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Pain is probably the most common symptom which
causes an individual to seek medical attention, and in
abdominal disease it is perhaps the most important single
symptom upon which diagnosis is based. An understerding,
therefore, of the origin, nature, and localization of ab-
dominal pain is of prime interest to the physician. ‘hen
one turns, however, to consider the precise etiology, mech-
anisms, and interpretation of abdominal pain, he can not
fail to be impressed by the great number of theoretical
and obscure consicderations which still remain unsolved.
Clinicians, physiologists, and neurologists, despite the
long period of investigation concerning abdominal pain,
are still seeking, and with ever renewed diligence, to
come to an understanding which will be nearer the truth
and which will make interpretation of pain as a2 symptom of
abdominal affecticns more sccurate and practical.

Pain is a symptom which arises from involvement
of the nervous system. Consedquently, an understanding
of pain depends upon a knowledge of the nervous mech-
anism participating in its reception, conduction, and
appreciation. When the various nervous mechanisms for

abdominal pain are considered, it appears that there are,



2
in-general, three possibilities. First, stimulation of
those nerve fibers which extend from the abdominal
viscera to the central nervous system and thence to
conscious centers might give rise to a pure visceral
pain. Second, nerve fibers which run from the body wall
surrounding the viscera might to stimulated by direct
contact with diseased viscera and produce somatic pain,
as they are known to do when stimulated by external sti-
muli. Third, it is conceivable that stimuli which arise
from visceral organs and are conducted centralward by
fibers from the viscera might in some way affect pain
fibers from the abdominal soma and produce & referred
vain. The consideration of abdominal pain mechanisms in
this paper will be grouped under these three headings.
The discussion will be limited principally to a con-
sideration of pain mechanisms of the gastrointestinal

tract and its accessory organs.
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IT
PURE VISCERAL PAIN

By pure visceral pain or splanchnic pain is
meant pain which arises from an internal organ and is
appreciated by the individual as having arisen inter-
nally just as a pure somatic pain is one arising as from
a cut finger and asppreciated as coming from that structure.
Is there pure visceral pain? The answer to this question
rests upon the demonstration of an afferent pathway for
pain from the abdominal viscera to pain centers in the
central nervous system and the proof that a pure vis-
ceral pailn actually arises from the stimulation of this
nervous pathway. Incidentally, also the existence of
a referred pain mechanism depends in part on the exis-
tence of an afferent pathway for some type of visceral im-
pulse even though the pain is not appreciated as arising
from internal viscera.
(A) Afferent Visceral Pathway

While the early anatomists had a fair knowledge
of the general pattern of nerves and ganglia related to
the viscera, 1t was not until histoligical study of such
nerves was begun that any real evidence as to visceral
afferent fibers was gained. Bell, in 1844, was probably

one of the first to recognize that both sensory and motor
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fibers are distributed te the viscera; he also proposed
that the posterior roots of the cord conteined only
afferent sensory fibvers and that the anterior roots con=-
tained only motor fibers. (3)
Remak, in 1838, noted certain large non-medullated nerve
fibvers arising from the posterior root ganglia and run-
ning in the white rami of the thoracic region. (68)The
rami communicantes were recognized as the connecting
link between the nerves to the viscera and the cere-

brosninal nerves. In 1886 Gaskell confirmed Remak's

"observations, finding such fibers in the white rami from

2 thoracic to 2 lumbar segments inclusive (in dogs).
Gaskell, however, recognized that the white rami and nerves
to the viscera were composed mainly of medullated fibers
which are mostly small. He named the nerves which pass
from the spinal nerve roots through the white rami to the
abdominal viscera the visceral splanchnic nerves. Ale
though he recognized that the splanchnic nerves must
contain both sensory and motor fiters, 1t was not possible
for him to separate these in theilr peripheral distribution,
but he thought it probable that the afferent visceral

fibers ran together with the efferent fibers in the same

nerves to reach the respective fiscera, (21)

In 1893, Edgeworth found some large medullated fibers
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coming off from 1 dorsel to 3 lumbar roots inclusive and
running through splanchnic nerves via the white rami and
uninterrupted through the ganglia of the splanchnic nerves,
that is, the sympethetic genglia. He judged these fibers
to be sensory, because he could trace them centrally into
the posterior roots, and peripherally, he found them con-
nected with the Pacinian corpuscles in the mesentery. (20)

With the evidence at hand, and with additional
information gained by his own experiments, Langley, about
1200, concluded that afferent visceral fibers resch the
ebdominal viscera through the white rami, the pelvic
splanchnics and the vagi. He stated that these fibers
could not be said to be of any one size since in the white
rami, for example, medium and large medullated fibers. as
well as fine medullated and non-medullated fibers are
found. By much more definite proof than Gaskell, Langley
demonstrated that the medullated afferent fibers which pass
in through the white rami to the vosterior roots have
their cells of origin in the posterior root ganglia and
that the distribution of the afferent visceral fibers of
the several white raml to the viscera corresponds very
nearly to the efferent distribution. The number of vis-
ceral afferent fibers was found to be small in commarison
to the number of the efferent visceral fibers. (43),(44)

Warrington and Griffiths, in 1904, gave even more proof
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of the cells of origin of the visceral afferent fibers
being in the spinal ganglia. (86)

Coming down to more recent times, a summary of the
most generally accepted conclusions regarding the neuro-
anatomy of the visceral afferent system in man at the
present day may be given. Anatomically the visceral af-
ferent system is closely associated with and distributed
through the autonomic nervous system. But the azutonomic
system 1is restricted to efferent distribution only, and
there 1s no acceptable proof that histologically or funct-
ionally the afferent visceral fibers are a part of the
autonomic nervous system. Therefore, the term sensory
sympathetics for the visceral afferent fibers is un-
satisfactory and misleading. {(87)

On the other hand, the afferent wvisceral fibers
cannot be distinguished frowm the somatic afferent fibers
of deep sensibility and protopathic sensibility, and
their cells of origin are in the dorsal root ganglia or
homologous cranial nerve ganglia. (54) EHence, they are
considered as an integral part of these two divisions of
the afferent nerve supply of the body. (24),(29),(41),(30)

The large myelinated fibers to the viscera corres-
pond to the fibers of deep sensibility and are mostly

connected with the Pacinian bodies found especially in the
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base of the mesenteries. (64),(29) Relatively little else
1s known about the terminations of the finer myelinated
and non-myelinated fibers to the viscera. Apparently, they
end simply in relation to the smooth muscle fibers and
vessels, epithelium and peritoneum of the viscera.

As the afferent visceral fibers from the abdomen
are traced centralward various paths of enterance into
the central nervous system are found. (l.) The vagi con-
tain afferent fibers, but the distribution of them to the
abdominal viscera is indefinite. Lpparently some fibers
go to tie lower esophagus and stomach while below tlis
organ there are very few afferent fibers, but nossible
some go to the small intestine and descendings colon. The
vagal afferent fibers heve their cells of origin in the
ganglion nodosum and the central axons terminate in the
nucleus solitarius. (67),(89) It has been shown quite de-
finitely, however, thst although the afferent vagal fibers
do have to do with certain visceral reflexes, e+ nausea,
they are not known to carry any definite pain sensations.
(89),(17) (2.) YNo white rami exist in the sacral division
of the cord, but general visceral afferent fibers do pass
out in visceral ( nervi erigentes or pelvic nerves) and
pudendal nerves of 2,3, and 4 sacral nerves. The cells of
origin are in the corresponding ganglia. (89) (3) Vhite

rami, all of which contain visceral affsrent fibers, are
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found from the first thoracic to the secong,third or
fourth lumbar segments. liost of the abdominal viscera
receive visceral afferent fibers from T5 or 6 to LZ,3,
or 4 through the white rami.(89),(85),(23) Bundles of
these fibers from T5 or 6 to and including T9 make up
part of the greater splanchnic nerves. The minor
splanchnics receive fibers from T9-12,., Because of the
overlapping and difficulty in tracing of the afferent
visceral fibers, the definite anatomical knowledge of
the segments supplying afferent fibers to the respective
organs is lacking. However, largely from the work of
Head (28) on referred pain and other clinical observations
the following spinal segments are generslly saccepted as
being related to the viscera listed: pericardium,
central tendon of the diaphragm, hepatic ligaments and
liver capsule,C4; heart,Tl-T5 (mostly on left side,may
spread as low as T7); lungs,Tl-T5: stomach, T6-T9; small
intestine and greater portion of large intestine,T8-T12;
appendix T1l-Ll; sigmoid, colon, L1-LZ2; rectum, S52=54;
liver, gallbladder and pancreas, T6-T9; spleen T6-T8
(left side); borders of diaphragm, T6-T1Z; (67)

There is some controversy as to whether the vis=-
ceral afferent fibers related to the white rami have

synapses 1n the sympathetic genglia through which they
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course in reaching the viscera, but Langley,(44), Ranson
(64), and Kuntz (41) are all fairly well convinced that
there is no real evidence for such connections. Ilany
have questioned whether some of the visceral afferent fibers
after they have reached the spinal roots from the white
rami might not enter the spinal cord through the anterior
roots., Recently Davis,(17) by a rather complete survey
of the literature on this question and his own experi-
ments, comes to the conclusion that impulses (especially
painful visceral) enter the central nervous system by
way of the posterior roots only., The cells of origin of
the afferent visceral fibers related to the white rami
and, also, the sacral group are located in the dorsal
root ganglia.(4l) The central axons of the viscersal
tfferent fibers enter the cord in the posterior roots, but
their intraspinal course is difficult to ascertain, and
the admission is made by Grinker (24 ) that their course
is not definitely known.

In the first place, probably the majority of the
afferent visceral fibers are concerned with various spinal
reflexes and never reach conscious centers. The great
difficulty‘of separating these fibers from those that
might ascend to conscious centers is obvious.

Apparently the visceral afferent fibers which

mediate pain enter the cord mcinly through the lateral
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division of the rosterior roots. The cell column in the
cord which marks the first synapse of the visceral fibers
is not well circumscribed. The cells may be more or less
diffused in the basal region of the dorsal horn. The
nucleus dorsalis (Clarke's column) appears to occupy
the logicsal position for this purpose, but this column is
regarded as being somatic receotive for deep sensibility.
(67) Ranson and Billingsley(64) have presented evidence
showing that pain fibers in general are unmyelinated,
enter the lateral division of the dorsal roots, synapse
immediately upon entrance into the cord and neurons of
the second order run in the lateral spinothalamic tract.
It would seem that visceral afferent impulses are trans-
mitted within the cord by short fibers with many relays
and synapses having a juxtragriseal position. (67),(16)
According to Head (29) all pain fibers ascend in the sare
path in the cord. There is evidence to indicate that
visceral afferent fibers for pain do not ascenrnd beyond
the thalmus in great numbers.( 6)
(B) The Adequate Stimulus for Pure Visceral Pain

Having offered evidence that there is an afferent
visceral nerve supply the next consideration will be
that of the actual sensitiveness of visceral structures,

themselves, especially to pain. Rather naturally much of



-

11.
the information in this regard has come through ob-
servations and deductions of clinical workers mostly
on human subjects who are able to give expression to
painful sensations,

The fact that the internal organs are not sensitive
as compared to the external surface of the body must have
impressed some individuals since early times. Haller, in
1752, after various observations and experiments exnressed
the opinion that the stomach, intestine, liver and certain
other abdominal viscera were insensitive to various mech-
anical stimuli such as the point of a scalpel as well as
to ulcers and stones. (25) Bichat in 1212 and Budge in
1862 made some similar observations. ‘eber found the colon
insensitive to a hot iron. (77) Beaumont, in 1833, noted
the pains which accompanied spasmodic contractions of the
pylorus upon the thermometer introduced into the stomach
of St. lartin. (2 ) Head in 1893 stated that the stomach,
intestines, and liver were insensitive to touch, cutting
and pinching. (28) Sherrington, 1900, likewise believed
that variously applied mechanical, thermal, and chemical
stimull produced no pain or signs of pain. (77)

As abdominal operations became more common and esp-
ecially with the advent of colostomy these facts be-

fame more or less common knowledge. Lennander, after rather
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extensive observations in 1907, stated that the pro-
truding colostomy loop was insensitive to cutting, crush-
ing, pricking or burning. He found the rest of the intes-
tines, liver, and gell-bladder likewise devoid of sen-
sibility to electrical, thermal and mechanicel stimuli.(46 )

So striking was this insensibility of the viscera
to the various stimuli mentioned to many of the early ob-
servers that some of them were led to believe that the
viscera themselves whether normal or diseased were ab-
solutely inscnsitive to any type of stimuli and were not
appreciative of pain. But they could not deny that under
certain conditions the viscera were actuélly the cause of
pain, and some explanation had to be offered.

Thus Lange, in 1875, Hilton in 1879, and lack-
enzie in 1912 and others explained abdominal pain as a
referred type of pain entirely. (42),(33),(49) That is, as
Mackenzie explained it, while the viscera were supplied
with afferent flbers, thesc fibers did not carry pain im-
pulses nor zive rise to visceral pain, but in the cord im-
pulses from these fibers micht stimulate sometic sensory
pain fibers and give a referred or reflex pain. (4¢;
Lennander, on the other hand, sald that there were no
afferent visceral pain fibers and that all szbdominal
pain was due to a direct stimulation of pain fibers of the

cerebrospinal nerves, especially those at the base of the
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mesenteries and parietal peritoneum. (see in more detail
p. 83). ZEven the colic pains of bowel obstruction he
attributed entirely to a stretching of the mesenteries
and consequent stimulation of somatic p2in fibers. (46)

Some worksrs, however, were not entirely satisfied
with the above explanations and were aware of the nec-
essity of accounting for certain sensations which quite
definitely arose from the visceral organs themselves
even though many organs were insensitive to cutting,
pinching, etc. Thus Foss in his important work of 1887
although he lald great emphasis on the referred type of
pain from the viscera, still made it quite clear that he
believed the various organs themselves were capable of

appreclating pain and this he named splanchnic (pure vis-

ceral) pain. As an example he gave pain over the stomach
in dyspepsia, the pain being of splanchnic origin conduct-
ed by splanchnic fibers. (72 ) Similarly Head in 1893
distinguished the splanchnic type of psain as apart from
referred pain. He described the pain as frequently felt
in the organ itself and as "dull", "heavy", wearing”,

and not "sharp", "aching", "stabbing" like the referred
pain. He stated that only stimull which were tearing or
rending in character, in feact pressure stimuli, seem to

act on the viscera to give this type of pain. This
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splanchnic pain in certain intestinal conditions was
diffuse and ill-defined with no cutaneous tenderness and
not referred. He described it as a "rolling", "gripping",
"doubling up pain". The production of splanchnic pain
only by pressure stimuli and the poor power to localize it
he attributed to the fact that in the evolutionary develop-
ment of the internal organs no opportunity or necessity for
the development of a higher or finer sensibility had
arisen. (28)

In later studies (1920) on the entire sensory sys-
tem of the body Head divided all sensibility into: (a) epi-
critic sense of tactile discrimination of points and finer
grades of temperature limited to the skin and of recent
evolutionary development, (b) protopathic sense of super=-
ficial pain and extremes of heat and cold distributed
throughout the body and an older protective sense giving
prompt, poorly localized widespread and reflex responses
and (c) deep sensibility, the muscle and joint sense
of pressure, position, movement, and pain on excessive
pressure. Paclinlan bodies are associated with this system.

Head thought that probably the viscera had a poorly
developed protopathic and deep sensibility. Normally the
only visceral responses are a sense of movement of the
organs at times and a certain affective sense of well being.

But under certain conditions of stimulstion by certain
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noxious stimuli the high threshold of the protopathic

and deep sensibility sense of the viscera is overcome

and the pain mechanism which is normally inhibited comes

into play and promptly there is a wide=-spread, poorly
localized pain reaction with protective reflexes and a
strong affective reaction of ill-being asccompanying.
Thus Head conceived of the adequate stimulus for vis-

ceral palin and of the sensibility of the viscersa as

being an integral part of the sensory system of the entire

body. (29)
Sherrington, another eminent neurologist, had

ideas corresponding quite closely to those of Fead.

Sherrington recognized that the adequate stimulus for the

afferent nerves of the hollow viscera was distensile in
nature. He included hunger pains as possibly being due
tension on the stomach wall. Sherrington's classifica-
tion of the afferent division of the nervous system was
somewhat different than that of Head., He named the
nerve supply to the viscera interoceptive; that to

the surface of the body, exteroceptive. Normally the
interoceptive system contributed sensory impressions
which did not reach consciousness (common sensstion and
spinal reflexes), but when visceral sensations became

strong, the fibers which ordinarily were involved in

common sensation mediated pain. The high resistence of

to
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the centrsl paths for visceral pain was overcome and a
protective type of resction with pain, affective dis-
pleasure, and a "spread" of reactions occurred., (77),(78)

Head's and Sherrington's work still stands sas
essentially correct in neurological circles. (30),(82)
But it remained for a clinicisn, Hurst, in 1911 to demons-
trate beyond a doubt to the medical world in genersal thet
the viscera were not absolutely insensible and that pain
in them could be produced by a certain adequate stimulus.,
Credit must also go to Neumann, 1910-11 and Kast and
Meltzer, 1909, (17) Hurst confirmed again that from the
upper esophagus to the inner end of the anal canal the
gut was insensitive to heat and cold and that HC1l or
organic acid in abnormal strengths had no effect. The
only adequate stimulus for the production of true visceral
pain is increased tersion. To quote Furst, "abnormal
tension on the muscle fibers and perhaps, also, the
connective tissue fibers of the muscular coat are pro-
bably the only adequate stimulus for the production of
pain in the stomach as well as of pain in all other
hollow viscera". If intragastric pressure, for example,
is increased rapidly or beyond a certain degree a sense
of fullness which is merely uncomfortable is replaced

by actual pain. He believed that intestinal colic sas
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another example was a visceral pain due to exaggerated
peristalsis vaguely localized in the center of the
abdomen, (35)

It is interesting to note that although as late
as 1920, lackenzie still clung to his theory that all
visceral pain was referred, finally in 1922 he acknow-
ledged that there was probably a pure visceral pain in
connection with certain obstructive lesions of the gut
where increased tension comes into play. (74)

Finally, to quote from Morley, 1931, (51) as
an example of the generally accepted beliéf today, he says,
"I am firmly convinced that true visceral pain exists,
and that as Hurst has pointed out, it is usually the
result of abnormal tension on the splanchnic nerve end-
ings in the muscular walls of the hollow viscera. It
is in no sense referred to the superficial structures of
the sbdominal wall, and is a deep-seated central pain, not
accurately localized. "hen pure visceral pailn occurs,
as in early intestinal obstruction, or in the early hours
of an attack of acute obstructive appendicitis it is
entirely unassociated with any tenderness, superficial or
deep, or with any reflex muscular rigidity of the abdominal
wall,"

The question has come up from time to time as to

whether or not inflammation and disease of the viscera
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alter the adequate stimulus for viscera=l pain., Un-
doubtedly in inflammatory lesions and disease the
viscera are more susceptible and sensitive to the
usually adequate stimulus for splanchnic pain. It
is a controversial point, however, as to whether or not
certain lesions of the viscera render them sensitive to
stimull other than those of tension. Lennander, Hurst in
1911, Mackenzie, lorley and others have sald that
whether normsl or inflamed, ulcerated, or infected the
only adequate stimulus for visceral pain is increased ten-
sion in the viscus. Thus Lennander cited the fact that
the loop of a colostomy became infected in a few days
but that it was still insensitive to cutting, thermal
and chemical stimuli. By observations at operation he
conecluded the same to be true in inflemmations of the
intestines and gall=-bladder, a gangrenous loop of
bowel, etc. lackenzie confirmed these observations.
Morley, in 1931, cleimed that the whole gastro-intestinal
tract even when inflamed,»was insensitive to direct
mechanical stimuli. (51),(46),(49) For example, in two
cruclal experiments he found that ulcers which showed tender-
ness on palpation previous to operation were absolutely
insensitive both to digital pinching and squeezing of the
ulcer at the time of operation under local novocain

infiltration of the abdominal wall.,
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Some men on the other hand such as Hertzler,
have contended that it is only when the peritoneal sur-
face of the viscus becomes inflsmed thet the sensitiveness
becomes so heightened that it is painful to contact.
As evidence Hertzler found that inflammatory adhesions
when separated caused acute pain, the clamping of inflamed
gut caused pain as did packing of an inflamed area.(31)

Hurst, in 1929, altered his original contention of
1911 that tension was the only adequate stimulus for
visceral pain because of the demonstration in recent years
by radiological studies that the localized tenderness in
certaln visceral conditions such as peptic ulcer,
appendicitis, and cholecystitis is directly over the
lesion. Also the shifting of the point of tenderness
with the alteration of the position of the lesion by pal-
pation and by change of posture convinced Hurst that when
the subserosa of the visceral peritoneum of an organ
became inflamed that a locelized spontaneous continuous
pain and tenderness recsulted.(36)

Kinsella expressed a very similar opinion in
1928 except that he believed it was the local tissue
congestion at the site of the lesion which was the
adequate stimulus.(38) Both Hurst and Kinsella, it must
be remembered, still believe that tension is also an

adequate stimulus.
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(C) Localization of Visceral Pain

As has been stated, visceral pain is character-
istically poorly localized; nevertheless, it is in accord
with both neurological and clinicsl evidence that there
isy, in general, a certain degree of localization of
splanchnic pain. 1In direct contrast to sometic pain, pure
visceral pain is perceived as being deep within and in the
general position where the organ oroducing the pain was
located embrologically. Thus, splanchnic pain of the
esophagus, stomach, and intestines are localized as
being in or near the mid-line since the gut developmental-
ly i1s a mid-line structure. Likewise, the biliary sys-
tem, pancreas, and appendix are derivatives of the gut,
and, therefore, the pain from them also, is near the mid-
line. On the other hand the upper genito-urinary sys=-
tem develops laterally and so its pain is to one side or
the other. Furthermore, the splanchnic pain of structures
most caudad embrologically are localized as being higher
than structures more caudad.

As =z general rule, it may be sald that the pure
visceral pain of the esophagus is felt in the region
of the episternal notch, the stomach, duodenum pan=-
creas and biliary system to the upper epigastrium, the
small intestine, appendix and caecum to the lower epi-

gastrium and umbilicus, the large intestine to the
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hypogastrium and umbilicus, the kidney to the loin,
ureter to the groin, and bladder to the suprapubic
reglon in the mid-line.(2£9),(49),(56). Any attempt to
localize splanchnic pain more definitely than this is not
usually possible or accurate. BREruning ascribed the pure
visceral pain arising from the small intestine asbeing
localized in the superior mesenteric ganglion, while
visceral pain originating in the colon were said to be
localized in the inferior mesenteric ganglion. There is
no physiological evidence for such a supposition.(51)

Hurst and Kinsella. Ryle and others have expressed
the belief that in certain inflammatory lesions of a
viscus there may be an accurately localized pain and
tenderness in addition to the poorly localized pain.(38),
(38),(74) As will be shown later, there is considershle
controversy as to whether or not these actually are pure
visceral ohenomena and they may be omitted from the
immediate discussion.
(D) Occurrence of Pure Visceral Pain

The next consideration is that of the disecases
and organs especially of the gastrointestinal tract in
which splanchnic pain is found. In many instances this
visceral pain is assoclated with and perhaps even greatly
dominated by the so-called somatic or referred type of

pain as well as hyperesthesia and rigidity of somatic
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tissues. Although it is difficult to separate and
consider visceral pain apart from these other sensory
manifestations, still something is to be gained in the
clearer understarding of abdominal pain by considering
only the pure visceral pain of various organs. This will
be attempted even at the expense of perhaps some repetition
in the later consideration of other types of sbdominsal
pain,
(1)Esophagus

Under certaoin conditions the lower portion of the
esophagus may give rise to pure visceral pain appreciated
as being deep in the upper epigastrium in or near the mid-
line or subzyphoid. Consistent with the previous facts
mentioned as to the adecguate stimulus for splanchnic
pain, it has been shown quite conclusively by numerous
workers but more recently by Payne and Poulton,1927 (61)
by experiments with inflations of balloons in the eso-
phagus that tension produced pain. They considered that
the pailn was produced by a2 stretching of the wall which in
turn produces a stretching and deformation of the nerve
endings in the wall of the viscusa. In addition, they
observed that the pain from ballooning of the esophagus
was often relieved by peristaltic contractions which
overcame the stretching or by anateration in the pos-

tural tone of the viscus which increased its capacity.
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Peristaltic contractions which failed to overcome the
stretching resulted in more intense pain; also, after
a peristaltic wave, when the stretching of the relaxed
esophagus was again resumed, pain occurred.

Such pain, therefore, might be caused by any
number of conditions in which a stretching of the lower
esophagus occurs,., Foreign bodies, stricture tumors,
etc. There is some radiogrephic evidence that in cardi-
ospasm there 1is a dilitation of the lower esophagus
which may be a factor in the pain.(61l)

Another sensation related to the lower end of the
esophagus 1is heart burn. 'hile not having the typical
characteristics of a pure visceral pain still heart burn
is undoubtedly a type of splanchnic pain., Hurst (1929)
(36) contended that the burning sensation that occurred in
chronic dyspepsla and was often but not necessarily,
associated with hyperchlorhydria such as in duodenal
ulcer and was relieved by the taking of soda, was caused
by muscle tension in the lower esophagus. He showed that
fairly strong solutions of HCl were not felt in the lower
end of the esophagus. Payne and Poulton in their exper-
iments showed that continuous stretching of the esophagus
gave rise to the burning pain characteristic of heart
burn. (61) It may be concluded, therefore, that heart

burn 1s produced when, for some reason, regurgitation of




24.
chyme from the stomach into the lower esophagus occurs,
the chyme whether with above normal or normal or even

subnormal acidity is sufficient to stimulate the esoph-

mucosa and to cause changes 1n esophageal tension

5 which lead to pain and discomfort. (90). Some men,
however, contend that in certain highly sensitive persons
it 1s probebly the irritating effect of the acid itself
which causes the sensation. Appsarently the relief afford-
ed by alkalies is due to a guieting of peristalsis, sas
well as neutralizing the acid and creating a large
amount of gas.(34)
(2) Cardia

The principal condition to be considered here is
cardiospasm. On some occasions a cardiospasm may give
rise to o deep seated high epigastric or subzyphoid pain
which is undoubtedly splanchnic in character. Epigastric
paln was a symptom of cardiospasm in about half of =
series of 400 cases reported by Horsley (Z4), and when
found the mechanism was apparently that of the increased
tension of the sphincter muscle. Hurst contended theat
the tension was not due to an eactive contraction of the
sphinecter but rather that it was a failure of the muscle
to relax(achlasia). (38) Sturtevant gave a rather complete
review of the mechanism of cardiospasm and included amnong

the causes numerous psychic, reflex, and endocrine factors.(8L)
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Alvarez stated that mild degrees of cardiospasm may be
assoclated with gall-bladder disease., The mechanism may
act either by a reflex stimulation of the cardia or by
raising in some way the tone of the whole digestive tract;
more rarely cardiospasm is due to ulcerations of the upper
portion of the stomach which stimulate the afferent fibers
in the neighborhood of the cardia which produces cardio-
spasm. ( 1)
(3) Stomach
(a) Hunger pains: While usually resdily distinguishable
from other types of pain in the deep epigastrium, hunger
pains are a form of pure visceral pain of the stomach.
The work of Carlson, in 1916, (12) and of Cannon and
Washburn,1912, (8 ) has stood as authoratative on this
subject. According to Carlson the only pains arising
from the stomach under normal physiological conditions
were the pangs of hunger. The sensation of hunger arose
from stimulation of nerves in the submucosa or muscularis
by a certain type of contraction of the stomach in a
condition of emptiness or near emptiness. Cannon and
Washburn showed that during the periods of emptiness
when hunger was experienced the hunger pangs were
synchronous with stomach contractions, They also gave
evidence that the esophagus contracted and was involved

in producing the hunger pains., Carlson reported cases of
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neurasthenia with epigaztric pain in which hypertonicity
and contractility of the stomach was noted., He attributed
the condition to a hyperexcitability of gastric hunger
nerves so that normal contractions actually give rise to
sbnormally strong impulses or else the normal impulses from
the stomach beccme exagrerated in consclousness through
perverted attention.
(b) Dilitation of the stomach: 8udden and rapid dilita-
tion of the stomach is known to produce a deep epigastric
pain in some cases.(34) It has been shown that gastric
distension by a balloon in dogs can produce all the mor-
phological and functional disturbances observed in the
usual clinical case of acute dilitation.(7 ) The fact that
pain is not an outstanding symptom of acute dilitation and
especially of a chronic dilitation may be explained on the
basis of a lack of strong tone and contraction of the
stomach. Nevertheless, there may be an epigastric dis-
comfort in even an atonic dilitation, and in hypertonic
dilitation often found in ulcer, pyloric obstruction,
gastric adhesions, and gastroptosis,.(34) The dilitetion
which occurs at times postoperatively is apnarently due to
a reflex inhibition of gastric tone and mobility. ( 1)
(c) Gastritis: It is a matter of common experience as

well as experiment that in acute gastritis, due to
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chemical irritants or infection, may, cause a burning or
dull pain in the epigastrium. OSubstances such as pepner,
mustard, strongalecohol or acid (5-20 per cent HCl) etc.,
introduced into the stomach in sufficient concentration
will cause a warm burning or pain sensstion.(10),(40), (38)
“hile the pain of gastritis is pure visceral in tyve,it is
difficult to ascertain the exact mechanism of its vroduct-
ion because of the variety of local and functional changes
which occur. It would seem that the immediate injury to
the mucosa and the nerve endings near the surface and the
severe inflammatory reaction might produce the pain.(59).
However, even such gastric "colic" or gripning vains as
occur in scute indigestion, may be due to a hypertonus
and pylorospasm, according to Ryle. (74) Carlson, on the
other hand, reported an sbsence of gastric contractions
and atony during an acute gastritis.(12) The exact mechanism
of mpaln production, therefore, remains obscure.
(d)Dyspepsia: As a mabter of fact dyspepsia does not ss a
rule produce actual pain, but rather epigastric discou-
fort; actwal pain may occur,however. "henever gastric symp-
toms are inconstant and intermittent and no evidence of a
gastric lesion 1s present and when somatic reflex symptoms
are absent, dyspepsia must be considered. The dyspepsias
being considered here are the so-called functional dis-
turbances in digestive activity of & motor,secretory or

sensory nature.
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The so=-called vrimarwy dyspepsia is due to = func-
tional atnormality of hyperacidity or subacidity or increas-

- RS

ed or decreased mobtor activity hroucht on hy chronic ir-

-
*

ritetion of the stonmach
| The reflex dyspevsias are a2 very important group pro-
ducing enigastric pain by = reflex alteration in gastric
function from a ~rimary lesion someivhere else in the body.
However, as & general rule the nearer the leslon to the

stenach the more likely gastric reflex symotons sre to

and pelvic disorders ss well os slmost ony other con-

There cre & group of dyspersiss due to nervous pastric
cisorders the clessilication of which is Aifficult, One

group includes the so-celled rastric neuroses which in

turn ineludes two tymes, The one tends to occur in nersons
with the sastric ulcer or livnosthenic diatheses vho become
neurasthenice. This usually is found in thin, run-down older

women with poor stomsch tone £nd relaxed ardominal wall end

a tendancy to gestroptosis. 4 mild pyloric obstruction and

the orthostatic hour-glsss stomach may Te pnresent. There is
&8s a rule & tendancy to hyposecretion, slugrish peristalsis

end decressed zasstric irritability. Pain is not = nrcminent

[62]
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symptom and the gastric stesis aprnecars tc have the most
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by

elief on lving down is character-

occurs in the person who becomes

of a duodenal ulcer or hypersthenic

a tendancy to hyperperistalsis and

eresthnesia “ue to th

t'"e nervous system. There is

lence that the hyoeraciditv, or better
Ni Ty

rrocuce the distress or

the stomach

Occassionally there are hysterical

e of nervous gastric rain is

gastric crisis of tabes characterized by very severe

nerhans mild

"hile due to an organic

of the naterior nerve roots

Ll

the precise mechanism

of the pain is not known. It would appear to be more in

the neture of a reflex dys»nepsia. liot 2ll the naln is nure
viscersal, since there may, also, be pains radiating around

he chest ond to the shoulder-tin.(14),(40),(51),(36)

(d) Pvlorosrasm and oyloric stenosis: The »rimerwy concern
here is not the various causes of »yloric obstruction but

the matter in which visceral vcain is caused by this condition.

scsser, 1

€10,( 1) by experiments

on ¢ogs in which



e partial nyloric stenosis was nrroduced and then gastric

"Q

function studled it was concluded that nnrtial nyloric
stenosis rroduces hypertonicity, hypermotility, and
hyperveristelsis of the emnoty stomach, which phenomena

were similer to those seen in the filled stomach of man with
partial obstruction of the nrlorus. The same motor activities
were seen in the filled stomach as well, and consequently
the inference was drawn that =rrtial pyloric stenosis apnesared
to produce a hyperactivity inderendent of the -resence of
food in the stomach.

Carlson in 2 study of cases of congenital nyloric
stenosis and of oylorospasm in infants demonstrated =a
condition of hypertonus and hyvermotility of the entire
stomach which was elther nrimery or secondary to the
excessive pyloric contraction. The latter he thougcht might
be an ex»ression of %the genersl hypermotility. Ie stated
that in the adult those gastric contractions would cause
intense hunger pains, snd it scemed nrobable that such pains
were, &lso, experienced by the infsnt.(1l)

Alvarez pointed out that the muscle fibers in the
cyloric sphincter actually were more irritsble than those
of the pyloric antrum and gastrointestinal tract (this holds

true also for the cardiac, ileocecal and ansl s~hincters)h( 1)

As was mentioned in the case of the cardig Turst em-hasised

trat the fellure of the nyloric sphincter to relax as being
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the mechanism of a prlorospasm.

This data would indicate that @ closed or nartially
closed nvlorus increases tone, and motility of the stomach,
and obviously the emntying time of the stomach is delayed.
The combined effect of these two factors causes and increased
intregastric tension, especially in the orecyloric antrunm
and the resultant stretching of the stomach wall serves as
the adequate stimulus for the distress and nain. Peristalsis
exaggerates the nain, but a more or less continuous pain
may be present due to the versistent ballooning of the
pyloric antrum.(36)

(e) Gastric and Duodenal Ulcer: Much has been written

sbout the snlanchnic nain of veptic ulcer and only some

s5f the essential noints can be touche’ upon here., ‘ndoubtedly
nentic ulcer is one of the commonest, if not the commonest,
cause of "gastric" nain. The characteristic features of

inlcer pain heve beer known for a long time, but verhaps

the most classical descrintion of the clinical features are

to be found in Lord l.oynihan's works. The vain of ulcer

s described as "aching", "toring", or "gnawing" in character,

(=

It is a steadyr continuous pain as a rule, though it may be
intermittent or snasmodic. The pure visceral »nain of uleer
is localized more or less vaguely in the "pit of the stomach"
astrivm. Tenderness, rigi:dity or referred nain

are, in the uncomplicsted ulcer, usually not found accomneny-
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ing the splenchnic nain. The most striking features of the

s the intervel

e

pain of ulcer =ie as follows. First, there
between the time of eating and the onset of nain, the

1

he lower the ulcer

I.h

general rule belng that t n the gastro-
duodenal tract the lster the onset of nain following the
teking of food. The neriod of relief aftor food and the
onset of pain when neptic digestion begins to reach its

height is chearecteristic. Second, there is & periodicity

of the

o

ain, thst 1s, in an uncomnlicazted case the pain
occurs in attacls of several dsys or weeks especlally in

fall and spring with intervals of freedom retween such

ct
oy
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attacks. Third, of —ain by food, alkalies,

o

vomiting (»rircinally in gasiric ulcer) and hemorrhage.

The problem in the considerstion of the ulcer pain

"

!.h

mechanism is to give a satisfactory exnlainetion of the above

P

features, and as will be pointed out no explaination that
comnletely fills the requirements has yet been forthcoming.
The various excentions to the rules of ulcer nain make any
one mechanism not wholly consistent and the advocates of
each theory must nake certain concessions to the others.

{1) The llechanicel Theory:

-

[

To be consistert with the adequate stimulus for
the production of nain of nure visceral tyce ulcer nain

should be explained on the basis of increased tsnsion on
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the wall of a hollow viscus. Iany workers including Iurst
heve supported suci> a mechanism as the cause of ulcer
ain.(36)

Iin 118, Ginsberg, and also Teinpowsky and Famburger
recorted exneriments showing the mmsenle tension factor in

»

gastric ulcer pains.(22) Carlson, 191%,(13) by balloons
and bambours showed tle intermittent ulcer rain as beling
synchronous with gastric contractio anc concluded that the

on of thre muscle of the stomach wall

-t

pain was due to tre tens
and not “ue to any direct effect of stomach acidity. Hardt
drew similar conclusions and Poulton reported that distress
of mastric uleer could be initiaeted by increasing gastric

-

tersion and relieved by its reduction.(26),(62) Ryle

likewise states, "riven &n irritative focus (ulcer/ the

ingestion of food, or the readiness for it, even in the

the rmechanical theorwy is

his contentions is as follows.

[

Furst (36); the essence ©
as each ncoristaltic wave ennroaches the pylorus,
active relaxstion occurs. ''hen an ulcer of the duodenum
or vrep-loric region is nresent there is a nrotective reflex
called forth nrobably by the irritetion of t-e surface of

the ulcer by the chryme as it comes inte the ducdenunm
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especlally 1f it Is very acid. This orotective reflex

acts by inhibiting the normel rclaxation of the pylorus

which 1s called achalasia by surst. 7The achelasis delays
the emntying of the stomach since stomach emntying in this

situation can only he ~roduced by incressed nressure unon
the oylorus. This increesed ~ressure in the nyloric vestib-
ule, esvecially, is the ceouss of the »ain. Hurst has ans-
wered the objection nof some that accordins to this mechanism
the nain wouls be Iintermittent, by saving that tr-e oyloric
antrum acts as a seporate chamber from the stomach and thot
the tension in it remalins hirh even hetween neristsltic
contrections. If a nreorlori~ or duocdensl ulcer invades

the pnyloric ring and the clemcnt of actual pylorosrtasn
enters in or if sctual stenosis occurs, the tension
mechanism still holds. Other gastric ulcers may produce

pain ©y the mechanism of nylocic achalasia or by a

=0

spasmodic ring of the stomach wall with increased tension
above the constriction ring. ~urst considered the evidence
that relaxation o the pylorus by allkalies as scen

radiolo

Y

cically was sunportive of his theorv.(36)

Carlson lsic more stress unon sccitnual neristalsis

as belilng the exciting factor in nein »roduction., "he
so-called "hunger nains" he described as being very tycical
of ulcer.(l3) Torsley in a series of neotic ulcers found

hunger vains in 50 n-r cent. However, *he huncer nains are
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not pathognomonic of neptic ulcor being found in chronic
cholecystitis, chronic aonendicitis and even with no

deronstreble lesion in th: alimentary tract.(34)

the duonensl bulb weas the inciting fector in the ~ain of

duodenal ulcer.(91)

(2) Cremical Theory

Certain difficulties i if all ule nain is ex-

nlainzd upon the basis of increased tension or neristalsis,
the nrincipal one being thet the closed nylorus and

exaggerated peristalsis in the »r

r\

snyloric region are often
not associated with -ain and that —ain may occur with an

onen nrlorus. Hevnolds and ['clure (70) and numerous others

by radiolorical studies have demonstrated these facts.

™e advocates of the alterncts theors that the pain
is ~rimarily “ue %o sowme chemical irritation of nain bearing
fibers at the ulec=r site are npumerous, but Palrer 1is
srobably tihe chief advocate. In a series of articles (19XQW)
(58),(59) he has given a very comnlete review of the literature

and tle most convincing srgunents for the acid stimulus

as initiating the nain. =e has shown that

<

ulcer ~2in may

be nroduced by int

]

oducing C.5 per cent 7/Cl into the stomach
of an ulcer patiant; that the naln wss relieved by the
neutroalization or evacuation of the acid or chyle; that the

nain weas resumed by reintroduacizs the aci” or chyls; that
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the nain was resumed by reintroducing the acid or chyle;

™
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that oylorosnasri, c motility or irntragcastric

™

opressure were not necessarily associated with nain; and

~

cer nain arose by acid irritstion at the site

bt
]
!

that the u

of the le

w
|

on. The mechanism may he described, therefore,
gs follows. Given en ulcer of the mucosa, the nresence
and continued action of acid gastric julce exerts a direct
effect on nerves in and about the ulcer site rendcring them
hynerirriteble b the local inflamation which 1s set up.
With this irritable ~ain »roducing mechanism nresent an
adequate stirmulus sctino in or adjacent to the lesion
nroduces the nain. The usual adequ-te stimulus is the
free hydrochloric acid of thegastric content. In the
cases of a cquite sensitive mechanism, neristaltic action
or local spnasm are ndoubtedly adequate stimull, alsc.
Yardy (27) is one who confirmed Palmer's results.
(3) Theory of Local Tissue Congestion

The nrincinal a’vocate of this theory is Kinsella
who contended that the pain was due to compression of nerve

fivers in the neighborhood of the ulcer hy vascular conges

tion, increased volume of tissue fluids, celluler
infiltration and rigicd fibrosis slthough he admitted that

increased motility and tension were also, adequate stimuli.
Yowever, it is difficult to reconcils this theory with
nromnt relief of ulcer nain by allkalies and pain similar

to that of ulecer -roinced reflexly from the infected gall-
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bladder or anrnendix. (38), (Z9)
Ivy, according to Alvarecz, supported this congestion
theory. (1)

(f) Carcinoma of the sStomach: The pain of mslirnancy of

the body of the stomach rarely »nrodueccs a true visceral

paln, not at least, until very late. Cancer of the »ylorus
on the other rand 1f it zives a certsin degree of obstruction
may procuce vain by the mechanlism of increased tension

previously described. (51) Yalwer stated that various

Ite
l_h

visceral pain producing mechanisms may occur in

(o]

carcinoma of the stomach including acid stimulation of

i@

the malignant wlceration, muscle tension and cercinomatous

[
-
1

filtration of the sensory nerve fibers. Glinically the
pain may cloself resemble that of ulcer at times. (58)

(4) Intestines

The occurence of nure visceral nain in the intestiral

tract 1s relatively freguent and it is an imnortant symptom

foto

n the diagnosis of intestinal ailments. PFeing a typical
nollow viscus, and quite an actively functioning one, there
are numorous nossibilities for the production of the aﬂeQQate
stimulus for the pain.

Some tyne of disturbed motility or obstruction is

e

almost always the causs of ~ure wiscersl nain arising

from the intestines. Certaln princinles of bowel motilit

e



i

8.
and irritability are so closely linked with obstruction

it will e well to

sider a2 few of the

LV‘
( D

m. In regard
to the bowel es a whole, Alvarez thought that there was a
"gradient" of irritability “own the bowel. The jejunun

was thouzht to be very sensitive to food or s balloon,

@]
e

on

T
|

while the ileum 4id not respond with =eristalti

Q

ac’
neerly so reacily. The ileum, however, was more sznsitive

than the colon; the ileocecal valve and anal ring were

excentionally irritable points and, therefore likelwy to

be points of obstruction; the sigmoid sn’ descending

colon also apneared to have a higher degree of Iirrit-
ability than the rest of the colon. Alvarez stated
arother princinle of htowel nmotility, namely, that
stimuletion at any point tended to hold bacl the nrogress
of msterial coming down from ebove. ( 1) In this connection
it was Starling who first described the myenteric reflex
by which a stimula ion of the intestine at any point
caused a reflex contraction above the point and s reflex
inhibition or dilitation below. (80)

Evidence has already been c«ted ~showlng the bowel
insensitive to pricking and to chemlcal, thermal, and
strong feradic stimulation. Ilechanical stimulation of

1lcers of tre colon and inflamed bowel is, also, nainless.

)

(46), (29), (‘55)

The ovlv adeguate stimulus known, therefore, iz of
s 4 -3 s



on gastric pain certain finsr nechanisms are postulated.
Turst (36) suggested that the dovinward vceristalsis

caused & ballooning ageinst a noint of obstruction and

the tension of ths wall proximally caused the rain, Cannon's

work of 1912, also suggested that this mizht be the

.

mechanism. ( 8) Cerlson and Cannon and “asburn and othsrs

-

would nostulated the contraction itself as the cause of

he pain. (12),(8 ) iaclenzie's ohbs=rvation (49) of

vainful peristalsis noted at the time of operation, the
physical findirz of neristaltic novements across the

abdomern accomranying colic etec. mizht be given as additionel
evidence. Alvarez stated that colic was Zue nrohably to

an incoordinated tyne of neristal is whiclh resulted in
pressure being put on a segment of howel by contrsctions
abovz and helow. In intestinal obstruction in animals

tonus weves and sglowly moving deep neristaltic weves of
unusual tvne have been observed. (1 ) Toulton (63) arguing
fro~ analogy from his worl on esonhageal dilitation
nostulated tension as the wechanism: he suggested that a
successful neristaeltic contraction relieved
the nain appesred again as tension increased Juring
relaxation. ‘lackenzie found that a dilitation of the
colon with air caused nain. (49) Also the exnelling of

~ag ard relief of ~ressure by perforastion led to the relief



of coliclry nains. F¥insella, by evidence that sfter the

[«

in ection of saline solution into the wall of the bowel,
~eristalsis caused ~aln, suzgested the consestion theory.
(38)

Although there are numerous causes and tynes of
bowel obstruction, the mechenrism of the »nain nay be
thought of as being essentially the same in e=ch. 1In
general a high obstruction, trat is one in the small
intestine and caecum, zives a pain at and just above
the unhilicus while ar obstruction lower down in the large
intestine gives »ain in the hy»nogastrium. There, is,
howevsr, rather vague locslizstion in esch case. In acute

and complete obstruction the vains sre tynically those of

b

a sevore colic, being intermittent spssms with rerhaps no

nain between the regulsrly recurring short severe bouts.(51)

Jote

In a chronic, incouplete obstruction the ~ains &re more
irregular and intepmittent, are apt to be related indirectly
to the taking of food and bowel movements. “Thebther the
obstruction or ileus is of a mecheanical, reflex, inflam-
metory, satonic or hynertonic tyrne, when colicky vpains

occur thew may te consifered as being due to an altered
metsbolisn and peristalic activity and unusual tcnsion

unon the wall of the viscus. (14),( 1)

(5) Anrendix
That ths eo

|

pastric nain of inflammatory lesions
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of the sprneniix

=5

s a pure viscerel pain is quite generally
accented at nresent. Typically the nain is located in

the center of the abdoren vnerhans a little above the um-
bilicus. It is vague, deep and may he described as extend-
ing across the mid-ahbdomen. The pain has all the character-

istics of an intestinal colic, or as the natient describes

‘_l:
.
3

it, "like a severe belly-ache”., At timnes sy be heavy,

dull, aching or boring. 1In the acute attack the nain
increases 1in severity usuallr coming in spasmodic attacks
until the vDaroxysms sre more or less constant and cause
great restlessness and agony. This so-called initial nain
in the acute attack lasts for a matter of several hours and
overlans the second or localized nain but tends graduslly
or suddenly to disapnezr. (51), (15)

A chronic or subacute aprendix may caus= this
colicky tyre of pain alone with no symptoms or findings

directly rcferable to the appeniix, itself. 3Since the

initial pain in the early stage of an acute appendicitis
or the valn of & chronic obstructive aprnendicitis is

usually nf the oure visceral tyoe alone referred nain,
tenderness and rigidity will be lacking.

monortance of so-called

o)
Je

Until more recent vears th

apnendicular colic in the esrly diaznosis of aprendicitis
was not fully eaprrecisted. lurphy (53) must be given

credit for em-hasizing this eonigastric or umbilical nain



as the first symptom of apnendicitis followed by nausea

an? vomibting, locsl ilisc tendernsss and pain, fever,

The debate as to the sxact rmechanism of the true

viscersl or centrsl pain of aprendicitis has been a long
and unending one. Four nossible mechanisms may be mentioned,

(1) ackenzie —entioned tre aprendicular colic noted in
chronic appendicitis esnecially. Although he sdmitted not
uncersterdine the cause of the attaclrs, he had noticed in

-

some cases that there was & stenosis and distension of the

apnen?ix, and using Sherringion's cxnerimental evidence of

o

such a mechanism for biliasry colic he said that the stenosis
woul? cause the spasm of smooth muscle of the aprendix wall,

symnathetic a“ferent nerves would be stimulated and conduct

1=

impulses to the cord and hy referred nain mechanism give

o

rise to the nain; he, also, suggested thot in some cases

the nein might be due to violeont intestinal poristalsis
above the inflamed appendix. The fact thet the pain was in
the mid-line he attributed to the apvendix being derived
from the digestive tube, a mid-line structure. (48),(49)
cope, likewisc callsd this diffused ~ain of a referred tyve
and thonght it might be due to exaggerated neristalsis in
the obstructe’ lumen which bouts of nain might also cause

ainful peristalsis of the caecum. (15) Undoubtedly these

two men were correct in theilr conception of the local
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mechanism and the reason for its beinpg a mid-1l

<

ne vain,

but the evidence previously ~resented and the present day

understandirg as to pure visceral pain certainly eliminates
the nossibility of the pain being a referred one.

(2) Lennander, becausc he denied the exlistence of snl-
anchnlc ~ain provosed thet this tyce of nain was duve in
part at least to irritastion of somatlic nerves at the base
of that portion of the wesentery which contained the lymph-
atics “reining tre inflamed apneniix. (46) This treors
likewise apvarcntly may e discarded because te ~aln occurs
often where there is no such inflemation and too early for
such & sprea to nave occurred. (50)

(3) Unquestionakly the nain is often due to an obstruction
of the lumen of the appendix, espnecially near its base. The
consequent dilitation nrobably serves as the stimnlus
for contractions and the stretching gives fthe adequate
stimulus for a oure viscerasl nain of a colicky nature.
Morley thought this obstrusctive mechanism was the most
common one an” stated that since the lower ileum and
aprendix have the same segmental innervation the acrendicular
colic was localized in the same area as colic of the ileum,
nanely at and just ebove the umbilicus. (51 Occassionally

if the s2onendicitis not of the obstructive tyne the
A

wmbilicel ~ain may be slirht or absent. The "aprendicular

colic' met with in children is frequently due *o obstruction
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by a fecolith or thread worms, offering additional
evidence for the obstructive mechanism,

1.

(4) iany clinicians make the mistalkle of cealling the
J :

central »ain referred even though they themsslves may
realize that it is not in the nature of a viscero-s=nsory
reflex but is duec te ~a2in arising from sowe othsr port of
the gastrointestinal tract which is reflexely affected
from the inflammed appendixz. It is better not to use the
term referred, whon inferring that the central nain is due
to a reflex effect upon some other organ. There is consid-
crable exnerimental an’ clinical evidence to support the
theory that much of the diffuse enigastric nain of
apnendicitis is due to increased or altered veristalsis of
the small towel andto pyloric and ileocecal spasm.( 1),(36),
(74),(51) <uite often a chronic arcpendicitls »roduces a
reflex drscensia with the symotoms of epigastric fulness
and distress and hecrt burn. (14)

(6) Liver and Eilisry System

(a) Liver Pain: The emmitence of pure visceral nain from
the liver substarce is very questionsble. There is no
opoortunity for the stretching rmechanism and opractically
all pain referatle to the liver is explained on a somatic
or referred nain basis. (51) The surface of the liver is
not sensitive to any type of stimulation. (40

(b) Biliery dysnepsis: The so=-called reflex drs-epsia of
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gallbladder “iseasc gives a pure visceral »ain arising from
the stomach and ducdenum, the close "neighbors" of the
gallbladcder.. The symntoms are difficult to estimate and
relate to the gallblafder but they are of great importance.
The cyspeptic symptoms often accomnany a chronic cholecys=-
titis with or without stones, The symotoms of fulness,
distress, ond dull peain are vaguely localized in the
epigastrium, usually come on a short time after meals and,

also, include distention and belching. Yrequently these

dysneptic symptoms are the only symptoms of gallbladder

-

disease or they may be the residual symotoms between attacks
of bilisry colic,

The mechanism of the rvain nroduction is a debatable
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one and some of th have been suggested
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previously. 'The inf itation of stones,

!

an® the dysfunction of the bill system in general
apparently ~ro‘uces certain reflex motor ~henomena via the
vagi and splanchnics in the stomoch, cardia, pylorus and
duodenum, which in turn are procductive of the pain (69)

lities as to distonsion of the esonhagus,
cardiosnasm, prlorospasm, achalasia and increased tension
in the nrloric antrum, and the goneral hyrnartonicity and
hypermotility of the stomach have all been mentionzd as
being factors. (60),(63),(1),(51l) There may be a

-

hyperchlorhydria which: contributes some to the distress



ulness and suggests that it is the stomach itself
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which is nrincipally responsible for the shymotoms. The
occurrcnce of nyperchlorhydria suggests vhy relief of
symptoms from alkalies is sonetimes noticed. The
hyporchlorhydria occurs in sbout 21-23 per cent of the cases
of reflex irritation of the stomach associated with gall-

4

blader diseassc. idhesions to the stomach or other narts

Tre

of the bowel as & result of ballbla der disease may glve
pise to a visceral pain. In acute ciholecystitis or during
an attack of bilisr— colic it is difficult to estimate the
part played by reflex drspepsia as to the cause of nain,
but indoubtedlw it at least contributes some.

(¢! Piliary Colic: “hile clinically tiliary colic may
cause 'referred" and sometic symntoms, only the true
visceral ~ain clement is being considered here. This

pain is located in ti = epigastrivm in or nesr the mid=line

o

ut is diffusely localized and nay extend all across the

epigastrium. The nain is a heavy horing one and usually

onetimes with slight

6]

increases ronidly in severlity,
wave-like exacerbations. This nain is usually discernable
early in an attaclk before actual tcnderness, rigidity and
localized nain over the gallbladder and elsewhere appears.
vmile masked somewhat as the attaclk progresses it is

probably nresent throush to some degree. (51),(71)

- The pvain of bilisry colic is gecnerally recognized
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as belng due to an obstructive wechanism, in favor of
which there is a great deal of vroof hoth exrerimentally
and clinically. Sherrington in 1900 reported thet e
caused evidences of »ain in animals by the distention of
the gallbladder with saline solution. (77) Furst's work

in 1211 on the adequete stimulus for visceral nain

1

naturally was anplied to biliary colic. (35) It was
assumed the obstructing =lement served to disterd the
gallbladder or ducts causing as increased tension which
in turn stimulated splenchnic fibers in the wall. Iuch
worl. has b-cn done on the various detaile’ variations of
the mechanism.

The most common obstructing —=echanism is sione, of
course, but other wmechanisms may be stenosis of the ducts
from inflammation and edema of the walls, tumors of the
wall or adjacent tissues, scar tissue and alhesions, and
snasrl.

The obstruction may be at the necir of the gall-
bladder or in th: cystic duct and caus nain. In this

-

type of obstruction one nf the mechanisms is dilitation

of the gallhladder which has been shown to be painful. (58),
(75),(71) Rolleston referred to the nossibility of a valve
like action of a stone in the neck of the ladder causing

- o

. .
;1 spasm snd “istension.

ntermittent attacks of -air

J=te

Th
nrescnce 0f sore increased amount of muscle tigssue at the
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with th
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neck of the gallblader fits in s. There is some
evidence that the nain may be induced by some unusual
contractions of the gallbladder forcing a stone into the

crstic duet. It is also contended that the presence of a

stone in the cystic duct stirmulates nore forceful galllladder

contractions which serve to causc pain., (731 Iowever
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against the contention the- gallbladder

play any great part is thc fact that the muscle of its
wall is so trin and slugzish. (71),(1)

Crstic “uct colic nay erise nossibly from the local
duct spasm and the assoclilated spasm and diliﬁation of the
gallbladder or nossibly by reflex gastric nrenomena.
Experimentally, Zchrageg Ivy and Davis nhave produced nain
by dilitation of cystic duct. (75),(17)

Common duct obstruction may be the causc of
either continuous or intermitten® or paroxysmal nain. The
causc is usuallw @ stone or stones in the lower ~nd of

he common duct or at the aipulla of Vater. (71) The
st covron and likely exnla;n&tion of the nain in this case

is that the stone either by virtuve of its size or shape or

tetes or stretches the duct

}_ro

descent or turning so irr
that there is a severe spasm nroduced, especlally at
the lower end of the duct and snrincter of Cddi where
smooth muscle is more abundsnt and pain is oroduced by

the usual pressure mechanism. (51) The nert nlayed by
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dilitation and contraction of the ducts or gallbladder

shove Lhe obstruction snd reflex stomacr and duodenal

S

!

effects is difficult to estimate Tbut is undoubtedly of

consideranle immortance. (1 ),(71),(69) That the sraswm

-

and “*l tQ1 ion of the common duct are effective paln

nroducing mechanisms is witnessed by the relief of paln

v the removal of thre obstruction and by rain being

v

produced by sexnerimental “ilitatlon of the common “uct.

(75);(55)9(85)’(52)

|..:.

The importance of naing of bilisry colic bheing
due to an obstruction of the s»nhincter of Cddi has only

bheen emphasized in recent wvears. Obstruchtion at this

soint in addition to stone msy bhe due to an inflenation
of the sohincter, a snhincteritis or to & snastic contraction

of the snhincter or retr-r a feilure of the sphincter to

relax, a choledochel dyssynergia. (55),(4)
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REFERRED PATN

(A) Referred Pain le
Cbhbvious

1~

the noor

nhenomena only accounts

sharn finger noint -

chanisms

1 locelizead, deer=-scobed nure
n cescribed as being mediated

= \4““'}’\'(7‘ NT A R =] oy e

[ acnway anc as }:~\/14._:’j

h any somatic sensory or notor

r nart of abdoninel nains. The
an acute anpendicitis or the

scapular nain of a gallbladder colic, etec, require an
explaination that must involve more than just a pure
vigcerel pain sst-up by an s’equaste nresgcsure stimulus
and wediated only vy visceral afferent fibers Furthermore

the sometic phenomena of
and musculer rigidity seen

involvement require an e

Ilistorically the n

Erown-_-equard, Tana

h

be mentioned as having sug

|...J
I
ftd

certain viscera ‘seases

type of pain, end "illusio

and Shturre,

gested

unorficial ard deen tenderness
in various conditions of wvisceral

xnplaination,

ames of Traube, Cuinnle, “ilton,(33)

ullar and Tange (42) should

Fugs

trhe nossibility that in

there was ar asscciated or reflex

n of pain', on the surface of

the todw. (77),(17) “owev:r all thesc men who wor-ed before
1886 had hsed relatively little appreciation of either
somatic or visceral nerve supdly esveclally as to

gegrnental innerv-tion or distribution. It was only after



naslkell in 1886 (21) worlred out tre splanchnic innsrvation
of the visgcera that the first definite theory of referred
nain was pronosed by the English ohysician, Hoss, 1n 1887,

In addition to %the splenchnies nalin felt over an orgen (see

>,13) Ross noshulated thet in certain cor”itlons there wes

‘h

an associated or referre’ somatic nain, that was felt In
the distritotion of the cerebrosninal nerves of the body

wall thet came out from the ssare segment of the
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fferent splarchnic nerves inrervatins the affected viscus.

Ls an example of the ~schanism he referred to the paln

Ltk snd Bth end probshly the 6th dorsal nerves, sn? when
“he splanchnic nerinheral ter-inations of fthese nerves cre

irritated, tre ivritation

1=

erior

[&2]
<t

g conducted ©o the 20
roots of the n rves, scnd or recching the grey matter of the

posterior horns it 4iffuses to the roots of the corresnonding

ng
somatic nerves, and this couses en associated naln in the
territory of distritution of these nerves which nay

anpropristels be namesd the somotic nain.” (72)

The logic ard the utility of noss' theory of referred
nain in exnleining certain abdominael a2s well as other
visceral nains wes such thst its supnort an’ ammlificatlon



_to the present has been almost univsrsaal.

Henr; Yead dicd rmuch to nuit the theory of referred

nain on a somevhet fir i r scientific found-tion. Tn 103

he nresente’ evidence from three sgources whish see~ad to

estaklish more soecifically the segrental relstionshin

].n

between the inrervation of the viscers and the corresnondins

somatic segrents. 4£s one arzument he used the faoct that in

tenderness from the some viscera wihich were nroductive of
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to ke ¥knovn as :ead's zones glthoush aclienzie observed them

assoclated with —any abdominal disecases, and he found that
locater

Thas tenderness

was ~urely sun-rficiel an’? wes more intense 2t cortein

Hi s Hi BRI - " s . - H .
maxina’ to which the nain was referred. These "maxinma
he found to he fixes

of the referred naln he could nredict the nrobalhle diseased

vigcus. ackenzie likewlise thes:
the third »niece of evidence lead found trot

similer to the ereas of tenderness and hyberclresia



impulses from splonchnl~ ©o sorntic
se;ent, Tead could say vhat was the ssonentel snlanchnle

narve su~ply to the particulesr affected organ. (See list

Tesd's loter worls (1920) on e nrohoncthic and deep
sonsibility of the viscers and the common sninal nath for
hoth somalis and visceral nain fibe s flt in quits ~onsis-
tently with the referred ~henomena of vain, tenderness and

- s

micity Thus in a cord segient a painful stimulus fronm

f?

the viscera come into close conmscbion with the somatic
pain fibers, and since the sznsory and locslizing power
5f the surfoce of the hody was grectly in excess of that

of the viscers, there wag by what misht be called a

CD

ychical error of judgment, an accepntance of the intra-
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.

ninal diffusion srea by consciousness and paln was

eferre” to the surface of the body instead of fthe organ
ctually affected. 4lso, within the segmental ciffusion
area there was & tendesncy for over-readion of a

protective nature in the whole segnent so that or”inary

J_

zht touch gave

sunerficial pressure gave tenderness, lig

"hyp-roleesia’, sup-srfiecial reflexes, including pilomotor

o) N
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responss, were exaggerated. and the motor reflexes acting
as a probective echanism gave the tonic muscle contraction,
or rigidity. (29)

"hile the work of 'ea’l served to give to the concent

of referred »ain a considerable s-ientific beckingz, it

EEg )

was t e nrosulgation of the theory in the ficlds of nracticel
mnedicine snd surgery by the cclebrated English physician,

Tames #ackenzis, which gave the conesnt such a nrominent

w

part in diagnostic sympboms and slens of recent vears.

laclkenzie's work ran more or less parallel with that

of ieed. Eoth of‘these men nlaced considefable amphasis on
the mapping out of the sreas of hyneralcesia and tonderness,
the loecation of tne referred nain, @nd the importance in
diagnosis of all these reflex ~henomcns. Unlike Head,

owever, -aclrenzie could not accenst Ross! concept of
splanchnic »nain as bro%ébly existinz. Hls reasons ware
as follows: first, the viscers were inscnsitive to local
artificial stimuli; sscond, in hle exncorience in a
laparotony in which he obsesrved thrat conbractions of the
bowel produced pain the ~ati~nt referred the na ain orecisely
to an area ten or twelve inches away from the contracting
bowel; third, aofter keeping notes zs to fthe nosition of
pain in a varisty of diseases, he believed thrat the

situation of the pain did not as a rule directly afford

any clue to the situation of the leslon; fourth, even when
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uation of the vain was immedistely ovs=r the lesion,
other eviderces showed that the nain was not felt in the
organ but was referred tc the sensory rnerves in the
external hody wall. In supnort of the latter he gave hils
finding that in gastric ulcer, while the stomsch mizht be
moved by palnation or resniration, still fthe palin remained
fixed (this has since been discroved). Thus ackenzie
believed all pain and other ~henomena of visceral disease

to be reflex in nature. To quote him: "If, however, a

-

morbid nrocess in a viscus gives rise to an increased stim=-
ulus of the nerves passins from the viscus %o the svinal

cord this increased stimulation affects neighhouring

ol
w

centres, and so stimulates sensory, motor and other n-rves

that isue from this nart of the cor’. Such stimal-tion of
a s=nsory nerve will result in the droduction of nalin
referred to the verinher:sl distribution of the nerve

whose sninal centre is stimulated, so thst viscoral nain

s
4]

really a viscoro-sensory reflex.
sti ulus affects a motor centre, then a contraction of
the sl'eletsl muscle results, 2nd thus is produces? the

viscero-votor reflex.” (49) It was unfortunate that

llackenzie made the error of not recognizing nure
viscersl pain, becouse it created a wrong impression and
in recding his works et nres-nt allowance must be made for

this error.
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With the pain of a true visceral nature deducted
from Mackenzie's work, however, his theory of viscero-
sensory and viscero-motor reflexes as an explanation of
many somatic phenomena in visceral disease is still gen-
erally accepted to-day by both physiologists and clinicians.
Certain modificationg,nevertheless, have been imposed
upon the theory and it is by no means as inclusive to-
day as formerly. The principal voints of controversy
are as to the determination of the inclusiveness of snd
the boundary line hetween pure visceral pain, snd
tendernessg, referred phenomena, and true somatic res-
ponses. Some of the more recent views will serve to
show the present status of a question which i1s as yet
unsettled,

Ryle, 1926, one of the chief supporters of the
referred pain theory gave qulte a workahble hypothesis.
He was convinced that non-inflammatory visceral lesions
rarely gave rise to referred pain or somatic hyper-
algesia unless of the severe visceral crises. Thus in a

"stomach-ache"

due to extra-gastric causes or most
other solely functicnal disturbances of the organs, cu-
teneous soreness or muscular guarding was not found.
Such conditions nroduced a pure viscersl pain and ten-

derness without or with accompanying referred nheno-

mena. He believed the visceral pain and tenderness
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could be zccurately localized by the patient. On the
other hand, referred somatic pain and tenderness and ri-
gidity, i;g. the viscero=-sensory reflexes and viscero-
motor reflexes, although they might accompany a severe
visceral crisis of mechanical origin were more fre-
quently, #yle believed, to be the expression of an
inflammatory lesion of the viscus. He cloimed that re-
ferred somatic pain or tenderness in inflammatory lesions
mizsht occur in the sabsense of locsl visceral pain, thus
suggesting a different causation for each. Thus a cho-
lecystitis might cause a subscapular pain and local ri-
zidity and tenderness in the sbsence of stone; but, #lso,
since biliary colic was such & severe visceral paln it
micght csuse in addition to visceral pain, referred
somatic phenomena such as subsceapular pain, etc. In scute
appendicitis and in chronic gastric ulcer the localized
cutaneous hyperalgesia =nd muscular rigidity in the
corresponding areas of the abdominsl wall are examnles of
reflex phenomena associated with inflammatory lesions of
the wall of the viscus. (74),(40) And so Ryle's views
corresponded quite closely with those of Head and, also,
"ith those of llackenzie except for the recognition of
pure visceral pain by Rylee.

Kinsella (38) was cble to agree with llackenzie's

theory of reflex viscero-sensory and viscero=-motor



58.
Pphenomena on the basis of an irritahle focus in the cord

up to a certain point, that is, the shoulder nain in

o
1=

ng pain of renal colic

&5

gallbladder disease and the radiat
as well as rmuch of the hyperalgesia of skin and muscles
could be expliined. ¥Fut the voint that was difficult to
account for was how the unilateral symptoms and sizns of
appendicular 2nd cholecystic disease as well as ulcer
could be explcined on a reflex besis since these struc-
tures are &ll developmentally part of the digestive tube
and should have bilatcral innervation which should produce
referred pain and other reflex signs in or near the mid-
line. "Mhile not denying a referred component to abdomin-

1 pain, Kinsella did express the belief that the local-

)
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zed palin, whether spontaneous or produced hy pressure
over the orgcon in an ulcer, appendix, or gallbladder, was
not reffered but was due to an actual sensitiveness of

the wviscus itself, the pain being csused by compression

of the congested area either by peristalsis or by pal-

o

pation.

Hurst (1929) (36) as has been described previously,
adhered to the belief that there was a nure visceral pain
due to tension, hut that in addition, when the subserous
layer of the visceral peritoneum became involved there was

also a pure visceral pain &nd pure visceral tenderness

produced which was accurately loczlized over the viscus.
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In this way he explained some of the localizing signs of
ulcer, appendicitis, =nd gallbladder disease. Eut in
addition, Furst believed that there were viscero-sensory
and viscero-motor reflexes in viscersl discase and be-
lieved in the theory of an irritable focus in the cord.
Ee attempted to sccount for the localization of the re-
flex sipgns (as well as the visceral pain and tenderness)

on the basis of & prenonderance of afferent visceral

fibers being stimulated at different levels and more on

v

ot
ci
o]

+

one side of the cord than ¢ other; thus, in a geostric
3 b )

left were stimulated vwhile in

ct
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vulcer more fibers on

duodenal ulcer the reverse was true. The unilatersal

e

signs of gallbladder and spoendicular disease he ascribed
to the same reeson. “here might, however, if the affer-
ent visceral stimuli were strong, be a snread to seg-
ments above snd helow &nd across the cord. Hurst found

that while an ulecer was being treated, spontancous po in

generally disaonceared first, then muscular tenderness, and

l.__J

‘_h

astly, rigidity, the rigidity perbaps nersisting in in-
tervals when pain and reflex tenderness were abssnt. In
the intervals between attacks the x-ray showed the ulcer
crater was still present and not healed, but it was
assumed that the ulcer was not "active", no inflammatory
reaction being present, =2nd, consequently, the patient was

free from symptoms. To quote Hurst: "This fact has led
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Ryle to suggest that rigidity and other reflex symptoms
Gepend upon direct reflexes from the leslon itself; ----
Tt is thus.not, 2s I had at one time thought, a reflex
result of the increased tension, which I have shovn 1s
the cause of the pain of ulcers, and which may be in a
part of the stomach remote from the ulcer. The invest-
igetions already described prove thet irritation of the

ulcer does not lead directly to poin, which like ripidify,

is a reflex symptom. ----Ryle has clearly summed un this

joN]

ist

=

ction in the statement *“hat 'The somatic phenomena
of visceral disease are not a reflection of the vis-

ceral pain, but are symptomatic of the lesion, which, also
by reflex mechanisms, causes the visceral pain.' This
explains why the rzflex signs, such as musculsr tender-
ness and rigidity, and increased abdominal pllomotor,

and vasomotor reflexes are generally unilateral or at

any rate more marlked on one side or the other, whereas,
gnontaneous pain is much more frequently central,"”

It had been suggested by several other workers
previously (77), but more recently by Lemaire, (45);
thet the point of "transfer" from visceral £to somatic
fibers was not intraspinal, as has usually been thought,

but throush certain bivolar cells in the spinal cord.

His reasons for coming to this conclusion may be cited.

-~ He produced local anesthesia of the entire abdominal wall
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and sbolished the pain, tenderness, and muscular rigidity
of gastric ulcer, tuberculous peritonitis, chronic consti-
pation with pain in the left iliac fossa. DBut he realized
that a complete anesthetizing of the wall 2id not prove
whether the pain was from the parietal peritoneum or
from the viscera and so he anesthetized only the sub-
cutaneous tissues and still claimed thst the pain, tender-
ness, and rigidity in patients suffering from various in-
treebdominal diseases was relieved. He found that even
in peritonitis the spontaneous pain and the tenderness
and hyperalgesia were relisved by contaneous anesthesia.

Lenmaire believed strictly in Hackenzie's views
of a viscero-sensory reflex even to the point of the pari-
etal veritoneal irritation ceusing viscero-sensory re-=
flexes. But his ecxzperiments led him to believe that the
reason the subcutaneous anesthesia was effective was be-
cause the cerebrospinal neurones to which the palin was
referred, were decreased in irritability and that the vis-
ceral stirmulus must be referred not through the posterlor
horn cells of the cord, but through bipolar cells of the
posterior root ganglia.

Weiss and David in experiments similar to those
of Lemaire anesthetized the skin into which localized

pain was referred in twenty-flve patients with pain
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from pleuritis, carcinoma of the esophsgus, gastric ulcer,
cholecystitis, nephrolithiasis, ccute apnendicitis, sal-
pingitis and pyelitis with either complete or almost en-
tire relief of pain. They, &lso, were able to prevent the
occurrence of pain due to distention of the esophagus or
doudenum by a balloon, including that referred to the bacl.
Hence, it would seem that their experiments would afford
direct proof of the truth of ilackenzie's theory of s
viscero-sensory reflex, since, if the pain were purely vis-
ceral, it should persist even after cutaneous anesthesia.
These men admitted, however, that they were unable to re-
lieve a dull unpleasant sensation, but not e true pein,
which they could not deny being a true visceral sensation.
Nevertheless, they claimed relief from many sensations "felt
inside,"

Apparently the manner in which the cu%aneous an-

esthesia

)

ete Is to cut off cutaneous afferent sensations
which by the ordinary referred pain mechanism (irritable
focus in the cord) become abnormally exaggerated =nd pro=-

duced the locslized pain and other viscero-sensory as well

0]

as viscero-motor phenomens. (87)

(B) Viscero-cutaneous and -mctor Reflexes in Referred Pain
It has been noted that somaetic hyperalgeslc areas

from visceral disease often exhibit vasoconstriction,con-

traction of the erector pili muscles, sctivity of the sweat

glands as well as the well-known musculsr guarding
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or rigidity. Ulernoe, who studied these phenomena quite
extensively both clinically and experimentally, was led
to believe that they played considerable part in pro=-
ducing an area of cutaneous hyperalgesia. He found that
zones of cutaneous ischemia were hilatsral if the lesion
was in an unpaired organ such as the intestine, but uni-
lateral if in a paired organ. He produced the viscero-
cutaneous reflexed experimentally by visceral stimulation
even after destruction of the cord in the coreesponding
segments; these effects he interpreted as being in the
nature of axon reflexes mediated through a sinrle sympa-
thetic neuron which sent processes both to g visceral or-
gan and the skin. YWernoe concluded that cutaneous hyper-
algesla probably had its origin in changes brought about
in the skin through viscero-cutaneous reflexes; that is,
the ischemla and also the erector pili muscle reflex
micght stimulate cuatneous pain receptors. (88) It was
also pointed out that the reflex muscular guarding or
rigidity as it occurred in acute appendicitis or gastric
ulcer, for example, might contribute to the pnroduction of
associated hyperalgesia and muscular tenderness and pain.
That is, the spastic contraction or increased tonus of
skeletal muscles might give rise to vain by its sti-
mulating effect of sensory recentors in the muscle; in

turn, the painful stimuli giving the tender rmuscles,



64.
tended to keep the muscle in a spastic state even after
the exaggerated visceral stimulation had subsided. (40)

Verger (84),(18) proposed a different path for
viscero-cutaneous reflexes. He traced the impulses of
referred pain as going by way of the afferent sympathetic
fibers from the viscera through the posterior roots to
the anterolateral column, then by way of the sympathetic
efferents running antidromicelly in the posterior roots
to the skin where a sensory impulse set up there was con-
ducted to consciousness by way of the cerebrospinal sys-
tem.

Spameni and Lunedei (79),(17) proposed another
pathway, namely, that the visceral impulses that reached
the laterel columns of the cord by afferent visceral path-
ways, stimulated centrifugal unmyelinated fibers, which
terminated in the ssnsory corpuscles (of the skin}.
Physicochemicael changes were thus produced which stimulated
the sensory organs from which impulses travelled over the
cerebrospinal nerves.

Davis and Pollock (18) by their more recent ex-
permiments of the referred shoulder-tip pain from sti-
mulation of the disphragm have given the pathway proposed
by Spameni and Lunedel considerable support. They believed

that impulses of referred pain travelled from the viscera
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. along with autonomic or spinal sensory fibers to the spinal
cord by way of the posterior roots. :sfter passing over

the synapse with cells in the anterolsteral column the
impulses travelled over vregonglionic efferent fibers to
the autonomic genglia. A postpenglionic fiber then carried
the impulses to the skin where the sensory end organs are
stimulated. Thus an ordinary somatic painful impulse

was produced which travelled over the spinsl sensory
nerves, ecntered the cord by way of the posterior rcots

and ascended in the lateral spinothslamic trect to s

cortical level., They have ciown this path to have a

h

alrly sound anatomicel tasis and claimed it did not call
into play any hypothetical radiation, irritsble foci,
lowering of threshold or diffusion, as do other theories
of referred pnain. They believed referred pain to be a
real entity and that viscero-sensory and viscero-motor
reflexes should not be considered as nothing more than
peritoncosensory and peritoneomotor reflexes as Hofley
would have it. ( see page 89)

Take for example pain produced b distention of
the gallbladder which was found to be unaffected by section
of the thoracic posterior roots but relieved by section of
the splanchnic nerve. This weould indicate that there is

s rain of both referred and true visceral nature, since
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1t is also known that whcn the skin overlying the
gallblecder in man is anesthetized, the pain of hiliary
colic may be abolished,

Davis also consicdered that the shoulder-tip
pain of diaphragmatic stimulstion was a typical referred
pein, since anesthetization of the skin or section of the
phrenic abolished the pain while section of the thoracic
intercostals had no effect. He considered the diaphragm
a visceral organ (unlike Morley) and believed that since
section of the cord or thoracic posterior roots left the
shoulder-tip pain unaffected thst the nain was rot a
peritoneo-cutaneous reflex from stimulation of paristal
reritoneum as Yorley would have it. Fowever, Davis did
not deny the possibility that lMorley's perltonep-sensory
and pveritoneo-motor reflexes (see page 89) might not
exist 1n addition to viscero-scnsory znd viscero-motor
reflexes and splanchnic pain, (18),(51) Capps, like
Davis has expressed the opinion thet the phrenic shoulder-
tip vain was & typical referred nain. (9 )

(C)Iixamples of Referred Phenomena:

In the following considerations of some examples
in which referred psin is thought to occur, it is well to
keep in mind that the dogmatic acceptance of them is a
mistake becsuse of the uncertéin status of referred pain.

Referred pain, in general, is described as sharp, stabbing,
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[&]

uperificiel, and localized. It is sccentuated by move-
ment, pressure or other sensory stimuli. For practical
purposes the spontan&ous referred p~in mey be considered
s the subjective manifestation of the objective sign of
tenderness.,

(1) stomach:

The functional disturbances where there is no
orpanic pathology of the stomach or duodenal wall rarely
give somatic symptoms except verhaps in the severe gastric
crises. &imple gastritis rerely produces somatic signs
because the lesion is so superficial end does not involve
the muscular layer; =also, uncomplicated carcinoma, while
it does invade the wall, does nol erode the muscle fibers
in which most of the nerve fibers are found and so does
not, as a rule, glve referred Symptoms. “hen reflex signs
ere present in cancer, they are usually bilsteral and sre
probably due to a direct irritation of somatic nerves.
The chief condition in which reflex phenomena are of most
interest in relation to the stomach and duodenum is that
of ulcer.(74),(51)

(a) Cutaneous Hyperalgesia of Ulcer: 1In 2 small pro-
portion of cases of gastric ulcer there is & superficial
hyp-ralgesia or soreness of the skin present during an
attack and perhaps persisting for some time after spon-

taneous pain has subsided. (74) Hurst said that the
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symptom was of no importance diagnostically because it
was so infrequent, actually but was too often demon-
strated by its being suggested especially to a neurotic
natient. (36) Ryle and lorley agreed on this point also
and all but lorley would put it, when it does occur, on
a viscero-sensory reflex basis. (51)
(b) Muscular Tenderness of Uleer: Hurst's conception of

true visceral tenderness las alreads been

(R
I—il

van. He also
believed that there was a reflex muscular tenderness which
vas distinguished by its greater extent, its fixed position
even when the stomsach was moved. The extent was also nmore
widespread the greater the amount of spontaneous pain. It
was generally situated higher and to the left in the rec-
tus muscle with ulcers near the cardia and along the lesser

curvature while with prepyloric ulecers 1t was more often

|

present on the right side or bilateral snd with duo-

an
o)

+

denal ulcers it was &lmost invarisbly right-sided or most
marked on the right side. (36)

Hilton and Boas (33),(5 ) were among the first to
mention the aresass of sub-and inter-scapular tznderness with
diseases of the uppsr alimentary tract, especially in
connection with ulcer and gallbladder disease. The srea
was quite well locsalirzed over the lower rits in gastric
ulcer being located to the left of the twelfth dorsel

vertebra but occasiocnally it is in the region of the 11D
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or 1L vertebra or even on the right side, but in pre-
pyloric =nd duodenal ulcer it was often on the right side
only. This bacli pain occurs particulerly in cases of
posterior excavating ulcers adherent to or eroding
the pancreas. (51),(74) MNorley (51) would explain this

back pain on the basis of a radiation to the superficial

| i

branches of the same cerebrospinal nerves deep in the
retroperitoneal tissue just as he would explain the
anterior sbdominsl wall tenderness on the basis of his
peritoneo-cutaneous reflex, but most men believe it to

be a referred pain.

(c) Deep (non-muscular) Reflex Tenderness: Mackenzie

wes the first to emphasize the fect that in the absence
of superficizl or muscular tenderness or by palpation be=-
tween the two recti that a reflex tendernessof the sensi-
tive subperitoneal tissue could be elicited.(49) Hurst
elso mentioned this type of tenderness in connection with
ulcers as shown by the frequent existence of mid-line

epigastric tenderness in pstients with widely sepeorated

3

recti, the tenderness being localized some distancs from

o

the actual ulcer. Hurst himself admitted, however, that
this tenderness could be the samne as the visceral tender-
ness, while Yorley would classify it as a tenderness due

to parietal peritoneal irritation.(51),(36)
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(&) Ripgidity: The reflex rigidity of ulcer is exolained
on the basis of the hyperssnsitiveness of the spinal cord
segment which is present when an ulcer gives rise to pain
or when & somewhat exaggerated form of deep tenderness 1is
present. There 1s 2 spas—odic contraction of the muscles
which is augmented by pressure on them. There is also
an exaggeration of the gbdominal reflexes. The risidlity
is most marked at the time psin is most severe but rigid-
ity may persist after the spontaneous psin has subsided.
There is usually considersble inflammetory reaction arocund

iditv is releted

[&] J

the ulcer when rigidity occurs and the ri
more to the continuous flow of impulses from this in-
flammatory site then the spontaneous pain from tenslon.

In general the ripidity is sreater or only present on

the left side of the rectus muscle in gastric ulcer and in
duodenal ulcer on the right side, 2lthougl there are

many exceptions. ‘hen the pain is very great, the area of
muscular rigidity is increased =2nd rigidity as well as
unilateral tenderness and exagperated sbdominal reflexes
may become bilsteral. (74), (51), (36)

(e) Pilomotor and Vasomotor Feflexes: The occurrence of
these reflexes in uvlcer was first noted by lMackenzie.
(47),(49) Ryle, Hurst, 2nd Suhmen and Spiegel have noted
them elso in ulcer usually elicited by gently stroking the

skin in the hypersensitive zone. (36),(40)



71.

It is generally conceded that disesse of the intes-
tines rarely gives rise to reflex signs unless the nori-
etal peritoneum becomes involved. Ilechsnical obstruction
or cuancer ~hich are uncomplicated by infection, ulcer-
atlion or necrosis or extension beyond the gut wall as o rule

do give rise to reflex plenomene. FRvle, Hurst, Kinsella,

V]
Q

nd others, however, hold to the belief trat with in-

flemmetory or ulcerative lesicns of the intestine, such

=

as deeper involvment of the wall and subssrosa by tu-
berculosis of the ileum or a diverticulitis, for ex-
ample, may produce tenderness, soreness, and muscular

rigidity of a reflex nature. Hurst accounted for the

4=

19

unilatersl locelizing sizns of a diverticnl

j—o
O]

of the

=3

pelvic colon, for example, as of reflex ori~in from the in-
flamed viscus.(74),(36),(38)

(3) Appendix:

(a) Cutaneous Hyperalrsesia: It was Vacrenzie who first

laid emphasis upon the maprins out of the ~reas of cub-

aneous hyperalsesia especially in appendicitis. e claim-

ed thet it wos quite 2 constant and helpfud findin~, ex-
plainable on a viscero-sensory reflex basis.(49) IHead
sgreed and his work showed 1t to be in the distribution

of the 9-12 dorsal nerves. (28 Sherren found a tri-



sngular area of hiyperalgesia over thic richt iliac fossa
in thirty-two ver cent of a series of 124 cases of
acute =prendicitis., He rointed out that hyperalresia
depended largely on the degree of distention of the

anpendix, and that when gensrene or perforation occur-
= b ’ [&]

@]

red, it tended to disappear.

by

ope agreed with Sherren
and believed it to be present in over fifty ner cent of
the cecses of cppendicitis even in some cases of gancrenous
or perforated spvendix. (76),(15)

Jost of the more reocent workers, however, are in-
clined to place rel:tively 1little dicgnostic vclue on
the inconstant finding of hyperalgesia, Ogilvie,(56)
believed that in some few cases as an early sign even of
an uninflamed appendix, it mi ht be fourd; hence, he
believed it to be a reflex phenomena, but as he states,
"brought up on the l.ackenzie tradition, I spent many years
in the routine search from areas of hyperaesthesia seldom
rewarded by any findings at all and never that I can
remember by any of real value". Hurst was of the some
opinion.(35) Xyle (74) believed that cutaneous hyper=-
algesia developed miach more fre-uently snd early slong .
.

with other reflex sirns

5
l.a.

e

n

nflaamatory’ type of

appendicitis than in the gangrenous type, its 2bsence

l_lo

n the latter type being perhaps accourssd for by the

lace of early inflammabtion and the later ischemia of

-—
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gangrene. llorley has stated thsat tis physical si
varies in 1ts frequency from 20-590 per cent caen be of
little 8id in ciagnosis., However, when it did ocecur,

he wes the only one anparently who believed that it was
produced only by an irritation of the nerietal peritoneun,
(b) Tenderness: The Tindinzg of increased sensitiveness of
the muscles over the right iliac fossa ond erector

spinae muscles in appendicitis hos long been recognized.
llackenzlie of course put it entirely on the basis of a
viscero=-sensory reflex. HHowcver, he did admit that it

was Aifficult to tell when the tenderness due Lo the

viscero=sensory reflex from the irritetion of the

=0

"insensitive" peritoneum (both visceral =nd nerietal) was

superimposed by a tenderness and rigidity due to an
involvement of the suhserous layer of the rarietal
ES

peritoneum with its sensitive cerebrosninal nerves. (49)

Tith few exceptions, the general consensus of ovinion

ot

emong practitioners is that the dee

e

tenderness of early
acvte of chronic =pnendicitis without parietal neri-

toneal involvement ond thre local spontaneous noin “hich

(D

is subjective expression of the tenderness is due to a
viscero-sensory reflex. Cope, Ryle, Lemsire, Finsells,
Turst (15),(74),(45),(38),(36) and o hers are inecluded

in this oroup. FHowever, as nreviously described, Furst,
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Kinselle, and Ryle belileved that with inflammetory in-

volvement of the well deeply, resulted in a true locel

nsed the facts thel the ri~ht 1lice tenderness, esnecially
in chronic saprendicitis wiilch could he srown by x-ray to
be directly over the appendix even when the appendix was
removed by palpation; also Bastedo's test (inflation of
the colon with air) gives rise to pain and tenderness in
the right iliac fossa if there is an acute sprendicitis.(:6)
lMorley, standing somewhat alone, has proposed placing

all the local reflex signs on the basis of a parietal
peritoneal irritation which results in peritoneo-

sensory radistion and peritoneo-motor reflexes. (51)

(¢) Rigidity: Another of the objective signs of localized
pain in appendicitis especially of the acute type is
rigidity. Iaclzenzie postulated the muscular contraction
of the transversalis abdominis, the oblique and psoas
muscles as being due to a viscero-motor reflex. (49)

Ryle expressed the belief that in the "inflammatory"

type of acute appendicitis the reflex rigidity was

usually present, even in the mildest and earliest cases
where they constituted an important diagnostic sign. 1In
the gangrenous type, on the other hand, it might be en-

tirely absent. (74)
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(4) Gallbladder and Bilisry Ducts:
(a) Cutaneous hyperalgesia: This sign was found in gall-
bladder affections by iiackenzie as early as 1891.(47)
The area was usuvally found extending somewhat above and
below the right costal margin over the upper portion of
the right rectus, although it might extend downward. The
hyperalgesia in a great many cases persisted after the
sub-sidence of a gallbladder "attack™., ZHyle (74) like-
wise included superficial sorencess in the upper right
quadrant as one of the viscero-sensory accompaniments of
cholecystitis with or without gall stones. He was in
doubt how much of the hyperalgesia and other referred
phenomena should be attributed to cholecystitis and how
much to the mechanical distension of the ducts. Hurst
(36) did not deny that cutaneous hyperalgesia of a reflex
origin might exist but thought it was too rare to he of
any diagnostic value.
(b) Tenderness: liackenzie (49) said that the muscular
tenderness in gallbladder disease was most common on the
right side and upper right rectus. The tenderness was
the objective manifestation of the spontaneous referred
pain which was localized over the gallbladder area. The
tenderness became apparent especially after the spontan-
eous pain subsided due to the irritable focus remaining

in the cord. Tenderness and referred pain in gallbladder



76 .
dlsease occur quite freguently over the middle dorsal
spines and along the course of the eleventh right rib. (74)
The same arguments in regard to an actual tenderness of
the gallbladder itsclf, a viscero-sensory tenderness or a
peritoneo-sensory tenderness arise here the ssme as has
been discussed under the aprendix and ulcer.
(¢) Rigidity and Ixaggerated Superficial sbdominal Re-
flexes: The rigidity more or less parallels the tender-
ness according to lackenzie. It is found usually in the
uoper right rectus but may spread down in the right ab-
dominal wall ( as may the other reflex symptoms). Some-
times, after an ccute attack, there may be rigidity of the
lower right intercostals muscles. (49) Ryle described
the reflex muscular guarding in acute cases amounting
to actual rigidity often times and in subacute cases ex-
aggeration of the abdominal reflex on the right side

might be present. (74)
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SOML..YIC PAIN

(A) Innervation of the Parietal Peritoneun

somatlc pain in abdominal disease has to do with
stimulation of somatic afferent fibers in the abdominal
wall; therefore, some consideration of the sensory in-
nervation of the parietal wall is in order. Probably
earliest mention of the nerve supply of the parietal
peritoneum was made by Haller in 1766, He believed
that the peritoneum had no nerves; those nerves found
underlying it he thought belonged to the abdominal wall
muscles. (25) Bourgery, 1845, recognized the fact that
there were nerves in the peritoneum and which were de-
rived from the intercostal nerves. (31) It was not until
Ranstrom in 1908 made a careful histological study of the
abdominal wall, however, that the nerve supnly was fully
aporeciated. He showed that there was a rich supnly of
nerves in the subserous layers of the parietal peritoneum
derived from the lower intercostal nerves which supplied
the muscles of the abdominal wall, He also found some in-
tercostal fibers running into the peritoneum of the outer
border of the diaphrapgm.(66)

It is now known that fibers from the lower six

intercostal nerves and some fibers from the ileoinguinal
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_and ileohypogastric nerves supply the visceral periton-
eum. The nerves innervating the muscles of the sbdominsl
wall give off branches which turn inward and form a plexus
in the subperitoneal tissues and within the peritoneum it-
~self. The distribution of the nerves in the peritoneum
corresponds more or less closely with those in the over-
lying muscles and skin. (31)

Both medullated =nd non-medullated fibers are
found in the peritoneum but the latter type predominate.
The non-medullated fibers end in fine meshes about the
blood vessels; the varied sized medullated fibers end
in the serous and subserous layers in special end-organs,
the larger ones in relstion to the Pacinian bodies, which
are quite numerous, especially near the anterior mid-line
and the finer fibers terminate as free nerve endings
just beneath the endothelium andvin the subperitoneal
tissue.(31)

There are unquestionably some cerebrospinal fibers
closely related to the base of the mesenteries to points
where the dorsal mesentery has become obliterated and to
the posterior psrietal peritoneum in general; apparently,
however, the innervation is more sparce than in the ant-
erior parietal peritoneum. Pacinian bodies are found in
comparative abundance at the base of the mesenteries.( 66)

lorley expressed the belief that the small or gastro-
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hepatic omentum, transverse mesocolon and pelvic mesocolon
were supplied with somatic nerves,

The general opinion has been thet the parietal
peritoneum ended at the root of the mesenteries and that
the somatic innervation did not extend into the mesen-
teries beyond that point. Ilorley, however, believed that
somatic nerves ran in the mesenteries to within akout one
to two inches of the gut as did the parietal peritoneum.
The sensory innervation of the remainder of the mesenteries,.
and the greater omentum, he conceded to be of afferent
visceral lnnervation the same as the intestines. There
is some question as to the sensory innervation of the
mesenteric vessels. The splanchnic nerves are knownto
parallel the vessels as they run out into the mesenteries.
Some contend that the afferent splanchnic fibers inner-
vate the vessels, but others think that somatic afferent
fibers are especially related to the vessels near the base
of the mesenteries. (51),(46)

(B) Sensitiveness of the Parietal Peritoneum

The first significant work on the sensitiveness
of the peritoneum was done by Lennander. He, in conjunction
with Ranstrom who had demonstrated the Pacinian bodies
in the parietal peritoneum, tested the sensibility of

these supposedly specialized endings for "pressure sense'.
- (46)
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. It was found that light touch produced no sensation;
strong pressure set up a cramp=-like painj cutting the
parietal peritoneum caused stitch-like pain. The sense

of heat and cold was not demonstrable. They concluded
that the parietal peritoneum was devoid of pressure sense,
but was very sensitive to pain. Hertzler in 1919 gave
very similar conclusions. Light touch was not felt, but
when contact either by pressure or traction reached a cer-
tain degree, pain was produced. He did belleve that there
was some abllity to recognize movement of abdominal or-
gans against the parietes as during peristalsis or move=
ments of tumors, etc. Pricking the parietal peritoneum
with & fine needle camsed no pain but when traction in
suturing existed pain resulted. (21)

Hertzler, like liackenzie and Lemaire, believed
the serose of the parietal peritoneum to have a sympathet-
ic sensory innervation like the visceral peritoneum which
became sensitive only wher inflamed and which produced re-
ferred phenomena. (49),(45)

Capps, in 1932, confirmed the conclusions of
Ranstrom and Lennander that the parietal peritoneum was
devold of pressure sense. 1t was also found that all the
anterior median and lateral areas of the peritoneum
were sensitive to pain from strong pressure of a smooth

“object or light pressure or lateral movement of a rough
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point. He concluded that this pain had all the character-
Istics of peripheral nerve pain especially since it was
localized directly over the site of irritation. It was
a direct somatic pain. (9)

Lennander was the first to emphasize the sensi-
tiveness of the posterior parietal peritoneum slong the
base of the mesenteries. He found that traction on the
mesenteries produced pain. This fact has been demon-
strated time and time again since in abdominal operations
done under local anaesthesia. For example, Kappis (37)
found the small omentum, messentery of the small intestine
and mesocolon highly sensitive to mechanical stimuli.
Tyrrel-Gray (82) likewise emphasized the great sensibility
to traction on the posterior attachments of the gallbladden,
stomach and intestines. Morley found that dragging on
the mesentery of the jejunum and stomach, transverse
mesocolon was painful at operation. He stated that he
could not agree with Cope and Lennander that the poster=-
ior peritoneum was insensitive to mechanical stimuli over
the vertebra. Ie was of the ooninion that the posterior
parietal peritoneum with the mesocolon and the mesentery
up to one to two inches of the small intestine was sensi-
tive to mechanical stimuli although less so than the an-
terior parietal peritoneum and with a poorer power to

16calize. The remainder of the mesenteries and the greater
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omentum were s4ld to be insensitive to mechanical sti-
mulation like the gut. (51)
(C) Part of the Diseased Parietal Peritoneum in Abdominal
Pain
(1) Historical

Discerning workers could not fail to be impressed
by the prominent part irritation of the parietal periton-
eunn played in pain from disease of the abdominal organs.
Hilton in 1879 recognized that in peritonitis the nerves
supplying the abdominal muscles and peritoneum were
irritated causing pain and contraction of the muscles. He
recognized that as peritonitis subsided the abdomen soft-
ened; if there was pain with rigidity he took it to in-
dicate a peritonitis. (33) Head, 1893, (28) believed
that when the peritoneum became involved that there was
local pain and tenderness produced along the lines of
peripheral nerves supplying the area of peritoneum involved.

It was Lennander, however, who first gave great
emphasis to the role of the parietal peritoneum and mes-
enteries in visceral pain. As previously described, he
believed that the sbdominal organs were insensitive
whether normal or inflamed; also, he, in association
with Hanstrom,had demonstrated the rich cerebrospinal
nerve supply in the parietal peritonesl subserous layer.

Hé contended, therefore, that all visceral pain was due to
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an irritation of the somatic pain fibers either at the
base of the mesenteries or in the subserous layer of the
parietal peritoneum or both. “hile & good psrt of Len-
nander's contentions remain true, still, there are cer-
tain very definite modifications that haed to be made.
(2) liesenteries

Lennander believed that all colicky pain from the
gut, gallbladder, etc. were due either to a stretching of
the base of the mesentery or a displacement of the par-
letal peritoneum on the sensitive subserosa by the vio=-
lent peristaltic action. It has been shown previously in
this paper that these contentions were incorrect in many
respects. His contentions may apply at times where there
are adhesions between the visceral and parietal peri-
toneum or where an exceptionally large piece of bowel and
mesentery, for example, especlally if it is inflamed, may
cause painful traction on somatic nerves., Tyrrel-Gray (&)
and also Kappis (37) supported Lennander's ideas that an
inflamed mesentery especially was sensitive,that many
colicky pains of the gut, appendix, and gallbladder were
due to traction on the mesenteries. Tyrrel-Gray em=-
phasized this mechanism as being especlally important in
visceroptosis. It has been stated that the pain of a
mesenteric embolism may be due to traction on the mes-

efAtery due to the violent intestinal peristalis set up.(83)
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Despite all these contentions, however, the fac-
tor of tension on the mesenteries should not be over em-
phasized. It does not seem likely thet in most obstructive
lesions as, for example, the knuckle of bowel in a
strangulated hernia or gsll stone, that the exaggerated
peristalsis could affect Pacinian corpuscles or somatic
nerves at the base of the mesenteries. But in the event
of a learge intussusception, a good sized intestinal or
mesenteric strangulstion, umbilieal hernia, etc. the
hesvy dull aching pain of a constant character may be re-
lated to a tension on the mescnteries. Also, in regard
to carcinoma of the colcocn when the growth is situsted in
a fixed part of the colon, i.e. the ascending, descending
or iliec colon but not in the transverse or pelvic colon,
there may be fair localization of the pain to the side of
the lesion, in which case 1t would appear that perhaps
exaggerated veristalsis above the obstruction may cause a
drag upon the sensitive parietal pveritoneum to which the
bowel is closely adherent and thus giving rise to a uni-
lateral somatic pain.(51)

Lennander emphasized that in inflammatory lesions
of the gut and in appendicitis, cholecystitis, etc, the
lymphatic drainage was to the base of the mesentery. He
believed this inflammatory process rendere the cerebro-

spinal nerves endings at the base of the mesentery
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irritable and wmore sensitive to traction and wes an im-
portant factor in pain production.(46) There may be a
deep epigastric tenderness in ulcer at times due to in-
flamed lymph glands situated near the lesser curvature of
the stomach. (36) It cannot be denied that this is not
infrequently a2 factor, in certéin cases of deep tenderness
on either side of the mid-line and pain and tenderness in
the back in certain visceral inflammatory lesions, but
certainly it does not deserve the emphasis that Len-
nender first out upon it.
(3) Ldhesions

The part played by adhesions in abdominsl pain
has been a point of controversy for some time, and like
many ideas in medicine, was marked for a time by a2 period
of over enthusiasm as to its importance. Lennander be-
lieved that adhesions, by displacing the parietsl neri-
toneum upon the sensitive subserous peritoneal plexus of
ncrves was capable of producing somatic pain and fre-
gquently did so. He believed that many of the colicky pains
in biliary and intestinal disease were due to the pulling
on ahdesions by increased peristalsis. (46) Ilackenzie
found that cutting and breaking adhesions slone was in-
gsensitive, but that when they were pulled so as to irr-
ltate the subperitoneal nerves, pain was produced. He

attributed much of the pain and tenderness, often found as



86.
a residual from laparofomies as due to adhesions.( 49)

In later years, however, the repeated finding of
an abdomen full of adhesicns and still the absence of
any previous history of pain hass caused most men to believe
that actually adhesions play little part in causing pain.
Of course, adhesions may secondarlily cause bowel ob-
struction and pain or bind a piece.of bowel to the parietal
peritoneum so that when it becomes obstructed,pein is
produced by dragging on the adhesions. (31)

(4) Peritonitis

The causes and types of pain from peritoneal
irritation are so numerous and complex that only a few of
the more pertinent considerations can be mentioned.
Experimental evidence has already been cited which showed
that the parietal peritoneum even when normal had an
acute appreciation of pain which was localized to the point
of irritetion. It is only natural that inflammation should
serve to cause or to heighten the pain sensibility.

Again referring to Lennander, it was his belief
that inflammation of the perietal peritoneum greatly in-
creased the sensitiveness of the cerebrospinal nerve
fibers in the psriletal peritoneum and neighboring serosa;
however, later in an inflammetory process, he believed the
sensitiveness might become decreased. He also correctly

postulated that chemically different substances such as of
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the stomach, gallbladder, intestine of abscesses gave
rise to pain when they contacted normal or hyperemic
parietal peritoneum. He explained rigidity in peritonitis
as a characteristic reflex response of the sgbdominsl
muscles to the psin originating in the veritoneum or
subserous tissue. It was a protective response to limit
motion of the abdominsl organs and thus decrease psin-
ful irritation of the sensitive peritdneum. Lennander
minimmized the importance of local tenderness, rigidity
and hyperesthesia in abdominal disease before the onset
of actual peritonitis in contrast to Ilackenzie and Head.
(46),(49),(28) 1In the 1light of present knowledge it
would appear that Lennander was not far from being the
more correct.

Mackenzie, recognized the great sensibility of
the subserous layer of the parietal peritoneum and the
possibility of a peritonitis producing great pain and
tenderness by the involvement of this layer. But he
observed that peritonitis produced hyperalgesia =nd
tenderness and rigidity so readily that he thought these
were due to viscero-sensory and viscero-motor reflexes
arising from the "sensory sympathetics" in the serous
layer of the peritoneum and produced through an irritable
focus in the cord. He did admit, however, the great

difficulty in distinguishing between the referred signs
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and those due to the difect invasion of the external
body wall; thus, in appendicitis when the inflammation
extended from the serous parietal peritoneum to the ab-
dominsl wall another series of symptoms might arise pro-
duced by a different mechanism. In the immedliate regicn
of the inflemmation very similar pain and assocleted
responses would occur. Lemaire and Hertzler, it would
appear, sgreed with liackenzie in regard to the insen-
sibility of the parietal veritoneal serosa and the possi-
bility of viscero-sensory and -motor reflexes arising
from it. (45),(31)

In the light of present knowledge in regard to
sensory distribution there is no reason for belleving
that there are any afferent sympathetic fibers in the
parietal peritoneum or any place else in the body; the
sensory supply to the parietal peritoneum must be through
the muscular branches of cerebrospinal nerves. ( 9)

The ususl explanation at present, therefore, as to
the pain, tenderness and rigldity of a parietal peritoneal
irritation is that they result from a direct involve-
ment of the sensitive cerebrospinel nerves in the per-
itoneum especially in the subserosa. There is a spon-
taneous pain from the area of irritation in the peritoneun.
There is pain on pressure, the severity of which depends

upon the intensity and extent of the irritation. There
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may be a bypersensibility.of the skin due to an ir-
ritation of the nerve trunks in continuity with the in-
flamed area and consequently hyperirritability of the
end-organs in the skin. Or there may only be tenderness
on deeper pressure due to hypersensibility of nerve
trunks near the area or by actually increasing the pres-
sure upon nerve endings of the parietal peritoneum.
Rlglidity is explained as a reflex contraction of the mus-
cles over the area involved and its extent as well as
the extent of the tenderness, gives a rather accurste
estimation of the extent of the parietal peritonesal
irritation. Rigidity as a reflex results from painful
impulses arising from the irritated =rea in order to give
protection from pressure and movement. The rigidity
tends to be most severe at the point of initial and maxz-
Imum irritation and is often. found in segments of muscles,
as, for example, between inscriptiones tendenial of the
rectus. (15),(9 ),(31),(51)
| Morley, in 1931, (51) elaborated considerably up-
on the nervous mechanism for pain, tenderness and rigid-
ity arisihg from parietal peritoneal irritation, and pro-
posed an alternate theory in place of reflex viscero-
sensory and viscero-motor phecnomens. His arguments were
based principally upon the belief that the pain pro-

duced by stimulation of the verietal oeritoneal surface
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of the diephragm was "referred" or radisted in precisely
the same manner as that from the parietal peritoneum of
the abdominel wall. It was his belief that the central
portion of the disphragm was of somatic and not visceral
derivation as usually thought and that it was covered by
typical parietal peritoneum and that its nerve supply
from the phrenic consisted of "deep" somatic afferent
fibers similar to those in the parietal peritoneum else=-
where. Irritation of the diaphragmatic peritoneum pro-
duced pain not in the diaphragm but in an area over the
shoulder-tip innervated by the superficial distributlon
of the 4C nerve. &imilarly he believed the irritation of
the peritoneum of the abdomineal wall preduced a pain not
felt in the peritoneum but in the superficial distri-
bution of the nerve supplying the area of peritoneum
stimulated. The only difference between the shoulder-
tip pain and that of the anterior abdominal wall pro-
duced by peritoneal irritation was that in the former in
the process of descent of the diaphragm the portion in-
nervated by the deep fibers of the 4C nerve became ser-
srated from the superficial area but in the abdominal wall
the deep fibers innervating an area of parietal periton-

eum directly over an ares of skin and subcutaneous tis-

sue innervated by superficial fibers of the same seg=-

ment produce pain over the site of irritation. Obviously



91.

| S

a mechanism for this radiated pain had to be vostulat-

ed; he believed it took place through the afferent somet-

-

¢ fibers to the pveritoneum which set up an irritable

J—e

focus probably in the posterior horn of the cord or
posterior gangliz cells and a radiation takes place to
the suberficial afferent fibers. This he c:clled a per-
itoneo~cutaneous radiation. The muscular rigidity fron
peritonesl irritaetion he believed to be in the nature
of a peritoneo-muscular reflex via somatic afferent
fibers from the veritoneum Lo the irritehle focus and
stimulation of motor fiters to the muscles of the cor-
responding area. llorley believed that the localized pzin,
the deep ond superficial tenderness and muscular rig-
idity so commonly observed in association with inflam-
matory disorders of the cbdomen were accounted for much
more correctly and simply by his theory than by the vis-
cero-sensory and viscero-motor reflexes.(51)

Only the test of time and further observation and
experimentation will tell whether liorley's theory, which
1s convincing in many respects, is entirely or'in part

™

bav

e

true. s (18) =2nd Ogilvie (56) have spoken favorable
words for it but would not deny the possibility of vis-
cero-sensory reflexes, also.

(D) Zxamples of Parietal Peritonesl Irritation

(1) Stomach
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The controversy brought up by llorley's contention
that the local tenderness and rigidity of a peptic ulcer
might be due to a parietal irritation produced by the con-
tact of the inflamed ulcer area with the anterior psarietal
peritoneum, is open for considerable debate. The prin-
cipal objection to the univeraal application of his theory
for local ulcer signs is that it does not seem quite like-
ly that in every ulcer with localized sisns, especlally
tenderness over the ulcer site, thst there is an achtual
contact of the inflammatory ulcer site with the parietal
peritoneum. It can not be denied, however, that often

an ulcer which is perforating may not et times set up an

l_h

rritation in the nature of a local peritonitis in-

o

volving the anterior parietal neritoneum which is pro-

I

dictive of pain, tenderness and rigidity over the area
involved.
m

The principal peritoneal resction in connection
with ulcer is that from perforation. The pain of the
primary stage of shock in a perforetion is gquite charac-
teristic. It begins very suddenly and is immediately ex=-
ceedingly severe =nd prostrating; it quickly extends over
the entire abdomey but is most marlzed sbout the ulcer
site. The tenderness is also extreme and universal but
generally most marked over the ulcer site. There is a

continuous intense rigidity throughout. These symptoms

[
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which may last from a few minutes to two or three hours
are undoubtedly due to the pouring out of gastric contents
into the peritoneum. (15) Hertzler found that a drop
of the escaped fluid produced severe pein when placed
on the conjunctiva; he found that dilute HCl placed
on the parietal peritoneum produced pain. (31) It would
seem, therefore, that it is the direct effect of the
acid in the escaped contents which is the princinal
irritant to the peritoneacl nerves. The so-called stage
of reaction in perforation is maerked by some lessening

.

of the vrain but desplte the relief of prostration the

a

3
[
ca
‘—h
jo]
[N

ty and tenderness remain the same., The pain in
this stage is probably due to the continued scid irri-
tation and the development of peritoneal inflammation.
The stare of actual peritonitis is marked by pain and
tenderness which 1is still intense, but there is apt to
be a more definite locelization over the noint where the
maximum infection is located. In perforated duodenal
ulcer it is often iIn the dependent risht iliac fossa,
The rigidity is usually less marked =nd there is dis-
tension of the abdomen. Terminally, the pain may dis-
appear due to the failure of nsrves to be irritable and
the rigldity may discppear due to the lasclk of pain and
to tThe paralysis from excessive stretching of the mus-

cles. The pain in the Inflammatory stage is apparently
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mostly due to pressure and irritation of inflammatory
exudate pressing on nerve terminals. (15),(26),(31)
(2)Intecstines
Perforation of the intestine acts comewhat similar-

ly to that of the stomach except that the initial per-
iod of pain and shock may not be so marked, A bacterial
peritonitis, however, is the usual result. Apparently the
toxicity of the material poured out into the peri-
toneal cavity does nbt have a great deal to do with the
painful symptoms since a very virulent and rapidly
fatal peritonitis mcy vroduce very few symptoms.( 31)

| Probably the principal cause of parietal ner-
itoneal irritation and sematic pain so far as the in-
testines (including the omentum and mesenteries) is
that resulting from obstructive lesions especially
those in which the blood supply to a portion of tissue
is cut off. In mesenteric thrombosis there is usually
a sudden severe pain probebly due to atonic or hyper-
tonic obstruction of the affected portion of gut.Al-
most immediately, however, the process of necrosis be-
gins in the mesentery and gut, and it is the irritating
effects of these dying tissues which give the signs of
local pain, tenderness and rigidity when they come in-
to contact with the parietal peritoneum. Of course,

later bacterial infection becomes a factor.



©5.

The less sudden shutting off of the blood supply
as in a strangulated hernia of ~ut or omentum, or in
volvulus has, however, the same effect of starting the
process of necrosis., It iIs when there is contact of
exudates from the necrosing tissues with the parietal per-
itoneum that pronounced localizing pain and tenderness
are found over the site of the affected viscus. The pain
of gangfene may subside after a period of time, pro-
bably due to death or leck of irritability of pain re-
ceptors, The advent of local abscess formation or of
spreading of bacterial or necrotic material onto addition-
al peritoneum is productive of renewed symptoms. The
important point to be emphasized is that when localizing
palin, tenderness, and rigidity arise in such obstructive
1eéions as hernia, volwvulus, intussusception, tumor, etc.
a peritoneal irritation must be suspected. (51),(15),(51)
(3) Appendix

The usual localizing signs of pain, tenderness
and rigidity of a typical acute appendicitis which us-
ually appear six to twenty-four hours after the epigastric
pains have lessened or ceased, need not be described here.
It is only when the localized spontaneous pain appears, or
perhaps a short time before it appears in coms cases, that
pain on pressure and muscular rigidity are found in the

area over the appendix. These localizing signs of ap-
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pendicitis are due to the extension of an inflammatory,
or necrosing process to the viscersal peritoneal sur-
face of the zppendix and a dissemination of irritating
toxins of the process to the sensitive narietal per-
itoneal surface. This is a localized peritonitis in the
strict sense of the word or what has been called a peri-
appendicitis. (&) No abscess formation or verforation
has as yet taken place.

In the majority of cases these localizing re-
actions due to somatic nerve irritation are to be féund
in the right ilica fossa; often the noint of maximum pain
and tenderness will be found at McBurney's point. How=-
ever, McBurney himself (54) stated that the point of max-
imum tenderness might vary from this point, and despite
the mistaken idea of some that the tenderness must be at
a certain point, the significant fact is that the local-
izing signs are not where the appendix is supposed to be
but where the periappendicitis is located. Thus, if the
appendix and periappendicitis are located high on the
right side, if there is a left-sided appendix, if the
appendix hangs low in the pelvis, the locelizing signs will
appear where the lesion is, that is, providing there is
parietal peritoneal irritation. 4in inflamed pelvic ap-
pendix vhich has not ruptured often gives no anterior ab-

dominal rigidity or pain ené tenderness but a tenderness
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by rectum may often be elicited. (15 A retrocecd) ap-
pendix, as a rule, gives less pain, tenderness and ri-
gidity and these are likely to be found posteriorly
over the iliacus and quadratus lumborum muscles. (15)
There are numerous possibilities as to the sub-
sequent course of appendicular disease after the stage
of periappendicitis. Theomentum may so quickly and ef-
fectively proﬁect the inflamed organ that even few, if
any, signs of periappendicitis may appear. Or a local
abscess often forms as the result of perforation and if
parietal peritoneum is involved in the abscess cavity,
irritation and pressure are produced and somatic sighs
are likely to be found.(3l) The perforation of an ap-.
pendix often times or: the rupture of a local abscess
cavity is quite often marked by & lull in the symptoms
including‘haip due to tre relief of'pressure, bpt soon
the somatic signs of a diffused peritoneal involvement
appear.
(4)Gallbladder
In some respects the gallbladder and cystic duct
are analogous to the anpendix in that ezch is a tubal

out=pouching from the intestine and each is subject to
occlusion of its lumen and subsequent infection. Of
course, stone i1s the common cause of Dbiliary obstruction

but cholecystitis may occur with or without the presence
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of stone. (15) All degrees of cholecystitis from a simple
hyperemia of the wall to gangrene and perforation may
occur and the symptoms vary addordingly. It may be stated
as a general rule that with the probable exception of a
certain degree of deep tenderness over the gallbladder,
the remainder of the localized signs of pain, tenderness
and rigidity of biliary desease are due to some degree
of cholecystitis.

As Hlorley stressed ( 51) it 1s probable that even
a2 certain degree of local tenderness and psain may result
from the mere contact of the fundus of a slightly in-
flamed gallbladder wall with the normal parietal per-
itoneum. With a somewhat more intensive inflammation of
the wall and peritoneum of the gallbladder, a reaction
in the peritoneal surfaces, a pericholecystitis, near the
gallbladder including a local area of parietal peritoneum,
especlally at its point of contact with the fundus of the
gallbladder. This parietal peritoneal irritation is a chen-
ical one at this stage from the non-infectious exudate fronm
the gallbladder wall snd is productive of uppner right
rectus rigidity and a delimited aree of tenderness in the
right hypochondrium. (15),(31)

At times, the reaction jub described will be
seen to prozress by a gradual creeping downward of the

tenderness and rigidity toward the right ilisc fossa and
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of the peritoncal recection, probabhly bacterial

e

n nature.
(51),(15) £~ perforation of the gallbladder whilszs not cor-
mon, is a condition that is occasionally met with., If

the perforation has been rather slow

s a localized ver-

i

ct

onitis with symptoms localized to the hepatic region

occurs. (31) DBut on some occasions, a nerforation into

(Y

the general peritonesal cavity oscurs with the symptoms of

a generalized veritonitis result

e

ng. Usually it is not

3]

s severe as thst from ulcer and the history often serves
to differenticte the two. Unchanged bile and mucus ap-
paréntly produce at most only a limited degree of chemical
peritonitis, but stagnant bile with infectious exudate is
capabhle of producing intense parietal peritoneal pain,

tenderness and rigiditr. (31)
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COUCLUEION

S0 nunerous and scsattered sre the facts in re-

o

gard to ebdominsl poin and its related sicrns ondéd so much
remains theoreticel in the 'nowledge of the exact causation
and mechanisms, that the reaction of many is one of

despair amidst confusion. If, however, a more practical
scheme for the evaluation of »ain as a sympton is to be

obtained end if ovrozress is fto be mode in the more accurate

scientific understanding of it, then the two princinles

which have led to the present understanding must be ad-

T

—~to

hered to, The first is the careful ohservation of the

facts, both objective and subjective, which have served

[t

as the basis for the remaer¥eble deductions of the =sszrlier

vorlzers end which must be the storting noint for the pre-

sent and future practicael and progressive understanding
of pain., Then, second, it is the intelligent inter-
ard to pain, nerhans with
the aid of s~me such schieme asg vroposcd in this paper

clecarly in mind, *het confusion will be replaced by a more

practical oppreciation of pein as a symptom and by forward

h

Tl

steps in the knowledge of the anatomy end chysiology of
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