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The normal physiology of the digestive system.
By
J. EArL THoMAs*-Loma Linda (Cal.) USA

and
M. H. F. Friepman**.Philadelphia (Pa.) USA.
With 6 figures.

1. Mastication.

The physiological process of digestion begins with mastication which serves
to reduce the size of the food particles, moisten and lubricate dry food, distribute
the salivary enzymes through the food mass and provide stimuli for reflexes that
are important in subsequent stages of digestion.

Mechanics of mastication. In the human the lower jaw can be moved antero-
posteriorly, laterally or vertically. Any one or all of these movements may be
utilized in chewing, depending upon the type of food and the purpose to be ac-
complished. The up and down motion merely approximates or separates the upper
and lower teeth and is used for crushing food particles, whereas the lateral move-
ments are used in grinding. The antero-posterior motion may also be used in
grinding but is chiefly important for aligning the upper and lower incisor teeth for
biting.

The force of the bite is apparently limited by the ability of the peridental
membrane to withstand pressure without undue pain and not necessarily by the
power of the muscles of mastication. Maximum total force between the molars
in excess of 270 pounds (122 + kg.) has been recorded in the human!. In the
dog a maximum force of 165 kg. has been observed 2, but for obvious reasons there
is no assurance that this represents the maximum of which the dog is capable.

The masticatory reflex. Mastication may be initiated and controlled volun-
tarily but for the most part it is a self-regulating reflex. The dual nature of the
nervous mechanism is indicated by the fact that chewing movements may be
elicited by electrical stimulation of appropriate areas in the cerebral cortex?® as
well as by sensory stimulation of the mouth in decerebrate animals. According
to MaGNUSs (1945), who has recently reviewed the subject, a bulbar center produces
rhythmic movements of the jaw in response to stimulation of receptors in the
mouth ; this center is subordinate to a thalamocortical center which is responsible
for the finer regulation of the movements.

* Professor of Physiology, The College of Medical Evangelists, Loma Linda, California.
** Professor of Physiology, The Jefferson Medical College, Philadelphia, Pennsylvania.

1 Brack 1895. 2 TriskA 1924, 3 FERRIER 1886, MAGOUN et al. 1933, RrocH 1934.
4 SHERRINGTON 1917, BAzETT and PENFIELD 1922.
Handbuch d. allgem. Pathologie, Bd. V/1. 1|
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2. Deglutition.

MacENDIE (1838) described the act of swallowing as occurring in three stages
which we shall designate as the oral, pharyngeal, and esophageal stages respecti-
vely, indicating the anatomical area through which the food is being propelled
at each stage. The mechanics of swallowing are influenced by the consistency
of the material swallowed, and are somewhat different for liquids than for solids.
This description will be based on swallowing a solid or semi-solid bolus; incidental
mention will be made of the difference in mechanism when liquids are swallowed.

The first or oral stage.

In the first or oral stage the bolus is manipulated into position on the upper
surface of the tongue by the action of the muscles of the cheeks and tongue. The
tongue is then made firm by contraction of its musculature and pressed against
the teeth and hard palate to prevent escape of the bolus anteriorly or laterally.
Pressure in the mouth is increased through contraction of the mylohyoid muscle
and the bolus is projected into (or through) the pharynx very much as one might
project a slippery object like a pumpkin seed by squeezing it between the thumb
and forefinger. The mechanism is equally effective with liquids since only one
avenue of escape is provided, namely that into the pharynx.

The second or pharyngeal stage.

This stage is complicated by the fact that provision must be made for closing the
airway, both above and below the oral pharynx during the passage of the bolus in
order to prevent the entrance of food into the nose or into the trachea. It is
obvious also that respiration must be interrupted momentarily during this stage.
Closure of the communication between the oral pharynx and nasopharynx is
accomplished by approximation of the soft palate to the post-pharyngeal wall, a
movement that is aided by contraction of the tensor palatini and levator palatini
muscles as well as by the pressure of the bolus against the oral surface of the palate.
Protection of the laryngeal opening is a more complicated process and there is no
general aggreement as to the manner in which it is accomplished. The following
description is based on several observations?.

The mechanisms involved will be more easily understood if we bear in mind
the facts that except during the act of swallowing, the lumen of the laryngeal
pharynx into which the bolus must enter is a mere slit between its anterior and
posterior walls so that no true lumen exists and that the posterior wall is relatively
immobile because it is in contact with the prevertebral muscles and fascia. The
only way an opening can be made for the oncoming bolus is by moving the anterior
wall forward along with the structures placed anterior to it, namely the larynx
and hyoid bone. A forward movement of the larynx thus becomes a necessity
during the passage of the bolus; the base of the tongue and the epiglottis at the
same time move backward and the larynx comes to lie beneath these structures
which, together, form an effective covering for its upper surface. Probably the
intrinsic muscles of the larynx aid by closing the glottic opening through approxi-
mation of both the true and the false vocal cords. Apparently the function of the
epiglottis is to serve as a sort of water shed to divert the swallowed material to
one side or the other, or, if a large amount of liquid is swallowed, to both sides or
even over its end in a full stream, but in any case well away from the larynx.

1 KﬁPFERLE 1913, DEssEcKER 1923, MosHER 1927, Barcray 1930, HEeNER 1936, DAEM and
ScHORRE 1937, PANCcoAST, PENDERGRASS and SCHAEFFER 1940, and others.



