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Abstract
Background: The purpose of this study is to reveal the relationship between mild cognitive impairment and oral function by investigating an epidemiologic survey of 
independent elderly people who wear removable dentures.

Materials and methods: 250 people who were at least 65 years and wore removable dentures were ultimately analyzed. Subject’s oral function was investigated using 
dental prescale, a 25-food intake questionnaire and gummy jelly as a test food. The Mini-Mental State Examination was used to evaluate recognizing function.

Results: Subjects were separated into two groups: the normal group or the mild cognitive impairment group. The remaining teeth per individual was 11.0±8.6 in the 
normal group and 8.2±7.9 in the mild cognitive impairment group, indicating that those in the mild cognitive impairment group had significantly fewer teeth than 
those in the normal group. The mean value of maximum bite pressure and masticatory function with gummy jelly in the normal group was higher than those in the 
mild cognitive impairment group, whereas there was no significant difference in Masticatory Score.

Conclusion: In this study, it is clear that masticatory function in elderly people wearing removable dentures with mild cognitive impairment is reduced. To take in 
enough nutritients and activate cerebral function for prevention of cognitive dementia, oral care and maintenance of prosthetic appliances are important.
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Introduction
In 2012, the Ministry of Health, Labor and Welfare released 

findings indicating that the number of patients with cognitive 
dementia was estimated at 4.62 million and that the number of people 
at risk of cognitive dementia was estimated at 4 million in Japan and 
that these numbers were expected to increase significantly in the near 
future. Accordingly, policy regarding both treatment and prevention of 
cognitive dementia has been emphasized.

Intermedius status between normal and cognitive dementia is 
known as mild cognitive impairment (MCI) [1]. It has been reported 
that the annual conversion rate of MCI to dementia or Alzheimer’s 
disease is approximately 12% [2]. Suppressing progression of 
impairment is essential for avoiding an increase in the number of 
cognitive dementia patients.

For prevention of cognitive dementia, nutritional intake and 
optimal physical exercise are very effective [3]. In terms of effective 
nutrition, DHA, vitamin E, and vitamin B12 have been shown to be 
useful for prevention [4]. Maintaining oral function and masticatory 
ability is also important for proper nutritional intake as it helps to 
prevent the development of an unbalanced diet. Unfortunately, it 
has been reported that patients with cognitive dementia have trouble 
with oral function, such as poor masticatory ability and swallowing 
[5]. However, details on oral condition and function in elderly people, 
especially those with MCI, are lacking. Oral function is involved with 
nutrient intake, and oral function disorder leads to malnourishment, 
weight loss, loss of muscle, and eventually frailty. Thus, early detection 

of oral malfunction in elderly people is important for the prevention of 
many kinds of problems including cognitive dementia.

As people age, the number of remaining teeth generally decreases 
[6], and prosthetic devices are required to restore both the form of the 
defect and its function. The ability of a removable prosthetic appliance 
depends on the condition of the host side such as the shape of the 
alveolar ridge, the property of the mucosa, the number and types of 
remaining teeth, and/or the condition of the material side, such as an 
adaptation (e.g., artificial teeth). 

The purpose of this study is to reveal the relationship between 
MCI and oral function by investigating an epidemiologic survey of 
independent elderly people who wear removable dentures.
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Materials and methods
The study was conducted in a town in Hokkaido, Japan with 

a population of approximately 7000. We sent letters requesting 
participation in our study to 2244 people who were at least 65 years 
old and were not receiving care. Three hundred ninety-five people 
who agreed to participate were evaluated, and 250 people who wore 
removable dentures were ultimately analyzed.

Investigation of oral function

Remaining teeth and occlusal contact were checked. Subjects were 
then asked to bite down as hard as they could on a sheet of dental 
prescale (GC, Tokyo, Japan). The maximum biting pressure was 
analyzed by Occluser (GC, Tokyo, Japan). 

Next, a 25-food intake questionnaire [7] was conducted and a 
Masticatory Score was calculated. Subjects assessed their own removable 
dentures using a visual analog scale (VAS) with the following items: 
satisfaction, suitability, pain, mastication, esthetics, and speech.

Finally, masticatory function of subjects was tested by using gummy 
jelly containing glucose as a test food [8]. Subjects chewed gummy jelly 
freely for 20 seconds and then rinsed their mouth with 10 ml water 
and spit all of the water and all of the crushed gummy jelly into a cup. 
Glucose eluted from the gummy jelly in the water was determined 
using an apparatus for measuring glucose density (GC, Tokyo, Japan).

Recognizing function evaluation

The Mini-Mental State Examination (MMSE) [9] was used to 
evaluate recognizing function. Subjects who scored from 0 to 26 points 
were placed in the MCI group and those who scored from 27 to 30 were 
placed in the normal group. 

Statistical analysis

All data were analyzed by the Student’s t test or the Mann-Whitney 
U test. In all statistical analyses, p<0.05 was considered statistically 
significant.

Ethics committee approval

This study was approved by the Ethics Committee of the Health 
Sciences University in Hokkaido.

Results
Subjects were separated into two groups: the normal group (170 

subjects) or the MCI group (80 subjects). A summary is shown in Table 
1. The remaining teeth per individual was 11.0±8.6 in the normal group 
and 8.2±7.9 in the MCI group, indicating that those in the MCI group 
had significantly fewer teeth than those in the normal group. There was 
also a significant difference in terms of average age in both of the groups. 

Both of the groups were classified using Eichner classification 
(Figure 1). The normal group had greater occlusal contact than 
the MCI group did. Naturally fewer people were in Class A because 
subjects wore removable dentures. The red area, which indicated Class 
C, is noticeable in the MCI group. Class C accounted for about 70% in 
the MCI group but less than 60% in the normal group.

On the other hand, in terms of the subjective assessment of 
removable dentures by the subjects, there was no statistical significant 
between the groups, but the scores of all six items in the normal group 
were higher than those in the MCI group (Table 2). Elderly people with 
MCI tend not to be satisfied by their removable denture. 

Finally, to determine maximum bite pressure, the Masticatory Score 
and masticatory function with gummy jelly were analyzed (Figures 2-4). 
The mean value of maximum bite pressure and masticatory function 
with gummy jelly in the normal group was higher than those in the MCI 
group, whereas there was no significant difference in Masticatory Score.

Discussion
The subjects in the MCI group were older than those in the normal 

group. It has been reported that as age increases, the ratio of cognitive 
dementia increases as well [10]. Regarding this point, our results related 
to age agree with the past studies. The ratio of females was higher in 
both groups because females probably tend to participate more actively 
in social events.

The number of remaining teeth in the MCI group was less than that 
in the normal group. As a prosthetic appliance gets larger due to an 
increase in the number of missing teeth, masticatory function decreases. 
Moreover, the function recovered by a prosthetic appliance depends on 
the status of maintenance of oral hygiene, including of the prosthetic 
appliance itself. Based on our findings related to remaining teeth, it 
is clear that maintenance of both teeth and dentures is important for 
elderly people with MCI. Fewer teeth and larger appliances in the MCI 
group may be the reason why all points of the MCI group on the VAS 
scale were lower than those of the normal group.

Masticatory function was also lower in the MCI group based on the 
gummy jelly results. These findings are probably related to the number 
of remaining teeth and the status of the prosthetic appliance. Maximum 
bite pressure was also lower in the MCI group. It has been reported that 
bite force and masticatory efficiency correlate to each other [11].

Figure 1. Proportion of the number of subjects by Eichner classification.

Normal group
(n=170)

MCI group
(n=80)

Gender
(Male/Female) 0.43 0.70

Average age 75.6±5.7 78.2±5.9*
Mean remaining teeth per 

individual 11.0±8.6 8.2±7.9*

Table 1. Summary of subjects.

Normal group
(n=170)

MCI group
(n=80)

Satisfaction 67.0±30.1 62.0±34.4
Suitability 64.1±33.5 55.5±37.5

Pain 79.9±28.1 77.6±33.2
Mastication 70.9±30.4 62.9±37.5

Esthetics 77.1±24.5 72.9±29.4
Speech 74.8±28.5 68.5±34.7

Table 2. Comparison of self-evaluated denture scores by VAS (mean±S.D.).
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It is known that masticatory function is correlated with higher 
brain function. Mastication promotes learning and memory, spacial 
perception, cerebral blood flow, and even recovery of cerebral infarct 
[12-15]. Optical maintenance of masticatory function is worthwhile for 
not only nutritional intake but also for activation of cerebral function.

There was no significant difference in Masticatory Score. Because 
Masticatory Score is a subjective assessment, subjects who suffer from 
cognitive decline were probably not able to accurately judge whether 
they could sufficiently masticate foods in the questionnaire. Assessment 

of masticatory function must include not only subjective assessment 
but also objective assessment such as measurements using test foods. 

In this study, it is clear that masticatory function in elderly people 
wearing removable dentures with MCI is reduced. To take in enough 
nutritients and activate cerebral function for prevention of cognitive 
dementia, oral care and maintenance of prosthetic appliances are 
important.
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Figure 2. Comparison of maximum biting pressure.

Figure 3. Comparison of masticatory score.

Figure 4. Comparison of masticatory ability using gummy jelly as a test food.
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