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INTRODUCTION AND LITERATURE REVIEW

The purpose of this paper is to study pain and fatigue in
contracting lachemic muscle. Early investigators of this subiect expiored
the tauges of muscular pain with ii{ttie attention devoted to its frequency
of development. This present study nct only deals with the rate of
occurrence of pain in working ischenic nuscle but slso notes itvs ahsemce
of development.

It has long Leen known to clinicians that vhen 2 limbh is exexcised
while its blood supply is arrested, the limb becomes painful., Bouley (183%)
described this phenomens while exercising a ligated ‘imb, Charvor (1£59)
after studying cases of Intermittent Claudication in men concluded that pain
wag the predominent symptexn,

The first theory to account for this phenomena was postulated by
Charcot (185%) who feit that arresting the blood supply to 2 muscie caused
it (o become crauped, and, therefore, regarded the pain of fschemic muscle
to be likened to cadaveric rigidity, Marinesco (1896) held the view that
during rest the blood supply to a limb was adequate, but when exercised,
it was not, thereby producing cramps in the exercised muscles. It was not

1




until Zak (1921) began his experiments that a second view was introduced.
After rendering forearm muscles ischemic by a tourniquet, he found that
repeated contractions caused pain to sppear in the working muscles. This
pain he likened to Intermirtent Claudication and attributed the csuses of
both to arterial spssms,

MacWilliam and Webater (1923) in further experiments on pain
in ischemic muscie noted "that the pain...arises from the exercige of...
muscle tissue,..in the presence of an acute lack of blood supply, involving
urgent want of oxygen (anoxemia) and its consequences with excessive
sccumulation of metabolic products, acids, and other bodies.” They also
felt that the pain produced in Intermi:tent Claudication had the sanme
mechanism of production as did that of Angina Pectoris.

Lewis, Pickering, sand Rothschild (1931) working along these same
lines demonstrated that pain characterizing Intermittent Claudicstion could
be reproduced in a healthy limb by exercising it after its circulation had
been arrested, and that this pain was not caused by the obstructed vessels
entering into s state of spassm or by anoxemia, but by a physicael-chemical
stimulus deveioped in the muscle mass i{tself during {ts exercise. Lewis
termed this stimulus the "P Factor' which he felt wae stable in resting
muscle and only increased during muscular contractions., They also felt that
since the "P Factor" is determined by the amount of exercise performed by the
muscle, it wae also largely dependent upon the state of the circulation to

the muscle. Through their experimentation they concluded that the "P Factor"
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accumuiates in the tissue spaces surrounding the working muscles, and that
the lewe! necegsary Lo excite pain can only be reached when the circulation
is parily or completely arrested,

In relating pain to the amount of exercise performed, it was found
that 1f the rhythm of muscular contraction remsined constant, but the load
increased, pain developed sooner. Secondly, 4f the cension was kept constant
but the rhythm of comtraction doubled, the time for the onset of pain was
reduced by one~half, Recovery from pain was stated to be complete in seven
to ten minutes, Preliminary periods of ischemie of tem minutes had no
affect on the amount of work necessavy to produce pain,

Pickering and Wayne (1933) in working with severely anaenmic
patients comcluded that the occurrence of muscular pain during exercise is
not due to an inadequate bloodfiow, but to an inadequate oxygen supply to
the working wmmscles, And, therefore, the "P Factor" as postulated by
Lewis, mugt normally be removed by an oxidative process., Vhen nine anaemic
patients with free circulation were tested, pain was produced, The
disappearance of the pain was slower in the ansemic parients than in thosge
that were not, After rhe sanaemis had heen cured simiiar exercise produced
no, or only siight, pain, The cbservations made by Pickering and Hayne
support the view that Intermittent Claudication and Angina Pectoris are due
to similar mechaniams opersting inm the heart and skeletal muscle, namely, a

diminished oxygen surply,
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A siniiary view was vostulated by Kissen (1934), vhen he showed
that normal patients Lreathing air deficient in oxygen complained of pain
in exercised skeletal muscle, The severity and the rapidity of the onset of
the pain varied with the degree of anoxemia and the rate st which the
excrcised ekeletal muscie worked, Therefore, he also concluded thet the
pain pust be due to an accumalation of muscle metabolites that require
oxygen for their disposal.

Perlow, Markie, and Katz (1934) were the only men to study the
effects of ischemic rwscle in the human leg, Their investigation validates
the previously found results of Lewis and other workers, By showing that a
previous ischemic emexcise will gubstantially shorten the time necessary to
produce pain in a gsecond lschemic exercise, they felt that pain of fschemic
muscle was not produced by a single mechanism but thar muscular activity,
civculatory stasis, and most importantly, anoxemia, contribute to its
production, A preliminary period of ischomia of five or ten minutes
shortened the duration of exercige necessary to produce pain,

LaPlace and Crane (1934) made some interesting observations on
the development of pain end fatigue in contracting fechemic muscile,
Experimenting with sixteen subjects, thirteen instances occurred im which.
fatigue and not pain caused the cessation of work. 1If the subject performed
the same exercise with a lighter load, pain tecame the predominant cause of

cessation of work. Therefore, they suggested that the amount of work




performed by the muscle had a definite effect on the degree of pain
obtained, Comparison of right and Jeft arm showed no comsistency in the
azount of work performed or the cause of cesgation of exercise. They also
concluded that the intensity of the pain does not appear to be sffected by
constitutione]l differences in nervous semsitivity among different subjects
tested, It was also felt that pain and fatigue are inderendent phenomena
occurring under similar conditions though they mey both be associated with
the sccumilation of some metabolic product or products.

Maison and Broeker (1941) discovered that when an fschemic muscle
was routinely, dally exercised, the time of onset of pain was delayed only
slightly, but thet the intensity of the pain was markedly reduced. But, an
interim of daily work with free circulation reintensified the pain on later
trials vhen the blood supply was again occluded,

McArdle and Verel (1956) in the most comprehensive study to date,
dealt with observations on the local effects of exercise on ischemic forearm
suscles, Measurements were made on: !) varied loads and rates of contraction
to effect the time of onset of pain, 2) rate of recovery from fatigue, and
3) bloiflow responses to different anounts of work perforwed with different
loads. Their results showed that as the load and rate of contraction was
increased the time of onset of pain decreased. Bloodflow increased
proportionally after {achemic exercise depending on the amount of prior
metabo lsm, Recovery from fatipue wss seid to be complete in fifteen

minutes.
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Horiasberg ~ and Rodbard (196!) present results which support the
concepts of Lewis that a "P Factor" produced in contracting muscle diffuses
into the extra-cellular spaces where it stimulstes pain fibers. Recovery
from fatigue is said o be complete in tem minutes,

Park and Rodbard (1962) studied the effects of load and durationm
of tension in pain induced by fechemic muscular contraction. Their findinge
indicate that the development of pain was falriy wniform for each subject
tested regaxrdleass of the loads and durations, This result differs from
that of McAvdle snd Verel who reported that the rate of development of pain
was directly proportional to the product of the number of contractions and
the lcad, Their experiments also showed that after pain had been produced
in one arm and the bloodilow released to permit xrciief of the paim,
infisting the cuff on the other arm did not cause an increase in the number
of contractions necessary to produce intolersble pesim in the gecond arm
tested. Iaschemia produced in the forearm for periods up to fifteen minutes
had no effect on guickening the onset of pain ond simultaneous exercise of

the contralateral arm had no effect on the rate of pain development,




MATERIAL AND METHODS

During the course of this investigation one hundred healthy male
Freshrman medical and graduste students were used as experviments! subjects.
This nunber assured varisnce in physical awd psychic types.

The investigaiion consisted essentisliy in a atudy of pain and
fatigue arising in the humasa forearm during vepeated muscular contractions in
the normal ag compared to the flschemic conditiom,

The exercise chosen was that of a simple gripping movement exerted
on 2 hand ergometer at a rate of one contraction per second. An audio
signal was used to establish this frequency. All muscular work was recorded
by means of a Grass Poliygraph to which the audio signal and ergometer were
comnected, Ischemia was produced by inflation of an air sphygmomanometer
applied to the arm above the cubital fossa, to a pressure exceeding 240 mm,
Hg.; the subject was seated in front of the polygraph with the arm to be
teated placed on a table at his side. Work would cease vhen either complete
fatigue developed or pain reached intolerable levels, Patigue was determined
by the subject not being able to squeeze the ergometer to make the writing
yen reach a line 2 cm, above thebage line, The polygrarh was balanced so

7




that this level remained comstant for each subject tested,
Pain, being subjective in nature, camnot be wmechanically recorded,
byt each subjlect was instructed to squeeze the ergometer until the pain was

so severe that he was no longer willing to continue,

Experimental Procedures:

i. Normal exercise with free circulation ~-» work continued unti:
fatigue was recorded. Right and left arms tested,

2, Immediste occlusion ~- work began immediately after occlusiom
and continued until complete fatigue or intolerablie pasin. Right and left
arms tested,

3. Occlusion for seven minutes prior to the onset of exercise -~
work continued until complete fatfigue or intolerable pain., Right and ieft
arms tested,

4, Latent pain ~- left arm tested,

a) Pifty subjects tested =~ occlusion and work started
immediately until the first recording of fatigue.

b) Fifty subjects tested »= work was started and an occliusion
was not produced until the first sign of fatigue was
recorded, Work was then stopped.

5. Time for recovery from fatigue -- Experimental Procedure No, !
wvas repecated after ten minutes rest for the first fifty subjects tested and

fifteen minutes rest for the second fifty subjects tested.




RESULYS

Patigue is used here to indicate the inability of a subject to
exert enough force to displace the ink writer two centimeters above the
base line, As fatigue became apparent, increasing amounts of effort were
exerted by the subjects to compensate for the increasing muscular weakness,
Complete fatigue is an faability to continue contractile movements.

cul reige wit irculati

The tabulated resuits of the omset of fatigue during muscular
exercise with free circulation i{n both the right and left human forearms are
showm {n Table Mo. 1. The fatigue range for right arm exercise was from 18
to 410 contractions and for the left arm, 22 to 620 contractions. The mean
nuaber of contractions necessary to produce fatigue was 118.4 for the right
arm and 112,.0 for the left aram,

Graph I shows that during exercise of the right arm 76 percemt of
the tested population fell within a fatigue rvange of 40 to 160 contractions,
and ainmilarly for the left arm, 74 percent of the tested populstion fell
within this same range,

As emercise continued and fatigue became progressively wmore

9
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rronounced, the tested subjects compiained of a feeling of tiredmess and deep
mugcular ache im the flemxor region of the forearm and hend. MNo subject

reported pain either during exercise or after {ts completion,

Tabulated results, Table No. 1, of fatigue im muscle with the
circulation arrested shows a range of 10 to 85 contraciions following
immediate right arm occlusion, and 8 to 83 contractions vhen o-clusion of
the right arm was affected seven minutes prior to the onset of exercise,
The mean numbey of contractions necessary to produce fatigue was 40.6 vhen
cizrculation wae arrested immediately and 37.4 whem a prior occlusion of
seven minutes was affected.

Graph 1Y shows that 89 percemt of the total tested population
developed fatigue in the range of 20 to 64 comtractions whether the testg

were started immediately or seven minutes after occlusion of the circulation.

Tabulated resulis, Table No. 1, of fatigue in muscle with the
circulacion arrested shows s range of 7 to 100 contractions following
imoediate left arm occlusion, and 8 to 83 contractlioms when occlusion of
the left arm was affected seven minutes prior to the onset of exercise. The
mean nunler of comiractions necessary to produce fatigue was 39.6 vhen the
circulation was arrested fsmwedistely and 41.5 vhen a prior occlusion of

seven minutes was affected,
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Graph IIY shows that between the range of 20 to 64 comtractions,
38 percent of the tested population developed farigue when an immediate
ocelusion was affected and 86 percent when the test was s%arte& peven
minutes after ccclusion of the circulation,

Fatigue of lachemic muscle, zs shown from the dats, occurs at a
rate approximately three times faster than fatigue when the muscle has free
circulation, Tiredness and muscular ache in the flexor region of the
forearm and hand was more promounced during exercise of the ischemic muscle.
Some subjects also reported an inabllity o extend their fingers or open
their hands with o generalized stiffness occurring. No subject repoxted eny
feeling of pain Lefore fatigue was vecerded,

Pain of lsc ¢ cle:

Arrest of the circulation to the human foreerm produces sensations
of mumbness and tingling but pain does not develop. If contiauous nuscular
effort foliows however, pain soon appears and may increase to an extyeme
degree of intensity,

The moment of onse: of pain was not always easily ascertained,
as it usually began with a vague semse of discomfort which gradualiy
increased in intensity. It was decided to continue each exsrcise to the
point at which the subiect would not proceed further,

| The pain was felt over the flexor region of the forearm and was
moat intense in the central part of the forearm; 1t was especially marked

from the wrist to the elbow along the flexor digitorum sublimis. It seemed
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to be centered in the Lelly of the working muscle with a good dea! of
gpreading, but there was usually ne pain in more distant parts of the
extrenity., In some subjects there was pain in the palm of the hand, The
pain increased progressively whiie contractile activicy continued, and was
rellieved in two to three seconds when the circulation was reestablished,

Ischenia for periods up to seven ainutes caused sensations of

aumbness, tingling, and coldness anéd a certain amount of discomfort, but

The data for this group of experiments, Table No. 1, shows the
nuaber of contractions which produced intolerable pain and caused the
cessation of exercisa, Pollowing immediate right arm ccclumion, intolerable
rain occurred between the vange of 30 te 137 comtractions. When a prior
occlusion of sevem minutes weas affected, intolerable paim cccurred between
the range of 34 to 103 contractions. The mean number of coantractions that
cgused coseaiion of exercise because of intolerable pain was 58.47 vhen the
elrculation was arrested immediately and 54.1! when & prior occlusion of
seven minutes was affected,

Graph IV shewes that 81 percent ceaned exercise because of
intolerakle pain between the range of 30 to 69 contractions, HNine subjects
witnessed no pain and ceased exercise because of complete muscular fatigue,
Vhen a prior occlusion of seven aminutes was affected 89 percent ceased

exercise due to intolerable pain between the same range of contractions.
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E'even subjects developed no pain, and ceased exercise because of complete
suscular fatigue.
rain of Ischenmic cle == Left

Tabulated results for this group of expveriments, Table No. !,
shows rthat cessstion of exercise due to intolerable pain occurred within a
range of 35 te 123 contractions foliowing irmediate left arm occlusion,
and 14 to 121 comtractions when occliusion of the lefr arm was sffected seven
minutes prior to the onser of ewercise. The nean number of «omtractions
necessary to produce cessation was 59,26 and 62,22 respectively.

Graph V shows that following immediate left arm occlusion 84 per-
cent ceased ¢mercise becsuse of intolerable pain hetween the range of 39
te 89 contractions., Eleven subjects witpessed no pain and ceased exercize
because of complete musculer fatigue, Whem 2 prisr occlusion of seven
minutes was affected, 47 percent ceased work due to intolerable pain between
the same rsnge of contractioms. Ten subjects developed no pain and! ceased
exercise because of complete muscular fatigue,
La.ent Pain:

I. Occlusion amd exercise started {mmediately until the first
Tecordiug of fatigue,

At no tive during the courge of testing, did an individusl report
muscular pain before fatigue. But, if -msculsr exercise wag stopped at the
firet sign of fatigue and the subjert alimwed to veat with the cuff atill

inflated, pain developed after a latency of ten ‘o twenty seconds,
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0f the fifty subjects tested in this manner, nine individusls
reported no latent pain, Seven of these individuale reported no pain
during priory testing. Two subjects had reported pain in ail other previous
expeyriments,

11, Exercise started and an occlusion was produced when the first
sign of fatigue was recorded,

When the bloodflow was srrested at the instant exercise cessed,
no pain was reported, but paln developed after a latency of twenty to thirty
ssconda.

Of the fifty subjecis tested im the sbove mamner, five reported
a0 latent pain, Two of these subjects reported no pain during prior
testing. Three subjects had reported pain in =il other previous experiments.

The intensity of the pain varied from subject to subiject. In
some cases the pain was not only distinct but severe, being relieved only
vhen circulation was reestablished,

4 atigue:

The rate at which a muscle recovers from fatigue was measured in
the right forearm. Ralf the subjects tested were aliowed ten minutes rest
and the other half fifteen minutes rest, The data is represented in percemt
recovery assuming that the first test, muscular exercise with free
circulation was each subject's meximsl amount of work before the onset of

fatigue (Table Wo, 3).




15

Percent recovery from fatigue after ten minutes rest gshowed s
range of 34.3 percent to 221.2 percent. The mean percent recovery was
£3.4 rercent for the fifty subjects tested,

Gzaph VI shows that thirtye-nine subjects had less than 190 percent
recovery, and fourteen subjects, or 28 percent, showed complete recovery
after ten minutes rest,

Pexcent recovery from fatigue after fifteen minutes rest showed
a range of 41,7 percent to 236,8 percent, The mesam percent recovery was
112.5 pexcent for the £ifty subjects tested,

Graph VI shows that seventeen subjects had less than 100 percent
recovery, and thirty-three subjects, or 66 percent, showed complete recovery

after £ifteen minutes rest,




DISCUSSION AND CONCLUSION

}3

Fatigue;

The time of onset of fatigue following muscular exercise with free
circulation in both the right and left forearms showed broad ranges of
18 to 410 and 22 to 620 contractions respectively. The mean number of
contractions necessary to produce fatigue was 118.4 for the right arm and
112.0 for the left arm, PFatigue occurred earifer i{n ischemic muscle,
FPoliowing immediate right srm ccclusion the fatigue range and the mean
pumber of comtractions necessary to produce fatigue decreased to 10 to 8%
end 40.6 respectively. Following a prior occlusion of seven minutes the
fatigue range and the mesn number of contractioms necessary to preoduce
fatigue again decreased to 8 to 83 and 37.4,

A similar decrease occurs on the left side. Immediate left arm
occlueion shows a fatigue range of 7 to 100 comtractions and an occlusion
seven minutes prior to the onset of exercise shows a decrease of 8 to 83
contractions, However, the mean number of comtractions necessary to
produce fatigue are 39.6 following an immediate arrest of the circulation
and 41.5 vhen 2 prior occlusion of seven minutes was affected., This
' observation is just the opposite of that found in the right arm vhere a

16




preliminaxy perfod of fschemis shortened the time necessary to produce
fatigue,

In an effort to try and explain these contrary results, it must
be remembered that a previous exercise of ischemic muscle will substantiglly
shorten the time necessary to produce pain and fatigue in & second exercise
of fechemic muscle unless the muscle is given sdequate time for recovery,
Perlow, Markle and Katz (1934) and Lewis (1931) claimed that recovery from
ischemic muscular work was complete in seven to ten minutes. McArdle and
Verel (1956) stated that recovery was complete in fifteen minutes and
Horisberger and Rodbard (1961) claimed that ten minutes was sufficient time
for complete recovery., All of our subjlects received s minimum of ten
minutes rest with free circulation before they were permitted to go on to
the next test. However, ten or even fifteen minutes rest does not sppear
to be adequste enough time for complete recovery from fatigue as the
above observers had astated,

Our results of recovery from fatigue show that after ten minutes
rest only 28 percent of the subjects tested showed complete recovery and
after fifteen minutes rest still omly 66 percent were able to demonstrate
complete racovery. It, therefore, appesrs that a minfmum of twenty minutes
rest with free circulation is required before one can safely say that
complete recovery from ischemic muscular work has occurred, The fact that
recovery may occur faster in gsome individuals than in others is not in

question here.
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In seeking an answer to our o/tigiml problem of why 2 preliminary
period of seven minutes ischemia shortened the time necessary te produce
fatigue in the right arm and lengthened it in the left arm, it must be
remembered that the right arm was allowed ten minutes rest before the
preliminary ischemia of seven minutes was produced and that the left arm
rasted seventeen minutes during free circuletion and an additional seven
ninutes rest during the period of prior ischemia, Therefore, the rasults
obtained from left arm experiments following a prelimimsry period of seven
minutes ischemtia, would appear to be more accurate since the left arm
would show almost complete recovery. Our results show that preliminery
periods of ischemia does not seem to shortem the time necesasary to produce
fatigue. More will be discussed on this subject when pain in ischemic
muscle is reviewed,

Pain;

The results of pain in ischemic muscle following an immediate
occlusion or after an occlusion affected seven minutes prior to the onset
of exercise closaly resembles the results found when fatigue im iachemic
muscle was examined, When the right arm was tested following immediate
occlusion, intolerable paim occurred between the range of 30 to 150
contractions, The mean number of contractions necessary to produce intolerx-
able paln was 58.47. With a prior occlusion of seven minutes, intolerable
pain occurred betweaen the range of 34 to 103 contractions with a mean

numbex of 34,11, Similay vewulis frow the left qrms showed 8 contrection
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range of 33 to 123 and a mean number of contractions of 59.26 fellowing
{mmediate occlusion. With a prior occlusion of seven minutes, imtolerable
pain occurred between the range of 14 to 121 contractions with s mean
number of contractions of 62,22,

Again, like fatigue of {schemic muscle, we find that following a
preliminary occlusion of seven minutes, the mesn number of contractions
necessary to produce intolerable pain in the right arm was less than {n
the left arm., This, too, csn be explained in a like ssoner, namely,
incressed muscular rest, resulting in s wore complete recovery.

Lack of oxygen, such as developed following a preliminary ischemis
of seven minutes, does not appeay to have a direct effect on the onset of
efither fatigue or iatolerable pain, During muscular exercise oxygen will be
used much more rapidly than during circulatory arrest, but {f lack of
oxygen were & direct cause of pain and fatigue a preliminary ischesia of
seven minutes should apprecisbly diminish the time taken for pain or fatigue
to appesr in the succeeding exercise. Actually, as we have seen, it does
aot. Our results, therefore, are in agreement with the findings of Lewis
(1931), snd Park and Rodbard (1962), and contrary to those of Perlow,

Markle and Katz (1934) who claimed that preliminary periods of ischemia of
five or ten minutes shortened the smount of exercise necessary to produce
pain or fatigue. On the basis of these observations, the process lesding
to the development of pain and fatigue does not occur to any appreciable

extent during simple circulatory srrest and excludes the possibility that
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a prior deficiency of oxygen promotes or hastens the process that leads
to the development of pain or fatigue. Recovery from both pain end fatigue
may be dependent upon oxygen since only after the circulstion is reestablished
does the muscle begin its process of recovery. NHow this is actually sccom~
plished 1s unknown, but {t is thought that the substance or substances uhicb
caused both the pain and fatigue ere removed by an oxidative process.
Pickering and Wayne (1933), Kissen (1934).

More noteworthy of mention than the ‘act that pain was eliciied
in the majority of subjects tested {s its complete sbsence of development
in nine of the subjects tented, LaPlace and Crane {1934) noted that if »a
subject performed exercise with a heavy losd, fatigue became the
predominant cause of cessation of exercise and no pain was elicited, but
if the same individuals worked with lightened loads pain again became
the predominant cause of cessation of work. Park and Rodbard's (1962)
findings indicate that the developmwnt of psin was fairly uniform for each
subject tested regardless of the loads and durations, This result differs
from that of McArdle and Verel (1956) who reported that the rate of develop-
ment of pain was directly proportional to the product of the number of
contractions and the load, Differences in loads and rates of contractions
were not used in our experiments and therefore could not have influenced
the outcome of our results vhen no pain was produced, However, the load
and rate of contractions used in this experiment was adequate to elfcit
pain in 91 percent of the subjects tested, Differences in the muscular

strength of the nine subjects seemed to have no bearing on whether pain
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occurred or not, Table No. 1 shows that subjects 10, 11, 18 and 30 were
alle to do considerably more muscular work with free circulation than
gubjects 19, 35, 46, 77 and 835,

Three individuals showed bimarre results when the circulation
was arrested, Subject 15 witnessed right arm pain in {schemic muscle
following both an immediate anmd prior occlusion, but no pain i{n the left
arm following an immediate occlusion or sn occlugsion seven minutes prior
to the onset of exercise, Subject 47 reported paim in the right awm after
exercise following immediste arrvest of the circulation, but not in the
left arm, However, pain was felt in the le’t arm after exercise following
a prior occlusion of seven minutes, but none was reported in the right arm,
Subject 60 reported pain in ail the tests wvhere the blood supply was
arrested except in the right arm after exercise following a prior occlusiom
of seven minutesa.

In instances where pain was not reported, the cessation of
exercise was the result of fatigue,

When muscular exercise with an arrested circulation was stopped
at the first sign of fatigues and the subject allowed to rest with the cuff
still inflated, pain developed after a latemcy of 10 to 20 seconds, VWhen
the bloodflow was arrested at the instant exercise ceased, no pain was
reported but developed after a latency of 20 to 30 seconds. 1It, therefore,
appears thset the latency of the development of pain sccounts for the time

necessary for "'P Pactor" to build uyp within the tissue spaces to a level
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high enough to elicit pain,

The fact that some individuals do not experience pain might be
accounted for by the fact that the "P Factor" i{s not produced in high enough
levels to elicit pain or that there are individus! d{fferences in
constituticnal nervous sensitivity to the "P Factor".

It was previously mentioned that recovary from fatigue is
complete after approximately twenty minutes of rest with free circulation.
It, therefore, does not seen unlikely that recovery from pain takes the same
saount of time to recover as fatigue. Lewis (1931) states that recovery
from pain i» complete in seven to ten minutes.

The fdeae expressed in this paper cam also be applied to clinical
problens of pain produrtion {m Intermittent Claudi-gtiom and Angina Pectoris.

Intexmittent Claudication aprears to be produced by the same
mechanieme that produce paein in exercising ischemic muscle, But, because
the circulation is not completely arrested, the time necessary for the
development of pain may be longer and itg recovery shorter.

Ischemia of cardiac muscle {s thought to be the csuse of Angina
Pectoris. VWhen the energy expenditure of the heart increnses to an extent
that the aveilable blood supply 1s not sufficient to meet the heart's
demands, pain results. As long as thc demends of the uwyocardius ure net,
no pain appesars. Another gquestion also hears answering: why does angina!
pain pot occur in many cases of advanced coronary disease? Asguming

that the mechanism of the production of gnginel pain is similar to the




pain occurring in ischemic skeleta! muscle, it may be that myocardial
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fatigue may so diminish the emergy expenditure of the heart that the pain

producing substences never reach a high enough level to elicit pain,




2.

3.

4.

3.

6,

SUMMARY

The relationship between the development of pain and fatigue was
studied in the rhythmically contracting ischemic muscles of the fore-
arm of man,

When the circulstion was srrested fatigue occurred three times sooner
than fatigue wvhen the muscle had free circulation, Pain occurred
following the first recording of fatigue and was not elicited unless
the circulation was arrested,

Previous exercise of ischemic muscle substantially shortened the time
necessary to produce fatigue and pain in a second exercise of fachemic
nmuscle unless the muscle was given adequate time for recovery,
Recovery from ischemic musceiar work {s probably complete in about
twenty minutes,

Obstruction of the bloodflow to the arm for seven minutes prior to
exexcise bad no effect on the time required to produce fatigue or pain.
Pain, characteristic of fschemic muscular exercise, did not occur in
nine of the subjects tested. Three subjects showed bizarre pain
reactions.

24
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Our results support the concept of Lewis that & “P Factor" produced
in contracting ischemic muecle diffuses into the extracellular spaces
vhere it stimulates pain fibers.
?2in characteristic of Intermittent Clsudication and Angins Pectoris

may be due to a similar mechanism of productiom.
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TABLE NO, 1
Datas shown in this tsble represents number of contractions or seconds
1 comtraction/second) until:
Fatigue -~ Fatigue -- Circulation Patigue ~- Circulation|
Free Circulation Occluded Immediately O:ccluded 7 Minutes
Subject Duripg Exercise Befoxe Exercise Prior to rcise
Busber ~ Right Arm Jlefc Arm Right Avm __ Left Arn mﬁ%‘ £r A
1 105 175 55 56 60 80
2 85 100 30 25 27 40
3 410 110 50 30 40 227
4 40 90 30 30 27 55
S 90 as 30 25 10 25
6 113 63 1n 3s 30 37
7 133 128 44 3% 3% 40
8 45 33 45 30 43 &4
9 180 195 6s 50 48 42
10 245 240 85 80 55 50
11 133 163 76 75 72 72
i2 313 175 58 58 45 50
13 a3 80 30 30 50 60
14 97 &0 29 30 30 42
15 155 112 45 35 43 52
ié 71 75 22 40 25 39
17 110 n 47 40 34 36
18 235 200 50 48 68 38
19 38 77 25 31 18 62
20 295 9 60 45 40 53
21 227 190 42 40 37 49
22 105 160 55 48 25 55
23 235 333 65 67 37 52
2 74 63 25 29 a8 a8
23 65 175 20 43 43 53
26 140 185 55 43 45 54
27 385 620 70 70 70 70
28 110 105 35 3% a3 43
29 163 131 64 56 63 60
30 242 173 53 43 45 55
b 3 1 140 90 48 i 27 38
32 117 106 47 53 46 66
a3 355 460 80 100 83 8%
34 110 128 30 45 50 53
35 134 80 54 43 56 34
36 60 68 26 21 26 20
28
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Fatigue w- Patigue <~ Circulation PFatigue =« Circulation|
!tu circ:ulat:ion Ov:cluded Imcdiatcly Occluded 7 Minutes
Sub ject Before Ewe rrior to E ¥ i
Bumbex mm_w_m pight Arn . LofE AR

37 60 63 40 35 25 35
38 193 170 &6 35 35 41
39 215 196 74 43 41 45
40 167 124 52 45 45 k1]
41 60 67 23 29 28 45
42 90 é8 48 54 48 51
43 55 48 14 27 8 3
44 1] 35 3 37 37 44
45 46 66 26 a3 44 35
46 60 39 37 33 39 35
47 72 65 34 20 23 13
48 . 80 70 20 25 23 26
49 157 115 33 33 23 39
30 60 50 42 25 3 27
3 84 &6 36 39 48 35
52 87 1% 55 40 24 35
53 175 145 41 58 36 49
54 118 285 70 68 45 64
35 145 148 38 38 25 &b
56 75 51 22 23 20 30
57 74 56 27 29 32 20
58 86 103 26 26 51 46
59 48 72 21 30 30 50
60 53 60 58 72 57 40
61 148 110 30 28 20 36
62 32 61 40 42 39 46
63 185 210 55 68 €3 70
64 120 68 30 36 35 23
65 154 170 42 48 43 65
66 52 60 28 3 20 19
67 83 30 27 » 3 24
68 78 91 34 22 40 32
69 202 140 57 45 45 60
70 75 70 53 k1] 36 50
2} 52 42 N 29 30 32
72 96 91 35 40 42 48
73 62 3¢ 3 38 31 11
74 68 63 38 45 38 48
75 96 67 33 k] 25 41
76 249 177 60 45 b 52
77 99 127 42 49 42 28
78 142 332 47 47 42 62




Subject
Nuzbey

79
80
81
82
83
84
83
86
87
a8
89
%0
91
92
93
%
93
96
87
98
99
190

Ranges

Total

Hain

Fatigue -
Free Circulation

During Exercige
Right Avm Left Arm

36 26
75 47
43 43
125 51
50 65
18 22
69 90
114 62
8¢ 81
111 72
71 71
111 106
89 84
89 67
47 67
81 7
83 &7
7% 52
149 111
119 &7
84 L3
169 139

410/18 620/22

11,839 11,206

100 100

118.4 112.0

30

Fatigue ~= Circulation Fatigue -~ Circulation
Occluded Immediately Occluded 7 Minuces

Before Exercise Prior to Exercige
Right Arm Left Arm ight : Left A
10 7 9 12
22 12 35 18
24 19 15 14
.36 40 31 30
24 34 38 37
17 12 16 12
23 30 45 33
o 33 30 35
52 51 51 &1
48 41 34 37
26 28 39 37
36 35 36 46
29 24 29 24
47 53 47 30
27 34 45 36
20 2 24 28
57 40 49 36
23 24 21 K3}
31 29 21 37
29 35 34 22
28 38 31 25
56 44 44 59
85/10 100/7 83/8 85/11

4,062 3,962 3,736 4,149
100 - 7100 100 160

40,6 39.6 37.4 41.5




TABLE NO. 1 (Continued)

Data shown in this table represents numbexr of contractions or seconds

(: contraction/second) watil:

Intolerable Pain =«

Circulation
Subject Before Exs
Bunber Right Arm
1 63 75
2 S0 50
3 70 50
& 55 55
5 60 60
6 60 65
7 48 46
8 43 3s
9 102 75
10
11
12 67 65
13 62 62
14 50 50
15 52
16 38 55
17 55 47
18
19
20 80 67
21 68 63
22 80 57
23 105 102
24 51 49
25 67 95
26 67 65
27 71 104
28 82 67
29 73 61
30
3 £1 57
32 58 58
33 90 111
3% 86 53

Intolerable Pain =

Circulation
Occluded 7 Minutes
Prior to Exercise
Right Arm Left Arm
76 104
55 70
60 55
50 75
54 53
87 65
40 49
43 &4
63 15
67 70
62 73
42 46
43
37 50
35 41
3] 68
&6 &5
&5 65
69 76
58 56
103 100
65 67
75 73
S8 67
68 63
42 58
50 17
8% 106
56 63
4% 30

31




8ub ject
Bumber |

37
38
39
40
41
42
43
&4
453
&6
47
48
49
50
51
32
33
34
33
36
57
58
59

Intolerable Pain e«
Circulation
Occiuded Imediately
@ PBvayp
Right Arn  Left Arm
67 54
50 41
88 67
61 50
34 as
a8 49
43 46
50 63
43 5%
45
40 45
90 80
63 57
7% 71
63 64
37 53
98 98
49 42
48 60
43 45
46 39
63 71
20 123
59 57
64 48
78 79
39 65
65 64
43 51
&7 50
82 52
67 59
59 41
49 50
44 51
33 40
47 58
38 39
40 54
$5 50

32
Intolerable Pain »-

Circulation
Occluded 7 Minutes
fox to Exercis
Right Arm £t Arn
48 62
36 48
50 58
65 60
34 50
48 51
3 53
55 50
39 59
73
40 43
75 91
57 67
71 75
83 &5
64 80
80 98
36 49
45 &8
&4 &4
67 63
55 51
121
31 65
&7 87
78 89
&0 60
&0 92
48 61
42 25
61 71
62 76
39 69
49 49
53 67
34 14
60 8n
35 44
64 &0
51 70




Sut ject

Mex

79
80
81
32
83
84
85
86
87
88
89
90
91
s
83
94
23
96
97
98
99
100

Ranges

Total

Intolexabl, Pain «-

Circulation
Oceluded Tnmediately
@gbsg m:c Eiﬂ
Right Arm _Left Arm
64 57
50 45
50 56
55 70
50 58
46 63
60 65
63 63
36 48
33 48
a3 68
59 59
a7 48
44 36
41 45
80 72
49 61
60 58
30 66
48 31
66 58
105/30 123/3%
5,321 324
21 89
58.47 59.26

33

Intolerable Pain =«

Circulation
Oceluded 7 Miputes
Pricr to Exercise
Bight Arm lett Am
62 72
58 40
34 $&
49 49
55 L ¥
k¥ 33
58 63
63 74
34 42
56 55
59 &7
53 54
&7 50
40 60
41 44
73 76
46 49
52 66
59 59
43 26
b 75

103/34 121/14

4,816 3,600
89 920
54,11 62.22




A.

Sub ject

TABLE WO, 2

tent P

Left Arm =~ Occlusfon and work started immedfately uatil the five:

recording of fatigue.

Intensity of Pain

1 Stromg

2 Moderate
3 Yoders o
4 Moderate
L Mild

& Mild

7 Mild

8 Moderate
9 Hild

0 Ho pain
11 He pain
12 Mild

13 Moderate
14 Moderate
1% Mild

16 Strong
17 Strong
18 Ho pain
19 Ko pain
20 Mild
21 ¥oderate
22 Strong
23 Strong
26 Strong
25 Mild
26 Moderxste
27 Strong
28 Boderate
29 Moderate
30 ¥o pain
31 Moderate
oy Ro pain
33 Moderate
34 Modexate
as Ro pain

36 Stromg

Pain Eifcited in Previous Tests

Yes
Yes
Yes
Yee
Yea
Yes
Yes
Yesg
Yes
¥o

No

Yes
Yes
Yes
Yos
Yeo
Yoo
No

Ro

Yes
Yes
Yas
Yos
Yeo
Yes
Yes
Yes
Yaos
Yes
Yes
Yes
Yes
Yoo
Yes

Yes
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Bubiact Humber Intengity of Pain Paip Eiicired in Previous Tests

37 No pain Yes
38 Sizong Yes
39 Strong Yes
40 Mild Yes
41 Strong Yes
42 Mild Yes
43 Sixomg Ten
&b Strong  £1)
45 Strong Yoo
46 Mo pain Ro
47 Ro pain Y8
48 Moderate You
49 Moderate Yes
$0 Moderate Yea

B. Left Ari: »» Work was stavted and an occlusion was not produced until
the first sign of fatigue was recorded. Woxk was then

storped,
51 Ho pain Tes
52 Miid Yes
53 niié Yes
54 Ho pain Yes
55 Moderate Yes
56 Mild Yes
57 Moderate Tes
58 Mild Yen
59 Mild Yes
60 Hoderate Yes
61 Styong Yes
62 Sivong Yes
63 Meld Yes
6% Miid Yes
63 Hoderate Yes
66 Miid Yes
67 Moderate Yes
&8 Moderate Yes
&9 Miid Yes
70 Strong Yes
71 Mild Tes
72 Moderate Yes
73 No pain Yes

7% Hoderate Yea




Sublect Numbex

7!

74
77
8
79
&0
a1
g2
23
84
BS
26
87
88
&89
40
91
92
93

95

Intensity of Pain

Hild
Strong
o pain
Strong
Stxong
Mil
Moderate
Mg
Mild
Mild

Ko pain
Miild
Moderate
Miid
¥oderate
Moderate
Miid
Mile
Stromg
Moderate
Hoderate
Mild
Strong
Mild
Mild
Moderate

36

Pain Elicited in Previous Tests

Yes
Yes
Ro

Yos
Yes
Yes
Yes
Yeo
Yen
Yeso
o

Yes
Yeos
Yos
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yeos
Yes
Yes
Yes
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TABLE NO, 3

fecovery from fatigue after ten minutes rest with free circulatiom:

Rumber of Coniractions Bumber of Comtractioms Percent
Subjiect umtil Fatigue ~- Pree Ponsitle after Recovery Recovery we«
Nunber Circul we Right Arm g Rig m  Right Arm

1 105 69 65.7
2 85 75 88.2
3 410 320 78.0
4 40 53 132,58
5 90 3] 9%.4
6 113 80 70.8
7 138 90 66.6
B 43 k1] 77.7
10 245 240 97.9
15 155 95 61.3
18 235 190 80,9
20 293 130 4.1
21 227 110 48.5
22 105 35 52.4
23 235 140 59.6
23 65 45 69.2
26 140 95 67.9
27 83 180 46.8
3 140 48 34.3
33 355 260 73.2
as 185 92 47.2
48 80 k1 &7.%
49 157 : 63 40,1
54 118 217 183.9
35 145 86 59.3
56 75 42 56.0
57 74 42 56.8
38 B6 130 151.2
39 48 65 135.4
60 53 100 188.7
61 148 73 50.7
62 52 115 221.2
66 52 27 51.9

67 83 123 150.6




Subject
Number

68
69
70
71
72
73

Number of Contractions Numb:er of Contractions
Pcaaiblc aftcr Racovery

until FPatigue -~ Free

Circulation ~- Rioht
78 39
202 225
75 58
52 45
96 51
62 43
$6 38
249 125
99 92
142 130
36 30
45 30
128 103
50 51
18 27
69 77

38
Percent
Recovery ==

ﬁmt Am

50.0
111.4
77.3
86"5
53.1
£9.4
39.6
50.2
92.9
91.5
83.3
66.6
82.4
102.0
150.0
111.6

4188.3
30

83.4
34,3/221.2

Recovery from fatigue after fiftcem minutes rest with free circulation:

9
11
12
13
14
16
17
19
24
28
29
30
32
34
35
36
37

180 182
133 17¢
313 273
85 163
97 93
n 51
110 116
38 60
70 69
110 128
163 68
242 220
117 125
110 200
126 92
30 60
&0 73

101,1
12?'8
87.2
191,7
97.9
71.8
105.4
137.9
98.5
116.4
41.7
80.0
106.8
181.8
73,2
120.0
125.0
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Nunber of Contractions Mumber of Contractions Percent
Subject until Patigue -~ Free Poasible after Recovery Recovery ==
Numberx Cixculstion == Right Arm from Fatigue ~- Right Arm Right Arm
39 215 235 109.3
40 167 148 86.8
41 60 44 73.3
42 90 120 133.3
43 55 S5 100.0
&4 335 50 142.8
45 46 33 118.2
46 60 67 111.6
47 72 90 125.0
50 60 57 93.0
51 84 125 148.8
52 87 120 137.9
53 175 363 207.4
63 185 130 70.3
64 120 68 56.7
45 154 160 103.9
74 68 161 236.8
80 75 89 118.7
86 114 114 100.0
87 86 80 104.7
88 i1l 123 110.8
89 71 65 91.5%
90 111 117 105.4
91 89 9% 105.6
92 89 97 109.0
93 47 63 134,.0
94 81 88 108.6
93 85 101 118.8
96 76 72 9.7
97 149 133 89.3
$8 119 140 117.6
9% 84 ' 75 89.3
100 169 146 86.4
Totsl 3627.4
50
Mean 112,53

Range 41.7/236.8




FIGURE 1
This figure shows the apparatus used for our experimentation and the
manner in which the subject was tested, The {nvestigator is seated to the

subject's left.
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FIGURE 2
Subject $#24: This figure illustrates the number of contractions
achieved until fatigue with free circulation., 1 « 1 = Right Arm; 1 « 2 =

Left Arm.

FIGURE 3
Subject #24: This figure shows the number of contractions achieved
until facigue and intolerable pain following an immediate arrest of the

circulation, 2 - 1 = Right Arm; 2 ~ 2 = Left Arm,




FIGURE 2

FIGURE 3
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‘ FIGURE &
Subject #24: ‘Tﬁil figure shows the number of contractions performed
until fatigue and intolerable pain after a prior occlusion of seven minutes

had been affected., 3 - 1 = Right Arm; 3 - 2 = Left Arm,

FIGURE 3

Subject #24: 4 - 1, (Latent Pain, Left Arm), shows the number of
contractions achieved until the first sign of fatigue, The circulation was
arrested immediately before the exercise started,

Subject #24: 5 - 1, (Recovery from Fatigue, Right Arm), shows the
number of contractions poseible after fifteen minutes rest with free

circulation.




FIGURE 4

-1

FIGURE 5




43

PIGURE 6
Subject #35: This figure illustrates the number of contractions
performed until farigue with free circulation, 1 - 1 = Right Arm; 1 « 2 =

Left Arm.

FIGURE 7
Subject #35: This figure shows the number of contracti{ons achieved
until fatigue following an immediate arrest of the circulation. Subject #35

reported no pein, 2 -~ 1 = Right Arm; 2 ~ 2 = Left Arm,
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FIGURE 8

Subject f35: This figure shows the number of contractions performed

until fatigue after 2 prior occlusion of seven minutes had been sffected,

Subject #35 reported no pain., 3 = ! = Right Arm; 3 « 2 = Left Arm,

FIGURE 9
Subject #35: 5 = 1, (Recovery from Patigue), shows the number of

contractions achieved after fifteen minutes vest with free circulation.




FIGURE 8




GRAPH 1 Onset of Fatigue with Pree Circulstion., Wide band
tape ~ right arm; narvow band tape - left arm,

€

Frequency Distrxibution:

Bunber of Contractions e Humbey of Subjects
il T Right Arm Left Arm

0« 19 1 0
20 - 39 3 b
40 - 59 12 12
60 - 79 19 31
80 - 99 19 11
100 - 119 12 10
120 « 139 5 7
140 - 159 9 3
160 - 179 4 9
180 -~ 199 3 4
200 - 219 2 2
220 - 239 3 0
240 - 259 3 1
260 « 279 0 0
280 - 299 H 1
300 ~ 319 1 o
320 -~ 339 0 o
340 - 359 1 0
360 - 379 o )]
380 - 399 i 0
400 ~ 419 1 4]
460 « 479 0 1
620 ~ 639 0 1
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GRAPH 11 Onset of Fetigue afrer an Imuedlace Occlusion and
after an Occlusion affected geven wminuctes prior to
Exercise, Right arms,

Frequency Distribution:

Bumber of Contractiomns Number of Sublects
uncil Patipue Tomed, Occl, 7 oin, priox

0« & 0 0
5« @ 0 2
10 - 14 2 1
15 - 19 1 3
20 - 24 12 8
23 - 29 i4 13
30 - 34 13 16
35«3 9 15
40 - 44 8 12
45 - 49 10 15
50 - 54 8 5
3% - 59 12 3
60 - 64 3 2
65 -~ 69 2 2
70 - 74 3 2
75 - 79 1 0
B0 - 84 1 1
85 ~ 90 1 0
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GRAPRE 111

Onset of Patigue after sn Ismediate Occlusion and
after an Geclusion affected seven minutes prior to
Exercise,

Frequency Pistribution:

N of t
until Fetigue
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5~ 9
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20 - 24
25 - 29
0 - 34
35~ 3
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GRAPH 1V Cessation of Work due to Intolerable Pain after
an Immediste Occlusion and aftexr an Occlusion
affected seven minutes prior to Exercise. Right
Ayms,

Prequency Distribution:

Bumbex of Contrections w00 of Subjects
until Iacoiereble Pain cely o min, priot
25 - 29 0 0
30 - 34 4 3
35« 3% 3 10
43 « 44 6 it
43 = 49 14 12
5 - 54 11 9
55 « 3 10 14
60 « 64 15 13
65 - 69 9 7
70 - 74 3 2
75 - 79 2 4
80 - B84 5 2
85 ~ 89 1 1
90 - 94 3 0
9% - 99 1 0
100 - 104 1 i
105 -~ 109 1 0
110 - 114 0 9
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GRAPH V Cesaation of Work due te Intolerable Pain after

an Inmwdiate Occlusion snd after an Occlusiom
affected seven minutes prior to Exercise, Lef:
arms,

Frequency Distyibution:
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GRAPH V1 Percent Recovery from Fatigue after tev minutes
rest and fifteen minutes rest, Right arnm,
Froguency Distribution:
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