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Swallowing is a complex mechanism in which
the functions of the central and autonomic nervous
systems are integrated to produce a smooth and
speedy transference of the bolus from the mouth
to the stomach. The pharyngeal phase of deglu-
tition is the most rapid, being usually of less than
a second's duration, and for this reason has been
difficult to analyze fully.
The forces involved in the propulsion of the

bolus through the pharynx have been a source of
controversy. Some have maintained that the
bolus is advanced under positive pressure by the
action of the muscles of the tongue and pharynx
(1, 2); yet others have postulated negative intra-
pharyngeal pressures (3), in particular Barclay
(4), who believed that, after preliminary eleva-
tion, the pharynx suddenly descended thereby suck-
ing the bolus downward. Barclay's concepts have
few adherents today, but transient negative pres-
sures, uncertain as to origin and purpose, do ap-
pear during swallowing. Recently, for example,
Fyke and Code (5) have recorded positive pres-
sures from the upper pharynx and negative ones
from the cricoid level on swallowing.

It is generally assumed that the pharynx in the
resting state is closed off from the esophagus, and
although the existence of an anatomical sphincter
in this region is controversial, the lower part of
the inferior constrictor and perhaps the adjoining
circular muscle of the esophagus are believed to
perform this function (6, 7).1 A cricopharyngeal
sphincter has been demonstrated radiographically
by Templeton and Kredel (8) and its functioning
has been illustrated by cinefluorography by Ram-
sey, Watson, Gramiak, and Weinberg (9).
Whether the cricopharyngeus represents a true

1 The terms "cricopharyngeus" and "cricopharyngeal
sphincter" are hereafter used to include the entire sphinc-
teric mechanism.

sphincter with powers of active relaxation and con-
traction, or whether it functions in a passive man-
ner, as some have assumed (8), is debatable.
Radiographic techniques have been of limited
value in deciding this question, as the area has
been studied principally by observing the passage
of barium, whereas many of the dynamics of swal-
lowing precede the bolus. Also, radiography
yields only indirect information about the forces
concerned in the movement of the bolus.
To investigate the mechanism of swallowing

and the nature and magnitude of the forces in-
volved, we have recorded intraluminal pressures
simultaneously from three levels in the pharynx
and esophagus. At the same time rapid serial
radiographs have been taken to enable interpreta-
tion of pressure records in terms of anatomical
function and movement of the bolus. These ob-
servations form the basis of this report.

METHODS

Intrapharyngeal pressures were recorded through
water-filled, open-ended polyethylene tubes attached to
Sanborn electromanometers and a four-channel, direct-
writing Sanborn recorder. For measuring resting pres-
sures in the pharynx and upper esophagus, a single tube
was used. This tube had an inside diameter of 1.7 mm.
and was equipped with a metal tip to enable radiographic
visualization. A small strip of lead was attached to the
skin over the cricoid cartilage to act as a marker in the
radiographic localization of the position of the tube.
With the subject supine, the tube was inserted into the
mid-esophagus to the 30 cm. mark. Then, under fluoro-
scopic control, it was withdrawn centimeter by centi-
meter, and intraluminal pressures were recorded in the
esophagus and pharynx at each level.
For measuring swallowing complexes, three such tubes

were fastened together so that the distance between the
distal and middle tips was 2 cm., and that between the
middle and proximal tips 4 cm. These tubes were inserted
into the pharynx and esophagus through the nose.

Polyethylene tubes rather than nylon cardiac catheters
were used because their flexibility permitted them to
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FIG. 1. RESTING INTRALUMINAL PRESSURES IN THE ESOPHAGUS AND PHARYNX

OBTAINED BY INSERTING THE RECORDING TIP INTO THE UPPER ESOPHAGUS AND WITH-
DRAWING CENTIMETER BY CENTIMETER
The zone of high resting pressure at the cricoid level is demonstrated.

move up and down with the pharynx during swallowing.
Hence, their tips remained in a relatively constant posi-
tion with respect to the pharyngeal and esophageal wall.
In addition, their flexibility greatly reduced discomfort
from pharyngeal irritation. In preliminary experiments
simultaneous recordings were made with a polyethylene
tube and a nylon catheter fastened together with their
tips at the same level. The records obtained were identi-
cal, and therefore the compressibility of the polyethylene
tubing was not such as to alter the record.

Studies were made upon fasting subjects in both the
sitting and supine positions. When the subject was su-

pine, the posterior border of the cricoid cartilage was

taken as the point of zero pressure. With the subject
sitting, the zero points were adjusted to the heights of
the recording tips. In this way absolute pressures were

determined with sufficient accuracy to permit comparison

of pressures at the three recording sites. Swallows of
10 to 20 ml. of water, or barium suspension, or small
quantities of chewed or unchewed bread were used.

Serial radiographs were taken in the anteroposterior
and lateral planes at speeds of 6. to 12 per second by
means of an Elema machine using 12-inch roll film. The
following radiographic factors were employed: 300 ma,

110 Kv, 1/60 sec. A lead, taken from the primary wind-
ing of the transformer for the lateral X-ray tube and
passed through a transformer resistance box, was fed
into the fourth channel of the recorder. In this way, the
exact times of exposure of the films in relationship to in-
traluminal pressure changes were recorded.

Pressure records from the pharynx and upper esophagus
were obtained in 30 healthy male subjects; in 22, pres-

sures alone were measured, and in 8, simultaneous pres-

sure measurements and radiographic studies were made.

TABLE I

Resting intraluminal pressures (mm. Hg) at the junction of pharynx and esophagus

Esophagus Pharynx

2 cm. below 1 cm. below 1 cm. above 2 cm. above
Subject cricoid cricoid At cricoid cricoid cricoid

O. P. -10 10 8 2 0
A. R. - 4 60 20 5 2
C. T. 2 22 30 7 2
V.G. - 8 -5 20 25 8
G.S. - 7 7 25 40 -3
M. A. - 2 0 40 8 0
R.S. - 7 10 28 0 0
A. H. - 3 12 30 2 2
R. M. 0 17 32 20 3
J.C. - 3 -3 27 12 0
S. A. 0 25 25 0 -2
T. H. 0 10 28 16 3
T.R. -10 18 55 8 0
T. B. - 2 0 30 23 5
J.B. 3 10 60 21 2
A. B. - 4 5 45 30 5
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NORMAL PHARYNGEAL SWALLOWING MECHANISMS

RESULTS

Resting pressures in the pharynx and upper
esophagus
Measurements were made in 16 subjects (Table

I). In the upper part of the esophagus, resting
pressure was usually a few millimeters below at-
mospheric, and respiratory fluctuations were slight
and often absent. When the recording tip was
withdrawn to the region of the cricoid cartilage,
elevation of the resting intraluminal pressure was
seen (Figure 1). At this point, further with-
drawal of the tip was opposed by a sense of re-
sistance; once through this zone, the tip could be
returned to the esophagus.only when the subject
swallowed. The extent of this zone of elevated
pressure varied considerably from subject to sub-
ject; in some it was only 1 cm. in length, and in
these it was difficult to maintain the recording tip
in the high pressure zone. Others showed an ele-
vated resting pressure over a distance of 4 cm.
with a step-like increase and decrease on either
side of the point of maximal pressure, which usu-
ally corresponded with the level of the cricoid car-
tilage. The maximal elevation of resting pressure
varied between 10 and 60 mm. Hg, with a mean
of 35 mm. Hg.
The height of the elevation of pressure in the

cricoid area varied considerably from subject to
subject, and repeat measurements in the same
subject did not always give the same results.
This variability may be explained in part by the
fact that the recording tip may not always have
been placed in exactly identical positions. It
seemed more likely, however, that resting pres-
sures actually did change during the course of
some studies; in fact, an increase or decrease in
resistance to the passage of the tube could some-
times be appreciated by the intubator.

Radiographs confirmed that the zone of high
resting pressure corresponded with the region of
the cricopharyngeal sphincter. As shown in Fig-
ure 5, plate 4L, the distal tip, which was in the
high pressure zone, may be seen just below the
air-filled pharynx and at the level of the cricoid.
The sphincter, outlined by a swallow of barium
(Figure 4, plate 13A), corresponded with the posi-
tion of the distal tip.
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FIG. 2. SIMULTANEOUS SWALLOWING PRESSURES FROM
THE UPPER AND LOWER PHARYNX AND THE LEVEL OF THE
CRICOPHARYNGEUS

Pressure changes in pharynx and upper esophagus
on swallowing
For descriptive purposes, four types of swallow-

ing pressure complexes will be outlined: esopha-
geal, cricopharyngeal, lower and upper pharyngeal.

Esophagus. Deglutition pressure changes in
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FIG. 3. SIMULTANEOUS SWALLOWING PRESSURES FROM
THE LOWER PHARYNX, CRICOPHARYNGEAL LEVEL, AND
UPPER ESOPHAGUS
Time intervals in seconds.
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FIG. 4. RADIOGRAPHIS TAKEN DURING THE RECORDING OF INTRAPHARYNGEAL PRESSURE CHANGES

BARIUM SUSPENSION
The corresponding pressure record is shown on the right, the vertical lines indicating the times

The heavy horizontal bar indicates the passage of the bolus in relation to the tracing.

the upper esophagus (Figure 3) consisted of an

initial transient negative deflection succeeded by
a positive plateau and a final positive wave, the
whole complex lasting about 4 to 5 seconds.
These findings conform with previous descriptions
(10, 11).
Cricopharyngeal level. In the zone of high rest-

ing pressure a completely different type of swal-
lowing complex occurred. A rectangular down-
ward deflection now became the basic pattern.
On swallowing, the pressure fell abruptly to, or

just above, the resting esophageal level, although
occasionally a small positive wave preceded this
fall. This drop in pressure coincided with the
beginning of the positive plateau in esophageal
records (Figure 3). After the downward dip,
cricopharyngeal pressure either remained station-
ary or rose slightly for an interval of 0.5 to 1.2

ON SWALLOWING

of film exposure.

seconds; thereafter, pressure rose, as abruptly as
it had fallen, to a resting level, often higher (Fig-
ure 2) and sometimes lower than the initial level.
This apparent change in resting pressure may
have been caused by displacement of the recording
tip during swallowing, but actual change in sphinc-
teric tone may have occurred.
On occasions, a final slow positive wave, com-

parable in amplitude and duration with the final
peristaltic pressure wave in the esophagus, was
recorded after the rectangular downward com-
plex. Simultaneous radiography, however, sug-
gested that this was due to displacement of the
recording tip downward into the upper esophagus.
Lower pharynx. Immediately above the zone

of high resting pressure, double-peaked, purely
positive swallowing complexes occurred. The
relative height of the two peaks varied, but in gen-
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4L

FIG. 5. LATERAL FILMS EXPOSED SIMULTANEOUSLY WITH THE ANTEROPOSTERIOR FILMS SHOWN IN FIGURE 4
R.T. = recording tip.

eral the second was the larger, ranging between 15
and 80 mm. Hg in amplitude. The time interval
between these peaks was of the order of 0.4 to 1
second and differed from one swallow to another
in the same subject. The second peak occurred
immediately before the abrupt return to high rest-
ing pressure at the cricoid level (Figure 2).

Upper pharynx. There was no sharp demarca-
tion between the pressure patterns seen in the
upper and lower parts of the pharynx. The first
pressure peaks corresponded in time and ampli-
tude throughout the pharynx, but the higher the
recording tip the closer did the second peak fol-
low behind the first, until in the upper pharynx
the two almost merged. Here the amplitude of
the second peak usually was greater than the
first.

Description of the swallowing act on the basis of
correlated radiologic findings and pressure
measurements

Upward pressure of the tongue, from the tip
backwards, against the hard palate initiated swal-
lowing by thrusting the bolus backward into the
pharynx. At the same time, the nasopharynx was
closed off by the soft palate, the larynx was ele-
vated, and the vocal cords approximated. The
initial negative pressure deflection in the upper
esophagus corresponded with the elevation of the
larynx, and hence might have represented stretch-
ing of the esophagus (12). However, simultane-
ous intragastric pressure records indicated that a
sudden increase in intragastric pressure occurred
at this instant, and it is, therefore, also possible
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that the negative deflection in the esophageal rec-
ord was due to the sudden inspiration (Schlucka-
thembewegung) which has been recorded early
in swallowing (3).
The movement backward of the bolus into the

pharynx, which was now a closed cavity, corre-
sponded with the first peak of the intrapharyngeal
pressure record. However, immediately after
the head of the bolus entered the pharynx, the
cricopharyngeus appeared to open. This oc-
curred synchronously with the abrupt fall in pres-
sure at the cricoid level (Figure 5, plate 7L) and
the commencement of the positive plateau in the
upper esophagus (Figure 3). The bolus then
passed down the pyriform sinuses into the esopha-
gus (Figure 4, plates 7A and 9A) as intrapharyn-
geal pressure dropped to form the trough between
the two peaks. The head of the bolus moved
rapidly down the pharynx at a speed of 40 to 50
cm. per second but slowed down at the cricoid
region and took longer to pass. This slowing
probably took place because the esophageal lumen
is narrower than that of the pharynx. It did not
appear due to delay in relaxation of the crico-
pharyngeus as this occurred before the head of
the bolus reached the cricoid level (Figure 4,
plate 7A).

Successive contraction of the superior, middle
and inferior pharyngeal constrictors then took
place, rapidly forcing the remainder of the bolus
into the esophagus (Figure 4, plate 13A; Figure 5,
plates 9L and 16L). The wave of constrictor activ-
ity coincided with the second major peak of intra-
pharyngeal pressure. Radiography indicated that
this wave of constriction passed down the pharynx
in approximately 1 second. This corresponded
with a rate of 5 to 10 cm. per sec., calculated for
the wave of constriction on the basis of a time
interval of 0.4 to 0.8 second between the second
peaks of the upper and lower pharyngeal records.
The second pharyngeal pressure peak was fol-

lowed immediately by closure of the cricopharyn-
geal sphincter, coinciding with the abrupt return
to high resting pressure at the cricoid level. The
larynx descended, the pharynx filled with air and
respiration was resumed. The final brief negative
wave in the upper pharyngeal record occurred im-
mediately before the pharynx refilled with air
(Figure 5, plates 16L and 19L). It may have

represented relaxation of the muscular walls of the
pharynx creating a partial vacuum before the soft
palate relaxed and allowed air to re-enter.

In the esophagus, the peristaltic pressure wave
did not develop until most of the bolus had passed
downward.

Variation in swallowing complexes

In spite of standardization of the amounts and
frequency of swallows, considerable variation in
duration and amplitude of the pressure complexes
was seen. In part, this variation may have been
caused by technical factors such as slight shifting
of the apertures of the recording tubes during
swallowing.

Posture. In the upright position, gravity aids
the passage of the bolus. However, in not one of
five subjects in whom pressure records were ob-
tained both in the supine and sitting positions did
posture cause appreciable change.
Type of bolus. In three subjects swallows of

water were followed by swallows of chewed or un-
chewed bread. Although no appreciable differ-
ence in swallowing complex occurred with chewed
bread as compared with water, swallowing lumps
of bread usually caused an increase in the ampli-
tude and duration of pressure complexes, perhaps
representing powerful constrictor contractions re-
quired to force the bulky and unlubricated bolus
through the pharynx.

Drinking without swallowing. Certain indi-
viduals have the faculty of pouring fluids down
into the esophagus without swallowing. Pressure
records were obtained from one such subject,
who aided the flow by reducing his intrathoracic
pressure by inspiration against a closed glottis.
During a 4-second period he imbibed 8 oz. of wa-
ter without concomitant increase in intrapharyn-
geal pressure. The pressures at the cricoid level
decreased intermittently and thus allowed water
to pass into the esophagus. It appears therefore
that the cricopharyngeus, with training, can be
brought under voluntary control.

DISCUSSION

Our findings indicate that propulsion of the
bolus through the pharynx in many ways resembles
that through the esophagus. In both instances
the bolus, if liquid, is injected from above under
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pressure and traverses the lumen of the organ
under this impetus. The wave of constrictor con-
traction, like the peristaltic wave in the esophagus,
follows the bolus and sweeps along its last re-
mains, but the whole process is much faster in the
pharynx. It is of interest that Kronecker and
Meltzer (1) in 1883 found two peaks on balloon
records of deglutition pressures in the pharynx
and postulated that the first represented the ap-
pearance of the bolus, and the second, constrictor
contraction. Since that time most investigators
have described a single positive wave. Between
the pharynx and the esophagus lies a zone in
which motor activity is completely different. Our
investigations confirm that this has the character-
istics of a sphincter. As shown by Fyke and
Code (5), resting pressures in this zone are high.
In addition, our radiographs indicate that at this
point the lumen is constricted, and the position
of the sphincter is in accordance with the view
that it is the cricopharyngeus. This sphincter re-
laxes in a coordinated fashion just before the bolus,
and contracts again after the bolus has gone by.
Although the sphincter normally functions in a
reflex fashion, it apparently may be relaxed or
dilated voluntarily in certain subjects who have
the faculty of pouring fluid into the esophagus
without swallowing. Conversely, Dail, Affeldt,
and Collier (13) have shown that patients with
respiratory paralysis can be taught to keep the
cricopharyngeus closed and the glottis open dur-
ing air "swallowing," thus inflating the lungs
(glossopharyngeal breathing).
As no pressure below resting intraesophageal

pressure was found, these results refute the sug-
gestion that suction is concerned in swallowing.
Resting intraesophageal pressure usually is a few
millimeters Hg below that in the pharynx, and
relaxation of the cricopharyngeus establishes a
mild downward gradient, but this factor would
appear to be of negligible importance in propelling
the bolus.
A somewhat different type of swallowing pres-

sure complex was described by Fyke and Code
(5). At the cricopharyngeal junction, they found
markedly negative deglutition pressures. Con-
siderably below the resting pressure level in the
esophagus, this negative deflection was followed
by a final positive wave. Our results indicate that
the pressure changes in this region represent a

tendency toward equalization of intraluminal pres-
sure between the sphincteric zone and the esopha-
gus. No pressures below resting esophageal
levels occurred. In addition, in our experience
the final positive wave was evident when it was
likely that the tube had moved into the esophagus
with the bolus. These discrepancies may be re-
lated to technical factors, in particular the diffi-
culty that is experienced in maintaining the re-
cording tip in a constant position in relation to
the wall of the pharynx and esophagus during
swallowing. In this connection, simultaneous ra-
diography is of considerable value in detecting
movements of the tube.
While it is not of importance in the normal

mechanism of swallowing, suction can be used to
facilitate the flow of liquids into the esophagus, as
was the case in the subject who by relaxing his
cricopharyngeus could pour fluids down. Here
the larynx was elevated and closed off from the
pharynx, but no impetus was imparted by the
tongue or pharyngeal muscles. In certain dys-
phagias the cricopharyngeus may function nor-
mally, yet the pharyngeal constrictor muscles have
lost their power (14). Voluntary relaxation of
the cricopharyngeus, if it could be taught these
patients, might help them in taking fluids.

SUMMARY

Resting intraluminal pressure was elevated at
the pharyngo-esophageal junction in each of 30
normal subjects, the mean pressure being 35 mm.
Hg. This zone of elevated resting pressure cor-
responded radiographically with the position of
the cricopharyngeal sphincter.
During swallowing, intraluminal pressures were

recorded simultaneously from three sites in the
pharynx and esophagus while serial radiographs
were taken at 12 per second. In the pharynx two
peaks of pressure occurred, the first coinciding
with the entry of the bolus and the second with
constrictor contraction.

In the high pressure zone, at the cricoid level,
an abrupt fall to, or to just above intraesophageal
pressure occurred on swallowing, followed by an
equally abrupt return to the high resting level
after the passage of the bolus. These findings
support the view that the cricopharyngeus is a
true sphincter.
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No pressures lower than esophageal pressures
were recorded during the passage of the bolus;
therefore, swallowing does not involve suction.
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