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Abstract 
This study aims to clarify the current state of oral function among elderly 
people and to analyze the relation with basic attributes. The subjects of the 
survey were dependent elderly people receiving nursing care in Japan. We 
examined the subjects’ age, sex, level of care required, living environment 
(home or facility), and oral functions. Tongue pressure and oral diadochoki-
nesis (OD) were used to evaluate oral function. The relationship between the 
basic attributes of the elderly subjects and the oral function evaluation value 
was analyzed by multiple regression analysis. The average value of tongue 
pressure was 24.70 ± 10.20 Pa. The average value of OD was 4.7 ± 1.4 for /pa/, 
4.6 ± 1.3 for /ta/, and 4.3 ± 1.3 for /ka/. Tongue pressure was found to be sig-
nificantly related to the degree of care required (p < 0.01). The OD recog-
nized syllables of /pa/, /ta/, /ka/ were significantly related to the degree of 
need for care and living environment (p < 0.05). The living environment is 
thought to affect oral function. 
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1. Introduction 

Pneumonia is the third leading cause of death in all ages in Japan, but the num-
ber of deaths due to pneumonia especially in elderly people is increasing year by 
year. 97.3% of pneumonia deaths in 2016 are elderly people over 65 years old. 
Many cases of pneumonia in elderly people are said to be aspiration pneumonia 
caused by aspiration, and in fact, in a national survey by Yamawaki, 80% of 
pneumonia that develops in patients aged over 70 years was aspiration pneumo-
nia (Yamawaki, 2009). Aspiration occurs when, owing to a decline in oral func-
tion, chewed food does not move smoothly from the pharynx to the stomach. 
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From the current research (Kikuchi et al., 1994), it is clear that declining oral 
function among the elderly is a primary factor leading to severe conditions such 
as pneumonia, and it is closely related to health prognosis. Furthermore, not 
only physical concerns but also the relationship between swallowing function 
and QOL, which is a typical function of oral function, has been clarified (Mori-
saki, 2017). 

For elderly people, oral function is an important factor affecting quality of life, 
both body (Watanabe et al., 2017; Machida et al., 2017), and mind (Locker et al., 
2001; John et al., 2004). However, it is difficult to evaluate the oral function of 
elderly people, and there are also many unexamined factors. Therefore, this 
study aims to clarify the current state of oral function among elderly people and 
to analyze the relation with basic attributes. 

2. Methods 
2.1. Survey Subjects 

The subjects of the survey were dependent elderly people receiving nursing care 
in Hyogo Prefecture, Japan, who were able to communicate, and agreed to par-
ticipate in the research. Hyogo prefecture is located in approximately the center 
of Japan, facing both the sea and mountains. The percentage of elderly people in 
Hyogo prefecture in 2018 is 28.3%, close to the average in Japan (27.7%). For 
this reason, we consider the subjects of the survey to be a typical representation 
of elderly people in Japan. 

2.2. Research Methods 

We examined the subjects’ basic attributes via a questionnaire and listening 
comprehension. We interviewed either the subjects themselves, their family 
members, or facility staff and documented their responses. After conducting the 
survey, we measured the subjects’ oral function in a private room. The mea-
surement of oral function was performed by researchers who are nurses. 

2.3. Survey Items and Evaluation Method 

1) Basic Attributes 
We examined the subject’s age, sex, level of care required, and living envi-

ronment (home or facility). In Japan, the degree of care required is set under the 
Long Term Care Insurance Law. We evaluate and certify the extent to which el-
derly people need care and support in daily life by looking at factors such as 
self-reliance and cognitive function. There are two stages of support required 
and five stages of need of care for the degree of care required. Level 1 indicates 
the lightest need for nursing care, and level 5 indicates the most serious need for 
care. 

2) Oral function 
In this study, tongue pressure and oral diadochokinesis (OD) were used to 

evaluate oral function. 
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a) Tongue pressure 
TPM-01, a tongue pressure measuring instrument (manufactured by JMS Co., 

Ltd., Hiroshima, Japan), was used to measure tongue pressure. This tongue 
pressure measuring instrument comprises a digital tongue pressure meter, con-
necting tube, and tongue pressure probe. The balloon section of the tongue 
pressure probe, which was automatically pressurized as predetermined by the 
measurement device, was inserted onto the oral part of the tongue while the par-
ticipant was seated; the participant was instructed to elevate the tip of the tongue 
to the palate at a maximum force for 5 to 7 seconds, during which the intensity 
of the force that crushed the balloon was measured. The tongue pressure mea-
surement was performed twice consecutively in accordance with the method de-
scribed in previous studies (Utanohara et al., 2008), and the mean of the meas-
ured values was recorded as the tongue pressure level (kPa). Elderly adults aged 
70 years or older are considered to require a tongue pressure level of 20 kPa or 
greater (Utanohara et al., 2008). 

b) OD 
OD is regarded by Japan’s Preventive Care Project’s oral function improve-

ment program as an indicator of articulation function. Subjects are asked to al-
ternately repeat “pa/ta/ka” syllables as quickly as possible, and the frequency of 
utterances is assessed. For measurement, an automatically counting 
OD-measuring instrument called Kenkou-kun (manufactured by Takei Scientif-
ic Instruments) was used (Ito et al., 2009). Five second intervals of vocalization 
were performed in a quiet room, and from that five second interval a one-second 
average utterance rate was calculated. Furthermore, in a survey of elderly resi-
dents over 75 living in the region, the lower limit reference value for OD was es-
tablished as /pa/ 3.8, /ta/ 3.3, /ka/ 2.6 (Hara et al., 2013). 

2.4. Analysis Methods 

The relationship between the basic attributes of the elderly subjects and the oral 
function evaluation value (tongue pressure/OD) was analyzed by multiple re-
gression analysis. The significance level in analysis was set to less than 0.05. For 
the series of analyses, statistical software IBM SPSS Ver. 25.0 was used. 

2.5. Ethical Considerations 

For this research, we received consent from the target persons and the persons 
concerned with the elderly home by orally describing the objectives, procedures, 
the optional nature of participation in research, protection of personal informa-
tion, publication of results, etc., using a document. At the same time, through 
similar facilities, we obtained similar consent from family members of the target 
group. 

This research has been approved by the Himeji University Nursing College 
Research Ethics Review Committee (approval number: 2016-N005). 
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3. Results 
3.1. Basic Attributes 

The number of subjects was 282, with an average age of 81.6 ± 7.2 years old, 104 
men (36.9%), and 178 females (63.1%). As for nursing care requirements, eleven 
people (3.9%) did not require care, 46 people (16.3%) required support level 1, 
49 people (17.4% required care level 2, 39 people (13.8%) required care level 3, 
17 people (6.0%) required care level 4, and 13 people (4.6%) required care level 
5. Regarding their living environments, 182 participants (64.5%) were living at 
home, and 100 (35.5%) were living at a facility. 

3.2. Oral Function 

Tongue pressure value and OD value are shown. 
1) Tongue pressure 
The average value of tongue pressure was 24.70 ± 10.20 Pa. The distribution of 

tongue pressure values is shown in Figure 1. There were 82 (29.1%) participants 
with less than 20 kPa. 

2) OD 
The average value of OD was 4.7 ± 1.4 for /pa/, 4.6 ± 1.3 for /ta/, and 4.3 ± 1.3 

for /ka/. Figures 2-4 show the distribution of each value. Participants who were 
below the lower limit standard for people over 75 for /pa/ (3.8) numbered 69 
(24.5%), those below the limit for /ta/ (3.3) numbered 51 (18.1%), and those be-
low the limit for /ka/ (2.6) numbered 31 (11.0%). 

3.3. Association Analysis of Basic Attributes and Oral  
Function 

Stepwise multiple regression analysis was performed with the oral function 
evaluation value as a dependent variable. The analysis results are shown in Table 1 
and Table 2. The dependent variables were the values of tongue pressure and 
OD, which are oral function evaluation values; input variables were age, gender,  
 

 
Figure 1. Tongue pressure (N = 282). 
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Figure 2. /pa/ of OD (N = 282). 

 

 
Figure 3. /ta/ of OD (N = 282). 
 

 
Figure 4. /ka/of OD (N = 282). 
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Table 1. Analysis of tongue pressure (N = 282). 

Dependent variables Input variables β t p 

Tongue pressure Degree of care required −0.28 −4.87 <0.01** 

Stepwise multiple regression analysis; /pa/:R = 0.41, R2 = 0.17, /ta/:R = 0.41, R2 = 0.17, /ka/:R = 0.41, R2 = 0.17, **p < 
0.01. 

 
Table 2. Analysis of OD (N = 282). 

Dependent variables Input variables β t p 

/pa/ 
Degree of care required 

Living environment 
−0.32 
−0.18 

−5.60 
−3.11 

<0.01** 
<0.01** 

/ta/ 
Degree of care required 

Living environment 
−0.36 
−0.12 

−6.28 
−2.14 

<0.01** 
0.03 

/ka/ 
Degree of care required 

Living environment 
−0.36 
−0.16 

−6.28 
−2.77 

<0.01** 
<0.01** 

Stepwise multiple regression analysis; R = 0.28, R2 = 0.08; *p < 0.05, **p < 0.01. 

 
degree of care required, and living environment. As for the living environment, I 
analyzed it as 1 for home and 0 for facility. 

Tongue pressure was found to be significantly related to the degree of care 
required (p < 0.01). The lower the degree of care required, the higher the tongue 
pressure. The OD recognized syllables of /pa/, /ta/, /ka/ were significantly related 
to the degree of need for care and living environment (p < 0.05). Those with 
lower degrees of care required and those living at home had high OD values. 

4. Discussion 

In this survey, we clarified the current state of oral function of elderly people. 
Although tongue pressure is the force required to feed the bolus to the pharynx 
at the time of swallowing, it is found that reduction in tongue pressure among 
the elderly also affects chewing function (Kikutani et al., 2009) and meal form 
(Tsuga et al., 2004). Among these subjects, about 30% have not reached 20 kPa 
(Tsuga et al., 2004), which is a standard measure of tongue pressure among 
those over 70, and there is concern about potential adverse effects on meal in-
take. 

Regarding OD, although there are differences depending on the syllables of 
/pa/, /ta/, /ka/, there were 10% to 20% of those who were below the lower limit 
reference value for those aged 75 or over. /pa/ is the function of the lip, /ta/ is the 
function of the front of the tongue, and /ka/ is to evaluate the function behind 
the tongue (Hartelius & Lillvik, 2003), so it seems these results are due to the de-
terioration of the function of the lip and tongue. 

Although there are some differences depending on the evaluation index, it is 
thought that there are a considerable number of elderly people who have expe-
rienced some deterioration of oral function. Therefore, we need to further 
strengthen efforts to maintain or improve the oral function of elderly people. 
Oral exercises are effective for improving the oral function of elderly people 
(Morisaki, 2018). Therefore, we believe it is necessary to implement oral cavity 
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exercises as part of daily exercise routines. 
In the results of this analysis, the oral function of the elderly was related to the 

degree of care required. It has been said that the oral function of elderly people is 
related to the function of life (Kikutani, 2017), and this result supports that view. 
Moreover, based on the results of OD analysis, elderly people who live at home 
are in better oral condition in terms of articulation function than those who live 
in a facility. Therefore, the living environment is thought to affect oral function. 
I would like to clarify in future studies what factors of living at home affect oral 
function. 

5. Conclusion 

From the results of this survey, the following was found. 
1) There are quite a few elderly people whose oral function has declined. 
2) Tongue pressure is related to degree of care required, and OD is related to 

both degree of care required and living environment. 
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