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Abstract

It is important to distinguish the effects of normal aging on oropharyngeal swallowing from many
disorders which may lead to dysphagia. The purpose of this study was to determine the
neurophysiological alterations of normal aging on the oropharyngeal swallowing in normal subjects
with different age groups.

We studied three different age groups, a total of 110 healthy volunteers with an age range between 17
and 81 years by using electrophysiological methods. The EMG activity of submental / suprahyoid
muscles (SM-EMG) and mechanical upward and downward laryngeal movements were recorded
during dry and wet (3 ml water) swallowing. By this method, the total duration and the amplitude of
SM-EMG, the time of upward displacement of the larynx, swallowing variability (jitter) and A-0
interval (an interval related to triggering of the swallowing reflex) were measured from subjects of the
three different age groups.

All parameters were influenced by advanced age. Several parameters, including total duration of SM-
EMG, time necessary for triggering of the swallowing reflex and swallowing variability were
significantly increased in the oldest age group compared with those in the younger age groups. It was
also found that the delay in triggering the pharyngeal stage of swallowing is one of the important
parameters that altered in the elderly.

In this study, it has been demonstrated that some physiological changes occur in oropharyngeal
swallowing with increasing age without any alteration in the basic pattern of deglutition.

Keywords: Age-aging, Oropharyngeal swallowing, Deglutition, Electrophysiology, submental EMG,
Gender

Orofaringiyal Yutmada Yasa Bagh Fizyolojik Degisiklikler: Elektrofizyolojik Bir Calisma
Ozet

Normal yaglanmanin orofaringiyal yutma iizerine olan etkilerini disfaji ile iligkili olan
bozukluklarindan ayirt etmek 6nemlidir. Bu ¢aligmada farkli yas gruplarindan olusan normal erisgkin
bireylerde orofaringiyal yutmanin yasla birlikte ortaya ¢ikan norofizyolojik degisikliklerini saptamak
amaclanmistir. Bu ¢aligma yaglar1 17-81 arasinda degisen 3 farkli yas grubundaki toplam 110 saglikli
erigkinde elektrofizyolojik yontemler kullanilarak yapilmistir. Kuru ve 3 ml su yutma sirasinda
submental/suprahyoid kaslarin EMG aktivitesi (SM-EMG) yiizeyel elektrodlar araciligiyla yazdrilimig
ve larinks hareketleri bir piezo-elektrik sensor kullanilarak kayitlanmigtir. Bu yontem ile yutma
sirasinda SM-EMG total siire ve amplitiidii, larinksin yukarn pozisyonda kalig siiresi, yutmanin
degiskenligi (yutma jitteri) ve yutma refleksinin tetiklenme siiresi (A-0 intervali) 3 farkli yas grubunda
Olciilerek karsilastirilmistir. Tiim bu parameterler yas ile birlikte etkilenmektedir. SM-EMG amplitiidii
disinda tiim parametrelerde yas artisi ile uzama ortaya ¢ikmaktadir. SM-EMG total siiresi, yutmanin
tetiklenme siiresi ve yutma jitteri gen¢ grub ile karsilagtirild§inda yasl grupta anlamli olarak artig
gostermektedir. SM-EMG amplitiidii ise yaslt grupta anlamli olarak diisiiktiir. Yutmanin faringiyal
refleks fazinin tetiklenmesinde gecikme ve orofaringiyal fazin total siiresinin uzamasi yasli grupta
degisen en Onemli parametrelerdir. Sonug¢ olarak, bu calismada artan yas ile birlikte orofaringiyal
yutmada onemli fizyolojik degisiklikler ortaya c¢ikmasina karsin yutmanin temel paterninde bir
degisiklik olmadig1 saptanmustir.

Anahtar Kelimeler: Yaglilik, orofaringiyal yutma, elektrofizyoloji, submental EMG, cinsiyet
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INTRODUCTION

The ability to maintain adequate nutrition
by means of oral intake of food is a vital
function that is particularly important for
the health of elderly patients. Specific
changes in central neural pathways as well
as peripheral end organs that occur with
advancing age may predispose older adults
to an increased risk for dysphagia when
faced with acute or chronic medical
conditions®'*32%37),

Many  neurological  patients  with
oropharyngeal dysphagia such as stroke,
suprabulbar palsy and Parkinson’s disease
are found above 60 years old. Therefore, it
is necessary to delineate the lower/upper
limits of the oropharyngeal swallowing
parameters according to age. The effects of
aging on swallowing have been
investigated by manometric'**** and
videofluoroscopic  studies®®***¥ or by
methods incorporating both®**>4%* 1
these studies; slow transfer of the bolus to
the posterior oropharynx, altered bolus
kinematics and  dynamics, delayed
pharyngeal swallowing and closure of the
larynx, delayed relaxation of the upper
esophageal  sphincter(UES), increased
laryngeal penetration and impaired transit
of food have been described. Neurological
and/or clinical neurophysiological studies
are scarce to demonstrate the changes in
oropharyngeal swallowing with aging. One
exception is the quantitative determination
of sensation of the oral cavity and
laryngopharynx, in which the sensitivity is
significantly diminished with aging"**".
Therefore, it is necessary to make a
distinction between altered function due to
the normal aging and altered function due
to a neurological disease. The question
remains as to what extent can the effects of
these two types of changes be
differentiated in elderly patients with
neurogenic dysphagia.

In this paper, the neurophysiological
alterations that take place in oropharyngeal
swallowing associated with aging is
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presented. Also, the differences in events
of oropharyngeal swallowing between
male and female groups are examined. The
study focuses especially on the changes in
the elderly and the results are compared
with those obtained in similar studies.

METHODS

One hundred-ten normal adult subjects
were investigated. No subject reported a
history of difficulty with swallowing or a
related medical event and none was on
medications that could affect the
swallowing function. General neurological
examination and a standard oropharyngeal
clinical examination revealed that they
were completely normal clinically®®.
Those who were older than 60 years of age
were found to be mentally normal; and
neurological examination showed that they
had no cognitive or intellectual
dysfunction. Informed consent was
obtained from each subject and the study
was approved by the Ethics Committee of
our university hospital. They were divided
into three age groups:

1- Forty five subjects (25 females) in the
age range 17-39 years (mean age: 27.8).

2- Thirty five subjects (15 females) in the
age range 40-59 years (mean age: 49.1).

3- Thirty subjects (9 females) in the age
range 60-81 years (mean age 67.7).

All subjects sat on an examination couch
and were instructed to hold their heads in a
natural upright position. Oropharyngeal
swallowing was evaluated by the
electrophysiological methods described
previously!'*!?. Swallows were voluntarily
initiated with the bolus (liquid) positioned
on the tongue and the tongue tip touching
the upper incisors. Subjects were instructed
to hold the bolus orally until cued to
swallow. Swallow signals were recorded
following slow delivery from a graduated
syringe of 3 ml tap water. Dry swallowing
was also investigated with subjects
instructed by the examiner to swallow at
intervals of 0.5-1 minute between each
other. In brief; the surface EMG activity of
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submental muscles was recorded on an
EMG apparatus (Medelec MS-20) using
bipolar silver-chloride surface EEG
electrodes taped under the chin over the
mylohyoid-geniohyoid-anterior ~ digastric
muscle complex (SM-EMG). The EMG
signals were band-pass filtered (100Hz-
10kHz) amplified, rectified and integrated.

For detection of laryngeal upward and
downward movements, a mechanical
sensor consisting of a simple piezoelectric
wafer with a 4x2.5 mm rubber bulge fixed
at its centre was placed on the coniotomy
region between the cricoid and thyroid
cartilages at the midline"'®'". The sensor
was taped onto the neck and its output was
connected to another channel of the EMG
apparatus (cut off frequencies 0.01-20 Hz).
The laryngeal sensor registered two
deflections of generally opposing polarity
during each swallow. The first deflection
of the laryngeal sensor signal represents
the upward movement of the larynx and
the second deflection, its downward

3ml
water swallow

movement''”'?. The leading edge of the
first deflection was used to trigger the
delay line circuitry of the recording
apparatus so that all signals were time
locked to the same instant. Because the
SM-EMG activity slightly precedes the
laryngeal upward movement, the rectified-
integrated SM-EMG activity was also
time-locked to the laryngeal sensor signals.
The pre-analysis time of the amplifier was
set at 800 ms and the total sweep time was
set at 2000 milliseconds. In some
experiments, a 5-second sweep time was
also used. At least five successive traces
were recorded from each subject. The
individual  traces  were  examined,
superimposed and then averaged.

By using the methods, following
parameters related to oropharyngeal
swallowing were investigated in different
age groups. These parameters are shown in
Figure 1, which were recorded from two
normal subjects during swallowing 3 ml of
water.

Laryngeal
sensor signals

SM-EMG

Figure 1: Laryngeal sensor signals (upper traces in each pair) and integrated submental EMG activity (lower
traces in each pair) obtained from a young and an old normal subject during 3 ml water swallowing. Note the
increase in total duration of SM-EMG (A-C interval), triggering time of swallowing (A-0 interval) and
swallowing jitter (*) in the older subject.

Amplitude calibration: for SM-EMG is 100 mV for upper and 50 mV for lower traces. Time calibration: 200 ms
in all traces. (amplitude of laryngeal sensor signal is not important).

146



J.Neurol.Sci.[Turk]

The first is the interval between the onset
of upward movement and the beginning of
the downward movement of the larynx
during a swallow. This interval (denoted as
0-2 interval in Figure 1) is thought to
indicate the time necessary for the
elevation, closure and upward location of
the larynx during a swallow"'*'" and also
reflects one of the important reflex events

during pharyngeal phase of swallowing®.

When the first deflection was stabilized on
the EMG screen, the onset of the second
deflection showed temporal variability for
the same subject with boluses of the same
volume. This variability of the laryngeal
downward movement was measured at the
peaks of the second deflections (i.e.
interval from the earliest to the latest peak
in superimposed records) of 5 successive
swallows. This is called a “swallowing
jitter” which is a measure of the variability
of the swallowing responses from one
swallow to another, for boluses of the same
volume!'*'V (Figure 1).

The third swallowing parameter is the
duration of SM-EMG and represents the
total activation time of the laryngeal
elevator muscles during swallowing and is
demonstrated as A-C interval in Figure 1.
Since the submental muscle complex
(mylohyoid, geniohyoid and anterior
digastric muscles) fire concurrently to
initiate a swallow, functioning as laryngeal
elevators pulling the larynx upwards
#3030 the rectified and integrated SM-
EMG gives considerable amount of
information about the onset and duration of
the pharyngeal phase of swallowing. This
EMG activity declined until the beginning
of laryngeal downward movement. The
onset and the end of SM-EMG were
measured by both superimposed and
averaged traces. The secondary EMG
deflections of any kind or an increase of
activity just after the end of the second
deflection of the larynx were not included
in the SM-EMG activity.

The maximal amplitude of SM-EMG, from
peak to baseline was also measured in all
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subjects. This fourth parameter is a
measure of the recruitment capacity of the
motor units of laryngeal elevator muscles,
judging from the short and maximal
increase of integrated EMG just before the
laryngeal  upward movement  and
progressive amplitude decline until the
onset of laryngeal downward movement.
The duration and the peak amplitude of the
integrated EMG activities were also
measured from the averaged traces.

The fifth parameter is A-0 interval (oblique
arrow in Figure 1), which is the time
interval between the onsets of the SM-
EMG (point A) and the first deflection of
laryngeal sensor signal (point 0) reflecting
the upward movement of the larynx, is one
of the first events of pharyngeal reflex
swallowing”**?. This interval reflects the
voluntary attempt to swallow until the
swallowing reflex is initiated. Therefore,
the A-0O interval indicate the voluntary
triggered deglutition"”.

The calculations related with swallowing
parameters were performed from averaged
traces except for the swallowing jitter.
Mean = SEM of all measured quantities
was calculated and paired t-test was
applied for comparisons. One way analysis
of variance (ANOVA) and Tukey’s HSD
(honestly significant difference) test were
also applied to the same data obtained from
three age groups. Significance was tested
at the 5% level. Correlation analysis
(Pearson rank test) was performed to
reveal any correlation between the age and
swallowing parameters.

RESULTS

During 3-ml-water swallowing, the
following sequences were chronologically
ordered. SM-EMG activity firstly began
and gradually increased to attain its
maximal amplitude. When the SM-EMG
activity nearly reached its maximal peak,
laryngeal upward movement occurred as
signaled by the first deflection of the
laryngeal sensor. During the upward
movement and relocation of the larynx
superiorly (i.e.. 0-2 interval), activity of the
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SM-EMG was continued and then
gradually declined until the laryngeal
downward movement was signaled
(Figure 1).

All  parameters of  oropharyngeal
swallowing were affected by age.
Statistical analysis (ANOVA) showed that
the oldest age group differed significantly
from the other two groups with respect to
all of the above parameters except to 0-2
interval. Table 1 summarizes the results of
statistical analysis applied to both dry and
wet (3-ml water) swallowing data obtained
from the subjects. Young and middle-aged
groups did not differ from each other
significantly (p >0.05). However, mean
values of all the time-related parameters
were slightly longer in the middle-aged
group with respect to younger one. On the

dry and wet swallowing. (Mean = SEM) ( SD )

whole, time-related parameters appeared to
be increased in a staircase manner with
progressing age (Figure 2). In fact, the 0-2-
time interval, total duration of SM-EMG,
A-0 time interval and swallowing jitter
increased with age.

Duration of SM-EMG was significantly
longer in the older age groups than in the
youngest group, both for 3-ml-water and
dry swallowing (p <0,05 in the paired t-
test). Tukey’s HSD test showed that there
were significant differences between old
and young, and also old and middle age
groups (p <0,01). The total duration of
oroparhyngeal swallowing (A-C interval)
increases as the age increased and; there
was a significant correlation between the
age and A-C interval (r:0.51; p:0.000)
(Figure 3).

Table 1: Normal values of the oropharyngeal swallowing parameters obtained from three age groups of normal subjects during

Dry Swallowing

Swallowing 3 ml Water Swallowing
Parameters
17-39 age p 60-81 age p
0-2 time interval of  562,8+13,2 NS 585,6+12,5 NS
laryngeal sensor(msec) 88,6 68,6
Swallowing Jitter 70,5£5,5 0,002 103,3+ 8,5 0,03
(msec) 36,7 45,9
Total Duration of SM- 846,5+16,6 0,000 1007,7+24,2 0,000
EMG activity(msec ) 111,3 132,7
A-0 time 259,3+14,6 0,001 357,2¢17,6 0,03
interval(msec) 97,3 95,0
Maximal amplitiide of 77,5£5,6 0,01 57,2+3,7 NS
SM-EMG activity(uV) 37,5 20,3

40-59 age 20-39 age P 60-80 age P

5833+12,4  504,7+14,8 <0,05 571,1+14,7 NS
72,1 79,5 62,3

79,7+ 6,6 90,8+9.4 NS  108,1+11,2 NS
38,4 50,8 47,5

893,7+17,1 825,2433,4 <0,05 1092,1+77,2 <0,05
101,2 179,8 3275

294,6+17,2  297,6428,0 NS  372,4+474 NS
100,7 150,9 201,0
64,8+3,8 92,0473 <0,05 68,7445 NS
22,7 39,3 19,3

NS: Non significant

40-59 age
533,5+26,3

104,7£11,3

895,8437,2

311,9+43,4

82,1+7,0
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Figure 2: Mean duration of various parameters of oropharyngeal swallowing in three different age
groups. Note the progressive increase of values in A, C, D, E and decrease in B.
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Figure 3: Graph of the regression equation showing the correlation between the age and SM-EMG
duration, SM-EMG amplitude, A-0 interval obtained from all normal subjects.

On the other hand, the amplitude of SM-
EMG diminished with increasing age
(Figure 2B). The amplitude of SM-EMG
was significantly lower in the oldest age
group compared to the youngest age group,
in dry and wet swallowing (p <0,05 in the
paired t-test). Tukey’s HSD test showed a
significant difference between old and
young age groups. (p <0,01). The
correlation analysis between the age and
amplitude revealed that there was a weak
but inverse correlation (r: - 0.30 ; p<:0,05)
(Figure 3).
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Laryngeal upward relocation time (0-2
interval) was significantly longer in the old
age group than in the younger groups only
in dry swallowing (p <0,05 in the paired t-
test). Tukey’s HSD test showed that there
was a significant difference between old
and young age groups only in dry
swallowing (p <0,05). There was no
significant correlation between the age and
0-2 time interval.

The A-0 interval was also prolonged in the
old age group compared to the other age
groups during dry and wet swallowing.
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Tukey’s HSD test showed that there were
significant differences between old and
young, and also old and middle age groups
in wet swallowing (p <0,01). The
correlation analysis revealed that A-0
interval increases as the age increased.
There was a weak but significant
correlation between the age and A-0
interval (r:0.35; p:0.00) (Figure 3)

Swallowing jitter was significantly longer
in the old age group than in the younger
age groups in wet swallowing (p <0,05 in
the paired t-test). Tukey’s HSD test

showed a significant difference between
old and young, and also old and middle age
groups in wet swallowing (p <0,05). There
was a weak correlation between the age
and swallowing jitter (r:0.32 ; p:0.001).

With regard to gender differences, results
indicated that males had significantly
longer durations of total submental muscle

activity (A-C interval) than females
(p<0.005) in water swallowing. No
differences in other parameters were

observed.(Table-2)

Table 2: Normal values of the oropharyngeal swallowing parameters with respect to gender
obtained during wet swallowing. (Mean + SEM) ( SD )

Swallowing Female p Male
Parameters value
0-2 time interval of laryngeal 5715+ 11,3 578,6 £ 10,2
sensor (msec) 78,0 NS 79,4
Swallowing Jitter 78,9 +5,5 85,0+ 5,8
(msec) 38,2 NS 44,6
Total Duration of SM-EMG 877,6£ 17,4 9279+17,3
activity (msec) 121,8 0,04 135,2
A-0 time interval 2959+ 16,0 2979 £ 13,1
(msec) 109,1 NS 102,3
Maximal amplitiide of SM- 66,5+4,5 69,0 + 3,7
EMG activity (uV) 31,8 NS 29,0

NS: Non significant

DISCUSSION

It has been demonstrated that some
physiological changes occur in
oropharyngeal swallowing as the age

progresses from 17 to 81 years. Alterations
in parameters of dry and wet swallowing
have been found to be significant in the
oldest age group compared with the young
and middle age groups. As in other
studies!®?#3%394142) the oral and
pharyngeal stages of swallowing are found
to be slower in the elderly. The slowness of
deglutition can be attributed to two main
mechanisms:
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1) Increased threshold and delay in the
triggering of the swallowing reflex may be
one of the important causes of slow
swallowing. In other words, the increased
duration of swallowing generally occurs
before the initiation of more automatic
pharyngeal phase of the swallow®®. This
conclusion includes the propulsive forces
exerted by the tongue on the bolus, which
may be weaker in the older age group than
younger ones®’*.

2) The slowing in deglutition may be
caused by the prolongation of the
swallowing reflex at the pharyngeal phase
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in which sweeping of the bolus by
pharyngeal constrictor muscles and the
relaxation and opening of upper
esophageal sphincter may be slowed down.
Since we have not investigated the
cricopharyngeal — muscle of  upper
esophageal sphincter, we will not discuss
the second possibility.

The first mechanism of the delay in
triggering at the oral phase of swallowing
and the reduction of propulsive force of
tongue may be the most important
parameter in the elderly.

The A-0 time interval is significantly
prolonged in the elderly during wet
swallowing. This time interval denotes the
time from the beginning of submental
muscle contraction to the onset of upward
deflection of the sensor signal, which
indicates the beginning of upward location
of the larynx. This interval can provide
information about the temporal relation
between the instant of the voluntary
activation of the SM muscle complex and
the instant of reflex triggering of the
swallowing response'”. A-0 time interval
lasts for about 250-350 ms in normal
subjects during swallowing voluntarily and
is under the control of the central nervous

system at the onset of voluntary
swallowing. But it is very short (usually
less than 50 ms) in spontaneous
swallowing during unconscious (i.e.

sleeping) and reflexive conditions!"*'>'®.

Sensory inputs from the oropharyngeal
region especially the tonsillar pillars, base
of the tongue and oropharyngeal mucosae
have been proposed to be important for the
triggering of swallows"**”. In voluntary
swallow, the A-0 interval 1S
physiologically produced by the intact
sensory innervation of oral/pharyngeal
cavity and probably it is under the neural

control of pyramidal-corticobulbar
fibers(121322)
It has been shown that there is a

relationship between slower swallowing
and increased number of severity of
periventricular white matter intensities in

152

brain
(27

the by Magnetic Resonance
Imaging“”. This may indicate that the
asymptomatic decline in oropharyngeal
motor control mediated by cortico-bulbar
pathways  that travel within  the
periventricular white matter>' 7).
Measurements of sensory discrimination
threshold showed significant increase with
age for the tongue and floor of the
mouth"? and the reduction in velopalatine
reflexes and laryngopharynx sensivity have
also been reported®*”. These findings may
support the idea that the delay of triggering
of swallow should be one of the
mechanisms in the elderly due to relative
reduction of sensory perception in the
oropharyngeal cavity>*".

In our electrophysiological study, it has
also been found that the elevation and
location time of the larynx during a
swallow (denoted as the 0-2-time laryngeal
sensor interval) is prolonged in the elderly
especially dry swallowing. This is
probably due to the relative weakness of
laryngeal elevator muscles compared to the
younger groups. This finding confirms the
results obtained from the previous
studies®”.

The duration of SM-EMG muscle activity
is prolonged and its amplitude is reduced.
This observation may also be explained by
the weaker and longer recruitment of the
motor units in SM-muscles. The weakness
of the tongue should be important because
its propulsive force on the bolus partly
determines of the triggering and the speed
of swallowing. Both tongue and submental
/suprahyoid muscles are striated. It is well
known that there is a progressive decline in
the number of functional motor units after
the 5™ decade, which appears to be a
contributing factor to weakness of aging
muscles™*”. Age-related muscular
changes have also been described in the
limb muscles?®. Similar changes have
been reported in the lingual muscles and
there was a decline in maximum isometric
tongue pressure in normal aging®™*).
Therefore, tongue and laryngeal elevator
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muscles must have been remained in usual
aging process. All these findings can
explain both the delay of triggering at the
oral phase of swallowing and the slowing
of deglutition in elderly. It was suggested
that the speed of swallowing begins to
slow after the age of 45 and the
swallowing process is significantly slower
by 75 years of age®>*?. Our results also
indicated that all the time-related
swallowing parameters were slightly
longer in the middle-aged group with
respect to younger one. On the whole,
time-related  swallowing  parameters
appeared to be increased in a staircase
manner with advancing age especially
oldest group.

The main reason for these physiological
changes could not only be limited to the
deglutition muscles but also may be related
with the physiological decline in the
control of corticobulbar motor fibers on the
bulbar swallowing center. Recent studies
have demonstrated that cortical swallowing
pathways can be modulated by afferent
stimulation'®!72%3%). Alterations of
sensory interaction in deglutition during
aging process may be one of the reason for
these changes.
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