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Association between masticatory performance and maximal

occlusal force in young men

S. OKIYAMA, K. IKEBE & T. NOKUBI Dpivision of Oromaxillofacial Regeneration, The Course for Integrated Oral
Science and Stomatology, Osaka University Graduate School of Dentistry, Osaka, Japan

SUMMARY The purpose of this study was to examine
the relationship between masticatory performance
and maximal occlusal force in dentate subjects,
using test foods of varying hardness. Subjects were
20 young males with natural dentitions. Gummy
jellies with two different degrees of hardness have
been used as test foods to evaluate masticatory
performance. Masticatory performance was evalu-
ated by the increase of the surface area of expector-
ated pieces of comminuted gummy jelly that
was calculated from the concentration of gelatin.

Maximal occlusal force was measured with pressure
sensitive sheets (DENTAL PRESCALE™ 50H R
type). The results suggested that maximal occlusal
force had a significant positive correlation to the
masticatory performance both with soft gummy
jelly and hard gummy jelly. The correlation coeffi-
cient (r} with hand gummy jelly tended to be larger
than with soft gummy jelly.

REYWORDS: dental prescale, food’s hardness, gummy
jelly, masticatory performance, maximal occlusal
force

Introduction

The aim of mastication is to comminute food and to
increase the surface area of the food to be exposed to
digestive juices. There have been several objective
measures of masticatory functions, such as masticatory
performance, swallowing threshold and occlusal force.
While Geertman ef al. {1999) reported that an improve-
ment in masticatory performance does not imply the
same improvement in chewing experience and vice
versa, measurement of masticatory performance and
maximal occlusal force may provide essential informa-
tion that could make an appropriate diagnosis regarding
masticatory funciion.

Previous studies have reported on the associations
between masticatory performance and maximal occlu-
sal force (Tate et al., 1994; Fontijn-Tekamp et 4/., 2000).
However, it has not been determined whether an
individual’s masticatory performance varies according
to a food’s hardness.

Real foods, including carrots (Tate et 4l., 1994; Fontijn-
Tekamp et al.. 2000), peanuts (Manly, 1951), almonds
(Huggare & Skindhdj, 1997) and color-changeable
chewing gum (Hayakawa et al, 1998), have been used

© 2003 Blackwell Publishing Lid
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to measure masticatory performance. But it is difficult to
change hardness with real foods. In other studies,
artificial products (e.g. Silicone impression materials as
Optocal™>) with different hardness were used (Slagter,
Bosman & Van der Bilt, 1993), however, they were not
real foods. Gummy jelly (Fig. 1) can provide different
hardnesses with the same shape and taste (Yamamoto,
1993; Yoshida et al., 1995). Since its suitability has been
demonstrated, gummy jelly has become one of the
optimal foods for measuring masticatory performance
with different degrees of hardness,

The purpose of this study was to examine the
relationship between masticatory performance and
maximal occlusal force in dentate subjects, using test
foods of varying hardness.

Subjects and methods

Subjects

Subjects were 20 males (28-3 + 1-9 years old) with nat-
ural dentitions and Angle ClassI orthodontical normal

*Bayer AG, Leverkusen, Germany.
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Fig. 1. Original gummy jelly and the gummy jelly after mastica-
tion by 20 strokes.

occlusion, who did not have clinical stomatognathic
dysfunction. All subjects were volunteers and fully
informed about the purpose and procedures of this study.

Maximal occlusal force

Maximal occlusal force was measured with pressure
sensitive sheets (DENTAL PRESCALE S0H R type')
(Suzuki et al., 1997: Kumagai ef al., 1999). The subjects
performed maximal clenching with a pressure sensitive
sheet placed between the maxilla and the mandibular
dental arch, and the occlusal force was measured with
special analytical equipment (Occluzer FPD703™).

Masticatory performance

In this study, masticatory performance was determined
by the increase of dissolved gelatin from the surface

tEUJI Photo Film Co. Ltd, Tokyo, Japan.
*gzaki Glico Co. Ltd, Osaka, Japan.

Table 1. Size, weights, hardness, relative weight ratio of ingre-
dients of the gummy jelly

Testing gumy-jelly Soft Hard
Size (mm) 20x 20 %10 20 x 20 x 10
Weight (g) 55 55
Hardness 82:1 5763

{Bloom strength*: gf)
Ingredients {wt%)

(*: JIS K 6503-1977)

Starch syrup 251 208
Grunulated sugar 25-1 208
Maltose 251 20-8
45-3% gelatin solution 113 . 265
Others 134 111

of the soft or hard gummy jellies that are the stan-
dardized foods for measuring masticatory performance
(Fig. 1, Table 1). Subjects were instructed to chew the
gummy jelly using 20 strokes on their preferred chewing
side {left or right) and to expectorate the bolus of
masticated gummy jelly from their mouths on a sheet
of gauze as thoroughly as possible. The collected pieces
of the masticated gummy jelly were washed with
running water for 30 s to remove saliva. The tempera-
ture of the water was 20 °C, which was cool enough to
prevent the dissolution of the gelatin. Then the pieces
were soaked in 100 mL of distilled water (soft gummy
jellyin 30 °C, hard gummy jelly in 35 °C) and stirred for
60 s. The supernatant fluid of the solution was sampled
and diluted to 20 times as much as its volume with
distilled water. The concentration of dissolved gelatin
from the masticated testing gummy jelly was measured
with a spectrophotometer (UV-1200%). First, 0-3 mL of
sodium dodecyle surfate (SDS, 400 pg mL™') was added
to each sample (2-4 m1) in order to increase the sensi-
tivity to collagen by the Bradford dye-binding protein
assay method, Then, 06 mL of protein assay dye
reagent’ was added to the sample solution. Distilled
water (2-4 mL) was used in the same way as a control.
After incubation at roem temperature for 30 min, the
concentration of each dyed sample with a wavelength of
650 nm was measured with the spectrophotometer
(Yoshida et al., 1995).

The accuracy of this assay had been established in our
pilot study as follows: the relationship between the
concentration of the dyed solution and the concentra-
tion of gelatin was linear within the range of

Sghimadzu Co. Kyoto, Japan.
Bio-rad Co, Hercules, USA.

©® 2003 Blackwell Publishing Lid, Journal of Oral Rehabilitation 30; 278-282
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Fig. 2. These two regression lines represent the relationship
between the surface area of gummy jelly and the amount of
gelatin from it. The dots and error bars represent the means and
standard deviations among five data calculated by means of
statistical analysis software SPSS®. (@ soft gummy jelly:
¥ = 775X + 221 and O hard gummy jelly: ¥ = 7-9X — 442'5),

2-5-40 yg mL~!  (correlation coefficent; r= 0997,
P < 001) (Yamamoto, 1993). The concentration of the
dyed solution increased in proportion to the enlarge-
ment of the total surface area of the gummy jellies. The
gummy jelly was divided into the surface areas of 1600,
2400, 3200, 4000, 4800, 5600, 6400 and 7200 mm®,
Then the concentration of gelatin dissolved from both
the soft and hard gummy jellies was measured. After
that, a regression analysis of the relationship between
the total surface area of gummy jelly and the concen-
tration of gelatin (X pg mL™') dissolved from it was
conducted (Fig. 2). The increase of the surface area
(¥ mm?) was measured by subtracting the original
surface area (1600 mm?) from the total surface area of
the masticated gummy jelly.
The formula was:

Soft gummy jelly: ¥ = (77-5X + 22-1)
—1600 (original surface area)

Hard gummy jelly: Y =(7-9X + 442.5)
— 1600 (original surface area)

The increase of the surface area (¥ mm?) was used as
the parameter of masticatory performance, At each
trial, both masticatory performance and maximal
occlusal force were measured three times, and their
means were used as representative values.

*
(xlﬂsmmz) , I
6
5
g 4
g
‘3
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o
g 2
b
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0 I

Soft gummy jelly Hard gummy jelly

Fig. 3. Twenty paired data represeny masticatory performances
with soft gummy jelly and hard gummy jelly. The masticatory
performances with soft gummy jelly (@) in all 20 subjects were
higher 20 subjects than with hard gummy jelly (O) (# = 20,
P < 005, by paired Student’s -test),

Statistical analysis

Differences in paired data were tested by paired z-test in
the case of normal distributions, or by Wilcoxon's
matched-pairs signed-ranks test in the case of non-
normal distributions. Association between the mastica-
tory performance and maximal occlusal force was
tested by Pearson’s coefficient of correlation tests in
the case of normal distributions, or by Spearman’s rank
order correiation tests in the case of non-normal
distributions. All statistical tests were performed using
the SPSS®"" statistical package software. A probability
level of P < 0-05 was considered significant.

Results

Mean and standard deviation of the maximal occlusal
force was 727 &= 270 N, and those of the mastcatory
performance were 3332 4 848 mm? in soft gummy
jelly and 2015 & 284 mm? in hard gummy jelly.

The masticatory performance with soft gummy jelly
(Fig. 3) was significantly greater than that with hard
gummy jelly (P < 0-05),

**SPSS Co. Ltd, Chicago, USA.

© 2003 Blackwell Publishing Ltd, Jeurnal of Oral Rehabilitation 30; 278-282
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Masticatory performance

Lol ']

10 15 (<102 N)

Maximal occlusal force

Fig. 4. The scatter diagram shows the relationship between the
maximal occlusal force and the masticatory performance
(n = 20, Soft gummy jelly: r = 055, P< 005 and O hard
gummy jelly: r = 066, P < 0-05 by Pearson's correlation test}.
These two lines represent regression lines (solid line indicates soft
gurmmy jelly and dotted line indicates hard gummy jelly).

Maximal occlusal force had a significant positive
correlation to the masticatory performance (Fig. 4)
both with soft gummy jelly (r=055 =»n=20,
P< 005 and with hard gummy jelly (r= 066,
n =20, P< (005). Pearson’s correlation coefficient (r)
with hard gummy jelly tended to be larger than with
solt gummy jelly.

Discussion

In this study, we used one of the pressure sensitive
sheets, the Dental Pre-scale Sysiem, 10 measure max-
imal occulusal force. Suzuki ef al. (1997) reported that
the Dental Pre-scale System has the following advan-
tages: (i) the thin material induced only a small change
in the occlusal vertical dimension, making measuxe-
ments at a position near the Iintercuspal position
possible; (i) it is not necessary to use special measure-
ment equipment; (iii) many patients may be evaluated
in a short period of time,

This gummy jelly is an experimenta) food product
developed for our masticatory test. Gummy jelly can be
defined according to its ingredients, physical properties,
and form, moreover, it can be packed separately for
hygienic purposes. Quality control is much easier to
achieve than in real food, such as peanuts, carrots or
almonds (Slagter et al., 1992). In addition, gummy jelly
is an edible product whose shape can remain the same
while its hardness varies (Table 1).

Masticatory performance has been evaluated by
measuring comminuted particle size through the use
of foods, such as peanuts or carrots, or a silicone
impression material (Optcal™). Our method for
examnining masticatory performance is based on the
calculation of the surface area of the gummy jelly
increased by mastication, which was obtained by the
measurement of the glucose dissolved from the surface
of the gummy jelly. Increasing the surface area of foods
is important in helping digestive enzyme create efficient
nutrition uptake. Because we used the increase of the
surface area of gummy jelly to measure masticatory
performance, we were able to compare masticatory
performance in different degrees of hardness, showing
the many advantages of gummy jelly in evaluating
masticatory performance.

It is important to investigate the association of a test
food’s degree of hardness with masticatory perform-
ance. Slagter et al. {1993) reported that the influence of
differences in the textual properties of the test foods
and differences in occlusal force on breakage during
mastication should be investigated more thoroughly,
choosing the appropriate hardness of test food neces-
sary for effectively assessing masticatory performance.

Our study showed that masticatory performance, as
measured by an increase of surface area with soft
gummy jelly, was significantly greater than that with
hard gummy jelly. This result suggests that more effort
is needed to masticate or digest harder foods. Shiau
Peng and Hsu (1999) also reported that harder foods
required stronger muscle force to break and chew the
food.

In a previous study, Tate et al. (1994) reported that
correlations were generally not present or were weak
between masticatroy performance, estimated mastica-
tory force, and muscle efficiency, suggesting that
muscle efficiency and force generated during masti-
cation dre not the primary factors that determine
masticatory performance. However, Fontijn-Tekamp
et al. {2000} reported a significant correlation between
maximal bite force and chewing efficiency among all
subjects combined (overdentures, full dentures and
natural dentitions). But they investigated only the
association between maximal occlusal force and mas-
ticatory performance with a single food such as carrots.

The results of this study indicated a positive correla-
tion between masticatory performance and occlusal
force. In addition, this positive correlation coefficient
was likely to be higher with harder gummy jelly. These
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findings suggest that cutting the harder food required
larger occlusal force to compensate for the stronger load
of food during mastication. While Pearson’s correlation
coefficients between masticatory performance and
maximal occlusal force were 0-55 or 0-66, masticatory
performance was not explained by maximal occlusal
force alone. Further investigation will be needed in
future study.

In conclusion, it was suggested that a larger maximal
occiusal force was associated with a higher masticatory
performance, especially with harder foods.
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Gerodontoiogy

Relationship between Masticatory Ability and

Gastrointestinal Disease in Independently

Living Older Adults

Kazunori Ikebe®, Takashi Nokubi*, Takahiro Ono* and Hidenori Sajima*

The purpose of this study was to determine associations of dental status and mas-
ticatory ability with general diseases, especially gastrointestinal disease in indepen-
dently living elderly persons. The study sample consisted of independently living
people from 60 to 84 years old. In this study, the “dentate” group {(Dentate,
n==671), which had natural dentition, the “partial denture” group (PD), n=671)
and the “complete denture” group (CD, n=187), which wore dentures in both
Jjaws, were selected for analysis. Subjects were classified into three groups by mas-
ticatory ability based on acceptances of apples, baked beef and hard rice crackers.
Significance of difference among groups was tested with chi-square test of indepen- -
dence. Cardiovascular disease, diabetes and osteoporosis showed a significant
lower prevalence in the dentate group than the CD or PD groups. The prevalence
of persons without a chronic health condition was likely to be higher in the well
mastication group in any kind of dental status. On the other hand, the prevalence
of gastrointestinal disease was significantly higher in the impaired mastication
group. These results suggested that self-assessed masticatory ability was associated

Dentistry in Japan
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with gastrointestinal disease.

Key words: Masticatory ability — Dental status — Gastrointestinal disease —

Independently living elderly

INTRODPUCTION

Since the end of World War II, econemic growth in
Japan has led to improved public health and medical
systems, which have increased Japanese life expect
ancy. In 2001, Japan’s average life expectancy reached
78.1 years for males and 84.9 years {or females, which
is the highest in the world (Ministry of Health, Labor
and Welfare"). As a result, the proportion of older
people has dramatically increased during the past few
decades. In 2001, the Japanese population aged 65
years or older rose to 17.4% of the country’s entire
population, In 2010, this group is projected to be
22.0%, which is expected to be the highest in the
world (National Institute of Population and Social
Security Research®).

Preventing disease and improving quality of life
are very important, not only for the health of the
elderly but also in order to reduce national medical
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expenses. Oral conditions are reported to affect qual-
ity of life in many ways (Hollister and Weintraub®;
Reisine & al?; Euinger®; Locker®; Slade and Spen-
cer”; Shay and Ship®). Masticatory disorder, or
the mere perception of compromised function, as
may occur with dentures, can lead individuals to
avoid foods considered difficult to chew in favor of
soft, easily chewed foods (Wayler et al®; Ekelund!?;
Hildebrandt ef af'"). Such food selection habits may
result in poor diets, which are high in calories but low
in fiber, vitamins and protein (Hildebrandt ef al'";
Greksa ¢ al'?; Joshipura et al™), causing certain dis-
eases, debilitation and shortened life expectancy in
some elderly persons (Chen and [owenstein'¥;
Willett'®; Diehr et al.'®).

In Japan, most elderly people (95.5% of those 75 1o
79 years, 90.8% of those 80 10 84 vears, and 79.1% of
those 85 years and over) are funciionally independent
and have no limitations in their daily activities (Minis-
try of Health, Labor and Welfare™). Although it is well
known that oral disease affects the general health of
poor, dependent or frail old people (Loesche et al’”;
Mojon et al'®), there have been fewer studies on how
the dental status of independently living elderly per-
sons influences food acceptance and overall general
health.

The purpose of this study was to determine associa-
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tions of dental status and masticatory ability with gen-
cral discases, especially gastrointestinal disease in
independently living elderly persons in Japan.

METHODS

I. Study sample

‘The subjects in this study were 2,474 participants of
the Senior Citizen’s College of Osaka Prefecture who
attended the program from 1995 to 1997. This college
is one of the adult education systems supported by the
government of Osaka Prefecture, which enrolls volun-
teers for a period of onc year. The study sample con-
sisted of communitywelling, independently living
people from 60 to B4 yeuars old, of which the mean age
was 66.6+ 4.3 vears, About half of the study sample
{49.4%) was male.

II. Data collection

The questionnaire to measure dental status, food ac-
ceptance, and general discases was developed by using
specific questions from previous publications. Based
on responses by participants in the years before 1995,
minor alterations were made to the questionnaire to
improve the reliability and validity of the questions.

A lecture on oral health and dental care for the
elderly was presented to the participants of the Col-
lege once yearlv. Immediately after the Iecture, we
explained the purpose and procedure of the question-
naire to the audience and solicited volunteers to par-
ticipate; however, individuals were free to go away after
the lecture. Alter obtaining informed consent, sub-
jects were given oppormities to ask questions while
completing the questionnaire or to refuse to answer
any question. The questionnaires were numbered to
protect the privacy of the participants,

III. Dental status

The maxillary and mandibular jaws were classified
separately into five categories by dentul staius, which
were: an edentulous arch wearing a complete denture
{CD); an edentulous arch without a replacement;
a partially edentulous arch wearing a removable par-
tial denture (PD}; a pardally edentulous arch without
4 replacement; and natural dentition. It has been
reported that there is close agreement between sclf-

examination and clinical examination with regard o
the number of remaining teeth and/or the presence
of rewmovable dentures (Kononen e al'; Axelsson
and Helgadonir™; Douglass et al*™)).

IV. Chewing ability and systemic disease

Food acceptance was cvaluated from responses to
three questions: “Can vou chew apples without diffi-
culy?.” “Can you chew haked beef without difficuley?”
anel *Can you chew hard rice crackers?” {Osterberg et
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al®) . These foods were identified as three of the most
difficuit to chew among 20 common Japanese foods
(Sato et al®), which had been determined from
answers to preliminary questions in the pre-testing of
the questionnaire. In addition, these three foods are
eaten in different ways; that is, apples must be bitten
with the anterior teeth, hard rice crackers must be
crunched, and beef must be ground. The volunteers
were asked to answer these questions as a “Yes, without
difficulty,” “Yes, but with difficulty” or “No, impos-
sible.” Each response was scored as 1, 2, or 3, respec-
tively. Subjects were classified into threc groups by
masticatory ability based on the total scores of the
three kinds of food. Group 1 consisted of subjects with
3 as the total score, group 2 with 4 to 6, and group 3
with 7 or more.

Information was also gathered about the preva-
lence of chronic diseases, i.e., cardiovascular disease,
hypertension, gastrointestinal disease, diabetes, skel-
etal disease and psychiatric disease. Responders were
asked whether during the previous year their physi-
cian had ever told them that they had any of the listed
conditions. :

V. Data analysis

The data analyses were done by using the SPSS 9.0 for
Windows. The initial evaluations were frequency distri-
bution tables followed by chi-square tests of indepen-
dence. pvalues=0.05 were considered to be statist-
cally significant,

RESULTS

In this study, the “dentate” group (Dentate, n=671,
27.1%), which had natural dentition (including fixed
prostheses in both maxilla and mandible), the “partial

Mandible
Fig. 1 Dental status of subjects (ni=2,474)



