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Abstract. The effects of age and gender on the upper
esophageal sphincter’s (UES) and pharyngeal mano-
metric parameters were investigated in 84 healthy
subjects (45 men, 39 women, mean age=44 years,
range = 18-91). Manometric recordings were per-
formed with solid-state circumferential transducers.
Subjects older than 60 years (n = 23) showed a sig-
nificant lower UES resting pressure. In addition,
during water swallows they had a higher UES residual
pressure, shorter UES relaxation interval and UES
relaxation duration, and a decreased UES relaxation
rate. Furthermore, pharyngeal contraction had sig-
nificant higher amplitude and longer duration in
subjects older than 60 years during water swallows.
Some of these findings were also observed during
cookie and pudding swallows. Women had a higher
UES resting pressure and a longer UES relaxation
interval than men. The observed changes with in-
creasing age indicate loss of basal tone and decreased
compliance of the UES. Increased pharyngeal con-
traction amplitude and its prolonged duration in the
elderly might be compensatory to this. These physio-
logic effects of age and gender on UES and pharyngeal
parameters should be taken into account during
analysis of manometric studies.
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Problems with swallowing and complaints of globus
sensation are quite often reported [1,2]. Manometry is
a valuable method to investigate intraluminal pres-
sure changes caused by pharyngeal muscle action
and pharyngeal shortening [3]. To accurately inter-
pret the pharyngeal and upper esophageal sphincter
(UES) motility of patients, it is important to know if
any parameters are changed by age and/or gender.
Until now the effects of age and gender on UES
and pharyngeal parameters have not been well estab-
lished. Only a small number of studies have been
performed and most of these studies have limitations.
These limitations include a small number of subjects,
relatively young subjects, studies performed with a
sleeve sensor or other unidirectional pressure trans-
ducer, and evaluation of only a restricted number of
parameters of the swallowing mechanism [4-14].
Both pharyngeal and UES pressures have been
shown to have radial asymmetry [15-17]. Therefore,
it is difficult to interpret studies in which the mea-
surement is performed with a sleeve or unidirectional
pressure transducers, since both are able to record
pressures in one direction only [15-17].

The aim of this study was to investigate the
effect of age and gender on UES and pharyngeal
manometric parameters in 84 healthy subjects by
using circumferential pressure transducers.

Materials and Methods

Subjects

Manometric studies of the pharynx and UES were obtained from
84 healthy subjects (45 male, 39 female, mean age = 44 vy,
(range = 18-91)). Based on age and gender, subjects were divided
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into the following groups: age < 60y (n = 61, 31 male, 30 female,
mean age = 33.7 y, (range = 18-59) vs. age > 60y (n = 23, 14
male, 9 female, mean age = 71.3 y, (range = 61-91); men
(n = 45, mean age = 47.1y, range = 21-91) vs. women (n = 39,
mean age = 40.4 y, range = 18-73). No statistical differences in
age between men and women was found in the total group
(p = 0.15), in the group subjects < 6 y (p = 0.19), and in the
group subjects > 60y (p = 0.15).

None of the subjects had swallowing problems, gastro-
esophageal reflux disease, diabetes mellitus, neurologic disease, or
muscular disorders. Subjects did not use any drug that would affect
the gastrointestinal motility. The study was approved by the In-
stitutional Review Board of the Graduate Hospital. Written in-
formed consent was obtained from each subject.

Studies were performed in the Esophageal Function Labo-
ratory of the Graduate Hospital, Philadelphia, Pennsylvania, and
the Florida College of Medicine in Jacksonville, Florida.

Equipment

Pharyngeal and UES manometric recordings were performed using
an intraluminal solid-state transducer system. The solid-state ma-
nometry catheter incorporated two circumferential transducers
spaced 3 cm apart and one unidirectional transducer situated 2 cm
proximal to the proximal circumferential transducer (Koningsberg
instruments, Pasadena, CA). The circumferential transducers sense
pressures over 360° which allows accurate measurements of the
radial asymmetric UES and pharynx [15,17]. The system is char-
acterized by a low volumetric compliance (7 x 107 mm®/mmHg)
and an increase in pressure at the rate of more than 2000 mmHg/s
[15]. The overall probe diameter was 4.6 mm, and the circumfer-
ential transducers had a diameter of 5.2 mm. Pressures were sam-
pled at a frequency of 128 Hz.

Study Protocol

After a 6-h fast, the manometric study was performed with the
patient in the sitting position. The manometric assembly was pas-
sed through the nose into the esophageal body. A slow pull through
at 0.5-cm increments across the UES was carried out to determine
UES resting pressure. At each station the catheter was left in place
for at least 15 s to allow pressures to stabilize before a measurement
was taken. The distal circumferential transducer was then anchored
approximately 1 cm proximal to the highest pressure zone of the
UES. This position of the catheter compensates for laryngeal ele-
vation during swallowing, allowing the high-pressure zone of the
UES to elevate onto the transducer prior to relaxation. The du-
ration of UES relaxation measured with the catheter in this posi-
tion has been shown to have the best correlation with the opening
of the sphincter as measured radiographically [18]. Proper posi-
tioning of the catheter is verified by an “M” configuration of the
pressure tracing during swallowing [3]. The other two transducers
were located in the hypopharynx and pharynx. Pharyngeal and
UES manometric parameters were subsequently measured during
three series of at least four swallows each of 5 ml of water, 5 ml (1
tablespoon) of pudding, and one-quarter pieces of cookie.

Data Analysis

The analysis of pharyngeal and UES pressure tracings was
done by computer (Polygram UpperGI, Medtronic Functional
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Fig. 1. Schematic of the pharynx contraction and UES relaxation
during swallowing. Pharynx proximal: manual estimation by extrap-
olating the pharyngeal clearing contraction to baseline onset. Pharynx
distal: 1 = start of contraction, 2 = peak of contraction, 3 = end of
contraction. UES: 4 = start of UESR, 5 = nadir UESR, 6=end of
UESR. AP = amplitude pharyngeal contraction, DP = duration
pharyngeal contraction, DU = duration UES relaxation, RP = re-
sidual pressure UES relaxation.

Diagnostic, Shoreview, MN). Parameters of pharyngeal and
UES mechanics were calculated for each swallow separately
(Fig. 1). To determine the pharyngeal mechanics, the onset of
the pharyngeal contractions was manually estimated by extrapo-
lating the pharyngeal clearing contraction to baseline (Fig. 1).
The onset and end of the pharyngeal contraction were defined as
the times that the contraction cuts the level of 5 mmHg above
the pharyngeal baseline. The pharyngeal contraction propagation
rate was defined as the time difference from the onset of the
proximal to the onset of the distal pharyngeal contraction divided
by the distance between these transducers (2 cm). The distal
pharyngeal circumferential transducer, which was positioned in
the pharynx, was used to analyze the remaining pharyngeal
parameters [17]. Pharyngeal contraction interval and duration
were defined as the time between the onset and the peak of the
pharyngeal contraction and as the time between the onset and the
end of the pharyngeal contraction, respectively. The amplitude
of the pharyngeal contraction was defined as the highest pressure
of the contraction with the pharyngeal baseline as reference,
and the pharyngeal contraction rate was defined as the pharyn-
geal amplitude divided by the pharyngeal contraction interval.
UES resting pressure and UES residual pressure were measured
by using the esophageal baseline pressure as reference. UES
residual pressure was defined as the difference in pressure be-
tween the nadir of the UES relaxation and the esophageal base-
line. The onset and end of the UES relaxation were taken at the
times that the UES relaxation cuts the level of 50% of the UES
resting pressure. UES relaxation interval and duration were de-
fined as the time differences between the onset and the nadir and
between the onset and the end of the UES relaxation. The velocity
of the UES relaxation was defined as the difference in pressure
between the onset and nadir of the UES relaxation divided by
LIES relaxation interval. The coordination between pharyngeal
contraction and UES relaxation was studied by taking the time
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Fig. 2. A simplified representation of pharynx contraction and UES
relaxation based on computer analysis of pressure dynamics for water
swallows. This figure shows the significantly decreased UES resting
pressure (p < 0.001), increased UES residual pressure (p = 0.001),
shorter UES relaxation interval (p = 0.025) and duration (0.046), and
a delayed UES relaxation rate in the elderly (p < 0.001). It shows also
the significantly higher pharyngeal contraction amplitude (p = 0.028)
and longer pharyngeal contraction interval and duration (p = 0.007
and p = 0.012, respectively).

difference between the onset of the pharyngeal contraction and
the onset of the UES relaxation and by taking the time differ-
ence between the time of pharyngeal peak and onset of UES
relaxation.

Statistical Analysis

The results of pharyngeal and UES parameters of each set of four
swallows were averaged. Data showed a nonparametrical distri-
bution. Results are presented as medians and the normal range
(95% of all data values, 2.5% of highest and lowest values omitted).
Mann—Whitney U test was used to analyze the effect of age and
gender on pharyngeal and UES mechanics. The effect of gender
was studied in the total group and subsequently in the age groups
above 60 and below 60 years separately.

Results

Manometric parameters were successfully measured
in all subjects for water swallows. In two subjects no
cookie swallows were done and in one subject no
pudding swallows were done.

Effect of Age

Medians of UES and pharynx mechanics during
water swallows for both age groups are shown as a
schematic in Figure 2.

Resting UES pressure was significantly lower
in the >60 age group [45.7 (20.3-116.3) vs. 77.8
(33.9-164.7) mmHg, p < 0.001] and showed an in-
verse correlation with age (Fig. 3). UES residual
pressure was significantly higher in subjects >60 y
compared with those <60 y during water and cookie
swallows [2.5 (—8.4-14.5) vs. =3 (-9.6-12.0) mmHg,
p = 0.001 and 1.7 (-13.3-16.3) vs. —4.6 (—15.6-5.0)
mmHg, p = 0.002, respectively]. In addition, UES
relaxation interval and duration were shorter in the
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The effect of age on pharyngeal contraction mechanics®

Table 1.

Cookies

Pudding

Water swallow

>60 y

<60 y

>60 y

<60 y

>60 y

<60 y

23

59

23

60

23

61

NS

167.6

143.8

179.5 0.034

135.5

0.028

151.9

132.8

Amplitude (mm Hg)

(71.7-399.5)

873.4

(95.0-247.6)

786.5

(56.0-385.3)

743.8

(78.3-247.6)

727.0

(44.0-379.3)

794.2

(53.2-219.8)

779.6

NS NS

NS

Rate (mm Hg/ms)

(361.6-1288.2)

(315.5-1341.1) (424.7-1260.4) (333.0-1393.6) (510.3-1289.0)
196.3 240.3 191.1 242

193.4

(443.3-1279.0)

170.0

0.001

0.01

0.007

Interval (ms)

(145.6-406.2)

584.6

(117.6-300.0)

450.9

(108.4-432.5)

482.0

(114.3-314.0)

454.9

(121.5-413.0)

447.5

(89.9-274.5)

396.2

<0.001

0.008

0.012

Duration (ms)

(359.4-761.0)

12.3

(313.8-741.4)

10.9

(144.0-880.7)

(291.3-870.4)
12.0

11.7

(323.8-834.5)

12.9

(187.5-628.3)

10.7

NS NS

NS

Propagation rate (cm/s)

(6.44-46.2)
-117.2

(7.1-42.7)
~171.9

(6.0-29.0)
~175.9

(7.4-35.1)
-205.2

(4.7-166.9)

-208.1

(6.2-37.5)
-260.9

0.002

NS

NS

Onset pharynx contraction to

(=347.0-83.6)

(—=335.4 to —56.8)

(~583.7-21.6)

(=343.3 to —57.9)

(—462.8-23.2)

(=501.4 to —67.5)

onset UES relaxation (ms)
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“Data are presented in medians (2.5th and 97.5th percentiles).
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Fig. 4. A simplified representation of pharynx/UES mechanics based
on computer analysis of pressure dynamics for water swallows of men
and women. Females had a significantly higher UES resting pressure
(p = 0.01) and longer UES relaxation interval (p = 0.003) than men.

elderly during water and cookie swallows [water:
220.8 (75.0-379.2) wvs. 260.1 (132.5-534.7) ms,
p = 0.025 and 515.8 (298.2-1087.9) vs. 602.4 (415.3—
890.6) ms, p = 0.046; cookie: 140.4 (57.7-236.9) vs.
183.5 (118.8-317.4) ms, p = 0.001 and 415.1 (197.6—
788.9) vs. 523.1 (384.9-813.0) ms, p = 0.004].

UES relaxation rate was significantly lower in
the elderly during water, cookie, and pudding swal-
lows [0.09 (0.03-0.21) vs. 0.16 (0.07-0.32) mmHg/m:s,
p < 0.001,0.19 (0.03-0.28) vs. 0.25 (0.1-0.48) mmHg/
ms, p < 0.001, and 0.14 (0.05-0.37) vs. 0.21 (0.09—
0.50) ms, p = 0.001, respectively]. No significant ef-
fect of age on UES residual pressure, UES relaxation
interval, and UES relaxation duration was observed
during pudding swallow [ > 60 y vs. <60 y: 5.7 (-9.3—
21.4) vs. 1.6 (-7.0-15.3) mmHg, 144.6 (60.6-485.7) vs.
184.7 (94.1-346.2) ms, and 488.5 (351.0-1314.5) vs.
544.3 (298.0-835.5) ms, respectively].

Table 1 presents the manometric data of pha-
ryngeal contraction for both age groups during water,
pudding, and cookie swallows. Pharyngeal pressures
were also affected by age. The elderly had significantly
higher pharyngeal contraction amplitude during wa-
ter and pudding swallows compared with the younger
people. A similar trend was observed during cookie
swallows but statistical significance was not reached.
Pharyngeal interval and duration for all food types
were significantly longer in the >60 y group. The
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onset of the UES relaxation relative to the onset of the
pharyngeal contraction pressure was significantly de-
layed in the elderly during cookie swallows, but not
during water and pudding swallows.

Effect of Gender

Medians of UES and pharynx mechanics during
water swallows for men and women are illustrated in
Figure 4. Females had a significantly higher UES
resting pressure [85.1 mmHg (23.4-165.1) vs. 56.7
mm Hg (22.4-152.3), p = 0.01] and, during water
swallow, a longer UES relaxation interval [281.4 ms
(123.1-453.1) vs. 228.9 ms (82.4-445.0), p = 0.003]
than males. Similar significant differences between
men and women were observed in the <60 y age
group but not in the >60 y age group. The young
women had a higher resting pressure [90.8 (58.2—
167.7) vs. 66.6 (28.8-157), p = 0.006] and a longer
UES relaxation interval [283.4 (194.3-509.6) vs.
(230.6 (113.3-491.3), p = 0.006] than the young men.

Discussion

The aim of this study was to investigate the effect of
age and gender on UES and pharyngeal manometric
parameters in 84 healthy subjects. Since both the
pharyngeal and UES pressures showed radial asym-
metry, in the present study we used circumferential
pressure transducers [15-17].

This study shows for the first time that all
manometric parameters of the UES are affected by
age during both water and cookie swallows. UES
resting pressure falls, UES residual pressure rises,
UES relaxation interval and duration get shorter, and
the UES relaxation rate decreases as people age.

UES resting pressure is the most frequently
studied manometric parameter of the swallowing
mechanism. The current study showed a significantly
lower UES resting pressure in the older subjects and a
significant inverse relationship between UES resting
pressure and age. This phenomenon has been previ-
ously described [4—7,12]. However, Wilson et al. [§]
observed only a weak inverse association between
UES pressure and age in healthy subjects with an age
up to 77 years and no significant difference was found
between the 47 people with an age below 60 and the
20 subjects with an age over 60. Two other studies in
which UES resting pressure was measured unidirec-
tionally using a perfused sleeve did not detect an ef-
fect of age on UES pressure [9,11]. The limited
number of subjects used in the Shaw et al. study [9]

(n = 23) might be another factor explaining the dis-
crepancy with our study.

The present study shows that subjects older
than 60 have a higher UES residual pressure compared
with subjects younger than 60. The three previously
performed studies on the effect of age on UES residual
pressure showed conflicting results. Two studies, per-
formed with a sleeve and which might underrecord
UES residual pressure, were not able to detect a sig-
nificant effect of age on UES residual pressure [9,11].
In addition, one of these studies was performed in only
23 subjects and in the other study UES residual pres-
sure was established during dry swallows. McKee et al.
[7] recorded UES residual pressure using a circum-
ferential solid-state transducer and, in agreement with
our study, they observed increased UES residual
pressure in subjects over the age of 60.

Previous data from our lab showed evidence
of a delayed UES relaxation in the elderly [12]. This
conclusion was based on the shortened interval from
the pharyngeal contraction peak to the nadir of the
UES relaxation. The present study confirmed our
previous observation as the UES relaxation rate was
delayed in the elderly during swallows with all the
food types.

Shaw et al. [9] performed simultaneous man-
ometric and fluoroscopic measurements and, based
on a higher hypopharyngeal intrabolus pressure
combined with a diminished opening of the UES
without changes in hololaryngeal elevations in the
elderly, they concluded that the UES loses compli-
ance when people get older. No other manometric
evidence was observed to support this theory. How-
ever, in the present study we observed lower UES
resting pressure, shorter UES duration, higher UES
residual pressure, and lower UES relaxation rate in
the older subjects. These findings reinforce the theory
that age affects the compliance of the UES. We agree
with Shaw et al. that the most likely reason for this is
degeneration of the cricopharyngeal muscle com-
bined with replacement of fibroadipose tissue. This
theory is based on similar changes in the cricopha-
ryngeal muscle structure observed in subjects with
Zenker’s diverticulum, a group of patients also
characterized by an increased intrabolus pressure and
diminished UES compliance [19,20]. In addition, the
findings that age does not affect the response of UES
relaxation to esophageal distention by air nor the
increase of UES pressure during esophageal disten-
tion by a balloon support the idea that the differences
in UES mechanics observed in older subjects are
more likely to be a result of changes in the cricoph-
aryngeal muscle than changes in the neurological
component of the swallowing mechanism [6].
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Data concerning the effect of age on pharyn-
geal manometric features are contradictory [6-9,11—
14]. Various studies did not find any effect of age on
pharyngeal manometry [9,11-13]: One study observed
decreased pharyngeal contraction amplitudes in the
elderly [14], and three other studies found, in agree-
ment with our study, increased pharyngeal contrac-
tions in the elderly [6-8]. Confounding factors for
these discrepancies are the limited number of subjects,
the relatively young age of the subjects, different lo-
calization of the pressure transducers, and the use of
unidirectional pressure transducers. To overcome
pharyngeal radial and longitudinal asymmetry, we
used a circumferential solid-state transducer which
was placed in the hypopharynx, the position shown to
have the highest pharyngeal contractions along the
pharynx [17]. Higher pharyngeal contractions were
observed in the older subjects compared with the
younger subjects during both water and pudding
swallows. However, the association between age and
the pharyngeal contraction amplitude was quite weak
(data not shown). Interestingly, in the older subjects
the pharyngeal amplitude shows a larger variability
compared with the younger subjects. It might be that
some people are able to increase their pharyngeal
amplitude in order to overcome the negative changes
of the UES mechanics. During cookie swallows no
significant effect of age was noted on the pharyngeal
contraction amplitude. This is comparable with the
results of Shaker et al. [6] who showed a significant
increase of pharyngeal contraction amplitude during
water swallows but not during swallows with mashed
potato. Our overall pharyngeal contraction ampli-
tudes during cookie swallows were significantly higher
than those during water and pudding swallows. This
might suggest that during cookie swallows the con-
traction amplitude had already reached its physio-
logical limit and subsequently could not be increased
further in the older people.

Oropharyngeal dysphagia is presented more
frequently by older than by younger subjects [21-23].
Obviously, one reason is that diseases with oropha-
ryngeal dysphagia as a contributing factor are more
common in the elderly [21,22]. In addition, it is possible
that the decreased UES function in the elderly makes
them more sensitive to small changes in swallow
function and thus they more readily develop symptoms
of dysphagia. Possibly those elderly patients who are
unable to compensate by increasing pharyngeal con-
traction will experience difficulties with swallowing as
the UES function diminishes with age.

One interesting finding is that females have
higher UES resting pressure than males. This was
observed in both the total group and in the age group

<60 years old. In contrast, this difference was not
observed in the elderly. This could be a reflection of
the overall lower UES resting pressure in this age
group or it might be a type two () error. In addition,
in the total group but not in the individual age groups,
women had an increased velocity of the UES relaxa-
tion compared with men during pudding and cookie
swallows. This might be a compensatory mechanism
to the increased UES pressure to prevent coordination
problems between UES relaxation and pharynx.

A limited number of studies have been per-
formed on the effect of gender on UES pressure, and
a gender-related effect was not found in any of these
studies [7-11]. Again, this might be due to the limited
number of subjects investigated or the fact that the
UES was measured without using a circumferential
transducer.

In summary, the described changes of mano-
metric parameters of the UES with increasing age
indicate a loss of basal tone and a decrease of com-
pliance of the UES. The improvement of pharyngeal
function in the elderly might be a compensatory
mechanism to this decreased function of the UES.
Manometric parameters of the UES and to a lesser
extent, of the pharynx are influenced by gender.
These physiologic effects of age and gender should be
taken into account during analysis of normal values
of UES and pharyngeal parameters, since this may
affect regular patient care and research design.
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