcotics. 
Isbell's heat stimuli were below the pain level, but Wikler (636) infers that the 
finding would apply if the stimulation had been painful. Further evidence of the 
unrelatedness of pain relief and the galvanic skin response can be aeen in the 
finding that lobotomy relieves pathological pain, yet a pain stimulus produces, 
after lobotomy, a greater galvanic skin response than before the operation was 
performed (442). It was also found that the amplitude of the galvanic skin mponse 
decreased when suprathreshold pain intensities were used (60). Wikler (641) 
mentions that it has been shown that analgesics reduce the skin m&ance changes 
in response to pain and so also do barbiturates in small dose and atropine. 

b. Other autonomic reuctim, physical change8. A wide variety of reactions to 
pain, chiefly mediated through the autonomic nervous system, affect the circula- 
tion resulting in tachycardia (60, 146, 248, 666), cardiac arrhythmias (673), 
electrocardiographic changes (aa a secondary phenomenon). (Severe muscle 
ischaernia pain will affect the heart; T-waves may be higher or lower, a positive 
wave may become negative or a negative one positive. A n o d  electrocardio- 
gram may become abnormal, or an abnorxnal one normal in response to severe 
pain. These findings were made in individuals with heart disease in which the 
electrocardiogram is known to be more susceptible to change than normal). 
(248), elevation of blood pressure (243, 673), fall of blood pressure, syncope, 
prostration, pallor, flushing, decreased volume of legs, spleen, kidney (243), 
diminution in renal function, apparently through vasoconstriction (655). Other 
evidence of autonomic effects are seen in the "alarm" reaction (289) with spatial 
summation (6661, sweating (124, 5%), dilatation of pupils, lachrymation (673), 
nausea, cardioepasm, increased peristalsis, disturbance of gastric and colonic 
function (673), and increased skeletal muscle tension (as a secondary phenome- 
non) (289,414). 

c. Other autonomic reoctians, mentat changes, emotions. I t  is evident that the 
mental activity that leads to emotional reactions as a consequence of the original 
sensation must be part of the psychic reaction process. Emotions generated in 
this way can influence the situation to the point of increasing or of eliminating 
suffering and thus fulfill the criteria set down to characterize the psychic reaction 
component (for details see X, 1,2,3,13,20). The emotions of principal importance 
here are anxiety, fear, terror, rage and sometimes pleasure (60). For example, 
the pain experienced is related not only to the intensity of the noxious stimulus, 
but also to the threat value of the stimulus and ". . . patients with pathological 
anxiety respond at lower levels of stimulw intensity, with greater disturbance, 
and for a longer time than do relatively anxiety free control subjects" (60). 
The greater the anxiety of the patients studied, the greater is the over-reaction 
to painful stimuli (227, 439, 440, 582). 

Anticipation of pain appears to be an important part of the pain experience. 
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Hill e i  ad. (319) appear to equate anticipation of pain with one of the reactions 
to pain. They suggest that one of the primary actions of potent analgesic agents 
is reduction of anticipation of pain. A stimulus which precedes an unpleasant 
stimulus soon acquires the power to produce anticipatory fear reactions (202, 
436). The conditioned unpleasant stimulus may produce more disturbances 
in behavior than the unconditioned unpleasant stimulus. Frontd lobotomy 
greatly reduces motor reaponsea which are anticipatory of pain in cornpariaon 
with the effect of frontal lobotomy on direct responses to painful stimuli (132, 
442). (See also XII, F, 1, c.) 

Evidence has been obtained (318) that morphine reduces anticipation of pain. 
. It was shown that experimental conditions which lead to the enhancement of 

anxiety, that is, fear of pain, also lead to over-edrration of the intensity of 
painful stimuli. Morphine reduced or abolished this error but did not cnnnlficantly 
&ect the subjects' abiity to estimate intensity of painful stimuli under experi- 
mental conditions when anxiety was largely relieved. This work is interesting 
for another reamn: it provides objective evidence of the influence of both anxiety 
and morphine on one aspect of the subjective experience of pain. 

Another study (319) was detrigned to test this eame matter without depending 
on the patient's report but rather on overt performance. The underlying hy- 
pothesis is that efEciency of performance, as indicated by reaction time to visual 
stimuli, is dependent on motivation. With optimal motivation, minimum reac- 
tion times are expected, where motivation is low, longer reaction times would 
obtain. If motivation is excessive, performance will be disrupted, with long or 
variable reaction times. The subjects were former opiate addicts. The shortest 
reaction times were found in the non-morphinined subjects, when they were not 
penalized for long reaction times. Morphine alone rdrmificantly increased reaction 
times. Electric shock penalties significantly incressed reaction times in non- 
morphinized subjects, but penslties in morphinized subjects did not increase 
the reaction times above that of morphine alone. The conclusion was reached 
that "morphine reduces the disruptive effects on performance which are m i -  
sted with anxiety produced by anticipation of pain." 

Kornetaky (384) repeated the earlier studies (318, 319) using a radiant heat 
stimulus instead of electrical as the earlier group had used. Kornetsky also 
wished to see if a reduction of the subject's anticipatory anxiety by a reassuring 
attitude on the part of the experimenter could be observed and determined by 
specific measurea of anticipation. He found that morphine ia most effective in 
raising the ditrerential pain threshold when anxiety is preaent. When anxiety is 
relieved morphine doea not significantly rake the ditrerential pain threshold. 
Morphine reduces the anticipatory 1wpon8ea to pain when anxiety is present. 
He suggests that morphine may only be effective as an analgesic agent when 
anxiety is preaent. Theae studies are supported by work in  animal^ (315a). 

Hill et d. (316) eet out to determine whether barbiturates have an effect like 
morphine in relieving anxiety associated with anticipation of pain. Apparently, 
as judged by their particular experimental &up, they do not. It should perhaps 
be e m p W  (theae authors mention it but do not emphasize it) that the sub- 
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jects used in this study were postaddicts to narcotics and probably in many 
cases to barbiturates as well. How this would affect the results is not certain. In 
any case it is difFicult to reconcile' the failure of pentobarbital to relieve anxiety 
in this experimental study with (a) the bland, often silly state of recently anxious 
patients, facing an operation, who have been premeditated with a smsll dose 
of pentobarbital sodium (0.1 g, intramuscularly), (b) the euphoretic qualities of 
pentobarbital (399), and (c) the silly, somewhat drunken state and incautious 
discussion of highly charged subjects who got 0.1 g pentobarbital intravenously 
(41). But most of all it is difficult to reconcile this failure of a barbiturate to 
relieve anxiety in this experimental work with the observation of Beecher (38) 
in World War 11, amply confirmed by others, that a manic, wounded soldier 
screaming with pain could be quieted a t  once with a very amall intravenous dose 
of a barbiturate (0.2 g amobarbital sodium). These observations made during 
combat were not an adequately controlled scientific experiment; W b l y  they 
represent nothing more than a placebo effect in a highly charged atmosphere. As 
Beecher (55) has shown, placebos appear to be more effective where stress is 
greater than they axe when it is less. On the other hand, the findings of Keata 
and Beecher (357), in a controlled study, that barbiturates have power to relieve 
pain significantly above a placebo is evidence that more than a placebo effect 
may have been involved in the battle injuries just mentioned. The question 
merits further study. 

The following work may not basically be in conflict with the foregoing, how- 
ever, there is some suggestion that this is the case. With a pain of given intensity 
("dol" pain technique) the galvanic skin response was studied (227) under 
several conditions of skin temperature (cold, neutral, hot). Peak reactions oc- 
curred near the comfort zone with diminishing responses as the extremes were 
approached. Perhaps this is an example of the usefulness of counter-irritation 

v in rliminiRhing the reaction to pain. Furer and Hardy (227) make the following 
statement. 

"It is clear that the addition of the strong environmental threat to the threat from the 
painful stimuli had the effect of reducing rather than enhancing the threat of the pains. It 
is possible therefore that wherever certain types of stressful situations may summate in so 
far as  their threat content is concerned, there are others whose effects cancel. In thie in- 
stance the strong sensations of heat or cold cancelled the effects of the pains in causing a 
generalised sympathetic reaction. The broad implication of this finding is that intensely 
preoccupying situations, even though stressful in themselves, may reduce or eliminate the 
effectR of reactions to another anxiety-producing situation. It is poaaible that a principal 
characteristic of the cancelling type of stress is intense sensory stimulation." 

Hardy et d. (279) have presented the view that "the adequate stimulus for 
pain is tissue injury." Against this view is the observation of Beecher (38) that 
the majority (75 9%) of men severely wounded in battle (who were clear mentally, 
not in shock, and who had had no morphine for hours and none a t  all in many 
cases) did not have enough pain to want or need anything to relieve it. In civilians 
having far less tissue trauma, the figures were reversed (57). As Beecher points 
out, the factor determining the appearance (that is, even the presence or absence 
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of pain in many cases) of pain seems to be the significance of the wound not the 
tissue trauma. To the wounded soldier who had been under unremitting shell 
fire for weeks, his wound was a good thing (it meant the end of the war for him) 
and was associated with far less pain than was the case of the civilians who con- 
sidered their need for surgery a disaster. Also pertinent are the following ob- 
servations (57, 129, 315a, 316, 318, 319, 439, 440, 442, 443, 444) that anxiety 
increase. pain and relief of anxiety is associated with relief of pain. Beecher (57) 
p~eeented evidence that the emotional meaning, the significance of the wound, 
was of much greater importance than the wound itself in determining the presence 
and degree of pain the victim would experien~e.~ 

Caster (123) hss taken advantage of the rhythmic nature of functional ac- 
tivities of the autonomic nervous system to study the response to emotion. His 
hypothesis is that emotions are "chaotic disturbances of visceral toxicity" and 
as such are bound to disturb the normal rhythma under the control of the auto- 
nomic nervous system. To this end he has studied particularly skin resistance, 
the pulse and the respiration. 

d. Substitution symptoms and signs as reactions to pain. These may be mediated 
in large part through the autonomic nervous system and accordingly are placed 
in this section. To be included in this category as qmptoms are burning, nurnb- 
ness, pressure sense, tingling, prickling and other forms of parestheais. Substitu- 
tion signs are aerophagia, eructation, coughing and sneezing. Possibly hiccoughs, 
yawning and hysterical choking should be included, but the role of the autonomic 
nervous system in their production is not so clear as in the other cases (417,535). 

3. M i s c e l k m  reactions. Other kinds of reaction to the original sensation are 
the alteration of judgment of pain intensity (see 318) and disruption of per- 
f orrnance (3 19). 

It was found (278) following a study in 7 patients with hyperalgesic areas of 
referred pain, that the pain threshold values were normal in hyperalgesic areas 
and did not differ from the values found when radiant heat was applied to the 
corresponding area on the opposite aide of the body. Thus the hyperalgesia is not 
to be explained by locally lowered perception, but rather to "change in the 
reaction to the aiTerent impulees initiated in the periphery a t  the usual threshold." 

4. W i o n  as infEuenced by h y p n o t h .  There are two interesting facets to the 
relationship of drugs to hypnotism (the term hypnotism is used instead of hyp- 
noais to avoid confusion with the deck of ordinary sleepproducing drugs). 
There are drugs which facilitate the onset and increase the depth of hypnotism 
on the one hand and on the other there are drugs whose effects can be altered by 

Duboe (172) summarized a long series of impressive data to demonstrate that the 19th 
century doctrine of Pasteur and Koch as to the specificity of etiology of disease is no longer 
tenable in any inclusive sense. The reviewer pointed out to Dr. Dubos that the newer 
doctrine of non-specificity of etiology of disease could be extended to a symptom of disease, 
pain, where the pain experienced bears great relationship to the significance of the wound 
but little or none to the extent of the wound. Duboe (173) replied that it was his "convic- 
tion that 'specificity', while an eaeential concept in the formulation of scientific medicine 
during the 19th mntury, often ten& to prevent us from gaining a comprehensive view of 
the problem of diaeaee." 
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hypnotic suggestion. I t  seems probable that both phenomena are c lmly related, 
indeed, operate through, the reaction.or processing component which is under 
diacueeion. Hypnotism is not sleep (325). The hypnotized subject has an in tern  
contact with the operator, whereas in sleep contact with the outside world is lost. 

In 1943 Kubie (see also Kubie and Margolin, 389) reviewed the drugs used to 
produce hypnagogic states and thus permit the uncovering of subconscious 
aspects of personality, subconscious thought proceasea, recovery of buried 
memories and forgotten experiences. A relationship exists between hypnotism 
induced by "verbal means and the twilight states of consciousness" produoed by 
the barbiturates and scopolamine (257, 258). Subjects difficult to hypnotize can 
be made more susceptible by the agents just mentioned (653, 654). Specifically, 
it was found that the influence of alcohol on suggestion, as measured by the 
postural sway technique, was slight (342). Scopolamine heightened suggeefibity 
in 8 normal subjects studied (25). (See also 39.) Nitrous oxide inhalation produces 
a state of suggestibility without loss of consciousness (645). 

There is evidence that hypnotism can influence drug effects. Alcohol, chloral 
hydrate, morphine, and barbital were found to have stronger effects when used 
in conjunction with hypnotism (581, see 377). It ia also claimed, however, that 
hypnotism can counteract the effects of barbital, chloral hydrate, and alcohol. 
Mental performance testa on 2 normal subjects when they were intoxicated and 
then when they were hypnotized showed scores much lower than n o d  under 
the alcohol, but the scores returned to normal as a result of hypnotism (488). 
The same investigators gave normally intoxicating doses of alcohol while their 
subjects were hypnotized. They were toid they were drinking water. No signs 
of intoxication became evident and they performed a t  their normal levels. Other- 
wise the effects of alcohol, chloral hydrate, morphine, and barbiturates were all 
much stronger when used in conjunction with hypnotism. 

It is well known that the British surgeon Eedaile carried out many surgical 
operations in India under hypnotism. This was in 1845, before the clinical es- 
tablishment of anesthesia had become general (4. "painless childbirth" of today, 
499). Abolition of pain or block of it in this way must be attributed to the reac- 
tion component. Hollander (325, p. 598) gives a picturesque and fine account of 
a very early operation under hypnotism. The pain apparatus was unimpaired. 
The reference given provides extensive documentation of the sucwasful use of 
hypnotism for "painless" surgery in many countries. 

Hollander advances the idea that hypnotism is not all s-tion, for analgesia 
can be produced by physical means without the patient knowing what L expected 
of him. It is true in hypnotism that "suggestions operate as they do a t  no other 
time, and that through them functions are affected which ordinarily elude the 
action of the waking will" (cf. the calm acceptance of surgery under hypnotism 
without pulse rate change, ek.). 

Hollander believes hypnotism is largely a condition of profound abstraction or 
absentmindedness, perhaps dissociation, akin to reverie or deep meditation, 
so the individual does not notice his sensations, and the external world is obliter- 
ated (except the operator). This is similar to the ecstasy sometimes produced by 
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work: Marini while writing "Adore" did not notice a eerious burn of his foot (325) 
(cf. the dects  of this emotion with thst of anger in fighting when there is no 
pain), Hollander believea the mystics of the Middle Ages poeseeaed the gift of 
self-hypnogis. 

A gse mask without anesthetic can be a placebo (325): teeth are painletsly 
pulled. Hypnotism can be aided by the smell of chloroform uaed in surgery (325, 
pp. 604, 605). Beecher (53) has summarized his own and the data of others to 
indicate the profound effectiveness of placebos, a form of suggestion. 

The sick are said to be more suggestible than normal individuals (325); they 
are more readily hypnoticed. If this is eo then placebos would be expected to be 
more effective in the ill than in others, and perhaps the degree of illness (stress) 
would be a factor (55). Then there is hysterical anesthesia which is pertinent 
to the present considerations. 

Studies of pain in nonnal subjects, awake and hypnotized, showed that the 
wholly voluntary (verbal report) or partially voluntary (facial grimace, vari- 
ability of respiration) responeea were much more reduced by hypnotism than were 
the non-voluntary mqonaea to pain (pulse changes, galvanic skin reaction) (532). 
Theae findings were interpreted (257, 258) as in line with the hypothesis that 
hypnotic suggestion operates on the volitional level; but, as pointed out, the fact 
that both p u b  and galvanic skin response (179) show definite effects points to a 
deeper lying mechanism than the volitional. Sears (532) carried out additional 
experiments in which the subjecte in a normal waking condition were instructed 
to repma or conceal, insofar as this was poepible, all reactions to the painful 
stimuli uaed. There w8e no remote remmblance between these data and those ob- 
tained under hypnotism. Thus the "volitional" hypothesis is of itself not adequate. 
to explain the phenomena of hypnotism. Othem (169) report that hypnotically 
induced anesthesia is capable of reducing the vmonstrictor response to painful 
stimuli to about the same extent as reported (532). 

Brown and Vogel (106) alone of all investigators offer conflicting data. They 
base their 0bee~ations on studies, in man, of blood p r e . ,  pulse rate, skin 
potential, respiratory chsnges, and movements of the hands. Sharp pain was 
produced by stabe of a 4 rnm spring lancet. Continuow pain was produced by a 
thumb tack held down with weighted leather strap. Suggestion and hypnosis 
were compared. They report failure to get dependable quantitative physiological 
reactions to pain. They were not able to confirm Sears' and Dynes' obeervations 
of the effects of hypnotism on physiological variables. Gorton (257, 258) finds 
much to criticize in the study of Brown and Vogel, for example, the statistical 
handling of the data was inadequate. 

Light hypnotism raised the radiant heat pain threshold 40%, while waking 
suggestion in the form of placeboe raised the pain M o l d  some 30 % (665). 

Some apparently were able by euggesting an infantile state ("You are five 
monthe old") to elicit domiflexion of the great toe on plantar stimulation (239). 
The authors say, "Unlike other physiologic changes brought about in hypnosis 
theae were not elicited by direct suggestion nor were they produced by the 
hypnotic state iteelf." They were the result of chronological suggestions. This 
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"functional ablation of certain cortical fields" as a result of age-regression with 
profound neurophysiologic changes will provide remarkable evidence, if con- 
h e d ,  that hypnotic suggestion in suitable individuals can bring about "psycho- 
biologic" changes of immense importance in the total organism. 

Hypnotism reduces the reaction to painful stimuli whether facial flinch or 
galvanic skin response (532). This latter point indicates that hypnotism can 
modify reactions that are effected through the autonomic nervous system as well 
as through the central nervous system. 

This reviewer is obliged to conclude, as Hollander (325) did, perhaps over- 
elegantly: "The fundamental process by which mind influences mind, and the 
mind influences bodily states and functions, is still wrapped in mystery." But, 
it might be added, progress in understanding has been made, and it is evident 
from the material in this section on reaction that the psychic reaction to external 
stimuli, whether physical or mental, has far reaching effects on human behavior. 

6. Reaction rn influenced by analge8ics. The psychic reaction component as an 
important site for drug action has been discussed in detail by Beecher (54). 
The use of drugs to aid in establishing the existence and importance of the psychic 
reaction component has been dealt with extensively above (XII, A to E). As 
pointed out all pain has been assumed to consist of the original sensation and the 
psychic reaction to it. This applies to experimentally contrived pain as well as 
to pain of pathological origin. It has already been made evident in the sections 
referred to that there are wide differences in pain from the two origins. Factual 
material and other reasons have been presented for believing that the two types 
of pain differ in the psychic reaction component, in its characthr, intensity, 
magnitude and significance. The influence of analgesics on the reaction com- 
ponent appears to be of paramount importance in the relief of pain. This is the 
inescapable conclusion derived from the material of this review. There is no 
need to repeat here the documentation for these ideas; it is important to refer 
to them, however, in view of the heading of this section where additional material 
must be included. 

The importance of the reaction component in the relief of pain by analgesic 
agents has been emphasized by others (124). In discussion of Cattell's views, 
Gold concurs and says he believes that change in the psychic reaction to pain 
is the essential, the primary, part of analgesic action. 

Hardy et al. (285) recall that, when morphine sulfate is administered during 
experimental pain, pain continues to be perceived. One can ask, is i t  a t  the 
original level? They seem to assume so, but on what evidence is not clear. The 
"characteristic fight-flight-anxiety reaction pattern of pain no longer obtains. 
In other words, perception has been dissociated from reaction." There may be 
something of a contradiction here: Perception persists, but the reaction is the 
factor altered by morphine, yet a t  the same time they insist that morphine pro- 
duces elevation of the pain threshold, yet change of pain threshold is taken as a 
measure of "pure" perception. They argue that morphine dissociates reaction 
from perception; the former disappears while perception persists; yet on plenty 
of other occasions they argue that morphine elevates the pain threshold which 
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is according to them a measure of perception. It seems highly probable that 
ineofar as their threshold data contain a reaction component this reaction com- 
ponent would be diminished by the morphine and in such circumstance the 
threshold would rise after morphine. In actual practice other factors apparently 
often obscure this in man, when it occurs. (See VIII, IX, X.) If morphine does 
indeed produce a threshold elevation in man i t  does so probably only because the 
threshold as they elicit it is not pure but is dependent on both original sensation 
and reaction components. The first sentence in this paragraph points to a M e r -  
ence between experimentally contrived and pathological pain. In the former, 
when morphine was administered during the pain, it was, they reported, ineffec- 
tive. This is certainly unlike the clinical situation where morphine is nearly 
always administered during pain and is almost invariably effective. 

They (283) report further, "when the painful period [experimental pain] im- 
mediately preceded the injection of morphine (15 mg) or codeine (120 mg) the 
analgesic effect of the agent was almost wiped out. If the agent were given a t  the 
beginning of the period of pain 30% of nonnal analgesia was observed. If the 
beginning of the pain period were delayed until 40 minutes after the injection, 
65 % of normal analgesia waa realieed. Delaying the onset of pain until the maxi- 
mum effect of the drug had been reached showed that pain then caused little 
change in the time action curve." But, aa mentioned, this does not agree with 
clinical experience: analgesics given in the presence of well established pain are 
promptly effective. 

Beecher (38) showed in a wounded soldier (this observation was widely con- 
k e d  by others in the battle area) that a small dose of a barbiturate stopped 
his writhing in "pain" and produced a light sleep. Here is the use of a sedative 
to modify several types of reaction to pain. (See also 39,298.) 

The effect of nitrous oxide, in 10 to 40% concentrations in oxygen, on pain 
threshold has been studied in man and judged by electric shocks to tooth pulp 
(560). Psychomotor activity was studied before and during the nitrous oxide 
analgesia. [Unfortunately the investigators used the inaccurate voltage as the 
parameter of stimulation (see 317).] They concluded that "it appears likely" 
the analgesic action reported is secondary to a diminution in psychomotor ac- 
tivity. This brief report is interesting in that it provides objective evidence 
(change in psychomotor response) of an iduence on the reaction component by 
an analgesic agent, if one is not reading too much into this meager account. 

The Harvard group have for some years also been interested in determining 
the effects of analgesic agents upon the reaction factors as judged by psychomotor 
performance (101, 254, 261, 262, 607). 

XIII. CONCLUSIONS 

This review covers 106 years of experimental work. Hardly an item has been 
mentioned for which there have not been opposing data to be considered. This 
fact has required a rather formidable length of presentation of data. Every 
effort has been made to give opposing views fairly. But where it is possible to do 
so, conclusions must be drawn if progress is to be made. The reviewer has set 
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down the conclusions he believes are warranted by the data, but references to 
the text and, in the text, numerous references to original eources are given, so 
that the reader can consult the bask for the conclusions stated and arrive at  
better ones if he can. 

1) Pain cannot be satisfactorily defined, except aa every man defines it intro- 
spectively for himself (11). 

2) Pain sensations and pain perceptions are identical. Neither represents the 
"original sensation" alone but represents also an indefinite amount of psychic 
processing or reaction component (IX). 

3) No convincing demonstration has yet been given that the pain threshold is 
a constant from man to man, or from one time to another in a given man (VIII). 

4) More than a score of factors are ssid to produce variations in the pain 
threshold. Not a single experimental study has controlled even the majority of 
these factors. Conclusions concerning pain threshold must therefore be ten- 
tative (X). 

5) "Experimental" pain and "pathological" pain are both compoeed of "origi- 
nal sensation" and the psychic processing of the original sensation (XII, B). 
The results of this processing are synonymous with the psychic reaction cow 
ponent (XII). The two components have not yet been satisfactorily separated 
experimentally (XII, B). Pain from the two origins differs greatly in the quanti- 
tative representation of the two components (XII, B). I t  is eeaential that thew 
ditrerences be taken into account when scientific study of pain or pain relief is 
undertaken. 

6) The experimental pain techniques at  present generally employed in man, 
while useful for some purpoees, are probably useless for the appraisal of the 
analgesic agents (XI, D, E, F). The same techniques in animals have definite 
usefulness with the powerful narcotics (XI, G), but none apparently with the 
acetylsalicylic acid clam of compounds (XI, F). 

7) Assay of analgesic power can be carried on with less than a 10 % error when 
pathological pain is employed in man provided one works in the steep part of the 
dose response curve (V, B, 2, a, 3). 

8) Techniques for the appraisal of side action liability in sick individuals have 
not yet been satisfactorily developed and established (V, B, 2, g). 

9) No dependable relationship haa been established between the action of 
analgesic agents and the experimental pain threahold in man (XI). The record 
ie better for  animal^ but still far from perfect (XI, G). Uncritical acceptance of the 
view that a dependable relationship exists in man hm done much to confuse and 
mislead work on pain. 

10) Analpic  agents appear to exert their principal, if not entire, effect on the 
"reaction component" rather than on the "original sensation" (XII). This is 
perhaps at once the most striking and most surprising concept to come out of 
this long study. If this view can be further substantiated and if it applies also to 
other subjective reapon8e8 as well as to pain, and this appears to be the caae, 
then acceptance of this concept will require a wide shift in therapeutic planning. 
Heretofore the goal baa been to dull the "original sensation." Strong evidence 
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has been presented to direct future therapeutic mearch to modification of the 
peychic reaction to the original sensation. Here is a promising area for further 
experimental attack. 

11) Quantitative work with pain is poasible and rewarding. Experience in this 
area has already as a prototype to guide work with other subjective re- 
aponees. Quantitative study of the psychological &wts of drugs is an urgent 
need; such work is properly a part of pharmacology. The poasibiity of accurate 
quantitative work in this field has been demonstrated; but even so, accomplish- 
ments to data constitute no more than a beginning in what promima to be a great 
development in pharmacology. S u c d u l  pursuit of studies in thia field ie basic 
to the sound growth of the behavioral sciences. 
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