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Abstract Background/purpose: Tongue pressure plays an important role in swallowing func-
tion. The purpose of this study is to investigate whether decreased tongue pressure is associ-
ated with dysphagia and the development of pneumonia in the elderly requiring long-term
care.

Materials and methods: Tongue pressure measurement and swallowing videoendoscopic (VE)
examination were performed in 60 hospitalized elderly people (33 males and 27 females, with
an average age of 84.3 years) to investigate the relationship with the clinical course. Factors
related with dysphagia was analyzed by Fisher’s exact test and one-way ANOVA, followed by
multivariate logistic regression. The relationship between each variable and survival were
analyzed by cox regression.

Results: Twenty-one patients had dysphagia by VE examination. Multivariate analysis showed
that smaller BMI and reduced tongue pressure were significantly correlated with dysphagia.
Smaller number of remaining teeth and dysphagia were significantly related to pneumonia-
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related death. No patients with tongue pressure of larger than 20 kpa died by pneumonia
within one year, while in those with tongue pressure of smaller than 20 kpa, one-year cumu-
lative survival rate by pneumonia was 44.3%.

Conclusion: Decreased tongue pressure was significantly associated with dysphagia and may in-
crease the risk of pneumonia-related death in the elderly requiring long-term care.

© 2021 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).

Introduction

Tongue pressure examination has been widely used to
evaluate oral function such as swallowing or pronunciation
function. Tongue pressure decreases with age, and de-
creases as the number of teeth or functional tooth units
decreases.””” Some investigators have attempted to
improve tongue pressure by oral rehabilitation,>™® but
there is no established method for preventing reduction of
tongue pressure or for strengthening tongue pressure. It is
believed that lowering tongue pressure reduces swallowing
function, but no studies have investigated the association
between decreased tongue pressure and dysphagia in
elderly people using objective instruments such as swal-
lowing videoendoscopic (VE) or swallowing video-
fluoroscopic (VF) examination. Furthermore, it is unclear
whether reduced tongue pressure actually increases the
frequency of aspiration pneumonia and death in elderly
people.

Tongue pressure examination is a simple, quick and non-
invasive test. In Japan, which has entered a super-aging
society, prevention of oral frailty is thought to contribute to
oral feeding support and extension of healthy life expec-
tancy. If it becomes clear that decreased tongue pressure
leads to dysphagia, aspiration pneumonia, and death, it is
expected that it will become more widespread as a
screening test for elderly people requiring long-term care,
and it is also necessary to consider actively incorporating
tongue function training into the rehabilitation plan.

The purpose of this study is to investigate whether
decreased tongue pressure is associated with dysphagia
using VE examination and whether it affects survival rate in
patients in a geriatric hospital, as a preliminary study.

Materials and methods

Patients

The subjects were 60 patients (33 males and 27 females)
who received a request for VE examination of from their
physicians in charge of internal medicine at Hirono Kogen
Hospital from October 2018 to April 2020. The patient had a
chronic phase illness rather than an acute phase illness.
Patients with neuromuscular diseases, such as Parkinson’s
disease, spinocerebellar degeneration, amyotrophic lateral
sclerosis, myasthenia gravis, muscular dystrophy, or poly-
myositis, were excluded from the study.
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Variable

The following factors were investigated from the medical
records; age, gender, medical disease, presence or
absence of dementia, BMI, serum albumin level, Eastern
Cooperative Oncology Group (ECOG) performance status
(PS),” consciousness status, number of remaining teeth,
denture use, tongue pressure, swallowing VE examination,
and prognosis. The state of consciousness was classified
using the Japan Coma Scale (JCS).® For the tongue pressure
test, a tongue pressure measuring device JMS-TPM (JMS Co.
Ltd, Hiroshima, Japan) (Fig. 1) was used. The probe was
held by the anterior teeth, the balloon was instructed to
be sandwiched between the tongue and the palate and
crushed. After practice, the measurement was performed
3 times and the average value was used. Patients wearing
dentures measured tongue pressure with dentures on.
Dysphagia was judged by VE examination’ as follows, after
consultation by dentists (YS and GO). Dysphagia: those who
are judged to be unable to eat orally or only to be directly
trained with jelly. No dysphagia: those judged to be able to
eat orally. The prognosis was determined on August 1,
2020, and classified into “survival” and “death”. The cause
of death was divided into pneumonia-related death and
others (cancer, cerebrovascular accidents, myocardial
infarction, etc.).

Statistical analysis

All statistical analyses were performed using SPSS software
(version 26.0; Japan IBM Co., Ltd., Tokyo, Japan), and a p-

Figure 1

Tongue pressure measuring device.
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value “0.05 was considered significant. A univariate analysis
was performed by Fisher’s exact test or One way ANOVA, on
the relationship between the two, with dysphagia as the
dependent variable and other variables as the independent
variables. After that, the factors that were significant in
the univariate analysis were input and the multivariate
analysis was performed by logistic regression analysis.
Furthermore, the association between each factor and
mortality or pneumonia-related mortality was analyzed by
Cox regression analysis, and the association between
decreased tongue pressure and mortality was examined by
the Kaplan—Meier method and log rank test.

Ethics

The study was approved by the institutional review board
of Kansai Medical University Medical Center, and the
research plan and guaranteed opt-out opportunity were
published on the homepage of the official website of the
hospital. As this was a retrospective observational study, it
was not registered.

Table 1  Patient characteristics.

Factor Number of
patients / mean
+SD

Age years 84.31+7.97

Sex male 33

female 27

BMI 18.9+3.85

Serum albumin g/dL 2.96+0.53

Performance PS 3 14

Status PS 4 46
Consciousness 1-3 46
level 10 14
General disease  cerebrovascular 31
disease
dementia 24
respiratory disease 24
heart disease 18
hypertension 17
diabetes 15
digestive disease 9
renal / urinary 9
disease
malignant neoplasm 8
epilepsy 8
disuse syndrome 7
others 9
Number of 12.5+10.19
remaining
teeth
Denture use (-) 45
(+) 15
Tongue pressure 11.7+£9.99
VE findings no dysphagia 39
dysphagia 21

Abbreviation: BMI: body mass index, VE: swallowing video-
endoscopic examination.

Results

The patients consisted of 33 males and 27 females, with an
average age of 84.3 years. Medical diseases included ce-
rebrovascular disease in 31 patients, dementia in 24, res-
piratory disease in 24, heart disease in 18, hypertension in
17, and diabetes in 15 cases (Table 1). The majority were in
poor general condition. Average level of BMI is 18.9,
average level of serum albumin is 2.96 g/dl, PS 0—2 is not
present, PS 3 is 14 cases, PS 4 is 46 cases, consciousness
level (JCS) is 1 digit in 46 cases, 2 digits in 14 cases.

Twenty-one patients had dysphagia by VE examination.
By univariate analysis, dysphagia was significantly associ-
ated with smaller BMI (p = 0.011) and lower tongue pres-
sure (p = 0.019) (Table 2). Lower consciousness level
tended to have more dysphagia, but there was no signifi-
cant difference (p = 0.061). Multivariate analysis revealed
that BMI (p = 0.020, odds ratio [OR]: 1.251, 95% confidence
interval [CI]: 1.036—1.511) and tongue pressure (p = 0.029,
OR: 1.099, 95% Cl: 1.010—1.195) were independent risk
factors for dysphagia (Table 3).

Seventeen patients died during observation, and among
them 11 died of pneumonia. The causes of death in the
other 6 cases were cancer in 2 cases, cerebral infarction in
2, heart failure in 1 and aortic dissection in 1. The rela-
tionship between each factor and mortality was analyzed
by univariate Cox regression. There were no significant
factors associated with overall mortality. However, the
smaller number of remaining teeth (p = 0.045), and
dysphagia (p = 0.048) were significantly related to
pneumonia-related death (Table 4). Patients with
dysphagia tended to have lower overall survival
(p = 0.077), and had a significantly higher pneumonia-
related mortality rate (p = 0.034) that those without
dysphagia (Fig. 2). When the tongue pressure was divided

Table 2 Factors related to dysphagia (univariate
analysis).
Variable Dysphagia No p-value
dysphagia
Age years 83.9+8.04 84.5+8.03 0.772
Sex male 13 20 0.587
female 8 19
BMI 17.3+£2.90 19.89+4.03 *0.011
Serum albumin g/dL  2.91+0.584 2.99+0.492 0.599
Performance PS 3 3 11 0.340
status PS 4 18 28
Consciousness  1-3 13 33 0.061
level 10 8 6
Dementia (-) 12 24 0.787
(-+) 9 15
Number of 14.1+10.9 11.8+£9.87 0.419
remaining
teeth
Denture use (-) 18 27 0.218
(+) 3 12
Tongue pressure 7.75+6.45 14.0+10.9 *0.019

* significant.
Abbreviation: BMI: body mass index.
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Table 3  Factors related to dysphagia (multivariate logis-
tic regression analysis).

Variable Odds ratio  95% Confidence  p-value
interval

BMI 1.251 1.036-1.511 *0.020

Tongue pressure  1.099 1.010-1.195 *0.029

* significant.
Abbreviation: BMI: body mass index.

into 2 categories, 20 kpa or more and less than 20 kpa,
according to Utanohara,'® the overall mortality rate and
pneumonia-related mortality were higher in patients with
tongue pressure of less than 20 kpa. No patients whose
tongue pressure was 20 kpa or more died by pneumonia
within one year, while one-year cumulative survival rate by
pneumonia was 44.3% in those with tongue pressure smaller
than 20 kpa, although there was no significant difference
probably due to the small number of cases (Fig. 3).

Discussion

This study showed an association between decreased
tongue pressure and dysphagia using VE examination in
hospitalized elderly people, and found that decreased
tongue pressure may increase the risk of pneumonia-
related death.

In the process of swallowing, the tongue forms a bolus,
transfers the bolus to the back tongue, is pressed against the
palate from the front of the tongue, and plays an important
role in pushing the bolus toward the pharynx at once. Tongue
pressure examinations, which measure the tongue pressure
that makes up the swallowing pressure, are now being used
to evaluate oral function.” It has been reported that the
tongue pressure decreases as the age increases and the
frailty of the whole body progresses.'” The subjects in the
study were elderly people admitted to a geriatric hospital,
who had some diseases such as dementia, cerebrovascular
accident, and disuse syndrome. Most of them had low al-
bumin, low BMI, and system ic sarcopenia, and VE exami-
nations revealed dysphagia in 21 of 60 patients.

Decreased tongue pressure is closely associated with
dysphagia because the tongue plays an important role in
chewing and swallowing. It has been reported that
dysphagia occurs due to decreased tongue pressure in
Parkinson’s patients,'>'* stroke patients,'>'® and ALS pa-
tients.'”'® Stierwalt et al. also reported that those with
dysphagia secondary to neurogenic etiology (i.e., cerebro-
vascular accident, traumatic brain injury) showed lower
tongue pressure than control people.'® There are also some
reports on the association between decreased tongue
pressure and dysphagia in the elderly requiring long-term
care. Maeda et al. reported that sarcopenia is associated
with decreased tongue pressure and dysphagia.?’ Shimizu
et al. described that decreased tongue pressure was asso-

Table 4 Factors related to death (univariate cox regression analysis).
Variable Hazard 95% Confidence p-value
ratio interval
i) All death (17 patients)
Age 1.003 0.937-1.073 0.939
Sex male / female 0.653 0.240-1.772 0.403
BMI 0.949 0.832-1.081 0.430
Serum albumin 0.483 0.196-1.191 0.114
Performance status PS3 /PS4 4.220 0.558-31.893 0.163
Consciousness level JAS 0-3 / JAS 10 1.079 0.376-3.098 0.888
Dementia () / (+) 0.586 0.205-1.678 0.319
Number of remaining teeth 0.974 0.926-1.024 0.306
Denture use (-) / (+) 0.575 0.129-2.569 0.469
Tongue 0.956 0.897-1.018 0.159
pressure
dysphagia (-) / (+) 0.410 0.149-1.133 0.086
ii) Death related to pneumonia (11 patients)
Age 1.060 0.973-1.154 0.180
Sex male / female 0.824 0.260-2.609 0.742
BMI 0.917 0.781-1.077 0.292
Serum albumin 0.409 0.139-1.204 0.551
Performance status PS3 /PS4 28.915 0.071-11850.083 0.273
Consciousness level JAS 0-3 / JAS 10 1.275 0.378-4.293 0.620
Dementia )/ (+) 0.742 0.223-2.474 0.627
Number of remaining teeth 0.934 0.874-0.998 *0.045
Denture use () / (+) 0.898 0.190-4.254 0.892
Tongue pressure 0.953 0.884-1.027 0.208
dysphagia () / (+) 0.258 0.068-0.987 *0.048
* significant.

Abbreviation: BMI: body mass index.
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ciated with a significant decrease in Mann Assessment of
Swallowing Ability (MASA).?" Yoshida et al. reported that
measurement of tongue pressure may be useful for the
bedside evaluation of swallowing,?> and Namasivayam-
MacDonal et al. also stated that saliva swallow pressure
measures may be helpful for early identification of
dysphagia and nutritional risk.?* However, in these reports,
the diagnosis of dysphagia is based on clinical judgment
only. As far as we know, this is a first study examining the
relationship between tongue pressure and dysphagia in
elderly people requiring long-term care.by VE, which is an
objective examination modality.

Decreased tongue pressure is not only associated with
dysphagia as described above, but can result in the devel-
opment of aspiration pneumonia and even the prognosis of
life. Nakamori et al.?* reported that tongue pressure is a
sensitive indicator for predicting pneumonia occurrence in
acute stroke patients. Okazaki et al.”® reported that 47
elderly patients with pneumonia showed significantly lower
tongue pressure than 35 without pneumonia by univariate
analysis, but by multivariate analysis, tongue pressure was
not correlated with onset of pneumonia. Furthermore, they
stated that patients with lower ADL level, cognitive impair-
ment, impaired modified water-swallowing test, lower
maximum static inspiratory pressure, lower serum albumin,
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02 o 24.0% (n=39) )
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" r
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Mortality from pneumonia
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dysphagia (+)
56.1% (n=21)
06
04
o dysphagia (-)
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00 ‘-#J
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Figure 2 Cumulative survival rate by dysphasia (Overall
survival). Patients with dysphagia have higher overall mortality
and pneumonia-related mortality. There is a significant dif-
ference in mortality from pneumonia.
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smaller BMI, and smaller somatic fat mass were more likely
to die within 6 months, but tongue pressure level at baseline
did not influence the survival. On the other hand, the cur-
rent study is the first to show that decreased tongue pressure
is associated not only with dysphagia, but also possibly with
mortality caused by pneumonia. A relationship between low
residual teeth and pneumonia-related mortality was also
shown. This may be due to a decrease in tongue pressure as
the number of remaining teeth, especially those related to
occlusal function, decreases, as reported by Tashiro et al.?
This study suggests that a decrease in residual teeth may
result in decreased masticatory function and decreased
tongue pressure, resulting in decreased swallowing function
and an increased risk of aspiration pneumonia. However,
since the number of cases was small and detailed statistical
analysis could not be performed, further studies are needed
in the future.

Robbins et al.?® reported an increase in tongue pressure
and improvement of dysphagia by intervention of training to
strengthen tongue pressure by raising the tongue by iso-
metric contraction in patients with dysphagia, and Steele
et al.?” also reported improvement in tongue pressure and
aspiration by tongue pressure training. On the other hand,
there are reports that rehabilitation was not effective in
improving swallowing function.*> Smaoui et al.?® stated in a

Mortality
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0 200
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days

Mortality from pneumonia
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44.3% (n=49)
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tongue pressure > 20

0% (n=11)  p=0.111

00

600 800 1000

days

Figure 3  Cumulative survival rate by tongue pressure (Sur-
vival due to pneumonia). Patients with tongue pressure of 20
kpa or higher have lower overall mortality and pneumonia-
related mortality, although there is no significant difference
probably due to a small number of patients.
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systematic review of tongue pressure and training that
rehabilitation methods and outcomes were disparate and
meta-analysis was not possible, which suggests that reha-
bilitation methods for dysphagia and decreased tongue
pressure have not been established.

As mentioned above, tongue pressure and swallowing
function are thought to decrease as systemic sarcopenia
progresses, but Chen et al.?’ and Shimazaki et al.*° reported
that tongue pressure did not necessarily have a significant
correlation with systemic sarcopenia, and it was maintained
even after systemic sarcopenia. Tashiro et al.? investigated
745 healthy elderly people living in rural areas and found
that decreased tongue pressure was significantly associated
with age, decreased number of remaining teeth, decreased
number of functioning teeth unit, and decreased grip. They
further showed that the decrease in tongue pressure can be
prevented by supplementing with a fixed prosthetic device
such as a bridge or implant even if the number of remaining
teeth is small by propensity score matching analysis. These
studies indicate that tongue pressure tends to decrease with
aging, low nutrition, and systemic sarcopenia, but the
tongue muscle may resist atrophy by continuing to chew a
normal diet with healthy teeth or fixed prostheses and may
avoid decrease tongue pressure, even if systemic sarcopenia
progresses, which suggests that dental management may be
important in considering the extension of the healthy life
span of the elderly.

There are several limitations in this study. First, the
number of cases was small and sufficient multivariate
analysis could not be performed. It is also unclear whether
the results obtained using single-center patients can be
generalized. However, to the best of our knowledge, this
study is a first one that clarified the relationship between
decreased tongue pressure and dysphagia using VE exami-
nation in elderly people requiring nursing care, and sug-
gested that reduced tongue pressure might associated with
not only dysphagia but also pneumonia-related death. We
would like to conduct a more detailed study using a large
number of cases in the future.
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