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Abstract

Even without diseases that cause dysphagia, physiological swallowing function declines with age, increasing the risk of
aspiration. This study analyzed age-related changes in laryngeal movement in older adults. The study population consisted
of 10 volunteers in their 80s and six in their 20s. A videofluoroscopic study of 3 and 10 mL barium swallows was performed
laterally using a digital fluorographic. The recorded images were retrieved to a personal computer and analyzed frame-by-
frame using video analysis software. The movement of the larynx during swallowing, barium's pharyngeal transit time (PTT),
and laryngeal elevation delay time (LEDT) were analyzed. Results were compared between the 20s and 80s age groups using
statistical analyses. The PTT was shorter in the 20s than in the 80s age group. The PTT was significantly longer in the 80s
group than in the 20s for both 3 and 10 mL barium swallows. LEDT in the 80s was statistically significantly longer than
that in the 20s for the 10 ml barium. No statistically significant differences were found; however, there was a tendency for
the 80s group to have more types of laryngeal movement velocity peaks. In this study, LEDT was prolonged in the 80s with
10 ml barium swallowing than in the 20s. Two peak patterns of laryngeal elevation during swallowing were observed. The
velocity peaks showed a two-peak pattern when the patients were in their 80s and when the barium volume was tested at
10 mL. Our results suggest that aging’s effect on swallowing relates to laryngeal elevation.
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Introduction

Dysphagia can be caused by various diseases, such as cer-
ebrovascular disease, head and neck cancer, head trauma
and neuromuscular disease [1]. Aging is also a factor in
the deterioration of swallowing functions [2], and age-
related changes in swallowing function have also been
reported [3-9]. They include a delay in initiation of maxi-
mal hyolaryngeal excursion and prolongation of the total
duration of oropharyngeal swallowing [3], insufficient phar-
yngeal contraction [4], the reduction of maximum vertical
and anterior hyoid movements [5], high threshold amount
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of induction of pharyngeal swallowing [6], prolongation of
apnea time during swallowing [7], increase in the frequency
of multiple swallowing in single swallowing, and increase
in the frequency of coughing during or after swallowing [8]
or lower larynx [9].

The pharyngeal stage of swallowing begins when the food
bolus reaches the level of the epiglottis valley and ends when
the esophageal inlet closes [10]. In the pharyngeal phase, the
larynx is pulled anteriorly and upward in accordance with
the hyoid bone movement. This movement of the larynx
from the penetration by the bolus expands the hypopharyn-
geal chamber, causing a decrease in pressure in the pharyn-
goesophageal segment [1, 11]. The larynx plays an impor-
tant role in the defense of the trachea and the delivery of a
bolus into the esophagus. It has been reported that laryn-
geal penetration increases in patients over 50 years of age,
possibly due to the aging of the swallowing function [12].
Laryngeal proptosis is a physiological age-related change
that increases laryngeal penetration and aspiration.

Therefore, the present study focused on the movement
of the larynx. By observing the movements of the larynx
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in detail, it is possible to assess the decrease in swallow-
ing function in older adults. The videofluoroscopic study
of swallowing (VFSS) is considered the most appropriate
examination for laryngeal movement. The results are typi-
cally reported qualitatively and quantitatively [13]. In this
study, to investigate age-related changes in the larynx during
swallowing, we compared the position and movement of the
larynx during swallowing in younger and older adults using
VESS images.

Materials and methods

This study included six participants in their 20s (aged
24-27 years) and 10 in their 80s (aged 80-89 years) with no
swallowing problems. There were four men and two women
in their 20s and five men and five women in their 80s.

VESS of swallowing 3 and 10 mL 10% barium liquid
were examined using a digital fluorographic system (DIG-
TEX2400UX; Shimadzu, Kyoto, Japan) in the sitting upright
position at 30 frames/s. The 3 and 10 ml volumes of barium
to be swallowed were determined with reference to the
method of Logemann [14]. Although the subjects had pre-
viously confirmed that they had no symptoms of dysphagia,
VESS was first performed with 3 ml of barium liquid to
confirm that there was no aspiration. Then VFSS was per-
formed with 10 ml of barium liquid. The reason for using
3 ml for a small amount and 10 ml for a large amount is
that the small amount was set at 3 ml in case of aspira-
tion, while the large amount of 10 ml was set as the amount
that could be swallowed up in one swallow to avoid more
than one swallow. The recorded images were retrieved on a
personal computer and analyzed frame-by-frame using the
video analysis software Videopoint (Lenox Softworks, Lee,
MA, USA). Videopoint is a video analysis software package
for Windows-based computers that allows the collection of
position and time data from digital video as "Video Points."
Data are collected by clicking on the location of the items of
interest for each frame of a QuickTime movie. These points
can be combined to form other calculations, such as center
of mass locations and distances between points. The eleva-
tion of the assigned point of the larynx was traced, and the
velocity was analyzed using the software.

To investigate the movement of the larynx, the present
study used the lower posterior point of the glottis as the lar-
ynx (Fig. 1). The position of the larynx at the start and end
of pharyngeal transit of barium liquid is shown in Fig. 2. The
start of pharyngeal transit is considered as the start of glottis
closure, and the end of pharyngeal transit is considered as
the end of laryngeal closure. Regarding the position of the
larynx at the start of glottis closure and the end of laryngeal
closure, the entire larynx was divided into three sections in

Fig. 1 Lateral view of videofluoroscopic examination. Dotted circle:
glottis. Arrow: lower posterior point of the glottis

the vertical direction, represented by the upper 1/3, middle
1/3, and lower 1/3.

Additionally, the peak velocity of laryngeal elevation dur-
ing swallowing (PV, pixels/s) and pharyngeal transit time of
barium bolus (PTT; s) [14], and laryngeal elevation delay
time (LEDT; s) [15] were examined. LEDT was defined as
the time from the arrival of the bolus head at the bottom
of either side of the pyriform sinus until the first highest
position of laryngeal elevation. The velocity of elevation
of the larynx in the y-axis direction of the image was meas-
ured (Fig. 1), and the maximum value of the velocity was
considered the peak velocity. All examined swallows were
commanded.

Statistical analysis

The participants were divided into two groups: younger (20s,
four men and two women) and older (80s, six men and four
women) adults. The results were compared between the 20s
and 80s groups using the Wilcoxon rank-sum test for numer-
ical data and the Chi-square test, and Fisher’s exact test for
categorical data. Statistical significance was set at P <0.05.
JMP Pro version 16.0 (SAS Institute, Cary, NC, USA) was
used for all the statistical analyses.

Ethics approval and informed consent

All procedures were in accordance with the ethical standards
of the responsible committee on human experimentation
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Fig.2 Start (A) and end (B) of pharyngeal transit. A The point at
which the bolus head passes through the lower edge of the mandible.
B The point at which the bolus tail enters the esophagus. Green dot-

(institutional and national) and the Helsinki Declaration of
1975. Consideration was given to the ethical aspects of the
participants, and a full explanation was given in advance,
including possible disadvantages such as radiation exposure
in VFSS, and written informed consent was obtained from
all participants.

Results

The relationships between the laryngeal position and the
start of the glottis or end of laryngeal closure are shown in
Table 1. The position of the larynx at the start of the glottis
closure was in the middle 1/3 for both 3 and 10 mL in the
20s group. In contrast, the position of the larynx at the start
of the glottis closure was in the lower 1/3 for one participant
in the 80s group at 3 mL and for two participants at 10 mL.
No statistical difference in the level of the larynx at the start
of the glottis closure was found between patients in their 20s
and 80s. The position of the larynx at the end of laryngeal
closure was the upper 1/3 in all participants in their 20s at
3 mL swallow, the upper 1/3 in nine participants in their

ted circle: the glottis. Red area: bolus. Orange arrow: lower posterior
point of the glottis. Blue line: lower edge of the mandible

80s, and the middle 1/3 in one participant in their 80s. No
statistically significant difference was found between those
in their 20s and 80s. Although the position of the larynx at
the end of laryngeal closure increased the number of mid-
dle 1/3 in both the 20s and 80s groups at the 10 mL swallow
compared to the 3 ml swallow, there was no statistical dif-
ference between the 20s and 80s groups.

Regarding the velocity of laryngeal movement, either one
or two peaks of peak velocity were observed (Fig. 3). In
the 20s group, the two-peak type was observed only in the
10 mL swallow (3/6). In the 80s group, the two-peak swal-
low was observed at 3 (2/10) and 10 mL (4/10) (Table 2).
Table 3 presents the samples' peak velocity, PTT values,
and LEDT. The peak velocity was not statistically dif-
ferent between the 20s and 80s groups for both the 3 and
10 mL barium swallows. The PTT was significantly longer
in the 80s group than that in the 20s group for both the 3
and 10 mL swallows. Regarding the LEDT, no statistically
significant difference was found between the 20s and 80s
groups for the 3 ml barium swallow. In contrast, the LEDT
in the 80s group was statistically significantly longer than
that in the 20s for the 10 ml barium (P =0.0040).

Table 1 Relationships between

o Position of larynx 3 mL P value 10 mL P value
the laryngeal position and the _ -
start of the glottis, and the end 20s 80s 20s 80s
of laryngeal closure
Start of glottis closure Upper 1/3 0 0 0.4237 0 0 0.2416
Middle 1/3 6 9 6 8
Lower 1/3 0 1 0 2
End of laryngeal closure Upper 1/3 6 9 0.4237 4 8 0.5510
Middle 1/3 0 1 2 2
Lower 1/3 0 0 0 0
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Fig. 3 Examples of peak types. A An example of one-peak velocity type in the 20s group. B An example of two-peak velocity types in the 80s

group

Table 2 Grouping according to

e 3 mL P value 10 mL P value
the number of peak velocities in [ —
barium liquid swallowing 20s 80s 20s 80s
One-peak type 6 8 0.2416 3 6 0.6963
Two-peak type 0 4
Table 3 Peak velocity of 20s 30s P value
laryngeal elevation, pharyngeal
transit time, and laryngeal Peak velocity of laryngeal elevation
elevation delay time (pixels/sec, mean + SD)
Volume
3mL 550.0+185.8 525.1+155.1 0.9134
10 mL 587.5+119.4 528.0+213.2 0.3729
Pharyngeal transit time (PTT) (s, mean+ SD)
Volume
3mL 0.43+0.14 0.57+0.10 0.0190*
10 mL 0.45+0.11 0.60+0.09 0.0261*
Laryngeal elevation delay time (LEDT) (s, mean=+ SD)
Volume
3mL 0.22+0.03 0.31+0.14 0.4135
10 mL 0.25+0.05 0.46+0.17 0.0040%*

SD standard deviation

* Statistically significant difference

Discussion

In this study, the pharyngeal stages of swallowing were
compared between patients in their 20s and 80s using vide-
ofluoroscopic examinations. The PTT was longer in the
80s than that in the 20s group. The PTT is longer in older
adults because muscular contractions of the tongue and
pharynx become weaker with age, resulting in a reduced
ability to squeeze in the bolus. In our study, the peak
velocity of laryngeal movement tended to decrease in the
80s age group, suggesting oropharyngeal muscle weak-
ness. Bolus transit time has been reported to examine oral
transit time [16—18], pharyngeal transit time [16-22], and

esophageal transit time [23, 24], whereas the definition
of those terms depends on each study. PTT was used as
bolus transit time in this study. Of the bolus pharyngeal
transit times examined, PTT was reported to be prolonged
in older adults [16-18, 20-22]. These results support our
study. However, PTT has been considered susceptible to
the oral phase, and some studies have examined transit
times only in the hypopharynx [25]. The definition is criti-
cal with respect to the bolus transit time.

In the 10 ml barium swallow, LEDT in the 80s group
was significantly longer than that in the 20s. The prolonga-
tion of the LEDT means a decrease in laryngeal elevation
velocity or a delay in the timing of laryngeal elevation,
suggesting a decrease in the contraction velocity of the
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laryngeal elevator muscles and decreased sensation of
the pharynx [26]. Prolongation of LEDT has also been
reported to increase the incidence of aspiration [26], and
the relationship between LEDT and laryngeal movement
will need further investigation.

Many studies have reported the relationship between
the arrival of the bolus to the pharynx and the onset of the
swallowing action [8, 16—18, 27-30]. Pharyngeal delay
time (PDT) has been used to measure the delay of the
pharyngeal phase. PDT is generally defined as the time
from when the bolus head crosses the inferior margin of
the mandible until the larynx begins to elevate. All stud-
ies report that older adults have prolonged PDT, although
some have slightly different definitions of PDT. In our
study, LEDT was used instead of PDT as a measure of the
delay in swallow onset. Since the position of the larynx
can easily change, the PDT is not defined to account for
the rapid laryngeal elevation phase directly related to the
swallow reflex, and the PDT is not appropriate for assess-
ing the delayed pharyngeal phase [15]. As LEDT was
defined to assess the delay of rapid laryngeal elevation
relative to bolus inflow into the pharyngeal cavity, LEDT
was used in this study to investigate the delay time of the
pharyngeal phase. Since the present study aimed to investi-
gate age-related changes in laryngeal elevation, the LEDT
was chosen because it also considers laryngeal elevation.

Velocity peaks tended to show two-peak patterns in the
80s group and when the volume of barium was 10 mL,
although no statistically significant differences were found.
This is probably due to the longer distance of laryngeal
elevation due to age-related laryngeal lowering; the 80s
group may have performed a slight laryngeal movement to
prepare for the elevation of the larynx before the swallow-
ing reflex. In addition, when the bolus volume increased,
the two-peak type appeared even in the 20s group, suggest-
ing that they may be performing preparatory movements
for laryngeal elevation depending on the bolus volume.

Leonard et al. reported that the pharynx is a larger,
longer space that constricts to a lesser extent in older
adults, which may mean that these individuals have to do
more work than younger adults to achieve the same effects
in terms of the displacement, constriction, and approxi-
mation gestures of swallowing [10]. The two-peak type
of swallowing observed in our study could represent one
of the various preparations made by older adults before
swallowing.

With the global transition to an aging society, the age
at which people are recognized as older adults is increas-
ing, and research publications are increasingly focusing on
people over the age of 85 [31]. Swallowing research will
continue to be an important part of the study of swallow-
ing in older adults in their 80s and older.

@ Springer

Limitations

This study had several limitations. First, this study has
a small sample size. This makes it difficult to perform a
comprehensive statistical analysis. And, because gender
also affects swallowing, we also examined differences by
gender; however, the number of cases was too small to
obtain statistically reliable values for differences in swal-
lowing by gender, so we could not include analyses by
gender classification in this study. The number of partici-
pants should be increased; however, it is difficult to include
a large number of participants because of the problem of
radiation exposure in healthy participants and the risk of
barium aspiration. Second, the movement of the posterior-
inferior edge of the glottis was investigated to observe the
movement of the larynx. Since the posterior-inferior edge
of the glottis can be best visualized in the larynx, this
position was set as the observation point; however, some
images were not easily visible in some frames. This is
also a limitation of the image quality of the VFSS. In this
study, the image quality was limited because the detector
of the digital fluoroscopic system uses an image intensi-
fier. However, the detector design is now being shifted
to a flat panel for enhanced image quality and decreased
radiation dose [32]; as flat panel detectors provide better
resolution, the quality of analysis of VF images is expected
to improve in the future.

Conclusion

In this study, the PTT was longer in the 80s group than in
the 20s group. The LEDT was prolonged in the 80s with
10 ml barium swallow than in the 20s. In addition, there
are two types of laryngeal elevation during swallowing.
Velocity peaks tended to show two-peak patterns in the
80s group and when the volume of barium was 10 mL.
These interesting findings are expected to be useful for
further research into age-related changes in swallowing.
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