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Abstract

The “8020” goal of retaining 20 or more teeth after the age of 80 necessitates
investigating oral health status in people below the age of 80. The purpose of this study
was to determine similarities and differences between people in their sixties attending
college and achievers of the 8020 goal. The results of oral examination and occlusal force
measurement in 46 students enrolled at a college for the elderly in Chiba City with an
average age of 66.9 years (22 men, 24 women) were compared with data from previous
surveys of fifty-two 8020 achievers (28 men, 24 women). Occlusal force was measured and
evaluated using Dental Prescale (Fuji Photo Film Co., Tokyo). The average number of present
teeth was 25.8, and no subjects showed anterior crossbite, comparable with findings in
8020 achievers. Average occlusal force was 942.9�440.1 N (1,029.6�545.9 N for men,
863.4�305.1 N for women), not significantly different from that in 8020 achievers. The
results of multiple regression analysis suggest that occlusal force is unaffected by aging if
many teeth are present.

Key words: Occlusal force—Sixties—College for the elderly—Normal occlusion—
8020

Introduction

The 2005 Ministry of Health, Labour and
Welfare (MHLW) dental health survey revealed
that people of 80 years of age had an average

of 10 present teeth, with 20% achieving the
goal of the Japanese dental health “8020”
campaign aimed at the retention of 20 or more
teeth at age 80 and over. It is necessary to
carry out oral health promotions and surveys
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targeting people under the age of 80. Ueno
et al.19) conducted a study on the number of
present natural teeth and functional tooth
units in 2,164 Japanese aged 40 to 75 years by
means of a questionnaire and oral examina-
tion to determine decrease in total number of
present teeth and functional tooth units with
age. Total-functional units, which were defined
as pairs of opposing natural teeth and artificial
teeth in the 50–59-year age group, was slightly
lower compared with that in other age groups.
Hugo et al.7) investigated physical and psycho-
logical dimensions of QOL, including bite
force, in 872 self-dependent south Brazilians
aged over 60 using a questionnaire and oral
examination. The subjects perceived chewing
as an important aspect of QOL, both physi-
cally and psychologically, listing absence of
teeth and lack of bite force as physical factors
adversely affecting QOL, and difficulty of
chewing as a negative psychological factor.
Brennan et al.4) analyzed tooth loss and QOL
in 879 Australians aged 45 to 54 (response
rate of 43.8%) with 3 types of questionnaire
and oral examinations by dentists. Chewing
ability was regarded as a factor influencing
both oral and systemic QOL. Bagewitz et al.3)

carried out a questionnaire-based survey on
level of interest in oral health in 1974 indi-
viduals in Sweden aged 50 to 70 (response
rate of 66%) using Oral Health-Related Qual-
ity of Life (OHRQOL). They found that these
individuals took a greater interest in how
many teeth were present than in what type of
denture to wear, and that opinion was mixed
on the cost of dental care. These studies on
people under the age of 80 based mostly on
questionnaires and subjective perception of
dental status unanimously showed high levels
of interest in oral health and QOL.

Devices capable of objectively assessing oral
function, particularly occlusal force, have
been developed2,9,14). A pressure-sensitive film
(Dental Prescale; Fuji Photo Film Co., Tokyo)
is one such device10,20) which has been used
for occlusal force measurement in a number
of studies5,6,8,11,13,15,16,18). It is designed to quantify
occlusal pressure from occlusal contact marked
on a thin horseshoe-shaped strip of film. This

offers a highly advantageous method for
assessing bite force in epidemiological sur-
veys, and the data obtained provide good
guidelines for the planning of oral health
strategies11) for any generation18).

The purpose of this study was to compare
number of present teeth and occlusal force
between people in their sixties attending a
college for the elderly and 8020 achievers in
order to clarify the relationship between pres-
ence of teeth and oral function. We believe
the results will contribute to the design of oral
health promotion targeting the elderly, thus
increasing the number of 8020 achievers.

Materials and Methods

Forty-six students with an average age
of 66.9 years (22 men, 24 women) enrolled
at a college for the elderly in Chiba City
participated in the study. All were subjected
to oral examination and measurement of
occlusal force. Occlusal force was measured
and evaluated using a pressure-sensitive film
and its analyzer (Dental Prescale 50H type
R and OCCLUZER FPD-703; Fuji Photo
Film Co.). Data obtained from fifty-two 8020
achievers (28 men, 24 women)18) were used
for a comparison (Table 1).

With each subject sitting on a chair, head
position was adjusted to bring, as much as
possible, the Frankfort horizontal plane in
parallel with the floor. The subject was asked
to bite the pressure-sensitive film for 3 sec-
onds with maximal bite force. The film has a
layer of microcapsules containing a color
former that reacts with an adjacent color-
developing layer when crushed upon biting
with the entire dental arch. Different densi-
ties of color are produced depending on the
magnitude of biting force. These are then
used to calculate amount of pressure per unit
area. These values are added to determine
the subject’s total occlusal contact area and
occlusal force. Methods for standardized
dental examination, analyses and procedures
for human subject protection and consent
have been previously described12). A multiple
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regression analysis was performed in order
to clarify whether occlusal force depended
on number of teeth more than age; occlusal
force was considered as an objective variable
and age, present teeth and gender as inde-
pendent variables.

Results

Average number of present teeth was 25.8
(Table 2). This far exceeded the result obtained
in the MHLW dental health survey of indi-
viduals in the same age range (15 teeth), and
was comparable to the value of 8020 achievers
(25.3 teeth)18). Although average number of
teeth showed no significant difference between
the two groups, three subjects with under 20
teeth were included in the sixties group.
Almost half of the present teeth, 40.1% in the
sixties group and 44.3% in the eighties group,
respectively, were treated; un-treated teeth
were very few (under 1%) in both groups.

None of the study subjects had anterior
crossbite, the same finding as in 8020 achievers.

Classification was as follows: normal occlusion,
37.3%; maxillary protrusion, 32.6%; crowd-
ing, 20.0%; deep bite, 8.7%; spaced arch,
2.2%; unknown, 2.2%.

Occlusal force (N) is expressed as occlusal
contact area (mm2) multiplied by occlusal
pressure (Mpa). Average occlusal force in the
study subjects was 942.9�440.1N (1,029.6�
545.9 N for men, 863.4�305.1 N for women)
(Table 2). No statistically significant differ-
ences in average value (student t -test) of
occlusal force, occlusal area or occlusal pres-
sure were noted between the two groups
(Table 3). The results of the multiple regres-
sion analysis (SPSS, Ver.16) revealed that the
standard coefficient of present teeth was 0.366,
that of age was �0.023 and that of sex was
�0.220 (Table 4).

Discussion

The results of the present study showed
no significant difference in occlusal force
between the participants, who were in their

Occlusal Force in People in Their Sixties

Table 1 Characteristics of subjects in this study

Male Female Total

Number 22 24 46
Sixties Age range 62–74 60–74 60–74

Average age 68.3�4.2 65.7�3.9 66.9�4.2

Number 28 24 52
8020 achievers Age range 80–93 80–90 80–93

Average age 84.5�3.7 84.1�2.7 84.3�3.2

Table 2 Results of subjects in this study

Male Female Total

Present teeth 25.5�5.4 26.5�3.7 25.8�4.6

Sixties
Occlusal force (N) 1,029.6�545.9 863.4�305.1 942.9�440.1
Occlusal area (mm2) 25.2�4.2 21.4�3.9 23.2�4.2
Occlusal pressure (Mpa) 41.2�5.6 41.8�5.5 41.5�5.5

Present teeth 25.0�2.1 25.7�2.0 25.3�2.1

8020 achievers
Occlusal force (N) 961.3�327.3 806.8�273.3 890.3�273.3
Occlusal area (mm2) 27.3�11.4 23.0�7.9 25.3�9.5
Occlusal pressure (Mpa) 37.4�4.8 36.5�4.1 37.0�4.4
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sixties, and 8020 achievers. Kono8) used Den-
tal Prescale film to measure occlusal force in
individuals aged 60 to 87 who were living
independently. Measurement included not
only natural teeth, but also prostheses replac-
ing missing teeth for restoration of chewing
function. Average occlusal force was 502.4�
338.4 N for men and 372.2�262.6 N for
women. Among the three age groups studied,
the over-80 age group showed significantly
lower occlusal force. Average numbers of
present teeth for the entire sample were 17.9
for men and 17.3 for women. These results
suggest that age, rather than number of
present teeth, accounts for lower occlusal
force when fewer teeth are present. Miura
et al.11) measured bite force in 349 healthy
and 24 frail elderly persons aged 65 to 74.
Significant differences in bite force at p�0.05
were noted between healthy and frail for both
sexes. Average numbers of present teeth and
occlusal force measurements were 7 teeth and
408 N for healthy men, 2 teeth and 196.0 N
for frail men, 4 teeth and 243.5 N for healthy
women and 4.5 teeth and 130 N for frail
women.

Shinogaya et al.15) measured bite force with
Prescale film in young subjects in their twen-

ties (12 Danish women, 12 Japanese men and
12 Japanese women), and 10 senior Japanese
men and women in their fifties and sixties. All
subjects had 28 teeth. Although a sex differ-
ence was observed between young Japanese
men and women (1,616.9 N for men, 1,100.7
N for women, p�0.01), no age-related dif-
ference was observed (1,616.9 N for young
Japanese men, 1,650.8 N for 53–62 age
group). In one study comparing occlusal
force measured with Prescale film between
8020 achievers and adults in their twenties
with normal occlusion, Takeuchi et al.18) found
no significant difference between the two
groups (979.2 N for young adults, 890.3 N
for 8020 achievers). These results suggest that
number of present teeth exerts a greater
influence on the study results than age.

Ansai et al.1) and Takata et al.17) found that num-
ber of foods a subject could chew was related
to satisfaction, and that number of sound
teeth was related to cognitive function in 60–
65-year-old individuals. They suggested that
chewing and number of teeth in the elderly
population was related to QOL, ADL, physical
fitness, cognitive function and mortality.

The relationship between dental status, in
terms of number of teeth present, and diet and

Table 3 Comparison of age, number of present teeth and Dental Prescale data

Sixties 8020 p value

Age 66.9�4.2 84.3�3.2 p�0.01
Number of present teeth 25.8�4.6 25.3�2.1 n.s.
Occlusal force (N) 942.9�440.1 890.3�273.3 n.s.
Occlusal area (mm2) 23.2�4.2 25.3�9.5 n.s.
Occlusal pressure (Mpa) 41.5�5.5 37.0�4.4 n.s.

Table 4 Results of multiple regression analysis

Standardized coefficient Level of significance

Age �0.023 0.812
Present of teeth 0.366 0.000
Gender �0.220 0.023

Objective variable: Occlusal force
Multiple correlation coefficient R�0.415
Level of significant p�0.001

Motegi E et al.
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nutritional status was analyzed by Nowjack-
Raymer et al.12) in a representative sample of
US civilian, non-institutionalized adults aged
25 years and older who did not wear dental
prostheses to replace missing teeth. The
authors attributed frailty to weak occlusal
force.

The results of these studies suggest that age
is not a determinant of occlusal force in the
presence of many teeth, including functional
teeth. The subjects of the present study
showed a favorable occlusal relationship,
another positive factor contributing to higher
occlusal force, in addition to many present
teeth.

The results of the multiple regression indi-
cates that occlusal force depends on number
of present teeth more than age, in other
words occlusal force is unaffected by aging
if many teeth are present.

Furthermore, these subjects were attending
a college for the elderly. They may represent
a special group of people, in that they have a
high level of intellectual curiosity. Their aver-
age number of present teeth was far greater

than that found in people of the same age in
the MHLW survey (15 teeth). In an earlier
study carried out by this group. Yamaguchi et
al.21) also reported, a larger number of present
teeth (average number of teeth was 26.1;
men, 25.9; women, 26.6 teeth) among people
attending a college for the elderly. These
findings suggest a positive correlation between
intellectual curiosity and number of present
teeth. However, further study is needed com-
paring sophisticated and not-not-sophisticated
group to clarify this finding.

According to some of the answers given to
our questionnaire on daily life, the subjects
appear to take care of their oral health (Table
5). If current oral health status is maintained,
these subjects are expected to achieve the
8020 goal and maintain adequate occlusal
force, allowing them to continue to enjoy food.
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