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ANATOMICAL CONSIDERATIONS

Before discussion of the physiology of the gastro-intes-
tinal motility it would be well to review briefly the anatomy
of the region. The parts are: esophagus, stomach, small and
large intestine.

The esophagus or gullet is, with the exception of pylorus,
the narrowest and one of the most muscular parts of the whole
alimentary tract. In the neck anteriorly lies the trachea
and in the groove at each side, between the trachea and eso-
phagus, the recurrent laryngeal nerve ascends to the larynx.
The two vagus nerves, after forming the posterior pulmonary
plexus, descendg to the esophagus, where they form, with each
other and with branches of the sympathetics, the esophageal
plexus. From this plexus two nerves pass downwards, one on
the front and one on the back of the esophagus, through the
opening in the diaphragm. Each of these nerves contains
fibers from both vagi, and they are termed the anterior and
posterior gastric nerves. The sympathetics reach the esopha-
gus by way of the thoracic sympathetic trunks passing to the
esophagus mainly through the esophageal branches of the great-
er splanchnic nerve. Histologlcally, the eplthelium of the
mucous layer is thick and stratified. The muscularis mucosa
is very wide. It 1s a layer of longltudinal smooth muscle
fibers, which is thrown into longitudlnal folds when the eso-

gus is contracted. The muscular layer consists of an Inner



circular and an outer longitudinal layer as elsewhere in the
digestive tract. It is interesting to note that there are
considerable differences in the musculature of the esophagus
in different species (64) (182). The esophagus, for instance,
in the rabbit and dog 1s composed almost entirely of striated
muscle; in the cat two-thirds of the upper part is striated
muscle. In man the upper third consists of striated muscle,
middle third of mixed, and lower third of smooth muscle. This
striated muscle is peculiar in that it does not atrophy when
its nerve supply is cut, but maintains its tone. Another
peculiarity is that, though striated, one has no control over
it.

The stomach is composed of a serous coat and three layers
of muscle flbers - longitudinal, circular and oblique from
without inward. The mucous membrane has an abrupt transition
at the junction of esophagus and stomach from a stratified
squamous epithelium to a simple columnar eplithelium which 1is
thrown into elevatlions and depressions called rugae. There
1s a well marked muscularis mucosa. The pyloric part consists
of a proximal chamber, the antrum, and the pyloric canal
through which the stomach communicates with the duodenum. The
notch at the lower end of the lesser curvature formed by the
bending of the pyloric part upon the body 1s known as the
incisura angularis. The pyloric canal 1s a narrow passage

around which the circular coat of the stomach is thickened

to form the pyloric sphincter.

The musculature of the stomach is almost completely se-



parated from that of the duodenum by a ring of connective
tissue (40). Horton (213) made serial sections of the pyloric
region of ninety human stomachs and found that, in most sec-
tions of the ring, the strong submucous fibrous layer of the
pars pylorica runs outward to join the subperitoneal layer in
such a way as to separate the muscle of the stomach from that
of the duodenum. In one of the specimens he found a complete
break between the muscle sheets on the two sides of the sphinc-
ter, but usually there were a few small bridges of circular
muscle and some larger ones of longitudinal muscle. DBut even
these bridges were broken up into little bundles by connective
tissue or by spaces filled with blood vessels. Curiously, the
Auerbach's plexus crosses over from stomach to bowel without
much of a break; in fact, there sometimes is a duplication of
the layer of nervous tissue at the pylorus (214). Interesting
to the spread of carcinoma of the stomach will be the fact
that in no one of thirty-five specimens of pylorus injected
by Horton (215) with Indla ink was there any connection be-
tween the submucous lymphatics of the stomach and those of the
duodenum., In a few cases there were some connections between
the subserous lymphatics on the two sides of the pylorus.

This break may account, at least in part, for the tendency of
gastric carcinoma not to spread across the pylorus. A consi-
derable degree of separatlionbetween the blood vessels of the
pars pylorica and duodenum was shown by Williams (455).

The wall of the small and large bowel is composed of an

outer longitudinal and an inner circular coat. The latter



1s considerably thicker than the former. These two coats are
arranged in a spiral fashion (95) (96) (97) (98). As elsewhere
in the gastro-intestinal tract the myenteric plexus of Auerbach
1s situated between the two muscular sheets. The plexus of
Melssner lies in the submucosa. These two plexuses are con-
nected with one another by nerve filaments which pass between
the circular muscular fibers. Auerbach's plexus contains
numerous ganglion cells which are scare in Meissner's plexus.
Its extrinsic innervation is through the vagus and the sympa-
thetic,

Innervation. Following the analysis of many anatomical
pathways in the so-called sympathetic system (368) (257) and
the functional influences on the gastro-intestinal tract and
various visceral structures 1t became apparent that there were
two more or less antagonistic patterns in the motor innerva-
tion of wvliscera. There were found to be preganglionic efferent
fibers in the thoracic and upper four lumbar nerves passing
by way of white rami communicantes to the sympathetic trunk
and ganglia; and other preganglionic efferent fibers in cranial
nerves ninth, tenth and eleventh and sacral nerves second,
third and fourth, passing directly with these nerves to peri-
pherally located ganglia. The visceral efferent fibers of

the thoraclic and lumbar nerves when stimulated were found to

have effects upon gastro-intestinal tract that were different
from, and in many cases opposite to, those of the visceral
efferent fibers of cranial and sacral nerves. These two

different outflows were known respectively as the sympathetic



and parasympathetic innervations of the gastro-intestinal tract.

The motor innervation of these structures, in contrast to
the innervation of the skeletal muscle in which a single neuron
extends from the central nervous system to the muscle fiber,
is by a two-neuron chain, made up of a preganglionic neuron
with its cell body in the central nervous system and a post-
ganglionic neuron with its cell body located in some autonomic
ganglion. The axon of a preganglionic neuron synapses with
one or more postganglionic neurons in a ganglion; the axon of
a postganglionic neuron ends in relation to muscle or gland
cells. Such is, in brief, the principle of gastro-intestinal
innervation on its motor side. The usual term autonomic, for
instance, does not include the sensory side of gastro-intes-
tinal innervation by definition. The digestive tube like
other viscera are well supplied with afferent nerve fibers,
the arrangement of which is essentlally like that of somatic
afferent fibers.

Afferent fibers are found in the ninth and tenth cranial
nerves and in many of the spinal nerves, specially in those
associated with the white rami ( thoracic and upper lumbar
nerves ) and in the second, third and fourth sacral nerves.
These afferent fibers take origin from cells in the cerebro-
spinal ganglia. From these ganglia the fibers run through
the corresponding cerebrospinal nerves to the autonomic nerve
and ganglia, through which they pass without interruption to

end in the viscera. These fibers are of all sizes, including

large and small myelinated fibers and many which are unmye-



linated (114) (365).
The afferent impulses mediated by these fibers serve to
initiate visceral reflexes, and for the most part remain at
a subconscilous level. Such general visceral sensations as
we do experience are vague and poorly localized. Tactile
sensibility 1s entirely lacking in the gastro-intestinal
tract and thermal sensibility almost so, although sensations
of heat and cold may be experlienced when very warm or cold
substances enter the stomach or colon (102). Pain cannot
be produced by pinching or cutting the thoracic or abdominal
viscera. Acute visceral pain may, however, be caused by dis-
ease, as in the passage of a stone along the biliary tract
or ureter. Tension on visceral structures is an adequate
stimulus for pain and tension may be produced by overstretch-
ing or by excessive muscular contraction-when tissues are
inflammed or edematous the threshold for pain is lowered,
Efferent flbers of the cerebrecspinal nerves take origin
from cells located within the cerebrospinal axis. They do
not run without interruption to the structures which they
innervate; instead, they always terminate in autonomic ganglila,
whence the impulses they carry, are relayed to thelr destina-
tion by neurons of a second order. This important information
we owe to Langley (258) (259), who showed that the injection
of proper doses of nicotine into rabbits prevents the passage
of impulses through the autonomic ganglia, although an undimi-

nished reaction may be obtained by stimulation of the more

peripheral visceral nerves. By a long series of experiments



Langley has shown that there are always two and seldom, if
ever, more than two neurons concerned in the conduction of an
impulse from the central nervous system to smooth muscle or
glandular tissue. The neurons of the first order in this series
are designated as preganglionic, those of the second order as
postganglionic, with reference to the relation which they bear
to the ganglion containing their synapse.

Preganglionic neurons have thelir cell bodles located in
the visceral efferent column of the cerebrospinal axis. The
cells are smaller than those of the somatic motor column and
contain less massive Nlssl granules. From these cells arise
the fine myelinated visceral efferent fibers which run through
the cerebrosplinal nerves to the autonomlc nervous system and
terminate in the autonomic ganglia,

Postganglionic neurons have their cell bodles located in
the autonomic ganglia. In fact, these cells with their den-
dritic ramifications and the terminal branches of the pre-
ganglionic fibers synaptically related to them are the essen-
tial elements in the ganglia. Their axons for the most part
remain unmyelinated and run through the visceral nerves and
plexuses, to end in relation with involuntary muscle or glan-
dular tissue. A very few postganglionic fibers acquire deli-
cate myelin sheaths.

Knowledge of the final terminations of autonomic fibers
upon the effectors they supply 1s not complete (366). Smooth
muscle is supplied with small knobbed endings which make con-

tact or, according to Boeke (57), become embedded in the



muscle cell near the nucleus. It is probable that not all
smooth muscle cells are directly innervated, for although this
appears to be so in the intrinsic muscles of the mammalian eye,
no such profusion of endings has been demonstrated in the smooth
muscle of the gut wall (157).

The action of visceral effectors in most instances is that
of large groups of cells, and, in the absence of direct inner-
vatlon to each unit cell in gland and muscle there is implied
a method of spread of influence to the units not in contact
with nerve endings. This need is supplied in some instances
as postulated by the release of humoral substances in the tissue
juice and other body fluids which activates or prolongs the
action of visceral effectors. Eplnephrine produced by the
cells of the medulla of the adrenal gland 1s the best known
example of such a substance. The cells which produce it, in-
cidentally, are homologous with neurons of autonomic ganglia.
That is, they are both derived from the same embryologlcal
source and are supplied by nerve-fibers arising from visceral
efferent neurons of the spinal cord. This type of innervation
of the chromaffin tissue is the one known exception to the
rule that a two neuron chain intervenes between central nervous
system and visceral effector.

There are three important branches of the thoracic portion
of the sympathetic trunk known as the splanchnic nerves. These
run through the diaphragm for the innervation of the abdominal

viscera. The greater splanchnic nerve is usually formed by

branches from the fifth to the ninth thoraclic sympathetic gang-



lia and after plercing the diaphragm joins the celiac ganglion.
The smaller splanchnic nerve is usually formed by branches
from the ninth and tenth thoracic sympathetic ganglia and ter-
minates in the celiac plexus. The lowermost splanchnic nerve
arises from the last thoracic sympathetic ganglion and termin-
ates in the renal plexus. These splanchnic nerves, although
they appear to be branches of the thoracic sympathetic trunk,
are at least in major part composed of fibers from the white
ramli, which merely pass through the trunk on their way to the
ganglia of the celiac plexus (258) (365).

The celiac plexus ( solar plexus ) is located in the ab-
domen in close relation to the cellac artery. It is contin-
uous with the plexus which surrounds the aorta. Subordinate
portions of the celiac plexus accompany the branches of the
celiac artery and the branches from the upper part of the ab-
dominal aorta. The celiac plexus contains a number of ganglils
which in man are grouped into two large flat masses, placed
one on either side of the celiac artery and known as the celilac
ganglia., These ganglia are bound together by strands which
cross the median plane above and below this artery. Somewhat
detached portions of the celiac ganglion, which lie near the
origin of the renal and superior mesenteric arteries, are
known respectively as the aorticorenal and superior mesenteric
ganglia. In addition there 1s a small mass of nerve cells in
the inferior mesenteric plexus close to the beginning of the

inferior mesenteric artery. This is known as the inferior

mesenteric ganglion,



10

Preganglionic fibers reach the celiac plexus from two
Sources: namely, from the white rami by way of the sympathe-
tic trunk and splanchnic nerves and from the vagus nerve.

Most 1f not all of the preganglionic fibers contained in the
splanchnic nerves terminate in the ganglia of the celiac plex-
us., Preganglionlc fibers, arising in the dorsal vagal nucleus,
leave the medulla in the ninth, tenth and accessory part of
the eleventh cranial nerves. They constitute the major por-
tion of the vagus nerve in the neck and through it reach the
heart, bronchial tree, and gastro-intestinal tract, as far
down as the transverse colon. At the lower end of the esopha-
geal plexus the fibers from the right vagus nerve become assem-
bled into a trunk which passes to the posterior surface of the
stomach and the celiac plexus. The fibers of the left vagus
pass to the anterlor surface of the stomach and to the hepatic
plexus. It 1s probable that the preganglionic fibers of the
vagus do not terminate in the ganglia of the celiac plexus,
but merely pass through that plexus to end in the terminal
ganglia, such as the small groups of nerve cells in the my-
enteric and submucous plexuses of the intestine.

The myenteric plexus ( of Auerbach ) and the submucous
plexus ( of Meissner ), located within the walls of the stomach
and intestines, receive filaments from the gastric and mesen-
teric divisions of the celiac plexus., They also receive fibers
from the vagus either directly, as in the case of stomach, or
indirectly through the celiac plexus. Unfortunately, very

little is known concerning the synaptic relatlions established
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in the ganglia of these plexuses. According to Langley, the
postganglionic fibers from the celiac ganglia run through
these blexuses without interruption and end in the muscular
coats and glands of the gastro-intestinal tract. The pre-
ganglionic fibers from the vagus probably end in synaptic
relation to cells in these small ganglia; and the axons of
these cells serve as postganglionic fibers, relaying the im-
pulses from the vagus to the glands and muscular tissue.

The enteric plexuses must also contain a mechanism for
purely local reactions, since peristalsis can be set up by
distention in an excised portion of the gut. These purely
local reactions are known as myenteric reflexes of Cannon
(81) and depend upon a mechanism entirely contained within
the enteric wall., But as yet we are entirely ignorant as to
what that mechanism may be. With this exception the evidence
strongly indicates that all visceral reflex arcs pass through
the cerebrospinal axis. It seems certain that no reflexes
occur in the ganglia of the sympathetic chain (58) (183); but
the possibility cannot be ruled out that the collateral gang-
lia may serve as reflex centers, controlling to some extent
the viscera which they supply (255). From time to time vari-
ous authors have suggested (390) that some visceral afferents
have their cell stations in the sympathetic ganglia instead
of the dorsal spinal nerve roots. Kuntz (254) has showed evi-

dence of local sympathetic reflexes which do not involve the
spinal cord at all. He speculated on the autonomic nervous

system as a collection of reflex arcs involving both afferent
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and efferent fibers, some of which were strictly local with
cell stations in the‘walls of the particular organs innervated.
Schwartz (383) further supported the concept of extraspinal
sympathetic reflexes by cutting the dorsal roots of the entire
limb distal to the dorsal root ganglia. After time had elapsed
for degeneration, he was still able to obtain galvanic reflexes
from the skin; nicotine abolished the reaction, which suggests
true synaptic transmission quite separate from an axon reflex
(432). Fulton also mentioned that there is some evidence that
true reflexes can occur through peripheral ganglia whose con-
nections with the centrak nervous system have been severed
(265) (383) which would mean that cell bodies of certain vis-
ceral afferents may lle peripherally and their processes form
synaptic connections directly with postganglionlic neurons in
sympathetic ganglia. Recent attempts with unquestionably
decentralized gangllia have, however, faliled to corroborate
this evidence.

The visceral branches of the sacral nerves supply motor
fibers to the colon and rectum. Preganglionic fibers arising
from cells of the lateral gray matter pass out of the spinal
cord in ventral roots of sacral third and fourth ( sacral
second and fifth occasionally participating ). They leave
the corresponding spinal nerves, and run forwards as separate
nerve bundles ( pelvic nerve or nervi erigentes ) on each
gide of the rectum; They form synaptic connectlons with cells

in ganglia of the belvic plexuses or within the walls of the

rectum and bladder, from which postganglionic fibers arise



to supply the hind gut, bladder, and blood vessels of the

generative organs.
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THE MOTILITY OF THE ESOPHAGUS

It is noted that there are considerable differences in
the musculature of the esophagus in different species. The
muscle lining the esophagus is interesting in that at least
in the upper part of the tube 1t 1s strlated. 1In rabbits
and dogs this semivoluntary muscle extends a little way onto
the stomach; in the goose it is absent, and in man and in cats,
it lines the upper two-thirds of the tube. This striated
muscle seems to be a little different from other striated
muscles in that 1t does not atrophy when the nerves are cut,
In this regard it resembles that of the external sphincter
of the anus. Its physiologic peculiarities have been des-
cribed by Goodall (170).

Regarding the peristalsis of the esophagus the earliest
investigation reported by Wild (83) in 1846 showed that if
the esophagus is divided or simply tied about it with a thread,
the peristaltic wave 1s definitely blocked at the point of
interference. From this observation he drew conclusion that
esophageal peristalslis 1s due to a series of reflexes start-
ing in the mucous membrane of the esophagus itself - a series
at once stopped by any interruption of the continuity of the
tube. Mosso (83) placed a small wooden ball in the esophagus
below the point where the tube had been transected. When a

wave started by a swallowing movement had traversed the upper
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section it did not stop at the point of incision but in due
time appeared below and carried the ball on into the stomach.
Mosso concluded that esophageal peristalsis is originated in
the central nervous system. The experiments of Wild and Mosso
were repeated by Meltzer (311) (312). According to Meltzer's
results Wild observed conditions which appear in deep anes-
thesia and discovered the reflex peristalsis which can ori-
ginate in the esophagus itself. Mosso on the other hand who
studied the conditions in light anesthesia discovered the
central origin of the procession of esophageal peristalsis
which normally prevails. Meltzer and many others pointed
out that any one who wishes to study the mechanisms underly-
ing the process of deglutition must avoid the use of anes-
thetics because they interfere so markedly with the proper
working of the many reflexes which are involved. Cannon (79)
prepared cats for double vagotomy by the Pavliov method. He
observed paralysis of the whole esophagus immediately after
operation and noted recovery of the lower end which corres-
ponds to the smooth musculature. From these investigations
the differences between the nervous mechanlisms responsible
for maln types of esophageal activity have been made out,
gince Mosso's observation revealed an esophageal peristalsis
of central origin, distinguished by Meltzer as primary peri-
stalais; whereas Wild's studies disclosed a reflex esophageal

peristalsis of peripheral origin and is called the secondary

peristalsis of Meltzer. The peristaltlc activity in the
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lower smooth end of the esophagus, capable without vagus
support to clear the esophagus of food, is denoted as the
tertiary peristalsis of Cannon. These experliments repeated
on the monkey gave identical results as in cats; but when
tried on the rabbits, no tertiary peristalsis was present,
since the esophagus of rabbit, unlike that of cat and monkey,
1s composed wholly of striated muscle (235).

The normal activity of the esophagus is largely depend-
ent on the integrity of the vagus nerves. When they are cut
or damaged, the part of the wall of the tube that is supplied
by striated muscle becomes paralysed and the chain of reflex-
es that normally carries food into the lower end of the eso-
phagus 1s broken. According to Jurica (235), double vagotomy
results in paralysis of the entire esophagus, but soon ( 9
to 24 hours ) there are signs of recovery of function in the
lower end where the muscle is involuntary in type. The
upper end of the tube with its voluntary muscle remained
paralysed. The food swallowed by vagotomlzed cats lodges in
the upper part of the esophagus, but it is moved downward by
subsequent swallows and also by gravity. The column of food
is pinched off by a wave when it reaches the segment supplied
with smooth muscle. Interestingly, the striated muscle uszual-
1y regains some of its motility after three months; it does
not degenerate after double vagotomy and 1t does not lose its
tonus. Cannon showed that in those animals in which the lower

end of the esophagus 1s supplled by involuntary muscle, there
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1s a certain amount of return of activity within a few days
after the vagl have been cut; but in those animals, like the
rabbit, in which the entire tube is lined by striated muscle,
the paralysis that follows the operation is likely to be per-
manent. Evidently the esophagus is more dependent on the func-
tion of the extrinsic nerves than is the stomach and bowel.
Stimulation of the vagus nerves on either side is saild
to produce tetanic contractions of the muscle throughout the
esophagus. In Jurica's experiment, double splanchnicotomy
did not affect the motility of the cat's esophagus, and most
investigators agree that the sympathetic nerves have little
to do with the movements of this part of the digestive tube.
Carlson (103) (105), May (307), Veach (433) and others (182)
took exception to this view., Kure et al (256) noted that
after section of the sympathetic nerves to the esophagus,
g barium meal stuck to the mucosa, which indicates that there
was a stoppage of the secretion of the mucus. Vineberg and
Komarov (434) under the direction of Babkin, demonstrated in
dogs that there is a close relationship between the esophageal
secretion and stimulation of vagi. Rhythmic stimulation of
the vagli in the neck activates a secretion of mucoid fluid
emanating from both the upper and lower ends of the esophagus.
In addition there are typlcal changes in the chemlcal compo-
sition of the esophageal secretion which indicates that the
vagus i1s a secretory nerve to the esophageal mucosa and the

action of the vagus produces a true secretion from the eso-
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phageal glands. The part played by the vagus in the esopha-
geal secretion is important experimentally whenever the influ-
ence of this nerve on the gastric secretion is studied since
the possibility of admixture of the esophageal secretion with
the latter must be excluded.

The mucous membrane of the esophagus is not very sensi-
tive to irritants, but painful sensations can sometimes be
felt and are usually referred upward into the neck or down-
ward to the epigastrium (59). According to Hurst (220) (224)
fairly strong solutions of hydrochloric acid are not felt in
the lower end of the tube; but, according to clinical exper-
lence, they may sometimes be felt, particularly, perhaps, 1in
highly sensitive individuals. The fact that food often re-
gurgitates into the esophagus and that its acidity ordinarily
is not perceived would indicate that the esophagus is normal-
ly rather insensitive. The pharyngeal end of the tube 1s sen-
sitive to acid, as anyone knows who has ever regurgitated or
vomited. In some persons the esophagus responds painfully
to the presence of strong alcohol.

Reverse peristalsis in the esophagus of man has been
observed usually in the presence of disease (101). Frequently,
during roentgen-ray examinatlons, speclally 1in cases of spasm
at the cardia, ripples of reverse peristalsis are readily vi-
sualized and sometimes the barium mixture shooting even as far
as the mouth, but this might be caused by the powerful con-

tractions of the lower end of the tube. Ripples of reverse
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peristalsis running up the esophagus are probably common,
specially in persons who suffer from indigestion. If very
shallow, they may be perceived by the subject only as little
gurgles. When these wavelets are strong and deep they pro-
duce true belching and acid regurgitation.

It 1s commonly believed that the esophagus i1s far removed
from voluntary influence. Roentgen-rays and kymograms used
by Jacobson for studies of esophageal spasm made this bellef
open to question (231). He presumed that the tonus of the
esophageal musculature may vary with that of the skeletal
system and it would seem that esophageal relaxation can be
carried through diminution of spinal impulses from relaxed
muscles. Individuals with ezophageal spasm had been trained
in this way to relax thelr skeletal muscles and it was found
that the esophagus could be voluntarily relaxed.

The normal esophagus generally contains some alr and it
may be seen to dilate a little with each inspiration. The
pressure in the esophagus is generally a little less than
atmospheric about -3.5 mm. of mercury. It may that this helps
somewhat in allowing the food to be shot through from the
mouth (20).

The main function of the esophagus 1s to share the act
of swallowing. This 1s a complicated reflex movement which
may be initiated voluntarily but 1s, for the most part com-
pleted quite independently of the will. The classical des-

cription of the act given by Magendlie divides it into three
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stages, corresponding to the three anatomical regions - mouth,
Pharynx and esophagus - through which the swallowed bolus
pbasses on 1ts way to the stomach. The first stage, which is
voluntary in nature, consists in the passage of the bolus of
food through the anterior pillars of the fauces. The masti-
cated food is formed into a bolus by the action of the tongue
against the palate and at the same time lubricated by mixing
with saliva, then moved towards the back of the mouth by ele-
vation of the front of the tongue. Moistening of the food

by the saliva is very important: it 1s extremely difficult

or impossible to swallow dry material. Mosher (327) made an
interesting and detailed roentgenologic study of swallowing.
According to him, the barium-containing mouthful was first
gathered in a space between the tip of the tongue and the back
of the incisor teeth. From there 1t flows into a space formed
by the hollowing of the dorsum of the tongue. The tip of the
tongue was then carried to the roof of the mouth and against
the teeth so as to prevent the mouthful from escaping forward.
The tip of the tongue rose, the base was depressed, and the
mouthful was pushed back against the posterior pharyngeal wall.
The base of the tongue then darted upward and backward like

a plston, and the mouthful was forced downward. The tip of
the eplglottis was at first separate from the base of the &
tongue, but as the tongue moved upward and backward, it forced
the epiglottis back against the pharyngeal wall. If a person

swallows only a small mouthful containing barium it can be
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seen to accumulate in the valleculae at the sides of the base
of the tongue. The epiglottis acts as a watershed which divi-
des the material into two streams, each of which runs into a
pyriform sinus. Below the pyriform sinuses the two streams
unite. The shadow of barium is seen to be narrow back of the
cricoid cartlilage, but below this the esophagus widens out.
During the continuous swallowing of barium water, the material
can be seen to run not only on either side of the epiglottis,
but also over it. From a study of serial roentgenograms,
Barclay (45) concluded that a large element of suction enters
into the process of swallowing. Negative pressure in the
pharynx is produced, first, by a raising of the larynx and

a backward movement of the tongue which for a fraction of a
second obliterates the pharyngeal space; and second, a reopen-
ing of the pharyngeal space due to a lowering of the larynx
and a forward movement of the tongue. Barclay felt that,
except in the case of fluids, gravity plays a minor part in
swallowing. The larynx appears to be closed off during swa-
llowing by a dragging up cf the anterior wall of the lower
part of the pharynx to form contact with the epiglottis. It
is evident that any factor which interferes with these move-
ments of the tongue or the moistening of the bolus by appro-

priate secretion of saliva can operate to produce dysphagia

in the first stage of swallowing.

The second stage of swallowlng 1s a purely involuntary

process, fundamentally a complicated coordinated reflex act
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by which the bolus is passed through the pharynx into the eso-
phagus. The whole act i1s very rapid as well as complex, 80
that not more than about one-fifth of a second elapses between
the beginning of the contraction of the mylohyoids and the
entrance of food into the upper end of the esophagus. The
nervous mechanisms involved in this reflex are sensitive re-
ceptors located in various parts of the pharynx and back of
the mouth. Pommerenke (348) studied the sensitive spots on
the posterior wall of the pharynx from which the swallowing
reflex can be started. In the dog and cat the chief spot 1s
on the posterior wall of the pharynx and is supplied by the
glossopharyngeal nerve. Accessory spots on the upper surface
of the soft palate are supplied by the glossopharyngeal and
the second branch of the trigeminus; others on the epiglottis
are suppllied by the superior laryngeal nerve. These spots

can be mapped by touching the mucous membrane here and there
until the reflex appears. After these spots have been cocain-
ized, swallowing may for a time be impossible. According to
Pommerenke, the anterior pillars are the most sensitive regions
in starting the swallowling reflex, and after them come the
posterior pillars., The uvula and soft palate are relatively
insensitive. In man the most important spot, at least for

the swallowing of solids, 1s at the side of the posterior wall
of the hypopharynx. This region is innervated by the glosso-
pharyngeal nerve. The margins of the epliglottls are very sen-

aitive and much concerned in directing the swallowing of liquids.
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This region is innervated by the superior laryngeal branch
of the vagus nerve. There is a swallowing center located

in the medulla oblongata just above that of respiratory cen-
ter. These centers are doubtless connected because during
swallowing the resplratory center is inhibited for a moment.
The effectors are located in various muscles of the pharynx
and larynx. When food is passed through the pharynx into
the upper esophagus, it is important that certain openings
into other passages be closed, The mouth cavity is shut off
by the position of the tongue against the palate and by the
contractions of the muscles of the anterior pillars of the
fauces. The opening into the nasal cavity is closed by the
elevation of the soft palate and the contraction of the pos-
terior pillars of the fauces and the elevation of the uvula.
The soft palate, uvula, and posterior pillars thus forming

a sloping surface shutting off the nasal chambers and faci-
litating the passage of the food backward through the pharynx.
The respiratory opening into the larynx is closed by the
adduction of the vocal cords and by the strong elevation of
the entire larynx. If the elevation of the larynx is pre-
vented, by fixation of the thyrold for example, the act of
swallowing becomes impossible. The movements of epiglottis
during this stage of swallowing have been much discussed;
authorities do not agree on the detalls concerning thls matter.
Formerly it was believed that the eplglottis 1s pressed down

upon the laryngeal orifice like the 11d of a box, thus effec-
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tually protecting the respiratory passage. MNost recent ob-
servations incline to the view that it is not necessary for
the protection of the larynx that the epiglottis be actually
folded down over it by the contraction of its own muscles.
The forcible 1lifting of the larynx, together with the des-
cent of the base of the tongue, effects the same results by
mechanically crowding the parts together, and the larynx is
8till further guarded by the approximation of the false and
true vocal cords, thus closing the glottis. According to
Mosher (327), however, the epiglottis does turn down to
cover the larynx. It is well known that the upper half of
the epiglottis can be removed without causing trouble, but
Mosher stated that the base or cushion of the epiglottis
must not be interferred with if difficulty in swallowing is
to be avoided. Any factor that interferes in the operation
of this reflex act can obviously cause dysphagia in the sec-
ond stage of swallowing. Injuries to the nervous and mus-
cular elements involved in the reflex are common causes. As
is well known clinically, the mechanism of swallowing is often
thrown out of order by injuries to the cranlal nerves and to
the nuclei in the floor of the fourth ventricle. Such dis-
turbances are seen commonly with intracranial thrombosis,
diphtheria, myasthenia gravis, balbar palsy and botulism,
They result in the regurgitation of food into the nose and
in its penetration into the larynx, with resultant spells of

coughing and, sometimes, asplration pneumonia. Such dysphagia
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can also be the result of the application of anesthetics to
the areas in the back of the mouth and pharynx provided with
the receptors, and mechanical failures of various passages
to close because of loss of tissue through operation.

The third stage of swallowing deals with the passage of
the food bolus along the esophagus and through the cardiac
sphincter into the stomach. Meltzer (310) and Greving (20)
showed that when the food is liquid or very soft, it 1s shot
through the whole length of the esophagus as a powerful
squirting by the force of the initial act of swallowing,
arriving at the lower end of the esophagus in about 0,1l
second, and may pass immediately into the stomach or 1lie
some moments in the esophagus, and then peristaltic waves
clean up what is left. When, however, food is solid or semi-
solid, as was shown by Cannon and Moser (89), 1t is forced
down the esophagus by a peristaltic movement of the muscu-
lature. The upper portion of the esophagus contains cross
striated fibers indicating rapid contractions; the lower end
consists of smooth muscle only, while the intermediate por-
tion is a mixture of the two varieties., The circular muscle
is constricted from above downward by an advancing muscular
wave. The peristaltic wave takes about five or six seconds
to reach the stomach, and on its arrival the cardlac sphinc-
ter, which ordinarily 1is contracted, relaxes and permits the
bolus to pass into the stomach. There are some species dif-
ferences in the respect. For example, 1n the dog cross-stria-

ted muscle fibers are found throughout the entire length of
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the esophagus, and therefore the peristaltlic wave moves much
more rapidly and at an uniform rate all the way. In those
species that drink with the head down it is evident that both
the squirting actlion in swallowing and the peristaltic mechan-
ism play important roles even against the force of gravity.

In man gravity plays a role because Schreiber (20) showed

that when the persons being studied tried to swallow while
standing on their heads, the barium mixture could not be
passed into the stomach; it merely lodged in the esophagus
and the upper edge of the column approached the cardia but

it dié not pass through. Paluglay (20) showed that when
patients are put in the trendelenburg position material pass-
es through the esophagus seven times more slowly than normal.
The afferent nerves for inltlating the periastaltic wave are
the sensory fibers to the mucous membrane of the pharynx

and esophagus, including the branches of the glossopharyngeal,
trigeminal, vagus, and superior laryngeal division of the
vagus. Artificial stimulatlon of the last nerve in the lower
animals is known to produce swallowing movements. The motor
fibers concerned in the reflex comprise the hypoglossal, the
trigeminal, the glossopharyngeal, the vagus, and the spilnal
accessory nerves, Since the lower part of the esophagus is
composed of smooth muscle, the wave of peristalsis moves along
independently of extrinsic nerves as 1s the case in the intes-
tines. The difference between the upper and lower parts 1s

thus related to the difference in the type of muscular flbers
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and their innervation. Any factor that can interfere in the
passage of the bolus through the esophagus can cause dysphagla
in the third stage.

The esophagus does not play an important role in the act
of vomiting. The passage through the esophagus is effected
mainly by the force of the contraction of the abdominal mus-
cles. However, relaxation of cardia 13 an essential part of
the vomiting act. After division of vagi, the animal retched

but material was not expelled from the stomach.
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THE MOTILITY OF THE STOMACH

When the stomach is empty its cavity below the upper
part of the fundus is completely obliterated by the apposi-
tion of the gastric walls. Food, after passing through the
cardia, collects just above the obliterated portion; apparent-
ly simply of its weight it gradually separates the gastric
walls, and passes downwards along the lesser curvature into
the body and pyloric part of the organ. The fundus and usual-
ly the remainder of the stomach above about the middle of the
body shows no peristaltic activity (83) (82). The muscle of
thls part of the organ is the seat of a weak tonic contraction
which is immediately inhibited by the entrance of food into
the stomach, or even by the presence of food in the esophagus.
The pyloric part, on the other hand, constitutes a chamber
wherein the food is fragmented and thoroughly mixed. Peris-
taltic waves commencing near the middle of the body of the
stomach sweep downwards through the pyloric antrum. They are

shallow and ill-defined at their commencement but become

stronger as they descend. They also increase in strength as

digestion proceeds and, when this is at its height, bite deep-

ly into the gastric walls. Cole has studied the waves in

human stomach by means of serial roentgenography and cinema-
tographic projection (118) (119) (120). He described the peri-

ataltic movement as a band of constriction which becomes well
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marked in the region of the incisura angularis and ends a
centimeter or two above the commencement of the pyloric canal.
The gastric wave travels more rapidly over the greater cur-
vature than over the shorter distance of the lesser curvature,
and according to Cole the constriction on the lesser curva-
ture upon reaching the incisura angularis " marks time ",
while that on the greater curvature continues on through the
antrum. The wave thus executes a sort of wheeling movement.
Two or more peristaltic waves may be seen at one moment.
traveling through the lower part of the body and pyloric re-
gion; for this reason the roentgen-ray appearance of the ac-
tively motile stomach is irregularly convoluted. The waves
in their downward journey show rhythmical variations in depth.
They might be described as waxing and waning. At one intant
they deeply indent the gastric wall and the segments between
the annular constrictions are also reduced in diameter. There
appears to be a general increase in tone of the gastric wall,
the capacity of the entire pyloric region being reduced. At
the next instant there 13 a general reduction in tone, the
waves are less intense, the convolution of the stomach out-
line less pronounced, and the capaclty of the pyloric region
ia increased. Cole compares these rhythmical alterations in
the organ's shape to the cardiac cycle, and speaks of a gastric
cycle. During the gastric cycles the stomach goes through a

geries of shapes and comes back to the original one. He was

one of the first to point out that, at intervals, all the



30

Indentations due to waves become deeper or shallower or sys-
tolic or diastolic changes take place in the whole organ. A
complete gastric cycle occupies about two to three seconds
and three or four cycles may occur during the passage of a
wave. The time requires for the passage of a four cycle type
of wave from its origin to the pyloric sphincter will be from
elght to twelve seconds. The obvious result of these move-
ments is to mix the food thoroughly.

It i3 well known, in the stomach of man there are about
three large waves a minute, and this holds true for a number
of laboratory animals. In the cat, there are generally five
or six waves a minute (83). There 1s no definite or any cons-
tant relation between the frequency and intensity of the waves
and intragastric pressure or acidity, or disease in elther
the stomach or neighboring organs (20). There 1s also no
relation in man between the acidity and the motor activity of
the stomach, however, in undernourished asthenic children
the stomach tends to be inactive, and others found that the
emptying time is somewhat prolonged (20). According to many
observers, the frequency of the waves is lessened when fats
are eaten. This will be discussed later.

Cole maintains that the peristaltic movement 1s a func-
tion of the muscularis mucosa and not of the regular muscular

coats. Some support of this view has been furnished by Goldon

and Singleton (20) who fastened ateel beads to the outer sur-

faces of the curvatures of the stomach and studied the gastric

movements by roentgenoscope, a barium meal has been first given.
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Waves were observed at times which did not disturb the align-
ment of the beads. They conclude that the stomach wall exhi-
bits two types of peristaltic movement, one, a vigorous peris-
talsls, which involves all coats of the stomach and another,

a weaker movement, invloving the mucosa and muscularis mucosa
only.

It 1s a remarkable fact that, with all the recent advances
in knowledge, physioclogists are still uncertain as to the exact
way 1in which the waves of the stomach travel to the pylorus.
In 1920, Wheelon and Thomas (447) reported having seen in dogs
with the abdomen open, the fading out of some of the waves
at the inclsura, the apparent pausing of waves there, the
dissociation between the activities of the two parts of the
stomach, the systolic type of contraction in the pars pylorica,
and the waves of relaxation. They concluded, however, that
the continuous type of peristaltic wave was the normal one
for the moderately-filled dog's stomach, and never saw a
systole of the whole pars pylorica. Evidence obtained with
the elétrogastrograph was shown by Alvarez in 1922 (10) (11).
He found that although some of the waves that seemed to begin
a 1little above the incisura had really come as ripples all
the way from the region of the cardia, others semmed to be
starting here, there and everywhere on the surface of the sto-
mach and traveling in different ways to the region of the
pylorus. Not infrequently, he found signs also of a dissocia-
tion between the activities of the body and the pars pylorica;

sometimes there was a blockage of one or more waves but,
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occaslonally, there was g complete independence of the rhyth-
mic activities in the two regions, with the body contracting
about three times to the pars pylorica's once. According to
Alvarez the highly rhythmic muscle found on the lesser cur-
vature next to the cardia may perhaps serve to some extent

as a pacemaker to send off the waves that course over the body
of the stomach. Under some circumstances another highly rhy-
thmic band of muscle near the incisura may serve as a pace-
maker for the pars pylorica. It is probable that waves can
originate in any part of the wall of the stomach. McCrea et
al (286) used cats, rabbits and dogs and either watched the
movements with the abdomen open, or else gave barium meals

and used the roentgenoscope. They described waves which
began near cardia and spread downward, producing a contraction
ring at the incisura, then a bulging of the pyloric portion,
and finally a concentric contraction of this region. This
contraction relaxes as a new wave arrived at the incisura,

In the pars pylorica of the cat, McCrea and his colleagues
observed about equal number<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>