ANATOMY AND PHYSIOLOGY
OF NORMAL DEGLUTITION

Understanding the normal anatomy and physiology of swallowing provides the
foundation for evaluarion and treatment of swallowing disorders. Diagnosis of
dysphagia is designed to identify the abnormal elements of each patient’s anat-
omy and physiology. Treatment is designed to compensate for ot improve func-
tion in those abnormal elements.

Anatomic Structures

The anatomic areas involved in déglititioh include the oral cavity, pharynx, lar-
ynx, and esophagus, shown in midsagittal section in Figure 2.1. Structures in the
oral cavity are labeled in Figures 2.1 and 2.2, and include the lips anteriotly, the
teeth (24 deciduous, 32 permanent), hard palate, soft palate, uvula, mandible
or lower jaw, floor of mouth, tongue, and faucial arches. Between the anterior
and posterior faucial arches are the palatine tonsils, as seen in Figure 2.2, eas-
ily viewed during an oral examination. The pockets or side cavities created by
the normal juxtaposition of structures are important in swallowing because in
patients with swallowing disorders, these natural cavities or spaces are usually
where food or liquid collects and may remain after the swallow. For example, the
sulcus is the space formed between the alveclus and cheek or lip musculature
both superiorly and inferiorly. There are sulci between the lips and the maxilla
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Figure 2.2. Frontal view of the oral cavity, showing anrerior and poste-
rior faucial arches.
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Tigure 2.3. Frontal view of the oral cavity with lower lip pulled outward
to reveal the anterior and lateral lower sulci.

and mandible and between the cheeks and the maxilla and mandible, both lat-
erally and anteriorly, as shown in Figure 2.3.

Musculature forming the floor of the mouth includes the mylohyoid, genio-
hyoid, and anterior belly of digastric, all of which attach to the body of the man-
dible anteriorly and the body: of the hyoid bone posterioely. The hyoid bone
forms the foundation for the tongue, the body of which sits on the hyoid. The
hyoid bone is embedded in the base of the rongue, articulating with no other
bone. The hyoid is suspended in the soft tissue by the floor of mouth muscles and
the posterior belly of digastric and the stylohyoid, both attached posterclaterally
from the region of the temporal bene, as shown in Figure 2.4. The larynx is sus-
pended from the hyoid bone by the thyrohyoid ligament and thyrohyoid muscle.
If the hyoid elevates and moves forward, the larynx will move upward and for-
ward unless it is stabilized by other muscles.

The tongue is composed almost entirely of muscle fibers going in all direc-
tions. Functionally, for swallowing, the tongue can be divided into an oral por-
tien and a pharyngeal portion. The oral tongue includes the tip, blade, front
center, and back, as indicated in Figure 2.5. Anatomically, the oral tongue end
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Figure 2.4, Diagram of the suspension of the hyoid bone in the neck from a [ateral
view. The hyoid (the center oval) is suspended by the submandibular muscles from
the mandible anteriorly, and by the stylohyoid and posterior digastric muscle from the
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Figure 2.5. Lateral view of the oral cavity with the parts of the
oral tongue labeled: tip (1), blade (2), front (3), center (4}, and
back (5). The tongue base (8) extends from the circumvallate
papillae or approximately the tip of the uvula to the hyoid bone.
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Figure 1.6, The oral cavity from a lateral view indicaring the
location of the circumvallate papillae.

at the circumvallate papillae, shown in Figure 2.6. The oral tongue is active
during speech and during the oral stages of swallow and is under cortical or
voluntary neural control. The pharyngeal portion of the tongue, or tongue base,
begins at the circumvallate papillae and extends to the hyoid bone. The tongue
base is active during the pharyngeal stage of swallow. The tongue base is under
involuntary neural control coordinated in the brainstem {medullary swallow
center), bur can be placed under some degree of voluntary control.

The roof of the mouth is formed by the maxilla or hard palate, the velum or -
soft palate, and the uvula. The soft palate may be pulled down and forward
against the back of the tongue by the palatoglossus muscle in the anterior fau-
cial arch or may be elevated and retracted to contribute to velopharyngeal clo-

* sure by a combination of muscle pulls, including the palatopharyngeus located

in the posterior faucial arch, the levator palatal muscle, and the fibers of the
superior pharyngeal constrictor.

Three large salivary glands are on each side: the parotid glands, the sub-
mandibular glands, and the sublingual glands. Many small glands are also in the
mucous membrane of the tongue, lips, cheeks, and roof of the mouth. The sali-
vary glands produce two kinds of fluid, a viscid, mucuslike fluid which is thicker,
and a serous fluid which is thinner and more watery. The parotid gland produces
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FTigure 2.7. Lateral view of the pharyngeal constrictors (superior, medial, and inferior) and
their anterior attachments.

the serous fluid, whereas the other glands produce some of both types of fluid,
although the submandibular glands tend to produce more serous fluid and the
sublingual glands more mucous. Saliva not only serves to maintain oral mois-
ture and reduce tooth decay, but assists in digestion and is a natural neutralizer
of stomach acid that may reflux into the esophagus.

Pharyngeal structures involved in deglutition include the three pharyngeal
constrictors, superior, medial, and inferior, which form the posterior and lateral
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Figure 2.8, Posterior views of the pharynx with the pharyngeal constrictors cut at posterior
midiine and laid back to reveal the structures anterior to the pharynx. The pyriform sinuses
can be seen as spaces created between the sides of the larynx and the pharyngeal constrictors
attaching anteriolaterally to the larynx. Arrows on the figure {A) indicate the pathway of
food and ligquid down the pyriform sinuses on each side during the swailow.

pharyngeal walls. As pictured in Figure 2.7, fibers comprising these muscles arise
from the median raphe in the midline of the postetior pharyngeal wall, and run
laterally to actach to bony and soft tissue structures located anteriorly. Structures
to which these fibers attach anteriorly include the pterygoid plates on the sphe-
noid bone, the soft palate, the base of the tongue, the mandible, the hyoid bone,
and the thyroid and cricoid cartilages. Thus, all of these structures form the ante-
rior wall of the pharynx. Inferior fibers of the supetior constrictor that attach to
the tongue base are known as the glossopharyngeus muscle. This muscle is prob-
ably responsible for tongue base retraction and simultaneous anterior. bulging of
the posterior pharyngeal wall at the tongue base level.

As the fibers of the inferior constrictor attach to the sides of the thyroid car-
tilage anteriorly, spaces are formed berween these fibers and the thyroid cartilage
on each side, as illustrated in Figure 2.8. These spaces are known as the pyriform
sinuses. These end inferiorly at the cricopharyngeal muscle, which is the most
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inferior structure of the pharynx. Cricopharyngeal muscle fibers attach to the
posterolateral surface of the cricoid lamina. The cricopharyngeal muscle fibers
have been described by some investigators as part of the inferiot constrictor. At
rest, these fibers are in some degree of tonic contraction in the awake individual
to prevent air from entering the esophagus during respiration. During sleep the
muscle loses its tonic contraction. Together with the cricoid lamina, the crico-
pharyngeal muscle fibers form the valve into the esophagus known as the cri-
copharyngeal {CP) region, the upper esophageal sphincter (UES), or the pha-
ryngoesophageal sphincter (PE segment) {Jacob, Kahrilas, Logemann, Shah,
& Ha, 1989). A secondary role for the UES is to reduce the risk of material
backfiowing from the esophagus and into the pharynx (Kitchner, 1958; Parrish,
1968). The UES is defined as a 2- to 4-cm zone of elevated pressure capable of
withstanding pressures of up to 11 cm of water in the esophagus. The cricopha-
ryngeal sphincter has greatest pressure immediately prior to the swallow and
during inspiration. Increase in pressure during inhalation ensures that no air is
pulled into the esophagus (Parrish, 1968). At the appropriate moment during
swallowing, the cricopharyngeal sphincter opens to allow the bolus to pass into
the esophagus. The opening of this sphincter is complex.

The esophagus is a collapsed muscular tube approximately 23 to 25 cm long
with a sphincter or valve at each end: the upper esophageal sphincrer (UES) at
the top and the lower esophageal sphincter (LES) at the bottom. This is in con-
trast to the pharynx, which is a part of the upper airway and is an open cavity
except during the moment of the pharyngeal swallow when the larynx closes.
The esophagus has two layers of muscle, the inner circular and the outer longi-
tudinal. Fach layer is made up of striated muscle'in'the upper third, a combina-
tion of striated and smooth muscle in the middle third, and smooth muscie in
the lower third (Hansky, 1973; Ponzoli; 1968). The esophagus passes through
the neck, then the chest, through the diaphragm to artach to the stomach. In the
neck the esophagus sits behind the trachea, sharing a soft tissue wall so that
the posterior wall of the trachea is the anterior wall of the esophagus. The valve
at the bottom of the esophagus is the LES, marking the boundary between the
esophagus and the stomach. [ts primary purpose is to keep food and secretions,
including stomach acid, in the scomach. :

At the base of the tongue, the pharynx opens into the larynx, which serves
primarily as a valve to keep food from entering the airway during swallowing, as
shown in Figare 2.1. The topmost structure of the larynx is the epiglottis, the
top third to half of which rests against the base of the tongue, attached into the
hiyoid bone by a ligament, the hyoepiglottic ligament. The base of the epiglottis
is attached by ligament to the thyroid notch. The wedge-shaped space formed
between the base of the tongue and the epiglottis is the valleculae. The vallecu-
lae is subdivided by the hyoepiglottic ligament so that on an anterior—posterior
radiographic view, the valleculae appears “scallop shaped,” with the hyoepiglot-
tic ligament in the middle. Together, the valleculae and the two pyriform sinuses
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Figure 2.5, Superior view of the instrinsic laryngeal structures.

arc known as the pharyngeal recesses or side pockets, into which foed may fall
and reside before or after the pharyngeal swallow triggers. The lingual tonsils are
located against the base of the tongue and take up a small amount of the vallec-
ular space. The opening into the larynx is known as the laryngeal vestibule, or
laryngeal additus, and is bounded by the epiglottis, aryepiglottic folds, and ary-
tenoid cartilage, and ends at the superior surface of the false vocal folds.

The intrinsic structures of the larynx are shown in Figures 2.9 and 2.10.
The aryepiglottic folds, containing the aryepiglottic muscle, quadrangular mem-
brane, and cuneiform cartilages, are attached to the lateral margins of the epi-
glottis and run laterally, posteriorly, and inferiorly to surround the arytencid car-
tilages. The aryepiglottic folds form the lateral walls of the laryngeat vestibule.
The two arytenoids are posirioned on the rim of the cricoid cartilage posteriorly.
Muscular pull on these arytenoid cartilages controls movement of the true vocal
folds. The posterior cricoarytenoid muscle, attaching from the posterior surface
of the cricoid lamina to the muscular process of the arytenoid, opens or abducts
the arytenoids and the true vocal folds for respiration. The lateral cricoarytenoid
(attaching from the top edge of the cricoid carrilage at the side to the muscular
process of the arytenoid) and the interarytenoid muscles (attaching between the
two arytenoid cartilages) adduct or close the arytenoids and thus close the true
vocal folds across the top of the airway (Pressman & Keleman, 1955).

The arytenoids also tilt anteriorly during swallowing. This motion is thought
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Figure 2,10, Frontal (A) and lateral (B) views of intrinsic structures of the larynx.

to result from the pull of the thyroarytenoid muscle fibers. This anterior rilt-
ing contributes to closure of the airway entrance. As shown in Figure 2.10, the
aryepiglottic folds end inferiorly in the false vocal folds, two shelves of muscle
and connective tissue running anteriorly to posteriorly immediately above the
level of the true vocal folds. The false vocal folds are superior to but parallel
with the true vocal folds. Like the true folds, the false vocal folds form shelves of
soft tissue projecting from the sides of the larynx, anteriorly to posteriorly. The
space that is formed between the false and true vocal folds on each side is known
as the laryngeal ventricle: The true vocal folds, composed of vocalis and thyro-
arytenoid muscle, are attached from the vocal processes of the arytenoids poste-
riorly, to the inside surface of the thyroid lamina laterally, and to the thyroid
notch anteriorly. These then form two more shelves of soft tissue that, when
adducted or closed, project into the airway and effectively close the larynx. The
true vocal folds form the last level of airway protection before entering the tra-
chea. Together the epiglottis and aryepiglottic folds; the arytenoids, base of epi-
glottis, and false vocal folds; and the true vocal folds form three levels of sphinc-
ter in the larynx, capable of completely closing the larynx from the pharynx and

preventing penetration of food or liquid during swallowing (Lederman, 1977;

Pressman & Keleman, 1955).
The larynx and trachea are suspended in the neck between the hyoid bone
superiorly and the sternum inferiorly, as shown in Figare 2.11. A number of
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Figure 2.11. Frontolateral view of the strap muscles suspending the larynx in the neck
between the hyoid bone and the sternum.

muscles, categorized as the laryngeal strap muscles, contribute to this suspension
and, together with the elasticity in the trachea itself, permit the larynx to be
elevated, pulled anteriorly, and/or lowered for various activities. The hyoid bone
also serves as the foundarion for the tongue, which rests on it. Thus, there is a
close anatomic relationship between the floor of the mouth, tongue, hyoid bone,
and larynx. When one of these structures moves, it often pulls on and moves
other structures attached to it.

Physiology

Classically, the act of deglutition is described in four phases: (1) the oral prepara-
tory phase, when food is manipulated in the mouth and masticated if necessary,
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reducing it to a consistency ready for swallow; (2) the oral phase of the swallow,
when the tongue propels food posteriorly until the pharyngeal swallow is trig-
gered; (3) the pharyngeal phase, when the pharyngeal swallow is triggered and
the bolus is moved through the pharynx; and (4) the esophageal phase, when
esophageal peristalsis carries the bolus through the cervical and thoracic esopha-
gus and into the stomach. The duration and characteristics of each of these
phases depend on the type and volume of food being swallowed and the volun-
tary control exerted over it (Kahrilas, Lin, Chen, & Logemann, 1996; Kahrilas &
Logemann, 1993; Kahrilas, Logemann, Krugler, & Flanagan, 1991). Thus, there
are many types of normat swallows that occur predictably based on the charac-
teristics of the food swallowed and voluntary controt.

The frequency of deglutition varies with activity {Lear, Flanagan, & Moor-
rees, 1965; Logan, Kavanagh, & Wornall, 1967). Swallowing frequency 1s great-
est during eating and least during sleep, with other activities taking an inter-
mediate place. Mean deglutition frequency is approximately 580 swallows per

day. Records during sleep have shown periods of 20 minutes or more when no -

swallow occurs.

Swallowing and respiration are reciprocal funcrions; that is, respiration
halts during the pharyngeal phase of deglutition in humans of all ages, includ-
ing infants. Storey (1976) described swallowing as an airway-protective reflex
because of this reciprocity. For purposes of this discussion, the neuromuscu-
lar functions of the oropharyngeal swallow are discussed first according to these
phases even though some types of swallows do not invelve all phases. For
example, swallows of saliva in the pharynx usually do not include any oral prep-
aration or oral stage of swallow. The normal systematic variations in swallow
observed under various conditions are discussed later in this chapter.

Oral Preparatory Phase

Sensory recognition of food approaching the mouth and being placed in the
mouth is critical before any oral preparatory movements can be initiated. Move-
ment patterns in the oral preparatory phase of the swallow vary, depending on
the viscosity of the material to be swallowed and the amount of oral manipula-
tion the individual uses in savoring a particular food. From the time the material
is placed in the mouth, labial seal is maintained to ensure that no food or liquid
falls from the mouth: This requires an open nasal airway and nasal breathing.
During liquid swallows, the extent of oral manipulation of the bolus varies
greatly from individual to individual. When placed into the mouth, a liquid
holus has a certain degree of cohesiveness that may be maintained as the bolus
is held between the tongue and the anterior hard palate in preparation for the
pharyngeal swallow. In this case, the tongue cups around the liquid bolus with
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the sides of the tongue sealed against the lateral alveolus. The food may be held
between the midline of the rongue and the hard palare with the tongue tip ele-
vated and contacting the anterior alveolar ridge, or it may be held on the floor
of the mouth in front of the tongue. Dodds et al. (1989) termed these two nor-
mal hold positions “tippers” and “dippers,” respectively. Approximately 20% of
normal swallowers are dippers. Some individuals may desire to move the liquid
around in the mouth prior to swallowing it, and may in the process spread the
belus evenly or unevenly throughout the oral cavity. However, prior to initiat-
ing the swallow, the material is generally pulled together inte a cohesive ball or
holus by the tongue, and held in either the tipper or the dipper position. Hold-
ing the bolus more anteriorly between the tongue and the anterior teeth is an
abnormal preswallow position in adults, and often indicates that a tongue thrust
swallowing pattern will be used. The tongue thrust pattern, in which the tongue
moves anteriorly with the bolus often pushing food from the mouth, is often
seen in adults with frontal lobe damage and in children with cerebral palsy.

Oral manipulation of thicker consistency materials again depends some-
what upon the preference of the individual. As with liquids, the material is intro-
duced into the oral cavity as a cohesive bolus. In preparation for the swallow, it
may be maintained as such and held in either the tipper or dipper hold position,
with the sides and front of the tongue sealed around the maxillary alveolus. Or,
the individual may choose to manipulate the bolus in the mouth, lateralize it,
and masticate it somewhat by moving the mandikle and tongue in a lateral rotary
motion befare bringing the material inte a cohesive bolus and initiating the
swallow. The natural cohesiveness of the paste bolus after entry into the oral
cavity sometimes makes patients with reduced tongue control prefer this con-
sistency. However, if the consistency of the paste is too thick, it may be more
difficult for individuals with reduced tongue control to propel the material pos-
teriorly and to keep it from adhering t the hard palare. During this oral prepara-
tory phase, if there is no active chewing, the soft palate is pulled doewn and for-
ward (Figure 2.12}, sealing off the oral cavity from the pharynx {Fletcher, 1974;
Negus, 194%; Robbins, Logemann, & Kirshner, 1952; Shedd, Scatliff, & Kirch-
ner, 1960; Storey, 1976; Wildman, 1976),

The oral preparatory phase of deglutition for materials requiring mastica-
tion involves a rotary lateral movement of the mandible and tongue. The tongue
positions material on the teeth. When the upper and lower teeth have met and
crushed the material, the focd falls medially toward the tongue, which moves
the material back onto the teeth as the mandible opens. The cycle is repeated
numerous times before (orming a bolus and initiating the oral phase of the swal-
low. In addition to this cyclic movement during mastication, the tongue mixes
the food with saliva (Lowe, 1981). It has been postulated that the rhythmic
movements of mastication are controlled by a central pattern generator. In addi-
tion, peripheral feedback is important in positioning the bolus on the teeth and
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Figure 2.12. The soft palate is pulled down and forward in this lateral video-
print while the bolus is being held in the oral cavity prior to initiation of the

oral phase of the swallow.

preventing injury to the tongue during chewing (Lowe; 1981). Tension in the
buccal musculature closes off the lateral sulcus and prevents food particles from
falling laterally into the sulcus between the mandible and the cheek (Bosma,
1973). Rotary tongue and jaw motion is continued until the food has been ade-
quately cleared. After chewing, the tongue pulls the food into a semicohesive
bolus or ball before the oral stage of swallow is initiated. During active chew-
ing, the soft palate is not pulled down and forward and premature spillage is
common and entirely normal (Palmer, Rudin, Lara, & Crompton, 1992). Such
premature spillage is not normal during the hold phase before swallows of liquid
and paste or pudding materials. .

The volume of bolus swallowed varies with the viscosity of the food. For
thin liquids, the volume ranges from 1 ml (saliva bolus) to 17 to 20+.ml (cup
drinking). As the bolus viscosity increases, the maximum volume swallowed
decreases so that swallows of pudding may be 5 to 7 ¢c on average, whereas swal-
lows of thicker mashed potatoes may be 3 to 5 cc and meat may average 2 cc.
This downsizing with viscosity allows easier passage of the bolus through the
pharynx and particularly the upper esophageal sphincter. If larger volumes of
these thicker foods are placed in the mouth, the tongue subdivides the food after
chewing, forming only part of it into a bolus to be swallowed at one time and
sequestering the rest on the side of the mouth for later swallows.
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The larynx and pharynx are ar rest during the oral preparatory phase of swal-
lowing. The airway is open and nasal breathing continues. Clearly, if an individ-
val loses control of a part of the bolus during this oral preparatory phase and it
trickies into the pharynx, the material may continue to drop down and enter the
open airway. The pharyngeal swallow rarely triggers in response to this material
unless the food starss to enter the larynx, possibly because the oral stage of swal-
low has not been initiated (Pouderoux, Logemann, & Kahrilas, 1996).

During this oral preparation, a great deal of sensory information is processed
from sensory receptors throughout the oral cavity, including the tongue. It is
likely that information on bolus volume comes from the shape of the tongue as
it surrounds the bolus prior to the swallow. The sequence of the movements of
the upper aercdigestive tract during deglutition is illustrated in Figure 2.13.

Onral Phase

The oral stage of the swallow is initiated when the tongue begins posterior
movement of the bolus. If the bolus is held in the dipper position, the tongue
tip moves forward and lifts the bolus onte rhe tangue and into the tipper posi-
tion. This is done in a smooth action, which moves directly into the oral stage
of tongue propulsien. Tongue movement during this oral phase has often: been
described as a stripping action, with the midline of the tongue sequentially
squeezing the bolus posteriorly against the hard palate {Ardran & Kemp, 1951;
Kahrilas, Lin, Logemann, Ergun, & Facchini, 1993; Lowe, 1981; Negus, 1949;
Shawker, Sonies, & Stone, 1984). Another way to describe this tongue move-
ment is as an anterior to posterior rolling action of the midline of the tongue,
with tongue elevation progressing sequentially more posteriorly to push the belus
backward. The sides and tip of the rongue remain firmly anchored against the
alveolar ridge. During this time, a central groove is formed in the tongue, act-
ing as a ramp or chute for food to pass through as it moves posteriorly (Ram-
sey, Watson, Gramiak, & Weinberg, 1955; Shedd et al., 1960). As food viscosity
thickens, the pressure of the oral tongue against the palate increases, requiring
greater muscle activity (Dantas & Dodds, 1990). Thicker foads require more
pressure to propel them cleanly and efficiently through the oral cavity and
pharynx (Reimers-Neils, Logemann, & Larson, 1994 ). Several authors also have
described the contribution of negative pressure created by slight inward move-
ment and increased tension of the buccal musculature in propelling the bolus
posteriorly (Shedd, Kirchner, & Scatliff, 1961). The oral stage of the swallow
typically takes less than 1 to 1.5 seconds to complete. It increases slightly as bolus
viscosity increases.

In summary, the normal cral stage of the swallow requires intacr labial mus-
culature to ensure an adequate.seal to prevent material from leaking out of the
oral cavity, intact lingual movement to propel the bolus posteriorly, intact
buccal musculature to ensure that marerial does not fall into the lateral sulci,




28 ¢ Logemann

gpfr Patet®

,_)
5

T it

RESSunaln=

Figure 2,13, Lateral view of bolus propul-
sion during the swallow, beginning with
the voluntary initiation of the swallow by
the oral tongue (A); the triggering of the
pharyngeal swallow (B); the armrival of the
holus in the vallecula (C); the tongue base
retraction to the anteriorly moving pharyn-
geal wall {ID); and the bolus in the cervi-
cal esophagus and cricopharyngeal region

(E).
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normal palatal muscles, and the ability to breathe comfortably through the nose

(Campbell, 1981; Cleall, 1965).

ving of the Phoryngeal Swallow

As the rongue movement propels the bolus posteriorly, sensory receptors in
the oropharyny and tongue itsell (particularly deep propricceptive receptors)
are stimulated, sending sensory information to the cortex and brainstem. It is
hypothesized that a sensory recognition center in the lower brainstem (med-
ulla) in the nucleus tractus solitarus decodes the incoming sensory information
and identifies the swallow stimulus, sending this information to the nucleus
ambiguous, which initiates the pharyngeal swallow motor pattern (Doty, Rich-
mond, & Storey, 1967; Miller, 1972). When the leading edge of the bolus, or
the “bolus head,” passes any point between the anterior faucial arches and the
point where the tongue base crosses. the lower rim of the mandible-{see Figure
2.14), the oral stage of the swallow is terminated and the pharyngeal swaliow
should be triggered. If the pharyngeal stage is not triggered by that time,
the pharyngeal swallow is said 1o be delayed. In the first edition of this book, the
trigger point for the pharyngeal swallow was defined as the anterior faucial arch.
This was based on studies of young and middle-aged adults. The point of trig-
gering of the pharyngeal swallow has been lowered in response te more recent
ohservations of older normal swallowers whose pharyngeal swallow triggers
when the bolus head has reached the lower level (Robbins, Hamilton, Lof, &
Kempster, 1992; Tracy et al.,, 1989). Individuals of all ages should rrigger the
pharyngeal swallow by the time the belus head reaches the point where the
mandible crosses the tongue base, as seen radicgraphically.

In younger, normal individuals, the triggering of the pharyngeal swallow
occurs at the anterior faucial arch, and timing is such that posterior movement
of the bolus is not interrupted (Jean & Car, 1979; Lederman, 1977; Tracy et al.,
1989). There is no pause in bolus movement while the pharyngeal swallow trig-
gers. Pommerenke (1928) and others have established the base of the anterior
faucial pillars as the most sensitive place for elicitation of the pharyngeal swal-
low. Hollshwandner, Brenman, and Friedman (1975) and Storey (1976) postu-
lated. receptors in the tongue, epiglottis, and larynx as additional centers for
elicitation of the pharyngeal swallow. Older (over age 60) normal individuals
are not seen to trigger the pharyngeal swallow until the bolus head reaches
approximately the middle of the tongue base (Robbins et al., 1992; Tracy et al.,
1989). Observations of neurologically impaired patients corroborate these vari-
ations. In some patients, the pharyngeal swallow is not triggered until material
has fallen into the pyriform sinuses.

There is much that is not known about the triggering of the pharyn-
geal swallow. However, it is clear that humans cannot swallow unless there is
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Higure 2.14. Lateral diagram and videopzint of the oral cavity and pharynx with a black dot indicating the point where

the mandible crosses the tongue base. When the head of the bolus reaches this point (black dot on the videoprint and dia-

gram}, the pharyngeal swallow should be tnitiared.
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something in their mouth, either food, liquid, or saliva. If one attempts to swal-
low four times in rapid succession, it is difficule to continue past the second or
third swallow because these dry swallows have depleted saliva in the mouth.

No doubt, a relationship exists berween voluntary attempts to swallow and
triggering of the pharyngeal swallow. The exact nature of that relationship, how-
ever, is not understood. It is clear that simply placing food or liquid in the mouth
will not trigger the pharyngeal swallow unless there is the voluntary initiation of
swallowing. Direct stimulation to the areas of the mouth where the pharyngeal
swallow is triggered, using a light touch or stronger stimulation, will usually not
stimulate the swallow unless saliva or other material is present and the patient is
also attemnpting voluntarily to initiate the swallow. Roueche (1980} probably
stated it best: “Both voluntary and reflex components are involved in the ner-
mal swallow. Neither mechanism afone is capable of producing swallowing with
the regularity and immediacy which is necessary during the normal process of
oral feeding.”

The pharyngeal stage of the swallow begins as the pharyngeal swallow is trig-
gered. Cumming and Reilly (1972}, Dobie (1978), Donner and Silbiger (1966),
and others have suggested that the sensory portion of the pharyngeal swallow is
carried by cranial nerves [X, X, and XI. The impulses travel to the medullary
reticular formation, or swallowing center, located within the brainstem {Doty
etal., 1967; Goldberg, 1976; Miller, 1972; Sumi, 1972). This center acts as a neu-
ronal pool to organize the synergy necessary for normal pharyngeal swallowing.
The motor portion is carried by nerves IX and X. Nerve VII may additionally
contribute to the sensory portion. Nerves V, VI, anid XII have been identified
as possible contributors to the afferent portion.

“The role of the cerebellum in control of swallowing is unclear, The work of
Brooks, Kozlovskaya, Atkin, Horvath, and Uno (1973}, Kent and Netsell {1975),
and Larson and Surton {1978) indicates cerebellar input into the velocity of
movement and, thus, at least into mastication and the preparatory phase of the
swallow. Cortical input into the controf of swallowing is not well understood,
although abnormal swallowing is observed in patients after damage to cortical
areas, and swallowing is usually facilitated by voluntary attempts to swallow
(Bieger & Hockman, 1976). Cortical recognition of food or liquid approaching
the mouth and placed in the mouth is ceitical to the initiation of the oral phase
of swallow or of oral preparation if chewing is needed.

Pharyngeal Swedlow

A number of physiological activities occur as a result of pharyngeal triggering,
including (1) elevation and retraction of the velum and complete closure of the
velopharyngeal port to prevent material from entering the nasal cavity; (2) ele-
vation and anterior movement of the hyoid and larynx; (3} closure of the larynx
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at all three sphincters—the true vocal folds, the laryngeal entrance {i.e., the
false vocal folds, the anteriorly tilting arytenoids, and thickening of the epiglot-
tic base as the larynx elevates), and epiglottis—to prevent material from enter-
ing the airway; (4) opening of the cricopharyngeal sphincter to allow mate-
rial to pass from the pharynx into the esophagus; (5) ramping of the hase of
the tongue to deliver the bolus to the pharynx followed by tongue base retrac-
tion to contact the anteriorly bulging posterior pharyngeal wall; and (6} pro-
gressive top to bottom contraction in the pharyngeal constrictors (Bosma, 1957,
Cook, Dodds, Dantas, Kern, et al., 1989; Cook, Dodds, Dantas, Massey, et al.,
198%: Doty & Bosma, 1936; Jacob et al., 1989; Kahrilas et al., 1991; Kahrilas,
Logemann, Lin, & Ergun, 1992; Logemann et al., 1992; Vantrappen & Heile-
mans, [967).

Velopharyngeal closure varies somewhat from person to person and may involve
some elements of elevation and retraction of the soft palate, inward movement
of the posterior and/or lateral phmyngeai walls, and an anterlorly bulgmg ade-
noid pad. Velopharyngeal closure enables the buildup of pressure in the phar-
ynx. Functional swallowing is possible without velopharyngeal closure if all other
physiologic aspects of the pharyngeal swallow are normal, particularly the tongue
base and pharyngeal wall movement and contact.

VRPN U ISR
TOTL LT SANLETROY Movern

During the swallow the larynx and hyoid bone elevate and move anteriorly by
the pull of the floor of mouth muscles (i.e., the anterior belly of digastric, mylo-
hyoid, geniohyoid, and the laryngeal elevator, the thyrohyoid). In young men,
the hyoid elevates approximately 2 em (Jacob et al., 1989). The elevation con-
tributes to closure of the airway entrance, and the forward movement contributes
to opening of the upper esophageal sphincter.

Ardran and Kemp (1952, 1956) described the closure of the larynx as beginning
at the level of the vocal folds and progressing upward to the laryngeal vestibule.
These researchers’ cineradiographic studies, as well as more recent studies using
videofluoroscopy (Logemann et al., 1992), indicate that closure is effected from
below upwards, with the contents of the laryngeal vestibule being expressed into
the pharynx. This action clears any penetration (i.e., entry of food, liquid, etc.
into the airway to the level of the top surface of the true vocal folds) that may
occur. During closure of the airway at the vestibule, there is a downward, fot-
ward, and inward rocking movement of the arytenoid cartilages, which narrows
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the laryngeal opening (Ardran & Kemp, 1967). At the same time, the larynx is
elevated and pulled forward. This elevation thickens the base of epiglottis, assist-
ing with closure of the laryngeal vestibule (Ardran & Kemp, 1956; Negus, 1949:
QOhmae, Logemann, Kaiser, Hanson, & Kahrilas, 1995). In normal adules the
airway entrance is closed for approximately one third to two thirds of a second
during single swallows. During sequential cup drinking, the airway may be closed
5 seconds or more (Martin, Logemann, Shaker, & Dodds, 1994). Vocal fold clo-
sure occurs when the larynx has elevated to approximately 50% of its maximum
elevation (Gilbert et al., 1996),

Cricopharyngeal opening occurs by a complex series of actions (Cook, Dodds,
Dantas, Massey, et al., 1989; Jacob et al., 1989). First, tension in the cricopharyn-
geal muscular portion of the sphmc&n is released. Approximately 0.1 second
later, laryngeal anterior superior motion is seen to begin to open the sphincter;
thus, the sphincter is yanked open by the motion of the larynx resulting from
the upward and forward pull of the floor of the mouth muscles. The leading edge
of the bolus reaches the sphincter as it opens, and the pressure within the bolus
widens the opening ( Jacob et al., 1989). As the bolus passes through the sphinc-
ter, the larynx lowers and the cricopharyngeus muscle returns to some level of
contraction.

As the pharyngeal swallow triggers, the tongue base assumes a ramp shape,
directing the food into the pharynx. Then, tongue base retraction and pharyn-
geal wall contraction occur when the bolus tail reaches the tongue base level.
The tongue base and pharyngeal walls should make complete contact during
the swallow: (Kahrilas et al.,.1992). As the two structures move toward each
other, pharyngeal pressure builds. When the two scructures make contact, the
pharyngeal wall contraction continues progressively down the pharynx to the
upper esophageal sphincter, where esophageal peristalsis takes over bolus pro-
pulsion. The pharyngeal contraction wave is no longer called peristalsis because
peristalsis is defined as progressive contraction down a muscular tube. The phat-
ynx is not a muscular tube; therefore, the term is inappropriate when describing
progressive contractions down the pharyngeal constrictors during swallow. The
constrictors comprise only the lateral and posterior pharyngeal walls, and not
the anterior pharyngeal wall which is made up of the skull base, palate, tongue
base, and larynx. Pressure generated by the tongue base retraction and pharyn-
geal wall contraction increases as bolus viscosity increases. Pressure is always
applied to the tail of the bolus, as shown in Figure 2.15.

Typically, in normal swallowers, velopharyngeal closure and hyolaryngeal
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Figure 2.15. Lateral drawing of the head and neck with an arrow indicaring the point where

pressure is being applied ro the bolus tail.

upward and forward movement occur almost simultaneously. Opening of the
upper esophageal sphincter and closure of the airway usually begin essentially
simultanecusly. Pressure on the belus begins as the oral tongue pushes against
the tail of the bolus. When the tail of the bolus reaches the tongue base and pha-
ryngeal walls, these structures move toward each other until they make conract,
thus applying pressure to the bolus. -

Without the trigpering of the pharyngeal swallow, none of these phymologm
activities would occur. If the oral tongue propels the bolus posteriorly and no
pharyngeal swallow is triggered, the bolus is likely to be propelled by the tongue
into the pharynx, where it may come to rest in the valleculae or pyriform sinuses.
If the material is liquid, it may splash into the pharynx and into the open atrway.
No pharyngeal swallow actions will occur until the pharyngeal swallow triggers,
so the bolus may rest in the valleculae undil the pharyngeal swallow is triggered.
Or, depending on consistency, the food may drain from the valleculae, down the
aryepiglottic folds and into the pyriform sinuses, or may fall into the airway where
it may or may not be expectorated, depending upon the patient’s sensitivity in
the trachea and tarynx. [t is important to remember that a swallow comprised
of velar, pharyngeal, tongue base, and laryngeal activity occurs only as a result
of the triggering of the pharyngeal swallow. Patients can be taught to voluntar-
ily protect their airway or to open the cricopharyngeal sphincter or UES vol-
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untarily, as seen in sword swallowers (Devgan, Bross, McCloy, & Smith, 1978;
Kabhrilas et al., [992; Logemann et al., 1992) and some alaryngeal speakers, as
described in Chapter 5; however, there is no way to voluntarily initiate or mod-
ify pharyngeal wall contraction (Hollis & Castell, 1975). Patients may struggle
and exhibit repeated laryngeal and/or tongue base movements, but these are not
in the context of a full pharyngeal swallow.

Pharyngeal transit time—the time raken for the bolus to move from the
point at which the pharyngeal swallow is triggered through the cricopharyngeal
juncture into the esophages—is normally 1 second or less. During this transit,
the bolus does not hesitate for any fengrh of time anywhere in the pharynx, but
moves smoothly and quickly over the base of the tongue through the pharynx
and inro the cervical esophagus. As the bolus moves through the pharynx, it usu-
ally divides at the valleculae, with approximately half flowing down each side of
the pharynx through the pyriform sinuses. Approximately 20% of normal sub-
jects swallow down only one side (Logemann, Kahrilas, Kobara, & Vakil, 1989).
The purpese of the epiglottis appears to be to direct the food around the airway
rather than over the top of the airway. The twe portions of the bolus join again
atabout the level of the opening of the esophagus { Ardran & Kemp, 1951). When
the pharyngeal phase of the swallow is over, normally very little residual food is
left in the pharynx, even in older individuals.

Fsophageal Phase

Esophageal transit times can be measured from the point where the bolus enters
the esophagus at the cricopharyngeal juncture or UES until it passes into the
stomach at the gastroesophageal juncrure or LES. Normal esophageal transit
time varies from 8 to 20 seconds (Dodds, Hogan, Reid, Stewart, & Amdorfer,
1973; Mandelstam & Lieber, 1970). The peristaltic wave, which begins at the
top of the esophagus, pushes the bolus ahead of it and continues in sequential
fashion through the esophagus until the lower esophageal sphincter opens to
allow the bolus to enter the stomach.

Motility disorders in the esophagus can be defined during a videofluoro-
scopic study, as described in Chapter 5. However, because the esophageal phase
of the swallow is generally not amenable to any kind of therapeutic exercise regi-
men, the videofluoroscopic study of oropharyngeal deglutition usually does not
involve examination of the esophagus. Patients with esophageal disorders should
be referred to a gastroenterologist or for a standard barium swallow or upper gas-
trointestinal series. Unfortunately, the barium swallow does not always define
gastroesophageal reflux (i.e., the backflow of food from the stomach into the
esophagus). A referral to a gastroenterologist may be more productive in identi-
fying the eticlogy and oprimal treatment for the patient’s esophageal disorder.
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The Mechanism as a Set of Tubes and Valves

The upper aerodigestive tract can be conceived as a series of tubes and valves.
The tubes are the oral cavity, which is a horizontal rube as shown in Figure 2.16,
and the pharynx, which is a vertical tube. Within these two tubes, there are a
number of valves that serve several functions: (1) directing the food in the appre-
priate way to keep it from going down the airway or up the nose, for example,
and {2) applying pressure to the food to propel it aleng. The valves consist of
{1) the lips anteriorly, which keep food in the mouth; (2) the oral portion of
the tongue, which can make complete contact with any point along the hard
palate and soft palate or can approximate the. palate to any degree; (3) the
Hitvngeatregion, which closes to keep food from entering the nose; (4) the
lseytixswhose prirgasybiclogic fimertoriistopreventfosd fromrentering the frar
chigsi(5) the rongue base and pharyngeal walls, which make complete conract
during the pharyngeal swallow to generate pressure and drive the bolus cleanly
through the pharynx; and {6) the cricopharyngeal region, which epens at the
appropriate time to allow the bolus into the esophagus. A seventh valve is in
the digestive tract at the base of the esophagus (i.e., the lower esophageal sphinc-
ter). The lower esophageal sphincter (LES) functions quite differently from the
UES and is anatomically quite distince. Whereas the Séor cricopharyngeal
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Pigure 2.16. A diagram of the valves of the upper aerodigestive tract invelved in swallowing
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regicn 1s axpusguloskeleral valve made up of the cricopharyngeus musele and
the cricoitdcartilageythe EESis a musculapsphincter that relaxes to open and
contracts to close. The LES is designed to keep fu tstorach:acid in the
tomach, that is, to prevent reflux or the backflow of food from the stomach into
the esophagus. To produce a normal swallow, all of these valves must function
both in appropriate timing and appropriate range of movement. One way to eval-
uate this mechanism is to systematically examine each of the valve functions to
determine whether it is opening and closing at the right times during the swal-
low and whether its range of movement is normal. Many of these same valves
function for speech. However, swallowing generally requires greater muscular
contraction, demands greater range of motion, and generates higher pressures

than speech {Perlman, Luschei, & DuMond, 1989).

Changes with Age

Variations m Novmal Anatomy and Physiclogy

The normal anatomy of the upper airway in a young infant differs from that of

the adult.

In infants and young children, the anatomic relationship between the structures
of the oral cavity and the phfu YIX i different from that in adults. In thednfist,
the tomguie fills e oral éav the:cheeks narrow the oral cav-
ihet than in adules

pal-protéctionrfostheairiay (Bosma, 1986a,
1086, Newman, Cleveldnd Blickman, & Hillman, 1991). The selam usually
hangs kesiter, with the wwil¥ often resting imside theepiglowis, forming a pocket
in the valleculae. As described later, with repeated tongue pumps, the bolus is
often collected ar the back of the mouth in front of an anteriorly bulging velum
or in the vallecular pocket. During the first 21 years of life, the face continues to
grow. The jassgrowsdownaid forward, carrying the tongue down and enlarging
the space between the tongue and the palate, thereby developing an oral cavity
space. The farynx lowers as does the hyoid bone, thereby elongating and enlarg-
ing the pharynx. The greatest elongation of the pharynx and downward dis-
placement of the larynx occur during puberty.

According to Dellow (1976), swallowing begins in the fetus, with suck-
ing movements, drinking of amniotic fluid, and occasional presentation of the
thumb in the mouth. Swallow physiology in the infant is quite different from
that in the adult. When sucking from a nipple, the infant repestedly prisnps che”
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il Posterior End of Mandibular Foramen
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Vlnferior Margin of Cricoid Cartilage

Figure 2.17. Lateral drawings of the infant and aduit head and neck indicating the relative

position of cral and pharyngeal structures.

tongue (initially the tongue and jaw togcther) expressmg m1lk from the mpple

anterlorly bulging soft palate) or in the valleculae, B

i irticutar timbér of tongue pumps predommantly, with some vari-
ability. Normal infants may use anywhere from resputaps (Burke,
1977; Newman et al., 1991). More than that would be consldeled abnormal.
Usually the number of tongue pumps used relates to the amount of liquid
expressed from the nipple by a single tongue movement (i.e., fewer tongue pumps
if a farge amount of liquid is expressed with each tongue movement, more tongue
pumps if less liquid is expressed). When a iboliis of adéfiiate sizé"has been
formed, the pharyngeal swal tiggers. If given a small liquid bolus (1 ml) on a
spoon, an infant usually produces an oral and then pharyngeal swallow similar
to that of an adult.

irifaric tends to use a
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The pharyngeal swallow in the infant is similar to that of the adult with two
exceptions. Larytigeal elevationissmuch teduced, since the larynx is anatomi-
cally elevated under the tongue base and does not need to move upward. In nor-
mal infants, the pog vpharyngeal wall is often seen to meove:much further .
anteriotly lurmg swallow than is observed in adults.
~According to Bosma {1973), bite is achieved at approximately 7 months,
and chewing begins at approximately 10 to 12 menths, although there is great
variability in the time when the normal adult chewing pattern is achieved,
which can be up to 3 to 4 years. Once the infant moves to discrete swallows of
pureed or soft foods, the oral and pharyngeal swallow physiology is similar to
that of an adult, with the exception of reduced laryngeal elevation.

Oilder Adulis

A number of studies have been done to define the changes in normal swal-
lowing patterns throughout adulthood, Feldman, Kapur, Alman, and Chauncey
(1980) studied masticatory function in older adults. High masticatory perfor-
mance was maintained regardless of age in normal individuals with complete, or
almost complete, dentition. These authors did find an increase in the number of
chewing strokes used to prepare food for swallowing related to age and dental
status. More strokes are needed in patients with poor dentition or dentures.

Several studies have examined the structure and function of swallowing in
normal aging adults {Blonsky, Logemann, Boshes, & Fisher, 1975; Mandelstam
& Lieher, 1970; Robbins er al., 1992; Tracy et al., 1989). These studies have
shown that some minor but statistically significant changes in the physiclogy of
deglutition occur until individuals reach their 80s.

With age, ossification in the thyroid and cricoid cartilages and the hyoid
bone increases, so that these structures may appear more prominent during
fluoroscopy. Also, as adulrs redehvage 70-and beyond, the larymemay begin to
lowerin-the-neeck approaching the Tth cervicab:vertebra. Wich age, the inci-
dence of cervical arthritisincreases. Arthritic changes in the cervical vertebrae
may impinge on the pharyngeal wall, decreasing its flexibility. This may be
responsible for some reported reduction in the strength of pharyngeal contrac-
tion, resulting in some need to swallow a second time to clear residual material
from the pharynx after che swallow.

Some statistically significant changes in oropharyngeal swallow physiology
have been noted in normal individuals over age 60 (Robbinb et al., 1992; Tracy
et al., 1989). & thieholus.on the -
fle f.the mous E:f'and plck it up w1th the tonf:,ue tip as the oral stage of swal-
lowing is initiated—that is, the dipperswatlaw (Dodds et al., 1989). The oral
stage of swallowing is slightly longer in older adults as is the “normal” delay in
triggering the pharyngeal swallow (Figure 2.18).
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Figure 7,18, A bar graph showing duratien of pharyngeal delay in the oropharyngeal swal-
low in youngér and older normal adults. The difference in pharyngeal delay rime is significant
with age. :

A very small increase has been observed in ﬁequency and extent of oral or
pharyngeal residue in individuals over 60 E of material into the laryn-
geal Vestlbule is rcported as ir Eequency with age, but there issn
T tiop:in older adults (Robbins et al., 1992; Tracy et al., 1989)
Fzgures 2.19A and 2.19B illustrate the extremes of pharyngeal residue (least
and most) observed in older normal subjects in our videofluorographic stud-
ies. In contrast to these small changes in oropharyngeal swallow physiology in
older adults, esophageabhirietion Jeteripresmoresipnificantly with age so that
esophageal transit and clearance are slower and less efficient (Mandelstam &
Lieber, 1970).

My colleagues and 1 have completed a comparative study of oropharyngeal
swallow in young men (21 to 29 years old) and old men (80 to 94 vears old)

(Logemann Pauloslq Rademaker, & Kahrilas, 1996). Results revealed t’educed

and-hveidanterior and verticalimovemiet in the oldug
indicating re_d.e_i‘t:&d omuseularreserve. As shown in Figure 2.20, the verfi-
cal movement of the hyoid and larynx in the old and young men was identi-
cal until each accomplished cricopharyngeal opening. After cricopharyngeal
opening was attained, hyoid and laryngeal elevation continued in the young
men but remained stable in the old men. The younganen had exeets laryngeal

sie.” The oldmer it noreseryve.

. This differeee between necessary-movement and actumh
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e}

Figure 2.1%. Lateral videoprints of the least (A) and most {B) residue in the

pharynx in the oldest subjects in our studies, ages 80 to 93.
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i chemicalisénse in the oropharyngealitegion and is activated during
eating and drinking (Frank, Hettinger, & Mott, 1992). Withsige, rating of the
intensity of taste and smell are reduced (Cowart, 1989), smelliperhaps:more
than taste. Loss of interest in nutritious food may develop in the elderly as taste
sensation is affected. Taste supplements may be added to food to increase intale
(Schiffman & Warwick, 1989) but must be done carefully as foods can be sweet-
ened or salted to unhealthy levels. Some medications can result in an unpleas-
ant metallic taste in the mouth, including tetracycline {an antibiotic), fithium
carbonate (an antipsychotic), penicillamine {an andiarthritic), and captopril (an
antihypertensive) (Coulter, 1988; Greenberg et al., 1989; Hochberg, 1986; Mag-
nasco & Magnasco, 1985). '

Coordmation of " Kes SPITALON v and Sawall: DU

Several studies have examined the coordination between respiration and swal-
lowing in normal individuals of various ages (Martin et al., 1994; Nishino &
Hiraga, 1991; Preiksaitis, Mayrand, Robins, & Diamant, 1992). During swallow,
the airway closes for a fraction of a second. The airway. closute periads:when
spitation, is known as the apneie:petiod. The apneic period usually
corresponds to the closure of the airway during the pharyngeal stage of swallow-
mg and the cessatmn of chest waH movement. The i it the i .;:__ei;o—

low. There isa predommant pattéfn of swaﬂow 1esp1rat01y coordmatlon, Wlth a
great deal of variability. The predominant pattern of coordination involves the
swallow interrupting the exhalatory phase of the respiratory cycle (Martin et al.,
1994; Nishino, Yonezawa, & Honda, 19853; Preiksairis er al., 1992; Selley, Flack,
Ellis, & Brooks, 1989a, 1989b; Smith, Wolkove Colacone, & Kreisman, 1989).
Usually the individual & xh, safter wallow. This coordina-
tion is thought to be safe upting.inhalation to swallow. By interrupt-

ing exhalation and returning to exhalation, the normal individual has a slight
airflow through the larynx and pharynx after the swallow, which may help to
clear any mild residue from around the airway entrance. At least one study has
found that at larger bolus velimes, moreswallows were preceded by inspiration
{Preiksaitis et al., 1992).

There are indications that dysphaigic: patients may-miore-often-interrapt
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inhalation: to swallow;which may increase their risk of aspiration (Selley et al.,
1989b). There are also data indicating that it takes infants approximately.Z i
3amonths to stabilize ctheir swallow=respiratory coordination to be more like the
adult pattern (i.c., so that swallowing interrupts the exhalatory phase of respira-

tion) (McPherson et al., 1992),

¥

Variations in Normal Swallowing

Normal swallowing consists of a number of different types of swallows. This helps
to explain why some patients indicate they can swallow a certain type or vol-
ume of food but not another. The characteristics of the foed are a major factor
in making systematic changes in the oropharyngeal swallow. The other factor is
volitional control exerted over the swallow.

Volume Effects

In general, changessin-balus wolume create the greatestisystematic.changes in
the oropharyngeal swallow. Whereas a small volume swallow (Ete:3:8 is char-
acterized by anasalphase followed by pharyngeal swallow triggering, the pha-
ryngeal phase, and then the esophageal phase, a lax me.swallow (10 to
20 ml) is usually characterized by stmltaneousoraland p .dr'yngeal Activity
This is necessary in order to saf 5 bolus from bothithe oralicav-

ity:and the pharynx (Kahrilas & Logemann 1993; Shaker et al., 1993). As bolus
Vgiu_m_ nereases; the timingoftongue base retraction to contact the anteriorly
and medially moving pharyngeal walls oceursslater in:the:swallow The com-
monality across swallows is that the tongue base and pharyngeaiwaﬂs OVE

movement of t'h'e tongue bas:, and pharyngcal walls toward each othcr is directed
at the bolus tail.

Inereasmg Viscosity

As bolus #i& éages, the pressiire generated by the ofal fenpiie; totioue
base, and pharyngeal walls increases-and muscular. (electromyographic) activ-
ity increases {Dantas & Dodds, 1990; Dantas et al., 1990; Reimers-Neils et al.,
1994). In addirion, vilvefunctions, such as Velophqryngeal closure and upper
esophiageal opening and laryngeal closure, all ingrease slightly in duration as vis-
cosity increases.
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Cup Drvinking

Cupdrinking, if it is sequential, is characrerized bigagly sirway closure and some
preslevation ofthedarynxas the cup is approaching the lips with airway closure
extending across all of the sequential swallows. The duration of airway closure
on cup drinking may last anywhere from 5:t¢:40:seconds, depending upon the
number of consecutive swallows produced (Martin et al., 1994). During these
sequential swallows, the velopharyngeal areasis ¢loséd, the lips maintain seal
around the cup or glass, the ronguerepeatedly propels the consecutive-swalows
from the oral caviry, and the tongue base and pharyngeal walls make contact at
the tail of each sequential bolus. The upperesophagesat sphincteriopetis refiest-
«edly as each. holus apptoaches. Patients with respiratory problems may not be
able to cup drink because they cannot sustain the duration of airway clesure
needed.

Straw Drinking

In straw drinking, the bolus is brought into the mouth via suction created in the
oral cavity. To crégteghesiction, the soft palaterislowered-apaitst the back of
thestongieand the misclesof the cheek-and face ¢onitiact and  créatesuction
‘intracrally to bring material into the mouth. When material has reached the
mouth, the suction is discontinued, and the sofe palate elevates.as thecorab stage
obswallow s initiated by the:tongue: Thus, straw drinking is simply a way to
modify food placement into the mouth. There is, however, an inappropriate or
dangerous way to straw drink which involvessueking viainhalation:rather chisti
ingraoraksuction. This can usually be easily observed at the bedside by watching
the patient attempt to straw drink. If the suction is timed with inhatation, it is
likely that the patient is sttaw drinking inappropriately with the airway open.
This increases the patient’s risk of marterial enrering the airway as he or she is
bringing the material into the oral cavity if it spills over and is sucked into rthe
airway.

“Chug-a-Lug”

Some individuals can “chug-a-lug” a can of soda or other beverage without
swallowing. To do this, they gtk their lapynk forward, which opens the upper
esophageal sphincter. volitionally; hald their breath to close the airway at the
larynx; and then literall dump__matenal through the oral cavity and phatynx by
gravity into the esophagus and stomach. This is much the way a sword swallower
manages to swallow the sword. The sword swallower aligns the oral cavity, phar-
ynx, esophagus, and stomach vertically; opens the upper esophageal sphincter
by forward pull of the larynx; holds his or her beeath to protect the airway; and
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allows the sword to pass straight through the mouth, pharynx, and esophagus.
Then the person relaxes the lower esophageal sphincter to enable the sword to
enter the stomach. This action clearly represents tremendous volitional control
over the mechanism, which indicates the potential that patients may have to
compensate for their oropharyngeal dysphagia.

Pharyngea! Swallow with No Oral Swallow

If secretions are collecting in the pharynx or if there is chewing with premature
spillage, which is building up in the valleculae and the pyriform sinuses, the
individual inay produce a pharyngeal swallow with little or no oral swallow. Gen-
erally, if chewing is taking place, the individual will stépchewing, produce a
pharyngeal stageiswallow, and thersrseiertochewing. Thus, it is quite possible
o have a pharyngeal stage swallow with no oral swallow at all. This again rep-
resents volitional control over the mechanism.

Components of All Swallows

All swallows must have certain physiologic components in order to clear foed
from the oral cavity and pharynx with no residue and with good airway protec-
tion. The components that must be present are (1) oral propulsion.of the bolus.
inte the pharynx, (2) aieway-closure, (3) upper-esophageal sphincter opening,
and (4) tongue base—pharyngeal wall propulsion to carry the bolus through the
pharynx and into the esophagus. The variations on normal swallow generally
involve changing the relative timing of these elements, but all must be present
and normal for the bolus to be cleared safely and efficiently.

The behaviors characterizing normal swallowing are rapid acts, each invalv-
ing voluntary and involuntary aspects requiring complex neuromotor control.
Although all of the aspects of neural control of swallowing are not entirely
understood, the physiclogy of normal deglutition has heen moderately well
defined and forms a basis for comparison of the abnormalities in swallowing

described in Chapter 3.
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