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Abstract

Swallowing disorders in the elderly represent a public health problem, their detections are a medico-economic issue. The
acoustic analysis of swallowing has the advantages of being non-invasive with no radiation, compared to videofluoroscopy or
fiberoptic swallowing assessments. Acoustic analysis of swallowing has been tested in many studies but only on small food
boluses. The aim of this study was to compare the acoustic swallowing parameters of two groups of healthy subjects, before
and after 70 years old, during the intake of a series of 3 food textures. A laryngophone was used to record the pharyngeal
phase of swallowing. The experimental meal was composed of 100 ml of mashed potatoes, 100 ml of water, and 100 ml of
yogurt. Group 1 (50-70 years old) comprised 21 subjects and group 2 (over 70 years old) 23 subjects. Acoustic parameters
analyzed were the number of swallows, average duration of swallowing, average duration of inter-swallowing, meal duration,
and the average frequency of swallowing per minute. These parameters for groups 1 and 2 were compared. The average dura-
tion of inter-swallowing and the meal duration were significantly higher in the older group (p <0.001), with a mean duration
of inter-swallowing that was 2.4 s longer than the younger group. The average swallowing frequency per minute was higher
in the younger group (11.3 vs 7.9; p <0.001). This study demonstrated that acoustic analysis of an experimental meal of three
food textures generated usable data on swallowing. In the over 70 age group, there was a decrease in swallowing frequency,
indicating a slowdown in food intake. A reduced swallowing frequency could become a criteria to assess presbyphagia.
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Introduction

With aging, many changes are involved, such as reduced
muscle mass, lower saliva production, reduced sense of taste
and smell [1-3], and less coordination between swallowing
and respiratory functions [4]. These age-related physiologi-
cal changes in the swallowing mechanism correspond to
presbyphagia and are not considered pathological [5]. Pres-
byphagia can be responsible for changes in eating habits,
with the implementation of compensatory strategies by the
elderly, such as reducing the quantities ingested [6]. How-
ever, there is no consensus on the age at which presbyphagia
can be considered, which varies from 60 to 75 depending
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on the study [5, 7, 8]. Combined with other co-morbidities,
swallowing functions may be impaired beyond physiologi-
cal deterioration, with the patient entering the framework
of dysphagia.

The gold standard methods to assess swallowing are vide-
ofluoroscopy (VFS) and fiberoptic endoscopic evaluation of
swallowing (FEES) [9]. These techniques have the disadvan-
tages of using radiation and of being invasive for the patients
[10]. With the development of sensors positioned on the
head or the neck, the assessment of swallowing tends to be
less invasive. Some teams have conducted studies on swal-
lowing with surface electromyography and accelerometry
to record suprahyoid muscles and laryngeal activation [11].
Others used bend sensors to detect laryngeal movements
[12, 13]. Acoustic analysis of swallowing sounds is another
non-invasive method in full expansion, consisting in placing
microphones on the neck and analyzing the acoustic signal.
Many studies have evaluated this method and demonstrated
it was possible to recognize a swallow on an audio record-
ing and to obtain useful parameters, such as the duration
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of a swallow [14, 15]. Other studies have already carried
out analyses on swallowing acoustics, with a comparison
between groups of patients according to age [15, 16]. Their
protocol proposed the ingestion of few boluses of food items
or water, ranging from 5 to 15 cc. However, up to date, there
are not any studies that have acoustically analyzed swallow-
ing according to age, over a meal with several textures.

Conducting a study with presbyphagic patients requires
choosing a threshold age. The lack of consensus on this sub-
ject can be compensated by a review of the literature. Labeit
et al. [5] used 70 as a threshold age to evaluate presbypha-
gia in the elderly, when Jardine et al. took the same age
threshold to distinguish young and older healthy adults in
their study on the onset of swallowing disorders [17]. This
period around the age of 70 is indeed at risk of developing
pathological swallowing disorders, due to the increased inci-
dence of dementia and stroke [18-20]. These pathologies,
recognized causes of dysphagia [21, 22], can decompensate
a healthy but fragile swallowing function in a presbyphagic
patient. The age threshold of 70 therefore seems consistent
for studying presbyphagia.

By analyzing the swallowing of different textures accord-
ing to age, it is possible to detect signs of the onset of swal-
lowing disorders. The identification of differences, between
a moderate age group and an elderly group, would document
the aging of swallowing function with concrete and quanti-
fied values. These differences could be used to identify indi-
cators of a deterioration in swallowing function. These indi-
cators could then be applied to detect onset of swallowing
disorders and select patients who would benefit from speech
therapy. Management of these early swallowing disorders
should prevent or delay the onset of presbyphagia or even
dysphagia. The aim of this study was to compare the acous-
tic swallowing parameters of two groups of healthy subjects,
before and after 70 years old, over an experimental meal of
three food textures. This study also serves to enlarge the
database on acoustic swallowing analysis, providing results
that can be compared with future studies in this area.

Materials and Methods
Subjects

In this prospective study, the protocol established two dif-
ferent age groups, group 1 (50-70 years old) and group 2
(over 70 years old). The study protocol was approved by
our hospital’s ethics committee, consent was obtained from
all subjects before participation in the study. Twenty-five
subjects were included in each group, between January
2021 and December 2022. Subjects in group 1 were healthy
volunteers, without any pathology that could impact swal-
lowing. Subjects in group 2 were patients hospitalized in
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the geriatric department. In the absence of a consensus on
the age of presbyphagia, the 70-year age limit was chosen
on the basis of data in the literature, and the minimum age
required for geriatric hospitalization in our center, which
is 70. Exclusion criteria for both groups were the presence
of swallowing disorders and pathologies that can influence
swallowing (neurological disorders, respiratory condition),
history of cervical surgery, cognitive disorders, and allergy
to the products used for the tests.

Placement of the Subjects

Recordings took place in a quiet room. We used a laryngo-
phone Nauzer® (ref. PLX 300 K) for the acoustic recordings
of the pharyngeal phase of swallowing. Two microphones
were placed on each side of the neck in front of the trachea,
just under the cricoid cartilage (Fig. 1). This is an optimal
area for the detection of swallowing sounds [23]. Subjects
needed to have a clear neck, no shirt collar, and no jew-
elry, with hair tied. The laryngophone was connected via
an adapter to a tablet Samsung® Galaxy Table 3, used to
collect acoustic data. The last food intake had to be at least
3 h before the experimental meal for the study.

To avoid a bias related to the dental status of the sub-
jects, the selected meal components did not need to be
chewed. The experimental meal was composed of 3 ele-
ments with different viscosity: plain water at room tempera-
ture, unsweetened yogurt (Danone®), and mashed potatoes
(Mouseline®, 125 g in 250 ml of milk and 500 ml of water
at 30 °C). The dynamic viscosity measured by the Brook-
field method was 1 mPa.s, 300 mPa.s, and 50,000 mPa.s,
respectively. The measurement of 100 mL of mashed pota-
toes, water, and yogurt was done using a measuring glass.
The different substances were provided in 3 identical opaque
plastic glasses, and two metal spoons were available to eat
the mashed potatoes and the yogurt (Fig. 2). This food
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Fig.1 Laryngophone in place on a subject’s neck
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Fig.2 Experimental meal with its 3 components: mashed potatoes,
water, and yogurt

association (puree-water-yogurt) has already been used in
previous works studying the swallowing function [24, 25].
The subjects were in a sitting position facing a table, and
were asked to eat the experimental meal with the laryngo-
phone in place on the neck: 100 mL of mashed potatoes,
100 mL of water, and then 100 mL of unsweetened yogurt.
They were requested to eat at their usual pace. Due to the
specificity of the software, which needs to be restarted for
each new recording, we have left an identical delay of one
minute between each meal component for all subjects.

Acoustic Acquisition

The laryngophone was connected by an adapter to the tablet.
We recorded the subject’s information: name, surname, sex,
and date of birth. Then, we manually started and ended the
recording for each of the mashed potatoes, water, and yogurt
components. We obtained 3 audio files per subject, one per
texture tested (mashed potatoes, water, yogurt) in a “.wav”’
audio file.

Acoustic Analysis

All audio recordings were transferred to a computer and ana-
lyzed on the Audacity® software, which is a digital audio
editing software (Fig. 3). Analyses on this software were
performed by two different examiners who had been trained
to use the software to analyze acoustic signal of swallowing.

To recognize swallows on audio recordings, the examin-
ers relied on the work of Moriniére et al. [14, 26] on the
sound components of swallowing. Each recording was
treated in the following way: a cursor was placed at the
beginning and end of each swallow and the duration of each
swallow and inter-swallow was then measured. The swal-
lows identified on the recordings corresponded to the phar-
yngeal phase of swallowing.

For each subject, different swallowing parameters were
studied. The number of swallows (NS) was counted in
each audio recording and then summed to obtain the NS of
the experimental meal. The duration of each swallow was
measured, taking the duration between the cursors at the
beginning and at the end of the swallow. For all subjects,
the average duration of swallowing (ADS, corresponding
the pharyngeal phase of swallowing) for each audio record-
ing, and for the experimental meal, was then calculated. The
duration of each inter-swallow was also measured; it cor-
responded to the duration between the cursor at the end of a
swallow and the cursor at the beginning of the next swallow.
For all subjects, the average duration of inter-swallowing
(ADIS) was then calculated for each audio recording and for
the experimental meal. The duration of the meal itself (meal
duration: MD) was measured for each meal component, by
taking the duration between the cursor at the beginning of
the first swallow and the cursor at the end of the last swal-
low. By adding the sum of the MD of the mashed potatoes,
yogurt, and water, we found the MD of the experimental
meal (Fig. 4).

Finally, the average swallowing frequency (ASF), cor-
responding to the average number of swallows per minute,
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Fig.4 Study design

mashed potatoes

Installation of Acoustic analysis Average of the data
the subject with | map| Food intake | - l yogurt }— with Audacity ® e | fOT €ach subject,
laryngophone \ software and then each group
water
Table 1 Group characteristics Table 2 Swallowing parameters with significative difference for each
meal component (mean values and standard deviation)
Group 1 Group 2 p value
Group 1 Group 2 p value
Number of subjects 21 23
Women/Men 11/10 11/12 0.762 ADIS mp (ms) 7 841 (£2 494) 10401 (3 536) 0.005*
Mean age in years 58 ]7 <0.001%* ADIS y (ms) 5353 (+1564) 8390 (+1981) <0.001*
ADIS w (ms) 2749 (=2 087) 4923 (£3011) 0.009*
MD mp (ms) 75926 (£20725) 100 634 (£42 801) 0.021*
was calculated from the NS and the MD for the experimental MDy (ms) 62732 (£27389) 101649 (x41173)  <0.001*
MD w (ms) 14 445 (+10458) 36 800 (+29 002) 0.002*

meal.

We have thus obtained for all subjects the NS, ADS,
ADIS, and MD, for each meal components and for the exper-
imental meal. We also obtained the ASF for the experimen-
tal meal. By averaging these parameters for the subjects in
each group, the swallowing parameters of group 1 and 2
were calculated and compared.

Statistics

All time values for this study were measured in millisec-
onds (ms), and statistical analyses were performed using
the software GraphPad Prism version 5. We verified that
the collected values were distributed according to a nor-
mal distribution with a Shapiro—Wilk test. In case of nor-
mal distribution, a Student’s t test was used to compare the
data of the two groups. In case of non-normal distribution,
a Mann—Whitney test was performed to compare the data of
the two groups. The differences were considered significant
when p value was less than 0.05, in a two-tailed statistical
analysis.

Results

Six subjects were excluded from the data analysis. Two
could not finish the yogurt, one had dyspnea during the test
disturbing the acoustic recording, one due to computer data
loss, one because the collar was too small for his neck, and
one because the laryngophone has been incorrectly con-
nected to the tablet. We were therefore able to analyze data
from 44 subjects (Table 1).

The difference in age was assessed with independent 7 test
and the female sex difference with y” test.

The distribution type of the data was checked before
making comparisons between the two groups. The series of
values collected in our study followed a normal distribution,
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ADIS average duration of inter-swallowing, MD meal duration, mp
mashed potatoes, y yogurt, w water, ms milliseconds

*Results with statistically significant difference

except for the following: NS for water, NS for yogurt, NS
over the entire experimental meal, ADIS for water, ADIS for
yogurt, and MD for water.

Comparison of groups 1 and 2 for Each Meal
Component (Table 2)

No significant difference was found between the two
groups for the NS and ADS, for each of the 3 meal
components.

The ADIS was different between the two groups for the
3 meal components, longer in group 2 (mashed potatoes:
p=0.005, yogurt: p <0.001, water: p=0.009). This dif-
ference was also found in the MD, which was increased
for each meal component in group 2 (mashed potatoes:
p=0.021, yogurt: p <0.001, water: p=0.002).

Comparison of Groups 1 and 2 for the Entire
Experimental Meal (Table 3)

There was no significant difference between the two
groups in the NS (p=0.570) for the entire experimental
meal. The ADS, corresponding to the pharyngeal phase of
swallowing, was 62 ms longer in group 2, but this increase
was not significant (p=0.101).

There was a significant increase in the MD in group
2 (p<0.001), which was also observed for the ADIS
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(»<0.001). The experimental meal was longer in group 2
on average by 1 min 26 s. The increase in MD was due to the
increase in inter-swallow duration: the time between swal-
lows was on average 2.4 s longer in group 2, while the ADS
was not different between the two groups.

ASF was 11.3 (min=6.6-max = 15.6) swallows per min-
ute in group 1 and 7.9 (min=5.2-max =12.3) in group 2,
being significantly lower in the elderly group (p <0.001).

All data generated or analyzed during this study are
included in this published article [and its supplementary
information files].

Discussion

Our study demonstrated that it was possible to acoustically
analyze swallowing over an experimental meal of three food
textures, obtaining different information such as the num-
ber of swallows or the average duration of the pharyngeal
phase. The significant temporal differences between the two
groups did not actually correspond to the pharyngeal phase
of swallowing, but to the elements surrounding it during
the inter-swallowing phases. A difference according to age
was observed in the inter-swallowing duration and the meal
duration, longer in the older group. In the younger group, a
higher swallowing frequency compared to the older group
was found. Age had no influence on the quantity per bite, the
meal was completely eaten by all subjects, and there was no
difference in NS between the two groups.

We found in this study that the frequency of swallowing
during feeding decreased significantly in the older group. A
similar result was found for spontaneous swallowing by Tan-
aka et al. [27], who demonstrated that swallowing frequency
in daily life decreased in the elderly. The concordance of
these results, showing a decrease in swallowing frequency
during and outside mealtimes in the elderly, suggests that
swallowing frequency is a reliable indicator for assessing
swallowing in this population.

No age-related difference in the duration of pharyngeal
phase was found in this study, compared to other studies. Im
et al. [28] managed to show with VFS a significantly longer
pharyngeal transit duration in elderly subjects. Pongpipatpai-
boon et al. [29] also found longer pharyngeal phase in older
adults using kinematic analysis on scanners. However, the
average age of the young subject group in these studies was
26.6 and 32. Our results only show a tendency to a longer
pharyngeal phase in the group 2, a difference may have been
found if group 1 had been composed of younger subjects.

We observed that the significative increase in MD in
group 2 was due to longer intervals between each swal-
low. This may be caused partially by the decreased speed
of motor functions with age, slowing the use of cutlery and
transfers of food into the mouth [30]. It was also probably

Table 3 Comparison of swallowing parameters for the entire experi-
mental meal (mean values and standard deviation)

Group 1 Group 2 p value
NS 27.4 (+£5.0) 28.5 (+7.3) 0.502
ASD (ms) 644 (£94) 706 (+144) 0.101
ADIS (ms) 5704 (+1454) 8103 (2 046) <0.001*
MD (ms) 153103 (47 124) 239082 (+96753)  <0.001*
ASF 11.3 (£2.5) 79(x£2.2) <0.001%*

NS number of swallows, ADS average duration of swallowing, ADIS
average duration of inter-swallowing, MD meal duration, ASF average
swallowing frequency, ms milliseconds

*Results with statistically significant difference

due to a longer oral phase that precedes the pharyngeal
phase. Christmas et al. [31] observed a decreased lingual
strength and pressure with age and Affoo et al. [2] a reduced
salivary flow, such factors making it more difficult for the
food bolus preparation in the mouth. However, the oral phase
could not be studied and the laryngophone is not able to
detect the mastication sounds. The impossibility to distin-
guish the oral phase from the phase of food transfer to the
mouth, during the inter-swallowing periods, represents a
limitation of our study. We could not prove that oral phase
was longer in the older group. Another limitation of our
study is the non-consideration of a potential order effect,
as subjects had to eat the 3 components of the experimental
meal in the same order and without mixing them. While in
real-life situations it is common to drink water throughout
a meal, we did not allow the subjects to drink while eating
mashed potatoes or yoghurt to enable segmentation of the 3
components of the meal. It seemed impossible to carry out
a statistical analysis on each component of the meal, if they
were mixed together.

Our experimental meal was only composed of soft or lig-
uid components to avoid chewing difficulties in the older
group; however, the daily diet of an adult is considerably
more diversified. The consistency [28, 32] or viscosity [33]
of food bolus has been shown to influence the duration of
swallowing. Using products with textures harder to swallow,
such as crackers or meat, could have unmasked a difference
in the duration of pharyngeal phase between the two differ-
ent age groups in this study. Increasing the quantities of each
meal to improve the statistical power of this study does not
seem possible either. Too much food would prevent many
elderly subjects from finishing the meal, which was already
the case for 2 subjects in this study. However, with the inges-
tion of 3 food items, this protocol offers an advantage and
a new approach compared with previous studies using only
low-volume boluses. Analysis over this experimental meal
provides a large number of swallows, which can take into
account variations in swallowing duration or rhythm as
the meal progresses. These variations could not have been
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detected by analyzing just a few boluses. It was therefore
important to carry out this study on an experimental meal
comprising several food textures, in order to detect anoma-
lies that appear after repeated swallows. This analysis on a
set of foods is also closer to reality, as it is not pre-calibrated.
Subjects are free to take as much or as little as they like with
their cutlery and decide how many “boluses” they need to
eat the quantity of food presented to them.

Cervical acoustic analysis has the advantages of being
non-invasive, with no radiation, and of analyzing any type of
food (which does not need to be radio opaque). This method
can be carried out in any location, from the patient’s hospital
room to a nursing home. These advantages are balanced by
moderate inter-rater reliability [34], implying that the acous-
tic analysis should preferably be performed by the same
examiner. This reliability must be validated on a large scale
to use acoustic analysis of swallowing in current practice
with patients. The reliability of cervical acoustic analysis of
swallowing was previously studied by Jaghbeer et al. [34],
who found good intra-rater reliability. Bergstrom et al. [35]
managed to increase the reliability of acoustic analysis of
swallowing with specific training. They set up a structured
2-day training course on cervical auscultation for 39 speech-
language pathologists, finding a significant improvement in
sound analysis and intra-rater reliability after the training.
The need for specific training and the limited inter-rater reli-
ability are still a drawback to the use of acoustic analysis.
In addition to this disadvantage, only one part of the swal-
lowing process is studied, cervical acoustic can analyze the
pharyngeal phase, but not the oral and esophageal phases.

Our results showed, using acoustic swallow analysis, a
delay between each swallow which increased in subjects
aged over 70 compared with those aged between 50 and 70.
In the older group, there is a decrease in swallowing fre-
quency, indicating a slowdown in food intake. These results
are a reminder that the study of swallowing should not be
reduced to the act of swallowing, but should be conceived
as a complex function involving interconnected processes,
ranging from the use of cutlery to the arrival of the food
bolus in the esophagus. A reduced swallowing frequency
during feeding could thus become a criteria for assessing
presbyphagia.

Further studies, using the same type of protocol with
pathological subjects, will provide a continuum of data
between healthy subjects, presbyphagic subjects, and dys-
phagic subjects. The result would be the creation of a score,
based on swallowing frequency that could be used in clini-
cal practice. Depending on the severity of their score, tested
subjects would be referred for speech therapy or consultation
with a swallowing physician. Automatic analysis of swal-
lowing sounds, based on algorithms, has shown promis-
ing results in several studies [25, 36, 37]. Our long-term
goal is to automatically obtain the swallowing frequency of
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the tested subjects, using an algorithm which analyzes the
sounds of swallowing. The result would be a rapid, non-
invasive method for indicating an individual’s swallowing
frequency, usable on a large scale, guiding patients’ care
pathways according to their results.
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tary material available at https://doi.org/10.1007/s00455-023-10629-3.
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