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Abstract

Background Since oral organs function in the first stage of the swallowing process, it is possible that decline in swallowing
function can be partly related to oral frailty.

Aims The purpose of this study was to investigate the association between swallowing function and oral function among
community-dwelling elderly Japanese and to propose cut-off values for screening of decline in swallowing function.
Methods A total of 188 participants were included in the analysis. The number of present teeth and functioning teeth were
counted. Bacteria counts in tongue coat, oral wettability, tongue pressure, oral diadochokinesis (ODK), masticatory abil-
ity and bite force were examined. Swallowing function was assessed using the 10-item Eating Assessment Tool (EAT-10).
Receiver operating characteristic curves were used to determine the cut-off points of each oral function parameter. A logistic
regression model was performed to determine the combination of parameters with the highest accuracy for differentiating
decline in swallowing function from normal.

Results Subjects with ODK /pa/ sound < 6.2 times/second had higher prevalence of swallowing problems than those with
6.2 times/second or more. EAT-10 scores of one or more were significantly related to older age (>71 years old; odds ratio
[OR] 4.321) and reduced ODK /pa/ sound (< 6.2 times/second; OR 2.914).

Conclusions Among community-dwelling elderly Japanese, those who were suspected of having decline in swallowing
function had lower oral function than those who did not, and the cut-off values were 71 years of age and ODK /pa/ sound
6.2 times/s.

Keywords Swallowing function - Oral diadochokinesis - Oral function - 10-item Eating Assessment Tool (EAT-10) -
Elderly - Deglutition - Deglutition disorders

Introduction

Swallowing is an event in which a bolus is sent to the phar-
ynx. A swallowing reflex occurs when the bolus enters the
pharynx, and the bolus then enters the esophagus without
entering the airway [1]. Swallowing is a critical process for
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life, and allowing food and fluid to be ingested safely and
efficiently [2].

Difficulty swallowing (dysphagia) is a pathophysiologic
status characterized by taking more time and effort to move
food or liquid from the pharynx to the stomach. There are
many causes of dysphagia such as achalasia [3], esophageal
stricture [4], neurological disorders [5] and neurological
damages [6]. The main risk factor for dysphagia is aging.
Due to natural aging and normal wear on the esophagus,
and a greater risk of certain conditions such as stroke or
Parkinson’s disease, older adults are at higher risk of swal-
lowing difficulties.

Dysphagia affects nutritional deterioration [7] and frailty
[8]. In the field of geriatric dentistry, the concept of oral
frailty representing a decline in oral function has been pro-
posed [9, 10]. Oral frailty is considered one of the early
stages of frailty, and shows a mild decline in oral function
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with symptoms such as reduced tongue function, spilling
foods, and slight choking.

Since oral organs function in the first stage of the swal-
lowing process, it is possible that dysphagia can be partly
related to oral frailty. We hypothesized that decreased swal-
lowing function was associated with oral function. The pur-
pose of this study was to investigate the association between
swallowing function and oral function among community-
dwelling elderly Japanese and to propose cut-off values for
screening of decline in swallowing function.

Materials and methods
Participants

The present study used a cross-sectional design. We esti-
mated the sample size using SamplePower version 3.0 statis-
tical software (IBM, Tokyo, Japan). This software computed
the power for a test of the null hypothesis in which the event
rate in the two groups was identical. According to our pre-
liminary study, the minimum sample size required to detect
significant differences in decline in swallowing function in
both positive and negative groups was 170 with an event rate
(oral diadochokinesis [ODK] /pa/ sound > 6.2 times/second;
0.59 and < 6.2 times/s; 0.81) of 80% power and a two-sided
significance level of 5% (SamplePower ver. 3).

Inclusion criteria for the participants were age 60 years
and older and having visited Preventive Dentistry Clinic at
Okayama University Hospital between November 2017 and
June 2018. Exclusion criteria were inability to answer the
questionnaire independently and inability to walk indepen-
dently. All participants provided written informed consent
for study participation. The STROBE guidelines were fol-
lowed and the study protocol was approved by the Ethics
Committee of the Okayama University Graduate School
of Medicine, Dentistry and Pharmaceutical Sciences (No.
1708-028).

Assessment of swallowing function

For the assessment of swallowing function, the 10-item
Eating Assessment Tool (EAT-10) (Nestle Nutrition Insti-
tute, Vevey, Switzerland) was used. EAT-10 is a dysphagia
screening questionnaire composed of ten questions. Each
question is answered on a 5-point scale from 0 (no problem)
to 4 (severely problematic), with total scores ranging from
0 to 40 points.

Assessment of oral function

The number of present teeth and functioning teeth were
counted. This included the number of functioning teeth
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present and the number of functioning artificial teeth of
dental prosthesis. Teeth with severe decay and stump teeth
were not considered functioning teeth [11].

Next, we examined bacteria counts in tongue coat, oral
wettability, tongue pressure, ODK, bite force, and masti-
catory ability [12]. Each test was performed twice and the
average value was calculated.

Bacteria counts in tongue coat

The central part of the back of the tongue was rubbed with
a sterilized cotton swab three times at a distance of 1 cm to
prepare a specimen. The rubbing pressure was set to 20 gf
using a constant-pressure sample collection device (Bacte-
rial-counter, Panasonic Healthcare, Osaka, Japan). Thereaf-
ter, the total number of microorganisms in the specimen was
measured using a bacterial counter (Panasonic Healthcare).

Oral wettability

The degree of wetness of the mucous membrane was meas-
ured at the center of the back of the tongue about 10 mm
from the tongue tip and the left and right buccal mucosa.
The oral moisture meter (Mucus®, LIFE, Tokyo, Japan) was
used for measurement. The sensor of the meter was pressed
on the mucosa with a pressure of approximately 200 g so
that it contacts the surface to be measured uniformly, and
the measured value was displayed within approximately 2 s.

Tongue pressure

Maximum tongue pressure was measured using a tongue
pressure measuring device (JMS tongue pressure measur-
ing instrument, JMS, Hiroshima, Japan). The balloon of the
tongue pressure probe was set at the front part of the palate.
The tongue pressure was measured by optionally crushing
the balloon between the tongue and the palate with the maxi-
mum tongue force.

ODK

The ODK test evaluates the speed and regularity of articula-
tory organs by making the alternating syllables move as fast
as possible. It is widely used to evaluate motor dysarthria.
In Japan, three types of syllables, i.e., /pa/, /ta/, and /ka/ are
often used. Of these, /pa/ evaluates the function of the lips,
/ta/ evaluates the function of the tongue tip, and /ka/ evalu-
ates the function of the tongue dorsum. Participants were
asked to repeat each given syllable—/pa/, /ta/, /ka/—sequen-
tially as fast as possible for 5 s using a device (KENKOU-
KUN handy. Takei Scientific Instruments Co., Ltd., Niigata,
Japan). The number of repetitions per second was calculated
as the repetition speed of the syllables.
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Masticatory ability

Participants chewed 2 g of gummy jelly (Gurucolum, GC,
Tokyo, Japan) freely for 20 s. After gargling with 10 mL of
water, gummy and water were discharged into a filter mesh,
and the amount of glucose dissolved in the solution that
passed through the mesh was determined using a glucose
sensor (GS-II, GC).

Bite force

Bite force was measured with pressure-sensitive films (Den-
tal Prescale II, GC), analytical software (Bite force analyzer,
GC) and a precalibrated scanning device (GT-X830, Seiko
Epson Corp., Suwa, Japan). All participants were asked
to bite a film with their maximum strength for 3 s after it
was confirmed that it was in the position of centric dental
occlusion.

Questionnaire

Participants were asked for their age, gender, type of medi-
cine they were taking.

Statistical analysis

An EAT-10 score of 0 indicated no problems with swallow-
ing function, and a score of 1 or more indicated reduced
swallowing function.

Receiver operating characteristic (ROC) curves were used
to determine the cut-off points of each oral function param-
eter with calculation of the area under the curve (AUC) for
accuracy, sensitivity, and specificity. The p value was con-
sidered significant if <0.05 at the 95% confidence interval.
A logistic regression model was performed to determine the
combination of parameters with the highest accuracy for
differentiating slightly declined swallowing function from
normal. All data were analyzed by IBM Statistical Package
for the Social Sciences (SPSS, Tokyo, Japan) version 21.

Results

Of the 219 people who agreed to participate in this study,
212 were evaluated for oral function. Swallowing function
was not evaluated in 7 participants and 24 participants had
missing data. Finally, 188 subjects were included in the
analysis (Fig. 1).

Table 1 shows the characteristics of the participants. The
number (%) of participants without any swallowing prob-
lems (i.e., EAT-10 score of 0) was 141 (75.0%), and the
number with swallowing problems was 47 (EAT-10 score of
1 or2,n=26,13.8%; EAT-10 score of >3, n=21, 11.2%).

401
Eligible participants
n=219
. Excluded
i Not received examination (n=7)
Examined participants
n=212
R Excluded
v - Data missing (n=24)
Analyzed participants
n=188
(85.8%)

Fig. 1 Flowchart of study participants

Of the 188 participants, 148 (78.7%) were taking medicine.
The most common was medicine for hypertension (41.5%)
and hyperlipidemia (22.3%). There were no significant dif-
ferences in oral wettability between the participants with
and without each medicine for hypertension, hyperlipi-
demia, diabetes mellitus, kidney disease and others (data
not shown). Nobody was taking any medicine that affected
tongue and jaw motor function.

ROC curve analyses were used to evaluate the values
of bacterial counts in tongue coat, oral wettability, tongue
pressure, ODK, masticatory ability, bite force, number of
present teeth, number of functional teeth and age to predict
swallowing function. The optimal cut-off value was an age
of >71 years, giving a sensitivity of 85.1%, a specificity
of 44.7%, positive predictive value of 33.9% and negative
predictive value of 90.0% in predicting declining swallowing
function. The second best parameter was ODK /pa/ sound
with an AUC of 0.638. Bacteria counts in tongue coat, oral
wettability, tongue pressure, ODK /ka/ sound and number of
functional teeth did not significantly correlate with declining
swallowing function (p > 0.05) (Table 2).

Table 3 shows the results of binomial logistic regression
analysis with these items as independent variables and EAT-
10 score of 0 or > 1 as the dependent variable. The EAT-10
score was significantly related to age (odds ratio [OR] 4.321,
95% confidence interval [CI] 1.743-10.710) and ODK /pa/
sound (OR 2.914, 95% CI 1.103-7.695).

Discussion

Our hypothesis was that decreased swallowing function
was associated with decreased oral function. In this study
among community-dwelling elderly Japanese, those with
oral ODK /pa/ sound of < 6.2 times/s were more likely to
show dysphagia as assessed by the EAT-10 than those with
ODK /pa/ sound of > 6.2 times/second (OR 2.914, 95% CI
1.103-7.695). To the best of our knowledge, this is the first
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Table 1 Participant

L. L. Total Male (n=58) Female (n=130)
characteristics and distribution
of results by gender Age (years) 740 (70.0,79.0*  72.0 (69.0, 80.0) 74.0 (70.0,78.5)
Swallowing function (EAT-10) 0.0 (0.0,0.8) 0.0 (0.0,0.0) 0.0 (0.0,1.0)
Bacteria counts in tongue coat 12.8 (4.9,28.4) 12.5 (4.90,28.4) 13.1 (491, 28.5)
(CFU X 10%/mL)
Oral wettability 29.1 (27.8,30.3) 28.8 (27.3,29.9) 29.1 (27.9,30.4)
Tongue pressure (kPa) 31.9 (26.8, 36.0) 324 (26.8,37.3) 31.6 (26.9,35.9)
ODK (times/s)
/pa/ sound 6.0 (54,6.5) 59 (54,6.5) 6.0 (5.4,6.55)
/ta/ sound 6.0 (5.5,6.5) 6.0 (5.5,6.7) 6.0 (5.5,6.5)
/ka/ sound 57 (53,6.3) 56 (5.1,64) 57 (53,6.2)
Masticatory ability (mg/dL) 1732 (133.8,212.0) 178.5 (135.8,218.7) 168.7 (116.4,189.0)
Bite force (N) 4774 (228.3,773.1) 626.1 (294.6,894.3) 4283 (47.8,121.8)
Number of present teeth 22.5 (16.0,26.0) 22.0 (l6,26) 23.0 (15.0,26.0)
Number of functional teeth 27.0 (26.0,28.0) 27.0 (26, 28) 27.0 (26.0, 28.0)

EAT-10 the 10-item Eating Assessment Tool, CFU colony forming unit, ODK oral diadochokinesis

*Values are median (25 percentile, 75 percentile)

Table 2 Sensitivity and specificity of oral functions and oral status in screening for decline in swallowing function (receiver operating character-

istic curve)

Parameter Optimal ~ Area 95% confidence Sensitivity (%) Specificity (%) Positive pre- Negative pre-  p value
cut-off under the interval dictive value  dictive value
value curve (%) (%)

Bacteria counts >17.5 0.567 0.475-0.659 76.6 36.9 28.8 82.5 0.167
in tongue coat
(CFU x 10%/mL)

Oral wettability <29.5 0.578 0.486-0.671 70.2 454 30.0 82.1 0.110

Tongue pressure <26.0 0.589 0.491-0.686 36.2 81.6 39.5 79.3 0.069
(kPa)

ODK (times/s)
/pa/ sound <6.2 0.638 0.550-0.727 76.6 51.1 343 86.7 0.005
/ta/ sound <6.0 0.606 0.514-0.699 63.8 57.4 333 82.7 0.029
/ka/ sound <6.1 0.592 0.502-0.682 80.9 37.6 30.2 85.5 0.059

Masticatory ability <160 0.628 0.535-0.720 61.7 63.8 36.3 83.3 0.009
(mg/dL)

Bite force (N) <400 0.599 0.505-0.693 574 62.4 33.8 81.5 0.042

Number of present <20 0.599 0.504-0.695 51.1 68.8 35.3 80.8 0.042
teeth

Number of func- <24 0.521 0.424-0.618 12.8 91.5 333 75.9 0.663
tional teeth

Age (years) >71 0.649 0.564-0.734 85.1 44.7 33.9 90.0 0.002

CFU colony forming unit, ODK oral diadochokinesis

study to show an association between decreased swallowing
function and articulatory oral motor skills among independ-
ent elderly.

The ODK /pa/ sound represents lip motor function. Some
cross-sectional studies reported an association between lip
motor function and swallowing function. ODK using the
syllables /pataka/ was significantly associated with aspira-
tion risk [13]. Lip-closure power in patients with dysphagia

@ Springer

was significantly lower than that in healthy participants [14].
In many cases, sending a bolus from the oral cavity to the
pharynx involves not only the tongue, but also oral functions
such as lip closure and jaw position stability [1]. Swallow-
ing requires the coordinated activity of many nerves and
muscles of mouth, lips, pharynx, and larynx. All of these
muscles work in a coordinated way. Lips play a major role in
forming the bolus of food that is to be swallowed. Lips also
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Table 3 Logistic regression analysis results

Variable Adjusted Odds 95% CI p value
ratio

Age (years)
<71 1 0.002
>71 4.321 1.743-10.710

ODK /pa/ sound (times/s)
>6.2 1 0.031
<6.2 2914 1.103-7.695

ODK /ta/ sound (times/s)
>6.0 1 0.837
<6.0 0.909 0.366-2.256

Masticatory ability (mg/dL)
>160 1 0.100
<160 1.928 0.882-4.215

Bite force (N)
>400 1 0.462
<400 1.353 0.604-3028

Number of present teeth
>20 1 0.386
<20 1.435 0.634-3.247

CI confidence interval, ODK oral diadochokinesis

help to create a tight seal which prevents food and liquids
from leaking during the swallowing reflex. Proper lip motor
function reflects well-controlled nerve and muscle abilities,
leading to normal swallowing. Our findings support the
association between decreased swallowing function and the
ODK /pa/ sound.

The gold standard method for evaluating swallowing
function is swallowing contrast examination using video
fluoroscopy [15]. However, it requires special equipment and
technology and is difficult to administer in elderly facilities
or at home. The development of swallowing evaluation by
the questionnaire method has been introduced, and its use-
fulness has been recognized [16]. Various questionnaires are
used in surveys of elderly people at home. EAT-10 is a sim-
ple swallowing state evaluation form that allows evaluation
of swallowing function. The reliability and validity of the
Japanese version of EAT-10 have been verified. Therefore,
EAT-10 was used for epidemiological studies in Japan and
we also used EAT-10 in this study.

We set 6.2 times/s as the new cut-off value for ODK /pa/
sound based on the ROC curve results to detect early stage
reductions in swallowing function as assessed by EAT-10.
EAT-10 score is based on subjective symptoms related to
swallowing. According to the present results, the negative
predictive value of ODK /pa/ is 86.7%, which means that
nearly 90% of the participants with > 6.2 times/s of ODK/pa/
sound had no subjective dissatisfaction with swallowing. It
might be useful to estimate the proportion of such residents

in the population with low prevalence of subjective swallow-
ing difficulty and to predict a subclinical level of swallow-
ing difficulty at an early stage. Various cut-off values have
been reported for ODK. In the definition of hypo-oral func-
tion proposed by the Japan Geriatric Dental Society, if the
ODK is less than 6.0 times/s, the function is considered to
be impaired. There were other reports with a cut-off value of
4.0 times/s [17] or 5.0 times/s [18] to investigate the associa-
tion between ODK and frailty. Although these cut-off values
may be useful depending on the purpose, further studies are
required to seek appropriate values of ODK.

ODK can be improved by implementing an oral func-
tion improvement program in which oral training exercises
and oral care are continuously performed at home for about
3 months without using instruments [19]. Furthermore,
the score of the repeated saliva swallowing test (RSST) of
participants with decrease in swallowing function can be
improved through the oral function improvement program
as home exercise [19]. Thus, improving ODK by home exer-
cise may contribute to prevent a slight decline in swallowing
function among independent elderly.

Bacteria counts in tongue coat, oral wettability, tongue
pressure, masticatory ability, bite force, number of present
teeth, and number of functional teeth were not related to
the suspected swallowing function. Surprisingly, we did not
expect that factors related to mastication would be insig-
nificant. If hard food is difficult to chew, the meal content or
preparation can be changed so that it is easy to chew, such
as chopping into smaller pieces or simmering until softened.
Contrary to our results, previous studies reported that tongue
pressure [20, 21], masticatory ability [22] and number of
present teeth [23] were related to decreased swallowing
function among dependent elderly or inpatients. The reason
for this discrepancy may depend on the characteristics of the
participants. Participants in the previous studies were dys-
phagia patients [20] or amyotrophic lateral sclerosis patients
[21] whereas our participants were independent elderly with
regular dental visits, and many of them had better oral func-
tion than those in the previous studies.

Each medicine for hypertension, hyperlipidemia, diabetes
mellitus, kidney disease can cause dry mouth [24]. However,
there was no significant association between these medi-
cines and dry mouth in this study. Therefore, the effect of
the medicine on our results may be small.

There are limitations in our study. Firstly, participants
of this study were elderly who had regular dental visits at a
single clinic. Those who received regular dental check-ups
had better dental health behavior and a higher awareness
of dental health than those who did not [25]. Because the
condition of the oral cavity may have been better than the
general population of elderly Japanese, selection bias is pos-
sible and caution should be exercised when generalizing the
results. Secondly, items reported to be related to swallowing
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function include posture during eating [26], muscle strength
throughout the body [27], social life function, cognitive
function [28], and lip-closing force, but these were not con-
sidered in this study. Thirdly, this was a cross-sectional study
and longitudinal studies are required to confirm the results.

Conclusion

Community-dwelling elderly Japanese who were suspected
of having decreased swallowing function had lower oral
function than those who did not, and the cut-off values were
71 years of age and ODK /pa/ sound of 6.2 times/s.
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