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[Purpose] The present study, was conducted to examine the occlusal force and physical, cognitive,

and attentional functions of elderly females living in the community to evaluate the significance of measuring
the occlusal force. [Subjects and Methods] The number of subjects was 104. The Occlusal Force Meter GM10 was
used to measure their occlusal force. Their physical functions were assessed using eight examinations, including
the 30-second Chair Stand Test, and the cognitive functions of the Mini-Mental State Examination and attention
functions of the Trail Making Test. [Results] Significant correlations were noted between the occlusal force and
all measurements, except for the results of forward bending in a sitting position. Multiple regression analysis was
conducted with the occlusal force as an objective variable, and significant partial correlations were noted with the
30-second Chair Stand Test. [Conclusion] These results suggest that it is necessary to provide the elderly with com-
prehensive support focusing on maintaining their occlusal force, as a nursing care-prevention measure, to help them

continue to live a healthy, independent life.

Key words: Occlusal force, Physical functions, Cognitive functions

(This article was submitted Jan. 15, 2014, and was accepted Feb. 20, 2014)

INTRODUCTION

The population of Japan is aging at a rate faster than in
any other country, with the population of the elderly aged
65 years or older accounting for approximately 23% of the
total). As the population ages, medical expenses in Japan
are predicted to markedly increase?. It is therefore an im-
portant task for Japan, which has the highest mean life ex-
pectancy in the world, to reduce medical expenses. To this
end, it is important to prevent decreases in the physical and
cognitive functions of elderly people by helping them main-
tain their health and continue to live an independent daily
life. The independent intake of meals is a necessary ele-
ment. Eating food is not only a means of nutritional intake.
It is also expected to motivate people to become active as a
psychological effect.

Mastication is the process in which food taken into the
mouth, is mixed with saliva, and swallowed. An important
element of masticatory ability is the occlusal force?.
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The occlusal force is that applied by the teeth when
chewing food, and it is basically generated by the masti-
catory muscles and is associated with grip strength and
leg muscles strength. Recent studies have reported that
masticatory and ingestion-related functions influence the
physical and cognitive functions of a person*®), although
most of those studies involved athletes. Previous studies,
mostly questionnaire surveys, involving the elderly, such
as research conducted by Strauss et al.”), have suggested
that a decrease in the occlusal force reduces the pleasure
of having meals®-12. It is not unusual for the elderly to have
difficulty eating something that they used to be able to in-
gest without difficulty because of a loss of teeth, the ro-
tating movement of the tongue, and a decrease in salivary
secretion as they become older. In fact, some studies have
reported that the level of subjective oral health, determined
using a scale focusing on masticatory ability, is related to
that of general health!'> 4. Although previous studies have
suggested that a decrease in masticatory ability is associ-
ated with aging, few objective data analyses have been con-
ducted to examine the relationships between the occlusal
force and physical, cognitive, and attention functions. The
present study comprehensively assessed the physical func-
tions of elderly females living independently in the com-
munity with the ability to ingest normal meals. We made
measurements of the strength of the arm and leg muscles,
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walking ability, standing balance, the Mini-Mental State
Examination (MMSE) score (a test designed to evaluate
cognitive functions)'?, and the Trial Making Test (TMT)
score (a test to assess attention functions)'), and examined
the relationships between them.

SUBJECTS AND METHODS

The subjects were 104 elderly females without severe
decrease in cognitive function who participated in a ses-
sion for measurement of physical fitness organized and held
in September 2012 by a municipal government in Japan.
They were able to eat normal meals and completed all of
the physical tests. The mean age, height, and weight of the
subjects were 74.6 + 5.7 years old, 150.5 + 14.0 cm, and 51.6
+ 7.5 kg, respectively.

As the present study subjects were healthy elderly fe-
males, none of them had any chronic illnesses, apart from a
few with histories of hypertension or low back pain.

The subjects were all females because it is inappropriate
to analyze male and female subjects with varying levels of
physical fitness at the same time.

In consideration of research ethics, the purposes and
procedures of the study were explained to and understood
by the subjects. An explanation was given that the data
collected would not be used for any purpose other than re-
search, and that careful attention would be given to prevent
personal information from being disclosed. Prior to obtain-
ing consent from the subjects, verbal and written explana-
tions were given that their participation in the study was
voluntary, and that they would never be disadvantaged by
refusing to participate. This study received the approval of
the Ethical Review Board of the Nishikyushu University
(approval number 216).

An occlusal force meter, GM10 (Nagano Keiki Co.,
Ltd.), was used to measure the occlusal force. The maxi-
mum occlusal forces applied by the functioning left and
right first molars (including remaining teeth, prostheses,
and dentures) were measured twice, and the highest values
were recorded for each person.

A digital hand grip dynamometer (Takei Scientific In-
struments Co., Ltd.) was used to measure grip strength. The
maximum grip strength of the dominant hand of each sub-
ject was measured twice while they stood with their arms
by their arms by her sides, and the best performance was
recorded as the maximum grip strength (kg).

The strength of each of the left and right quadriceps was
measured twice, using a hand-held dynamometer (isomet-
ric muscle measurement equipment pTas F-1, ANIMA Cor-
poration), while the subjects were sitting with their knees
flexed joints bent at 90 degrees, and the best performance
(kg) was recorded. The sensor pad was fixed in place using
a belt, and attention was paid to ensure that the buttocks
were in contact with the chair to increase the reproducibil-
ity of the experiment.

In the sit-up test, the subjects first lay down on their
backs, with their arms folded in front of the body and knees
flexed at 90 degrees.Then, they sat up as many times as pos-
sible in 30 seconds while the examiner pressed down on

Table 1. Measurements and test scores of the 104 elderly female
subjects

Elderly females (N=104)

Age (years old) 74.6 £5.7
Occlusal force (N) 2327+ 181.2
Grip force (kg) 21.4+4.0
Strength of the quadriceps (kg) 17.3+4.4
Sit-ups (number of times) 3.8+£5.0
i:ll)gth of forward bending in a sitting position 349483
Single leg standing time (seconds) 36.3+37.7
Walking speed (meters/second) 2.8+0.5
TUG (seconds) 64+12
Walking time of a 10-meter obstacle course
(secondi) 1L
CS-30 (number of times) 18.4+5.4
MMSE (points) 274+2.6
TMT (seconds) 1152 +46.3
Mean + SD

their knees.

To assess the flexibility of the body, a digital device mea-
suring the forward-bending test in a sitting position (Takei
Scientific Instruments Co., Ltd.) was used. In the test, the
subjects sat on the floor with their legs straight and the
back of the head and lower back in contact with a wall, and
stretched their arms out straight and placed their hands on
the edge of the measuring device placed in front of them.
The subjects bent their upper body forward so that they
could move the device as far from the wall as possible. The
test was performed twice, and the greatest distance was re-
corded.

The period of being able to stand on one (left or right) leg
with the eyes open was measured twice each, using a digi-
tal stop-watch, and the longest time was recorded. During
measurement, the subjects stood barefoot with their arms
beside the body, and gazed at a point level with their eyes
two meters in front them. The test was discontinued if there
was a change in the base of support or the subject could not
keep their arms beside their body.

For the measurement of walking speed, the subjects were
asked to walk along a flat, eleven-meter course as fast as
they could, and the time taken to walk along a five-meter
segment was measured twice using a digital stop-watch.
The fastest time (meters/sec in Table 1) was adopted as the
walking speed.

In the 10-meter obstacle walking test, the subjects
walked along a straight 10-meter course with six 20-cm-
high sponge obstacles placed along the course at intervals
of 2 meters as fast as they could. The time required to finish
the course was measured twice using a digital stop-watch,
and the fastest time (seconds) was adopted as the walking
time.

In the CS-30 test!®, the subjects first sat down on a chair
with their arms folded. When they were told to “start”, they
immediately stood up straight, sat down on the chair again,



Table 2. Simple correlations between the occlusal force of the
104 elderly female subjects and their other measure-

ments

Elderly females (N=104)
Grip force (kg) 0.29**
Strength of the quadriceps (kg) 0.25*
Sit-ups (number of times) 0.25*
Length of forward bending in a sitting position 016
(cm)
Single leg standing time (seconds) 0.22*
Walking speed (meters/second) —0.35%*
TUG (seconds) —0.29%*
Walking time of a 10-meter obstacle course
(seconds) 031
CS-30 (number of times) 0.40%*
MMSE (points) 0.30%**
TMT (seconds) -0.23*

#%p<0.01, *p<0.05

and repeated this for 30 seconds. However, if it took more
than 30 seconds for a subject to stand up, the time was not
recorded.

The MMSE was used to assess cognitive function. The
MMSE consists of eleven items, and is a simple test de-
signed to assess cognitive function and memory skills; its
questions are asked orally. The highest score is 30 points,
and examinees with a total score of 21 or lower are consid-
ered to have cognitive disorders.

The TMT was used to assess attentiveness. The test is
primarily designed to assess selective visual attention func-
tions, and its reliability and validity have been established.
The time required to complete the TMT was measured and
adopted as an index: the shorter the time, the higher the
level of attentiveness.

A statistical analysis of the results of the 104 subjects
was conducted to examine the relationships between the oc-
clusal force and measurements using other tests, as assessed
by Pearson’s correlation coefficient. Items independently
related to the occlusal force were extracted using the step-
wise (step-down procedure) method of multiple regression
analysis, with the occlusal force as the objective variable,
and grip force, strength of the quadriceps, number of times
in the sit-up test, length of forward bending in a sitting po-
sition, single leg standing time, walking speed, time in the
10-meter obstacle walking test, CS-30, MMSE, and TMT
scores as explanatory variables. SPSS16.0 was used for sta-
tistical analysis, with a significance level of 5%.

RESULTS

Table 1 shows the mean scores and standard deviations
of the 104 elderly female subjects’ test scores and function
measurements, and Table 2 shows the results of simple anal-
ysis of the correlation between the occlusal force and the
other measures. The correlation coefficients between the
occlusal force and the other measures were as follows: grip
force (r=0.29, p<0.01), strength of the quadriceps (r=0.25,
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p<0.01), sit-ups (r=0.25, p<0.0015), length of forward bend-
ing in a sitting position (r=0.16, not significant), single leg
standing time(r=0.22, p<0.05), walking speed (r=—0.35,
p<0.01), walking time of the 10-meter obstacle walking test
(r=—0.31, p<0.01), CS30 (r=0.40, p<0.01), MMSE (r=0.30,
p<0.01), and TMT (r=—0.23, p<0.05). Significant correla-
tions were noted between the occlusal force and all the mea-
sures, except that of the sitting-position forward-bending
test. The stepwise method of multiple regression analysis
was performed. Only one item, the CS-30, was identified as
a factor independently related to the occlusal force, and the
standard partial regression coefficient was 0.44 (p<0.01).
The multiple regression equation was: Occlusal force =
—35.67 + (15.06 x CS-30). The determination coefficient (%)
of the multiple regression equation was significant (0.19).
This suggests that the higher the number in the CS-30 test,
the greater the occlusal force.

As the majority of subjects used partial dentures, and it
was difficult to clearly differentiate between natural and ar-
tificial teeth, comparison between them was not performed
in the present study.

DISCUSSION

The present study examined the significance of measur-
ing the occlusal force of elderly females living in the com-
munity in relation to grip force, strength of the quadriceps,
sit-ups, length of forward bending in a sitting position, sin-
gle leg standing time, walking speed, walking time of the
10-meter obstacle course, CS-30, MMSE, and TMT scores.
In this study, an occlusal force meter, GM10, was used to
measure occlusal force. As this equipment is simple, small,
and light, it can easily be used in clinical settings, and it has
been used to measure the occlusal force of the elderly in
many studies. Significant correlations were noted between
the occlusal force and all measurements, except that of the
forward bending test in a sitting position. According to the
results of stepwise regression analysis, a greater occlusal
force is associated with a higher number of performances
in the CS-30 test.

The occlusal force of elderly females (the subjects of this
study) correlated with their physical (walking ability and
balance as well as the strengths of the arm and leg muscles),
cognitive, and attention functions. Previous studies de-
signed, to examine the influence of the occlusal force of the
elderly (which is one of the food-intake functions) on their
physical activities, have suggested that if the occlusal force
is maintained in the elderly, their grip force, balance func-
tion, and ADL are also maintained, since the occlusal force
is closely associated with physical functions'®). According
to studies of the H-reflex of the soleus muscle (an index of
excitation of the spinal motor neurons), when subjects at-
tempt to maintain balance in response to a disturbance, they
clench their teeth!” 1. Aoki et al.¥ suggested that healthy
adults with a strong occlusal force were able to process in-
formation in a short time, a hypothesis which is supported
by the results of the present study.

Multiple regression analysis was conducted with the oc-
clusal force as the objective variable, and a significant par-
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tial correlation was found with the the CS-30. The CS-30 is
a simple test which assesses the leg muscles of the elderly,
and its reliability and validity have been established. As a
reduction in the strength of the leg muscles is related to de-
creases in walking speed rate, balance ability, and daily life
functions, it may be a factor associated with falls in daily
life!®2D. One study also suggested that the leg muscles
are an important factor in the prediction of changes in the
physical functions of the elderly??. Since the result of the
CS-30 test is associated with the strength of the leg muscles,
walking ability, standing-balance ability, and ADL, occlu-
sal force is related to complex functions, by the results of
the present study.

Although the present study did not identify the mean
number of teeth of the elderly, a survey of the number of
teeth and assessment of functions related to the occlusal
force and efficiency, conducted by Maeda et al.??, suggested
that when people in their 40s and 50s understood the impor-
tance of maintaining their teeth and occlusal force and oral
care from an early stage, they could maintain their QOL.
Maeda et al. also suggested that an appropriate level of oc-
clusal force is an important factor related to maintenance of
body balance control. Therefore, to implement nursing care
prevention for the elderly and to help them to continue to
lead a healthy and independent life, it is necessary to pro-
vide them with comprehensive support, including dietary
and exercise support, while taking into consideration the
maintenance of occlusal force. However, the present study
only examined healthy elderly females who were able to
lead an independent daily life, and the results do not neces-
sarily apply to the elderly who are male, frail, or in need of
nursing care. To generalize the results, further studies of
such subjects should be conducted.

REFERENCES

1) Ministry of Internal Affairs and Communications: http://www.stat.go.jp/
data/jinsui/tsuki/ (Accessed Sep.12, 2012)

2) Bureau of Statistics: http:/www.stat.go.jp/data/nihon/02.htm (Accessed
Sep.12,2012)

3) Yeh CK, Johnson DA, Dodds MW, et al.: Association of salivary flow
rates with maximal bite force. J Dent Res, 2000, 79: 1560—1565. [Medline]
[CrossRef]

4)  Shinichiro A, Takanori I, Hiroyuki N, et al.: Relationship between masti-
catory abirity and cognitive imformation processing: comparative study
of groups with different maximum occulusal pressures. J Jpn Prosthodont

5)

6)

7

8)

9)

10)

11)

12)

13)
14)

15

i)

16

=

17

-

18)

19)

20

=

21)

22

-

23

=

Soc, 2004, 48: 583-591 (in Japanese). [CrossRef]

Stalberg E, Eriksson PO, Antoni L, et al.: Electrophysiologicalstudy of size
and fibre distribution of motor units inthe human masseter and temporal
muscles. Arch Oral Biol, 1983, 28: 521-527.

Hannam AG, McMillan AS: Internal organization in the human jaw mus-
cles. Crit Rev Oral Biol Med, 1994, 5: 55-89. [Medline]

Strauss RP, Hunt RJ: Understanding the value of teeth to older adults:
influences on the quality of life. J Am Dent Assoc, 1993, 124: 105-110.
[Medline]

Seifeert A, Michmann J: Evaluation of psychologic factors in geriatric
denture patients. J Prosthet Dent, 1962, 12: 516-523. [CrossRef]
Sheppard IM, Schwartz LR, Sheppard SM: Survey of the oral status of
complete denture patients. J Prosthet Dent, 1972, 28: 121-126. [Medline]
[CrossRef]

Reeve PE, Watson CJ, Stafford GD: The role of personality in the manage-
ment of complete denture patients. Br Dent J, 1984, 156: 356-362. [Med-
line] [CrossRef]

van Waas MA: The influence of clinical variables on patients’ satisfac-
tion with complete dentures. J Prosthet Dent, 1990, 63: 307-310. [Medline]
[CrossRef]

van Waas MA: Determinants of dissatisfaction with dentures: a multiple
regression analysis. J Prosthet Dent, 1990, 64: 569-572. [Medline] [Cross-
Ref]

Agerberg G, Carlsson GE: Chewing ability in relation to dental and general
health. Acta Odontol Scand, 1981, 39: 147—153. [CrossRef]

Ruth EM, Kathryn OS: Factors affering self-rating of oral health. J Public
Health Dent, 1995, 5: 197-204.

Jones CJ, Rikli RE, Beam WC: A 30-s chair-stand test as a measure of low-
er body strength in community-residing older adults. Res Q Exerc Sport,
1999, 70: 113-119. [Medline] [CrossRef]

Fukai T, Yasui T: A study on the relationship between occlusal condition
and health philosophy or athletic ability. ] Meikai Dent Med, 2007, 36:
37-41 (In Japanese).

Hoffman P: Beitrage zur Kenntnis der menschlichen Reflex emit beson-
derer Berucksichtigung der elektrichen. Arch-Physol, 1910, 223-246.
Landau WM, Clare MH: Fusimotor function. Part 4. Reinforcement of the
H reflex in normal subjects. Arch Neurol, 1964, 10: 117-122. [Medline]
[CrossRef]

Rantanen T, Guralnik JM, Ferrucci L, et al.: Coimpairments as predictors
of severe walking disability in older women. J Am Geriatr Soc, 2001, 49:
21-27. [Medline] [CrossRef]

Ferruci L, Guralnik JM, Buchner D, et al.: Departures from linearity in
the relationship between measures of muscular strength and physical per-
formance of the lower extremities:the Womans Health and Aging Study. J
Gerontol A Biol Sci Med Sci, 1997, 52: 275-285. [CrossRef]

Lord SR, Clark RD, Webster IW: Physiological factors associated with
falls in an elderly population. J Am Geriatr Soc, 1991, 39: 1194-1200.
[Medline]

Guralnik JM, Ferrucci L, Simonsick EM, et al.: Lower-extremity function
in persons over the age of 70 years as a predictor of subsequent disability.
N Engl J Med, 1995, 332: 556-561. [Medline] [CrossRef]

Maeda Y, Idoji S, Nishida K, et al.: Relation between occlusal support and
masticatory efficiency,occlusal force —results from survey on the masti-
catory functions among tree facilities in osaka—. J Jpn Prosthodont Soc,
1996, 40: 1205—1211 (in Japanese). [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/11023275?dopt=Abstract
http://dx.doi.org/10.1177/00220345000790080601
http://dx.doi.org/10.2186/jjps.48.583
http://www.ncbi.nlm.nih.gov/pubmed/7999950?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8445136?dopt=Abstract
http://dx.doi.org/10.1016/0022-3913(62)90134-8
http://www.ncbi.nlm.nih.gov/pubmed/4556433?dopt=Abstract
http://dx.doi.org/10.1016/0022-3913(72)90128-X
http://www.ncbi.nlm.nih.gov/pubmed/6587876?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6587876?dopt=Abstract
http://dx.doi.org/10.1038/sj.bdj.4805366
http://www.ncbi.nlm.nih.gov/pubmed/2308091?dopt=Abstract
http://dx.doi.org/10.1016/0022-3913(90)90202-N
http://www.ncbi.nlm.nih.gov/pubmed/2090818?dopt=Abstract
http://dx.doi.org/10.1016/0022-3913(90)90130-5
http://dx.doi.org/10.1016/0022-3913(90)90130-5
http://dx.doi.org/10.3109/00016358109162273
http://www.ncbi.nlm.nih.gov/pubmed/10380242?dopt=Abstract
http://dx.doi.org/10.1080/02701367.1999.10608028
http://www.ncbi.nlm.nih.gov/pubmed/14088245?dopt=Abstract
http://dx.doi.org/10.1001/archneur.1964.00460140003001
http://www.ncbi.nlm.nih.gov/pubmed/11207838?dopt=Abstract
http://dx.doi.org/10.1046/j.1532-5415.2001.49005.x
http://dx.doi.org/10.1093/gerona/52A.5.M275
http://www.ncbi.nlm.nih.gov/pubmed/1960365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7838189?dopt=Abstract
http://dx.doi.org/10.1056/NEJM199503023320902
http://dx.doi.org/10.2186/jjps.40.1205

