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Characterization of tongue pressure in the elderly
Caracterizacao da pressao da lingua em idosos
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ABSTRACT

Purpose: To characterize tongue pressure in elderly individuals.
Methods: This was a cross-sectional study involving 45 individuals
aged between 61 and 96 years old (34 [75.6%] women; 11 [24.4%]
men) with no neurological or cognitive disorders, no history of head or
neck cancer, and no history of radiotherapy. The subjects were surveyed
with a questionnaire that recorded the presence or absence of complaints
about swallowing problems and an orofacial myofunctional evaluation,
which examined the movement and tension of the tongue. The Iowa Oral
Performance Instrument (IOPI) was used to measure tongue pressure.
The data analysis was descriptive, with significance set at the 5% level.
Results: The mean pressure peak was 44.6 kPa (£16), with minimum
and maximum values of 9 and 88 kPa, respectively. Pressure peak and
age were moderately and negatively correlated. The oldest subject had
the lowest average pressure peak, which was less than the normal range.
The mean pressure peak differed according to the use of dentures,
tongue pressure, and tongue mobility during clicking. Conclusion: The
pressure peak and the pressure of the tongue decreased moderately with
increasing age, decreasing tongue tension, and mobility during clicking.
In contrast, the pressure peak values were higher in the elderly who used

dentures than those who did not.
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RESUMO

Objetivo: Caracterizar a pressao da lingua em idosos. Métodos: Estudo
transversal, com a participacao de 45 idosos, de 61 a 96 anos, sendo 34
(75,6%) do género feminino e 11 (24,4%) do masculino, sem disttirbios
neuroldgicos e cognitivos, sem histérico de cancer de cabega e pescoco
e de procedimento radioterdpico. Consistiu na aplicacdo de questiond-
rio, com registro da presenca ou auséncia de queixa de problemas na
degluti¢do, seguido da avaliacdo miofuncional orofacial, enfocando a
mobilidade e tens@o de lingua. Para a mensuracao da pressao da lingua,
foi utilizado o Iowa Oral Performance Instrument (IOPI). A andlise dos
dados foi descritiva, com nivel de significancia de 5%. Resultados: A
média do pico pressorico foi de 44,6 KPa (+16), com os valores minimo
e maximo entre 9 e 88 KPa. Houve correlagdo moderada negativa entre
pico pressérico e idade. Os longevos apresentaram a menor média de
pico pressorico e inferior ao padrao de normalidade. Houve diferenca en-
tre a média de pico pressorico e uso de proteses, tensao de lingua e mobi-
lidade de lingua no estalo. Conclusao: Houve diminuigao moderada do
pico pressérico da lingua com o aumento da idade e reducéo pressérica
com o decréscimo da tensdo da lingua e de sua mobilidade no estalo. Em
contrapartida, os valores de pico foram maiores nos idosos que utilizam

proteses dentarias, quando comparados aos que destas nao fazem uso.
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INTRODUCTION

The aging process results in several anatomical and func-
tional changes including a reduction in muscle tissue and its
function, which occurs as a result of sarcopenia. Sarcopenia is
a consequence of muscle fiber decline and atrophy, a decrease
in the number of motor units, and a more sedentary lifestyle, in
addition to hormonal factors, metabolic factors, a decrease in
the activity of certain enzymes, and an increase in the amount
of connective tissue and fat(.

Among the modifications in orofacial structures, hypertro-
phy of the tongue may occur due to increased connective tissue
and fat deposits. This causes a loss of muscle tone and tongue
mobility, with a consequent impairment in motor performance
in the execution of the movements that are necessary for effi-
cient® and safe® swallowing.

Specifically, studies have demonstrated that there is a loss
in the elasticity of the oral mucosa, lower saliva production,
and decreased lip motor function in the orofacial structures of
the elderly, which can compromise the oral phase of swallo-
wing™?. The tongue acts directly on the process of chewing
by manipulating and maintaining a cohesive alimentary
bolus and propelling the bolus from the oral cavity to the
pharynx©?.

In the aging process, the change in the efficiency of swallo-
wing, which results from natural decreases in the functional
reserve, may contribute to decreases in the tongue’s strength
during the pressure that it exerts against the palate to propel
the bolus®. Therefore, tongue pressure measurements are
useful for evaluating the biomechanical performance of these
muscles during movements in order to assess whether there are
impairments in its functions®. Different types of instruments
measure tongue pressure. These include dynamometers, resis-
tive sensors, bulbs, and palatal plates®!'?.

One device that uses a bulb to measure tongue pressure
is the Iowa Oral Performance Instrument (IOPI). This device
consists of a pressure transducer that is connected to an air-
-filled bulb, which must be pressed against an individual’s hard
palate by their tongue'”. The pressure change that is generated
by pressing the bulb is captured by the device and displayed
on its own LCD screen in kilopascals (KPa). The use of this
equipment allows measurements of the maximum pressure that
is generated by the tongue and its resistance!".

Studies have shown this device’s efficiency in measuring
tongue pressure for the evaluation of changes that are caused
by dysphagia, individuals with dysarthria, the physiological
pressure of the tongue during swallowing, or even the effecti-
veness of speech therapy!'>!9,

In Brazil, some recent studies have used the IOPI. Measuring
tongue pressure can be very useful for determining the mean
pressure peaks of a large sample of elderly Brazilians. Thus,
this study aimed to characterize tongue pressure in the elderly
and examine the association between mean pressure peak and
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complaints that were related to problems in swallowing, age,
and/or gender.

METHODS

This investigation was designed as a descriptive and
analytical cross-sectional observational study. Data collection
was performed at the Clinical School of Speech Pathology in
the Universidade Federal do Rio Grande do Norte (UFRN) in
collaboration with the Geriatric Outpatient Clinic at Onofre
Lopes University Hospital from April 2012 to October 2012.

Non-probability sampling was used because of the con-
venience of examining the elderly who sought care at these
locations. The sample comprised of 45 elderly people with an
age range of 61-96 years (11 men and 34 women); mean age,
74.2 years (+8.9). Those participating in the research were
edentulous or used dentures, had no neurological disorders or
cognitive changes, no history of head or neck cancer, and had
not undergone radiation therapy according to the information
provided by the geriatric clinics that referred the patients with
their medical records.

The volunteers that were referred to the Clinical School
were informed of the purpose of the research and the procedures
for data collection. After agreeing to participate in the study,
they signed a Free and Informed Consent Form. The study was
approved by the Research Ethics Committee at Onofre Lopes
University Hospital under CAAE 3468.0.000.294-10.

The questionnaire for data collection included personal
identification, recordings of the presence or absence of self-
-reported swallowing complaints, and questions about the
use of dental prostheses. The elderly underwent an orofacial
myofunctional evaluation that focused on tongue mobility,
tension, and pressure.

In order to evaluate tongue mobility, the patient was asked
to perform the following movements to the four cardinal points
with a stable jaw: retraction, protrusion, and clicking®. To eva-
luate tongue tension, the participant was required to protrude
the tongue and push it against the examiner’s index and middle
fingers, which were gloved and wrapped with gauze, for 3s.

It should be noted that the examiner has over 20 years of
clinical experience in orofacial myology and dysphagia. The
criteria used to analyze tongue tension were in accordance with
the elderly’s ability to protrude their tongue and maintain the
pressure against the examiner’s fingers, and their performance
was classified as adequate or decreased/hypotensive!®.

To evaluate tongue pressure, the IOPI model 2.0 was used
to measure the maximal isometric pressure. The bulb was po-
sitioned between the anterior third of the tongue dorsum and
the participant’s hard palate without occluding the teeth. The
individual was asked to press on the bulb with maximum force
for 3s. This procedure was repeated twice with an interval of 30
s between the repetitions. The highest pressure measurement
out of the three results was considered the pressure peak. For
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the data analysis, the mean normal pressure peak that was
listed in the device’s manual (37 KPa) was considered normal.
Values below 37 KPa were considered abnormal for the age
group under study'".

The data were presented descriptively as the absolute and
relative frequencies of the measures of central tendency and
dispersion for age and pressure peak with the PSPP program.

In order to evaluate the correlation between mean age and
mean pressure peak, Pearson’s correlation test was used. In
order to identify the age group that had the greatest association
with pressure peak, the ages were categorized into quartiles.
Subsequently, in order to determine whether the mean pressure
peaks differed in the age groups, an analysis of variance test
(ANOVA) was used with a Tukey’s post-hoc test in order to
identify the differences in each category.

Student’s r-tests were applied to examine the effects on
the mean pressure peak of the following variables: the use of
dentures, age (dichotomized by the median), gender, complaints
about swallowing, and tongue mobility and tension.

The test results were considered significant at p values less
than 0.05.

RESULTS

The mean (SD) pressure peak in the sample was 44.6 KPa
(216 KPa) with minimum and maximum values of 9 and 88
KPa, respectively.

A moderate negative correlation was observed between the
mean pressure peak and age (Table 1).

Table 1. Correlation of mean pressure peak and age

Mean Standard
L p-value
value deviation
Pressure peak (KPa) 44.6 16.0 .
-0.321 0.031
Age 74.2 8.9

*Significant value (p<0.05; Pearson’s Correlation)

The oldest age group (81-96 years old) had the lowest mean
pressure peak compared to the other age groups, and their mean
pressure peak was below the standard of normality. ANOVA
showed a significant difference between the 67-73-year-old
group and the 81-96-year-old group and a significant decrease
in the mean peak of the youngest group compared with the
oldest group, which had a value around 18.7 KPa (Table 2).

There were differences in the mean pressure peaks accor-
ding to the use of dentures, tongue tension, and tongue mobility
during clicking, which indicated smaller pressure means in the
groups that presented these altered variables (Table 3).

For tongue mobility and tension, most of the elderly were
able to perform the tongue movements for the three parameters
that were evaluated, and 33 (73%) exhibited normal tongue
tension (Table 3).

DISCUSSION

The mean maximum isometric pressure peak that was found
in this study was lower compared with the results reported in
other studies with subjects within the age range compatible
for analysis [60-79 years old: 54.5 KPa (+11.1)""¥ and 68.81
KPa (£5.4)17].

In a study"® with 171 participants, the mean pressure peak
that was found in the 60-89-year-old group (n = 43) was 51
KPa (x15), which is a value that was slightly above that of this
study (44.6 KPa). However, it is worth noting that this research
is being developed in Brazil, where the reference values for
pressure peak are still under study. A previous study that was
conducted on 75 participants, which included 10 elderly people
who were between 61 and 80 years old, reported a mean value
of 54.4 KPa (£5.94)19,

A decrease in the tongue’s maximal isometric pressure
with increasing age has been reported previously*!719_ with
those results indicating that the decrease ranged from 9 to 15
KPa, which was equivalent to the decrease found in this study.

One advantage of the current study was that this sample’s
study comprised only the elderly, which enabled an analysis of
which age group had the greatest decrease in maximal isometric
pressure. These results, which are found in most elderly, can
be explained by the prevalence of sarcopenia, which is found
in 13%-24% of individuals with ages of 65-70 years, and
approximately 50% in those older than 80 years®.

According to gender, there were no differences in pressure
peak. These results were similar to those of some studies®1718:19,
while they differed from the findings of other studies!*2V.
Additional studies, particularly some that examine the Brazilian
population, need to be conducted in order to better understand
the role of gender in tongue pressure.

Among the three parameters of tongue mobility that were
evaluated, a difference was found only in tongue clicking. This

Table 2. Distribution of the measures of central tendency and the variability in the maximum pressure peak according to age group

Age (quartiles) n Mean (+ standard deviation), KPa Cl of the mean p-value
61-67 14 44,86 (£12,74) a° 37,50 — 52,21

67-73 10 52,10 (+18,03) @ 39,20 — 65,00 N
73-81 11 47,64 (£16,5) 2° 36,55 — 58,72 0.052
81-96 10 33,40 (+16,03) © 23,79 — 43,01

*Significant value (p<0.05; ANOVA); a, b: Tukey’s post-test
Note: Cl = confidence interval
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Table 3. Mean pressure peak according to the independent variables

Magalhaes Junior HV, Tavares JC, Magalhaes AAB, Galvao HC, Ferreira MAF

) Mean pressure Standard
Variables N o L t p-value
peak (KPa) deviation
Use of dentures
Yes 32411 48.09 16.57 2.87 0.02 *
No 13589) 36.00 10.92
Dichotomized age
61-73 years 23514 48.13 15.53 1.53 0.13
73-96 years 22454 40.91 16.05
Gender
Female 34 46.71 15.48 1.58 0.12
Male 115 38.09 16.64
Swallowing complaint
Yes 154335 43.53 15.06 -0.31 0.76
No 306.7) 45.13 16.71
Tongue mobility
To the four cardinal points
Yes o P 45.93 15.72 1.82 0.07
No 4 59 31.00 14.01
Retraction and protrusion
Yes 44476 44.48 16.19 -0.34 0.73
No 122 50.00 -
Clicking
Yes L P 46.49 15.25 2.71 0.01*
No 4gq 25.25 10.81
Tension
Adequate 3373 47.42 15.18 2.03 0.05*
Decreased/hypotensive 12067) 36.83 16.34
Total 45100 = > s

*Significant values (p<0.05; Student’s t-test)

movement involves lifting the anterior two thirds of the tongue.
The lifting makes a difference in the maximum pressure peak®,
and it is involved in positioning the bolus, the force that is ap-
plied by the anterior third of this muscle against the alveolar
region, and the propulsion of the bolus to the oropharynx?.

Differences were observed in the peak according to tongue
tension, which can be explained by the observation that this
muscle’s pressure peak involves its ability to contract against
the bulb"". This is an important finding as it is possible to ob-
serve an association in the results that were found in the clinical
evaluation compared with the instrumental results.

The differences found in the pressure peak according to the
use of dentures can be explained by the dentures’ influence on
the stability of tongue movement. Edentulous individuals show
a pattern of tongue movement that is considered unstable due to
aloss of occlusal support and, consequently, jaw clamping. This
instability is characterized by tongue movements in different
directions, difficulties with anchoring against the hard palate,
and imperfection in sealing against the lateral alveolar ridge®?.

Because the movement that is required for an evaluation
of the maximum isometric pressure involves raising the tip of
the tongue against the hard palate, tongue instability, which is
often present in edentulous patients, may have contributed to the
lower mean pressure peak that was observed in such subjects
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compared with those who did not use dentures.

In this study, the interest in evaluating the relationship be-
tween pressure peak and self-reported complaints of swallowing
problems was related to the expectation that the elderly who
had swallowing complaints would have a lower mean pressure
peak, which was not found. This finding can be explained by the
observation that swallowing disorders have an insidious onset.
The onset of symptoms occurs over many years or even decades,
and the elderly develop compensations that help them maintain
functional swallowing until the time when the complications
that have a greater impact on swallowing appear®*?». One can
then assume that elderly people at more advanced ages, which
were the participants in this study, with a swallowing disorder
may not have reported the complaint because it only presented
mild changes in their swallowing. This reinforces the need for
studies that investigate how much tongue pressure reduces the
influence of the swallowing process’s efficiency.

This study had a number of limitations. First, the cutoff
point was based on the international reference. Second, the sam-
ple was not population-based, although it was representative.
Finally, the analysis of the clinical evaluation was performed
without examining intra- and inter-examiner reliability. In order
for this to be done, other examiners need to participate in order
to compare the values.
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It should be noted that this research will continue until
a representative population is obtained in order to further
compare the findings with those in the literature, contribute to
determining national benchmarks, as well as evaluate the impact
that changes in tongue pressure can bring to the mechanism
of swallowing.

CONCLUSION

This study demonstrated that tongue pressure peak decre-
ased moderately with increasing age. In addition, the mean
values decreased with reductions in tension and mobility when
clicking the tongue. In contrast, the mean increased with the
use of dentures.
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