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Abstract: Although many studies have shown the relationships between oral function and nutrition
and health, few reports have investigated the masticatory behaviors of older people. This study
aimed to clarify the relationships between oral function and the masticatory behaviors and features
of masticatory behaviors with oral hypofunction. A total of 98 community-dwelling independent
older adults participated. Seven oral conditions related to oral hypofunction were examined, and the
masticatory behaviors when consuming a rice ball were measured. The participants were divided
into two groups according to the criteria for oral hypofunction, and the masticatory behaviors were
compared. Furthermore, the relationship between masticatory performance and the number of chews
was investigated. The chewing rate of the oral hypofunction group was slower than that of the no
oral hypofunction group, but there was no difference in the number of chews and chewing time.
The decreased tongue–lip motor function group showed a slower chewing rate, and the decreased
tongue pressure group showed a smaller number of chews and shorter chewing time. No significant
correlation was observed between masticatory performance and behavior. In conclusion, older adults
with oral hypofunction chewed slowly due to decreased dexterity, while, even if oral and masticatory
function decreased, no compensatory increase in the number of chews was observed.

Keywords: masticatory behaviors; number of chews; oral hypofunction; masticatory performance;
oral function

1. Introduction

Various studies to date have shown relationships between healthy life expectancy
and oral function [1,2], and between oral function and low nutrition, sarcopenia [3,4], and
frailty [5]. In response to this, the Japanese Society of Gerodontology proposed the disease
concept of “oral hypofunction” [6], with the aim of preventing severe disease through
early diagnosis and the appropriate management of decreased oral function. Seven sub-
symptoms and diagnostic criteria were indicated for oral hypofunction: poor oral hygiene,
oral dryness, reduced occlusal force, decreased tongue–lip motor function, decreased
tongue pressure, decreased masticatory function, and deterioration of swallowing function.

Mastication is the process of grinding food and mixing it with saliva to produce a
bolus that can be readily swallowed, and it takes place through the coordination of the
various components of oral function [7]. Masticatory function has mainly been evaluated
from the perspective of how strongly people can bite (occlusal force) and how efficiently
they can crush or mix food (masticatory performance) [8]. At the same time, it was recently
pointed out that masticatory behaviors, such as how many times food is chewed and how
much time is spent chewing, is important in the prevention of lifestyle-related diseases,
such as obesity [9], and aspiration/choking [10]. Such diversification of viewpoints in the
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evaluation of mastication is essential when addressing the issue of masticatory function in
elderly people.

For example, even when a person’s masticatory performance or oral function has
declined, it would surely be possible to reduce the risk of poor nutrition or choking if
there were a greater number of chews at regular mealtimes so that a diverse range of foods
could be ingested. In addition, it may perhaps be the case that elderly people with reduced
masticatory performance and oral function compensate by increasing the number of chews.
However, there have been almost no reports of studies investigating how masticatory
behaviors, such as the number of chews, relates to oral function and masticatory function
in elderly persons, and the reality of masticatory behaviors in elderly persons with reduced
oral function is unknown.

The purpose of the present study was to observe the masticatory behaviors of community-
dwelling elderly people when they ingested a prescribed amount of food, in order to explore
the relationships of masticatory behaviors with decreased oral function and masticatory
performance. We hypothesized that masticatory performance is negatively correlated with
the number of chews, and that elderly people with decreased oral function have a greater
number of chews, and we attempted to validate this hypothesis.

2. Materials and Methods
2.1. Participants

The present study was designed as an exploratory cross-sectional survey. The partici-
pants were 98 elderly people (33 men, 65 women; mean age 74.8 ± 6.3 years) living inde-
pendently in the community in M City. Recruitment was conducted in senior health classes,
and the survey was conducted at the venue of the health classes between September 2018
and October 2021. The inclusion criteria were age 60 years or over, living independently,
and a participant in the senior health classes sponsored by the municipal government of M
City. The exclusion criteria were history of cerebrovascular disorder, dementia, neuromus-
cular disease, or head and neck tumor, medication related to oral hypofunction, toothache,
significant movement teeth due to severe periodontitis, and missing data. We calculated
sample size based on the correlation between number of chews on rice ball and mastication
performance. Eight-two participants were required for 80% power, with effect size of
0.5, with a two-sided alfa level of 0.05, for correlation (G*Power 3.1.9.7, Heinrich-Heine-
Universität, Düsseldorf, Germany). The objectives and methods of the study were fully
explained to the participants, who provided their written, informed consent. The present
study was carried out with the approval of the Ethics Committee of Niigata University
(approval no. 2017-0230).

2.2. Survey Items

At first, a dentist performed an intraoral examination to investigate the number of
remaining teeth, occlusal support, and the presence or absence of dentures. The number
of people living together was asked as a social factor. The survey items were the seven
items related to oral hypofunction [6], including (1) poor oral hygiene, (2) oral dryness,
(3) reduced occlusal force, (4) decreased tongue-lip motor function, (5) decreased tongue
pressure, (6) decreased masticatory function, and (7) deterioration of swallowing function,
to which was added an eighth item, (8) measurement of masticatory behaviors. For all
items, denture wearers were evaluated with their dentures in place.

2.2.1. Poor Oral Hygiene

This was evaluated using a bacterial counter (PHC Corporation, Osaka, Japan) [11].
A sterile cotton swab was dipped in distilled water and then rubbed on the tongue at a
distance of 1 cm from the center of the dorsum of the tongue using a low-pressure specimen
collection device, with the rubbing pressure set at 20 gf. The cotton swab was placed in
a measuring cup, and the total number of microorganisms was counted by the bacterial
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counter. A total microbial count of 6.5 Log10 (CFU/mL) or higher (level 4 or higher) was
considered to indicate poor oral hygiene.

2.2.2. Oral Dryness

This was evaluated using an oral moisture checking device (Mucus, Life Co., Ltd.,
Koshigaya, Japan) [12]. The level of mucosal wetness was measured at the center of the
dorsum of the tongue, approximately 10 mm from the apex. For measurement, a dedicated
sensor cover was fitted to the sensor, and the sensor was held against the test surface for
around 2 s with pressure of about 200 g applied to ensure uniform contact. Measurements
were taken three times, and a median value of less than 27.0 was considered to indicate
oral dryness.

2.2.3. Occlusal Force

Occlusal force was analyzed using a pressure-sensitive sheet (Dental Prescale II, GC
Corporation, Tokyo, Japan) [13] and an analysis device (Bite Force Analyzer, GC Corpo-
ration, Tokyo, Japan). The pressure-sensitive sheet was placed in the mouth, and the
participant was instructed to clench the teeth for 3 s in the maximum intercuspal position.
An occlusal force of less than 500 N was considered to indicate reduced occlusal force.

2.2.4. Tongue–Lip Motor Function

The speed and dexterity of tongue and lip movements were comprehensively eval-
uated using oral diadochokinesis. Participants were required to pronounce each of the
syllables /pa/, /ta/, and /ka/ for 5 s, and the number of pronunciations per second of each
syllable was measured using an automatic measuring device (Kenko-kun Handy, Takei
Scientific Instruments Co., Ltd., Niigata, Japan) [14]. A count of fewer than 6 repetitions of
any of the syllables /pa/, /ta/, or /ka/ per second was considered to represent decreased
tongue–lip motor function.

2.2.5. Maximum Tongue Pressure

Maximum tongue pressure was measured using a digital probe for tongue pressure
measurement (JMS tongue pressure measuring device TPM-01, JMS Co., Ltd., Hiroshima,
Japan) [15]. A balloon fitted to the tongue pressure probe was placed against the anterior
part of the palate, and the participant was instructed to voluntarily squash the balloon
against the palate using the tongue with maximum force for 7 s. After the participant first
practiced and then rested to avoid fatigue, measurements were carried out three times,
and the mean value was calculated. Maximum tongue pressure of less than 30 kPa was
considered to indicate decreased tongue pressure.

2.2.6. Masticatory Performance

Masticatory performance was measured using a test gummy jelly (UHA Mikakuto
Co., Ltd., Osaka, Japan) [16]. The participant was instructed to chew a test gummy jelly
(5.50 ± 0.05 g) 30 times and then spit it out onto a gauze, and the condition of the commin-
uted gummy jelly was compared to a 10-stage visual scale and scored from 0 to 9. A score
of 0–2 was considered to indicate decreased masticatory performance.

In addition, the fragments of comminuted gummy jelly were placed in a prescribed
box (inner dimensions 140 mm × 95 mm × 36 mm) with black markers (7 mm × 7 mm,
distance between a markers-width of 88 mm, length 133 mm), and the increase in surface
area of the comminuted gummy jelly was calculated using an imaging method [17].

2.2.7. Swallowing Function

Swallowing function was measured using a swallowing screening questionnaire, the
10-item eating assessment tool (EAT-10) [18]. The participant was required to fill in the
questionnaire, and a score of 3 or more was considered to indicate deterioration of the
swallowing function.
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2.2.8. Masticatory Behaviors

Masticatory behaviors were measured using a device for counting the number of chews
(bitescan®, Sharp Corporation, Sakai, Japan; Figure 1) with dedicated software [19]. This
device is designed to be worn on the right auricle with an ear hook, which is available in
three sizes (S, M, L). The size that best fits the auricle of the participant was selected to enable
the built-in sensor to sense the measurement site behind the auricle. For measurement, a
Bluetooth connection with a smartphone (SHM05, Sharp Corporation, Sakai, Japan) was
confirmed, the bitescan® with the selected ear-hook of appropriate size was placed on the
right ear, and calibration was carried out. For the assessment of masticatory behaviors, the
participant was asked to eat a 100-g rice ball (seaweed-rolled rice ball, Marusan Co., Ltd.,
Higashi-Osaka, Japan); no special eating instructions were given. The participants were
simply asked to eat a single rice ball as they normally would, and the measurement was
carried out until the rice ball was completely swallowed. Measurements were taken at least
2 h after meals.
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Figure 1. A wearable device for counting the number of chews (bitescan®). (A) Main unit; (B) ear-
hooks for size adjustment; (C) bitescan® when worn.

As parameters of masticatory behaviors, the number of chews, the number of chews
per bite, the chewing rate, and the total chewing time were evaluated. The masticatory
behavior items were defined as follows:

• Number of chews (no.): The total number of chewing cycles during the time to eat
1 rice ball.

• Number of chews per bite (no.): Mean number of chews per bite which is an uptake
action.

• Chewing rate (no./min): The number of chews per minutes calculated by dividing by
total chewing time.

• Total chewing time (s): The time taken to eat 1 rice ball.

2.3. Analysis

Each participant was examined in accordance with the criteria for the seven sub-
symptoms of oral hypofunction, and they were considered to have oral hypofunction if they
had three of the seven items [6]. The participants were divided into two groups based on the
oral hypofunction diagnostic criteria and the criteria for each of the seven sub-symptoms of
oral hypofunction, and the masticatory behaviors of each group were compared using the
Mann–Whitney U test. The relationship between masticatory performance and the number
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of chews was examined using Spearman’s correlation coefficient. SPSS Statistics 23.0 (IBM)
was used for statistical analysis, and the significance level was set at p < 0.05.

3. Results
3.1. Participants’ Oral Condition and Oral Hypofunction

A total of 113 individuals applied for this study, and 101 met the inclusion and
exclusion criteria. Three participants were excluded from the analysis due to withdrawal
of consent, and finally 98 participants were included in the analysis.

The number of remain teeth, occlusal status, and usage of removable denture of the
participants are shown in Table 1. In addition, the age, height, body weight number of
people living together are also presented in Table 1.

Table 1. Information of the participants.

All Male Female

n (%) 98 (100) 33 (33.7) 65 (66.3)
Age (y) mean (SD) 74.8 (6.3) 74.6 (6.1) 75.0 (6.5)
Oral hypofunction n (%) 71 (72.4) 23 (69.7) 48 (73.8)
Height (cm) mean (SD) 156.7 (3.3) 165.1 (2.0) 148.4 (4.7)
Body weight (kg) mean (SD) 59.4 (1.5) 63.8 (3.3) 55.0 (1.8)
Number of remain teeth mean (SD) 21.6 (7.8) 22.1 (6.9) 21.4 (8.3)
Occlusal status Eichner A n (%) 53 (54.2) 15 (45.5) 38 (58.5)

Eichner B n (%) 22 (22.9) 9 (27.2) 13 (20.0)
Eichner C n (%) 23 (22.9) 9 (27.2) 14 (21.5)

N of participants using removal denture n (%) 38 (38.8) 14 (42.4) 24 (36.9)
N of people living together n (SD) 2.2 (1.2) 2.3 (1.3) 2.1 (1.1)

Of the 98 participants, 71 (23 men, 48 women, 75.8 ± 6.2 years) had oral hypofunction,
and 27 (10 men, 17 women, 72.5 ± 6.0 years) did not (Table 1). Those with oral hypo-
function were significantly older than those without, with oral hypofunction present in
32 (65.3%) early-stage elderly people (aged 65–74, 49 persons) and 39 (80.0%) late-stage
elderly people (aged 75 and older, 49 persons). The group of participants with poor oral hy-
giene (91 persons, 92.9%) was largest, and those with deterioration of swallowing function
(10 persons, 10.2%) were smallest in number (Table 2).

Table 2. The masticatory behaviors in consuming a rice ball between the participants with and
without oral hypofunction and subcategory.

n
Number of Chews (Cycles) Number of Chews Per Bite

(Cycles) Chewing Rate (Cycles/min) Total Chewing Time (s)

Median IQR P * Median IQR P * Median IQR P * Median IQR P *

Oral hypofunction Yes 71 240 (171–280)
0.975

26.5 (17.2–38.8)
0.259

77.0 (66.8–85.0)
0.035

173 (131–216)
0.477No 27 228 (160–341) 29.3 (19.0–51.0) 81.0 (75.0–92.0) 156 (121–226)

Poor oral hygiene Yes 91 232 (168–280)
0.327

27.0 (18.0–44.0)
0.644

78.7 (70.7–88.0)
0.200

165 (127–207)
0.161No 7 262 (169–313) 24.0 (22.0–28.2) 72.1 (66.0–81.0) 210 (156–258)

Oral dryness Yes 56 230 (161–274)
0.208

27.2 (18.7–38.5)
0.892

79.5 (73.3–87.8)
0.277

163 (128–195)
0.088No 42 251 (171–308) 26.2 (18.8–45.5) 75.9 (65.0–84.5) 186 (125–252)

Reduced occlusal
force Yes 43 234 (159–281)

0.747
27.0 (17.2–40.8)

0.652
77.0 (65.0–85.9)

0.235
170 (129–216)

0.836
No 55 232 (171–281) 26.2 (19.0–45.0) 80.0 (72.0–88.0) 169 (126–223)

Decreased tongue
pressure Yes 43 262 (180–297)

0.046
27.0 (21.0–44.0)

0.506
77.9 (70.7–83.0)

0.266
193 (151–242)

0.010
No 55 225 (139–268) 23.2 (18.6–40.8) 80.0 (68.0–90.5) 155 (121–192)

Decreased tongue-lip
motor function

Yes 55 230 (139–277)
0.229

17.1 (16.8–43.6)
0.594

75.0 (66.0–83.0)
0.003

169 (127–210)
0.783No 43 234 (180–316) 19.0 (18.7–40.8) 82.5 (75.0–90.7) 164 (129–223)

Decreased
masticatory function Yes 15 241 (180–313)

0.653
25.7 (19.6–32.4)

0.531
74.3 (66.0–84.0)

0.354
169 (131–250)

0.421
No 83 232 (160–281) 27.0 (18.6–44.7) 79.0 (70.7–88.0) 169 (125–202)

Deterioration of
swallowing function

Yes 10 251 (218–267)
0.651

29.7 (22.3–47.4)
0.439

80.5 (63.7–91.8)
0.972

186 (154–212)
0.372No 88 232 (162–287) 26.4 (18.2–39.4) 78.0 (71.0–86.2) 164 (126–221)

*: Mann–Whitney’s U test, IQR: interquartile range.
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3.2. Comparison of Masticatory Behaviors in Participants with and without Oral Hypofunction

The number of chews (mean ± standard deviation {median}) was 236 ± 103 {233} for
participants overall, with no significant difference between the oral hypofunction group
(230 ± 89 {240}) and the non-oral hypofunction group (254 ± 133 {228}) (p = 0.975) (Table 2).

The number of chews per bite was 32.7 ± 22.1 {26.6} for participants overall, with
no significant difference between the oral hypofunction group (30.7 ± 20.3 {26.5}) and the
non-oral hypofunction group (37.9 ± 26.0 {29.3}) (p = 0.259).

The chewing rate was 77.5 ± 15.0 {78.0} cycles/min for participants overall, with
the oral hypofunction group (75.4 ± 13.9 {77.0} cycles/min) significantly slower than the
non-oral hypofunction group (83.1 ± 16.4 {81.0} cycles/min) (p = 0.035).

The total chewing time was 177 ± 69 {169} s for participants overall, with no signifi-
cant difference between the oral hypofunction group (176 ± 62 {173} s) and the non-oral
hypofunction group (180 ± 87 {156} s) (p = 0.477).

3.3. Comparison of Masticatory Behaviors by Oral Hypofunction Sub-Symptoms

The analysis of masticatory behaviors by each sub-symptom of oral hypofunction is
shown in Table 2.

In the decreased tongue pressure group (n = 43), the number of chews (255 ± 97 {262})
was significantly greater than in the non-decreased tongue pressure group (n = 55)
(221 ± 106 {225}), and total chewing time (194 ± 68 {193} s) was significantly longer than in
the non-decreased tongue pressure group (164 ± 68 {155} s).

In the decreased tongue–lip motor function group (n = 55), the chewing rate
(73.7 ± 14.2 {75.0} cycles/min) was significantly slower than in the non-decreased tongue–
lip motor function group (n = 43) (82.4 ± 14.6 {82.5} chews/min).

For all other sub-symptoms, there were no significant differences in masticatory
behaviors between the groups with and without the sub-symptom.

3.4. Relationship between Masticatory Performance and Number of Chews

No significant correlation was found between masticatory performance (amount of
increase in surface area of comminuted gummy jelly) and the number of chews when
consuming a rice ball (Figure 2; r = 0.055, p = 0.600).

No significant correlation was found between masticatory performance (amount of
increase in surface area of comminuted gummy jelly) and the number of chews when
consuming a rice ball (Spearman’s correlation coefficient: r = 0.055, p = 0.600).
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4. Discussion

The present study is the first attempt to objectively measure masticatory behaviors and
masticatory performance in independent, community-dwelling, older adults to explore the
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relationship between the two and also to examine how they are affected by oral hypofunc-
tion. The results showed that older adults with oral hypofunction, and in particular elderly
people with decreased tongue–lip motor function, have a slower chewing rate, and that
older adults with decreased tongue pressure have a greater number of chews and longer
total chewing time. In addition, no significant correlation was seen between masticatory
performance and the number of chews. These findings show the relationship between oral
function and masticatory behaviors in older adults, providing basic data for approaches to
dealing with those with declining oral function.

4.1. Measurement of Masticatory Behaviors

To extend healthy life expectancy, it is essential to prevent elderly people from falling
into the cycle of frailty through low nutrition [20]. It has been reported that people with an
inadequate ability to form a food bolus tend to avoid fibrous foods or meat, thus losing
variety from their diet [21]. Formation of the food bolus within the mouth requires not only
conservation of the remaining teeth, but also maintenance of oral functions, such as tongue
function and occlusal force. Various methods of assessment of oral function have, therefore,
been devised to enable the management of oral function in older adults.

The prevention of frailty in older adults needs to be approached not just from the
perspective of oral function, but also through the assessment of regular dietary behavior
and provision of appropriate guidance. For example, it has been reported in edentulous
individuals that prosthodontic treatment alone does not result in sufficient improvement
in diet and nutritional intake, and the treatment needs to be accompanied by guidance
on food selection and nutritional intake [22]. At the same time, masticatory behaviors,
such as number and rate of chews at mealtimes, are important for the selection of a wide
range of foods and safe swallowing through appropriate bolus formation. While there
have been various educational campaigns encouraging people to eat slowly and chew their
food thoroughly [23], little has been known to date about the extent to which older adults
masticate their food when ingesting.

One reason for the scarcity of reports on the number of chews is the difficulty of
accurate and convenient measurement. Studies to date have used a device to measure jaw
movement [24] or a muscle activity meter [25,26] to measure the number of chews, but such
devices are cumbersome and require measurement to be carried out in a laboratory, so they
are unsuitable for surveying large numbers of people. Studies have also been carried out
by measuring the number of chews through direct observation of participants at mealtimes
or by video recording mealtimes and then measuring masticatory behaviors [27]. However,
such measurement environments may differ from regular mealtimes.

We studied the masticatory behaviors using bitescan®, a wearable device that measures
the number of chews [19]. This device is simply placed on the right ear, and it monitors the
changes in the skin surface behind the auricle that accompany masticatory movements. It
is connected to a smartphone via Bluetooth to measure parameters relating to masticatory
behaviors, so there is no need to restrain the participant in any way. We previously
confirmed that the device has sufficient measurement accuracy [19], and we used it to study
masticatory behaviors in healthy adults [28,29].

In the present study, masticatory behaviors were measured using rice balls. Rice balls
are among the most popular and frequently consumed foods in Japan, and as well as being
made at home, they are readily available from supermarkets and convenience stores. It
has been reported that the ingestion method, such as the eating utensils used, affects the
number of chews [30], but rice balls are generally eaten out of the hands. Furthermore,
it is difficult to evaluate the number of chews per bite with a small amount of food that
can be ingested in one bite. In the present study, rice balls were used because there is little
influence from participants’ preferences or the method of ingestion, rice balls need to be
masticated, there is a reasonable amount to be ingested, and measurements can be made
under uniform conditions. Based on measurements of 99 healthy adults, it was reported
that the number of chews, the number of bites, the number of chews per bite, and the
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chewing rate with a single rice ball used in the present study all show significant positive
correlations with the same parameters during usual meals for an entire day [29].

4.2. Oral Hypofunction

Of the 98 participants in the present study, 72.4% had oral hypofunction. Looking at
prior studies of oral hypofunction [4,5,31–34], the reported prevalence shows a wide range,
from 43% [31] to 63% [32,34]. The participants of these studies included not just different
age groups, but also community-dwelling elderly persons [4,5,31,33,34] and older adults
who were visiting a dental clinic [32], with the incidence in community-dwelling older
adults often reported in the range of 50–60%. The results of the present study seem to show
a somewhat high proportion of participants with oral hypofunction. However, all prior
reports indicate that the incidence of oral hypofunction increases with age [31,32,34], and
the same trend was seen in the present study. In addition, looking at the sub-symptoms,
it may be seen that the incidences of poor oral hygiene [33,34] and decreased tongue–lip
motor function [4,31,32,34] are often high. In the present study as well, there were many
older adults with poor oral hygiene, which may have resulted in a higher incidence of
oral hypofunction. In the case of participants who were visiting a dental clinic, it could
be assumed that they had some kind of oral complaint [32]. However, in the case of older
adults who visited a dental clinic for a regular check-up, they may be less likely to have
oral hypofunction as a result of dental treatment or poor oral hygiene thanks to their
oral hygiene management. In the present study, the participants were independent older
adults aged 60 years or older who participated in the senior health classes sponsored by
the municipal government of M City, and not patients who were visiting a dental clinic.
However, though there were a few participants who complained of problems with dentures
or poor oral status, there were also participants receiving regular oral hygiene care at their
regular dental clinic. The present study did not investigate dental visit history or oral
symptoms, but there is a need for studies that survey these items in order to adjust the
participants for analysis in the future.

4.3. The Characteristics of Masticatory Behaviors in Older Adults with Oral Hypofunction
(and Its Sub-Symptoms)

The results of the present study showed the number of chews (median value) to be
240 in the oral hypofunction group and 228 in the non-oral hypofunction group, with no
significant difference between the two. This result suggests that there is no increase in the
number of chews to compensate for the decline in oral function. At the same time, the
number of chews per bite in the oral hypofunction group was 26.5, which was slightly less
than the number in the non-oral hypofunction group (29.3), although the difference was
not significant. In addition, though the chewing rate was significantly slower in the oral
hypofunction group than in the non-oral hypofunction group, there was no significant
difference between the oral hypofunction group and the non-oral hypofunction group in
the total chewing time to eat 1 rice ball. It therefore appears that, even though older adults
with oral hypofunction masticated a rice ball more slowly, they had fewer chews per bite,
with the result that there was no difference between the oral hypofunction group and the
non-oral hypofunction group in the overall number of chews or total chewing time. This
suggests that bolus formation may be inadequate in older adults with oral hypofunction,
which would indicate a risk of choking or incomplete absorption of nutrients. It appears
that older adults with oral hypofunction not only need dental treatment and improvement
or management of oral function, but also guidance in taking their time over meals and
chewing their food well.

Older adults with decreased tongue–lip motor function showed a significantly slower
chewing rate than those without this sub-symptom. Decreased tongue–lip motor function
is a condition in which the speed and dexterity of tongue and lip movements are reduced
due to neuromuscular system dysfunction. This results in incomplete bolus formation
and spills during mastication, which impact negatively on mastication and swallowing,
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consequently limiting the types and amount of food that can be ingested. In addition,
decreased tongue–lip motor function can cause problems with articulation and speech.
Speech disorders in older adults can lead to social deterioration, not just because they
cause difficulties in communication, but also because they can lead to the affected person
being reluctant to meet others or avoiding going out. Since participants in the decreased
tongue–lip motor function group had a slower chewing rate, total chewing time would be
expected to be longer. However, there was no difference in total chewing time between
the decreased tongue–lip motor function group and the non-decreased group. It may
therefore be conjectured that, even though these participants were chewing slowly, they
either swallowed the food soon without adequate mastication, or else there was a large
amount of food per bite.

In addition, in the decreased tongue pressure group, the number of chews (262) and
the total chewing time (193 s) were significantly greater than in the non-decreased tongue
pressure group (number of chews: 225, total chewing time: 155 s). The tongue plays an
important role in mastication, swallowing, and pronunciation, and the measured values for
these items decrease when the muscle strength of the suprahyoid muscle group declines [35].
In particular, dexterity of tongue movement and muscle strength are essential at each stage
of the masticatory and swallowing process, starting with transport of food taken into the
anterior part of the mouth to the molars (stage I transport), followed by the mixing of
food fragments crushed by the molars with saliva, formation of the bolus (processing),
transport of the bolus to the oropharynx (stage II transport), and then the subsequent
ejection of the bolus and maintenance of swallowing pressure when the swallowing reflex
occurs [36]. There have been prior reports of the relationships of decreased tongue pressure
to activities of daily living (ADL) [37] and dysphagia [38]. It has also been reported that
decreased tongue pressure is associated with longer mealtimes [39] and the intake of
formula diet [40], suggesting that decreased tongue pressure also affects the form of food
that can be ingested. In the present study as well, elderly people with decreased tongue
pressure showed an increased number of chews and longer total chewing time in order to
form a bolus adequately, suggesting that decreased tongue pressure affects bolus formation.

4.4. Relationship between Masticatory Behaviors and Masticatory Performance

Since masticatory performance was thought to be closely related to masticatory be-
haviors, in the present study, masticatory performance was evaluated not only by the
score method, but also by an imaging method to evaluate the increase in surface area of
comminuted gummy jelly in order to give a detailed evaluation. With the evaluation of
masticatory performance using a test gummy jelly, the significant relationship between
the score method and imaging was previously demonstrated [17,41]. In the present study,
no significant correlation was found between increased surface area of the comminuted
gummy jelly and number of chews of a rice ball.

To date, there have only been a few studies investigating the relationship between
masticatory performance and number of chews. Some of these have reported no asso-
ciation [42–44], which is the same result as the present study, but one study reported a
negative association, with a greater number of chews in participants with low masticatory
performance [45].

Many of these reports had participants with a wide age range, from young to old [44,45].
In addition, a variety of foods was used for evaluation, such as peanuts [42,43], carrots [45],
and gummy jelly [44], and it therefore appears that the results are greatly influenced by
the food.

Although the measurement conditions in the survey may have influenced the results,
attention should be given to the finding that there are elderly people with both low masti-
catory performance and low number of chews. Such elders are at risk of choking, as well
as defective digestion or absorption of nutrients, suggesting the need to not only restore
occlusal support and improve the oral environment through dental treatment, but also to
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pay attention to their daily masticatory behaviors and, where necessary, provide guidance
on chewing habits.

4.5. Limitations and Future Study

In this study, we did not investigate the degree of periodontal disease or the history of
dental caries though the applicant who had toothache or significant movement teeth were
excluded. Even if there is no pain, caries and periodontal disease might affect chewing
behavior. Although it is thought that the participants’ oral condition lacks homogeneity, in
this study we analyzed oral function as an explanatory variable.

In addition, the bitescan® should have been used for a full day or several days to
assess daily masticatory behaviors. However, since some older adults have difficulty using
a smartphone or wearable device, masticatory behaviors were evaluated with a single rice
ball at the research site. If improvements could be made to the bitescan® to allow simple
self-monitoring by older adults, we would like to conduct surveys of masticatory behaviors
at everyday meals.

In the future, a large survey of mastication behaviors would further clarify the details
of mastication behaviors according to oral conditions and age in the elderly persons. We
also want to investigate the relationship between mastication behaviors and nutritional
status. Furthermore, we plan to examine the effects of mastication behaviors modification
on the health of the elderly people.

Although these are possible limitations, the present study is the first to investigate
masticatory behaviors in older adults in detail through the number of chews, chewing
time, and chewing rate. In addition, it was possible to clarify characteristics, such as the
slower chewing rate in older adults with decreased oral function. We believe that these
results show some of the detailed aspects of mastication in older adults with decreased oral
function. Elderly people with decreased oral and masticatory functions should be given
masticatory instruction in addition to rehabilitation and dental treatment. The results of
this study are considered to be useful as indices for mastication instruction.

5. Conclusions

In older adults living independently in the community, the chewing rate of the oral
hypofunction group was significantly slower than that of the non-oral hypofunction group,
but no difference was observed between the groups in the number of chews or total chewing
time. In particular, the decreased tongue–lip motor function group showed a significantly
slower chewing rate, and the decreased tongue pressure group showed a significantly
higher number of chews and significantly longer total chewing time. These results indicate
that decline in oral function affects masticatory behaviors. At the same time, older adults
with decreased oral or masticatory function showed no compensatory increase in the
number of chews, suggesting that functional decline may increase the risk of choking or
affect digestion and the absorption of nutrients. These results suggest the need for guidance
on mastication that covers individual oral functions.

Author Contributions: Conceptualization, K.H.; methodology, C.H., K.H. and H.I.; formal analysis,
C.H. and K.H.; investigation, C.H., K.H., H.I., M.F., M.S., T.U., S.Y., S.H., H.T. and F.U.; resources,
K.H., H.I. and M.F.; data curation, K.H.; writing—original draft preparation, C.H.; writing—review
and editing, K.H.; supervision, T.O.; project administration, K.H., H.I. and M.F.; funding acquisition,
T.O. All authors have read and agreed to the published version of the manuscript.

Funding: This work was funded by Research Program for Health Behavior Modification by Utilizing
IoT, Japan Agency for Medical Research and Development.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Niigata University (approval no. 2017-0230).

Informed Consent Statement: Informed consent was obtained from all participants involved in
the study.



J. Clin. Med. 2022, 11, 5902 11 of 12

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical restrictions.

Acknowledgments: We would like to express our deep gratitude to Yasuyuki Nishikawa and Naoto
Shigenobu and all the staff of the Osaka YMCA for their cooperation.

Conflicts of Interest: The authors declare no conflict of interest associated with this manuscript.

References
1. Matsuyama, Y.; Aida, J.; Watt, R.G.; Tsuboya, T.; Koyama, S.; Sato, Y.; Kondo, K.; Osaka, K. Dental Status and Compression of Life

Expectancy with Disability. J. Dent. Res. 2017, 96, 1006–1013. [CrossRef] [PubMed]
2. Watanabe, Y.; Okada, K.; Kondo, M.; Matsushita, T.; Nakazawa, S.; Yamazaki, Y. Oral health for achieving longevity. Geriatr.

Gerontol. Int. 2020, 20, 526–538. [CrossRef] [PubMed]
3. Hatta, K.; Ikebe, K. Association between oral health and sarcopenia: A literature review. J. Prosthodont. Res. 2021, 65, 131–136.

[CrossRef]
4. Kugimiya, Y.; Iwasaki, M.; Ohara, Y.; Motokawa, K.; Edahiro, A.; Shirobe, M.; Watanabe, Y.; Obuchi, S.; Kawai, H.; Fujiwara, Y.;

et al. Relationship between Oral Hypofunction and Sarcopenia in Community-Dwelling Older Adults: The Otassha Study. Int. J.
Environ. Res. Public Health 2021, 18, 6666. [CrossRef] [PubMed]

5. Yoshida, M.; Hiraoka, A.; Takeda, C.; Mori, T.; Maruyama, M.; Yoshikawa, M.; Tsuga, K. Oral hypofunction and its relation to
frailty and sarcopenia in community-dwelling older people. Gerodontology 2022, 39, 26–32. [CrossRef]

6. Minakuchi, S.; Tsuga, K.; Ikebe, K.; Ueda, T.; Tamura, F.; Nagao, K.; Furuya, J.; Matsuo, K.; Yamamoto, K.; Kanazawa, M.; et al.
Oral hypofunction in the older population: Position paper of the Japanese Society of Gerodontology in 2016. Gerodontology 2018,
35, 317–324. [CrossRef] [PubMed]

7. Palmer, J.B.; Rudin, N.J.; Lara, G.; Crompton, A.W. Coordination of mastication and swallowing. Dysphagia 1992, 7, 187–200.
[CrossRef] [PubMed]

8. Goncalves, T.; Schimmel, M.; van der Bilt, A.; Chen, J.; van der Glas, H.W.; Kohyama, K.; Hennequin, M.; Peyron, M.A.; Woda,
A.; Leles, C.R.; et al. Consensus on the terminologies and methodologies for masticatory assessment. J. Oral Rehabil. 2021, 48,
745–761. [CrossRef]

9. Otsuka, R.; Tamakoshi, K.; Yatsuya, H.; Murata, C.; Sekiya, A.; Wada, K.; Zhang, H.M.; Matsushita, K.; Sugiura, K.; Takefuji, S.;
et al. Eating fast leads to obesity: Findings based on self-administered questionnaires among middle-aged Japanese men and
women. J. Epidemiol. 2006, 16, 117–124. [CrossRef]

10. Berzlanovich, A.M.; Fazeny-Dorner, B.; Waldhoer, T.; Fasching, P.; Keil, W. Foreign body asphyxia: A preventable cause of death
in the elderly. Am. J. Prev. Med. 2005, 28, 65–69. [CrossRef]

11. Kikutani, T.; Tamura, F.; Takahashi, Y.; Konishi, K.; Hamada, R. A novel rapid oral bacteria detection apparatus for effective oral
care to prevent pneumonia. Gerodontology 2012, 29, e560–e565. [CrossRef] [PubMed]

12. Yamada, H.; Nakagawa, Y.; Nomura, Y.; Yamamoto, K.; Suzuki, M.; Watanabe, N.Y.; Saito, I.; Seto, K. Preliminary results of
moisture checker for Mucus in diagnosing dry mouth. Oral Dis. 2005, 11, 405–407. [CrossRef] [PubMed]

13. Suzuki, T.; Kumagai, H.; Watanabe, T.; Uchida, T.; Nagao, M. Evaluation of complete denture occlusal contacts using pressure-
sensitive sheets. Int. J. Prosthodont. 1997, 10, 386–391.

14. Yamada, A.; Kanazawa, M.; Komagamine, Y.; Minakuchi, S. Association between tongue and lip functions and masticatory
performance in young dentate adults. J. Oral Rehabil. 2015, 42, 833–839. [CrossRef] [PubMed]

15. Hayashi, R.; Tsuga, K.; Hosokawa, R.; Yoshida, M.; Sato, Y.; Akagawa, Y. A novel handy probe for tongue pressure measurement.
Int. J. Prosthodont. 2002, 15, 385–388.

16. Nokubi, T.; Yoshimuta, Y.; Nokubi, F.; Yasui, S.; Kusunoki, C.; Ono, T.; Maeda, Y.; Yokota, K. Validity and reliability of a visual
scoring method for masticatory ability using test gummy jelly. Gerodontology 2013, 30, 76–82. [CrossRef]

17. Salazar, S.; Hori, K.; Uehara, F.; Okawa, J.; Shibata, A.; Higashimori, M.; Nokubi, T.; Ono, T. Masticatory performance analysis
using photographic image of gummy jelly. J. Prosthodont. Res. 2020, 64, 48–54. [CrossRef]

18. Belafsky, P.C.; Mouadeb, D.A.; Rees, C.J.; Pryor, J.C.; Postma, G.N.; Allen, J.; Leonard, R.J. Validity and reliability of the Eating
Assessment Tool (EAT-10). Ann. Otol. Rhinol. Laryngol. 2008, 117, 919–924. [CrossRef]

19. Hori, K.; Uehara, F.; Yamaga, Y.; Yoshimura, S.; Okawa, J.; Tanimura, M.; Ono, T. Reliability of a novel wearable device to measure
chewing frequency. J. Prosthodont. Res. 2021, 65, 340–345. [CrossRef]

20. Fried, L.P.; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.; Kop, W.J.; Burke, G.; et al.
Frailty in older adults: Evidence for a phenotype. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2001, 56, M146–M156. [CrossRef]

21. Zhu, Y.; Hollis, J.H. Tooth loss and its association with dietary intake and diet quality in American adults. J. Dent. 2014, 42,
1428–1435. [CrossRef] [PubMed]

22. Amagai, N.; Komagamine, Y.; Kanazawa, M.; Iwaki, M.; Jo, A.; Suzuki, H.; Minakuchi, S. The effect of prosthetic rehabilitation and
simple dietary counseling on food intake and oral health related quality of life among the edentulous individuals: A randomized
controlled trial. J. Dent. 2017, 65, 89–94. [CrossRef] [PubMed]

http://doi.org/10.1177/0022034517713166
http://www.ncbi.nlm.nih.gov/pubmed/28605598
http://doi.org/10.1111/ggi.13921
http://www.ncbi.nlm.nih.gov/pubmed/32307825
http://doi.org/10.2186/jpr.JPOR_2019_567
http://doi.org/10.3390/ijerph18126666
http://www.ncbi.nlm.nih.gov/pubmed/34205795
http://doi.org/10.1111/ger.12603
http://doi.org/10.1111/ger.12347
http://www.ncbi.nlm.nih.gov/pubmed/29882364
http://doi.org/10.1007/BF02493469
http://www.ncbi.nlm.nih.gov/pubmed/1308667
http://doi.org/10.1111/joor.13161
http://doi.org/10.2188/jea.16.117
http://doi.org/10.1016/S0749-3797(04)00077-7
http://doi.org/10.1111/j.1741-2358.2011.00517.x
http://www.ncbi.nlm.nih.gov/pubmed/21812809
http://doi.org/10.1111/j.1601-0825.2005.01136.x
http://www.ncbi.nlm.nih.gov/pubmed/16269034
http://doi.org/10.1111/joor.12319
http://www.ncbi.nlm.nih.gov/pubmed/26095117
http://doi.org/10.1111/j.1741-2358.2012.00647.x
http://doi.org/10.1016/j.jpor.2019.04.010
http://doi.org/10.1177/000348940811701210
http://doi.org/10.2186/jpr.JPR_D_20_00032
http://doi.org/10.1093/gerona/56.3.M146
http://doi.org/10.1016/j.jdent.2014.08.012
http://www.ncbi.nlm.nih.gov/pubmed/25174947
http://doi.org/10.1016/j.jdent.2017.07.011
http://www.ncbi.nlm.nih.gov/pubmed/28739319


J. Clin. Med. 2022, 11, 5902 12 of 12

23. Doi, T.; Hinode, D.; Nakae, H.; Yoshioka, M.; Matsuyama, M.; Iga, H.; Fukushima, Y. Relationship between Chewing Behavior
and Oral Conditions in Elementary School Children Based on the “Chewing 30” Program: An Intervention Study. J. Dent. Health
2016, 66, 438–444. [CrossRef]

24. Le Reverend, B.; Saucy, F.; Moser, M.; Loret, C. Adaptation of mastication mechanics and eating behaviour to small differences in
food texture. Physiol. Behav. 2016, 165, 136–145. [CrossRef]

25. Mioche, L.; Bourdiol, P.; Martin, J.F.; Noel, Y. Variations in human masseter and temporalis muscle activity related to food texture
during free and side-imposed mastication. Arch. Oral Biol. 1999, 44, 1005–1012. [CrossRef]

26. van der Bilt, A.; Abbink, J.H. The influence of food consistency on chewing rate and muscular work. Arch. Oral Biol. 2017, 83,
105–110. [CrossRef]

27. Goto, T.; Nakamich, A.; Watanabe, M.; Nagao, K.; Matsuyama, M.; Ichikawa, T. Influence of food volume per mouthful on
chewing and bolus properties. Physiol. Behav. 2015, 141, 58–62. [CrossRef]

28. Yoshimura, S.; Hori, K.; Uehara, F.; Hori, S.; Yamaga, Y.; Hasegawa, Y.; Akazawa, K.; Ono, T. Relationship between body mass
index and masticatory factors evaluated with a wearable device. Sci. Rep. 2022, 12, 4117. [CrossRef]

29. Uehara, F.; Hori, K.; Hasegawa, Y.; Yoshimura, S.; Hori, S.; Kitamura, M.; Akazawa, K.; Ono, T. Impact of masticatory behaviors
measured with wearable device on metabolic syndrome: Cross-sectional study. JMIR Mhealth Uhealth 2022, 10, e30789. [CrossRef]

30. Sun, L.; Ranawana, D.V.; Tan, W.J.; Quek, Y.C.; Henry, C.J. The impact of eating methods on eating rate and glycemic response in
healthy adults. Physiol. Behav. 2015, 139, 505–510. [CrossRef]

31. Iwasaki, M.; Motokawa, K.; Watanabe, Y.; Shirobe, M.; Ohara, Y.; Edahiro, A.; Kawai, H.; Fujiwara, Y.; Kim, H.; Ihara, K.; et al.
Oral hypofunction and malnutrition among community-dwelling older adults: Evidence from the Otassha study. Gerodontology
2022, 39, 17–25. [CrossRef] [PubMed]

32. Hatanaka, Y.; Furuya, J.; Sato, Y.; Uchida, Y.; Shichita, T.; Kitagawa, N.; Osawa, T. Associations between Oral Hypofunction Tests,
Age, and Sex. Int. J. Environ. Res. Public Health 2021, 18, 256. [CrossRef] [PubMed]

33. Nakamura, M.; Hamada, T.; Tanaka, A.; Nishi, K.; Kume, K.; Goto, Y.; Beppu, M.; Hijioka, H.; Higashi, Y.; Tabata, H.; et al.
Association of Oral Hypofunction with Frailty, Sarcopenia, and Mild Cognitive Impairment: A Cross-Sectional Study of
Community-Dwelling Japanese Older Adults. J. Clin. Med. 2021, 10, 1626. [CrossRef] [PubMed]

34. Shimazaki, Y.; Nonoyama, T.; Tsushita, K.; Arai, H.; Matsushita, K.; Uchibori, N. Oral hypofunction and its association with frailty
in community-dwelling older people. Geriatr. Gerontol. Int. 2020, 20, 917–926. [CrossRef]

35. Yamaguchi, K.; Hara, K.; Nakagawa, K.; Yoshimi, K.; Ariya, C.; Nakane, A.; Furuya, J.; Tohara, H. Ultrasonography Shows
Age-related Changes and Related Factors in the Tongue and Suprahyoid Muscles. J. Am. Med. Dir. Assoc. 2021, 22, 766–772.
[CrossRef]

36. Hiiemae, K.M.; Palmer, J.B. Food transport and bolus formation during complete feeding sequences on foods of different initial
consistency. Dysphagia 1999, 14, 31–42. [CrossRef]

37. Tsuga, K.; Yoshikawa, M.; Oue, H.; Okazaki, Y.; Tsuchioka, H.; Maruyama, M.; Yoshida, M.; Akagawa, Y. Maximal voluntary
tongue pressure is decreased in Japanese frail elderly persons. Gerodontology 2012, 29, e1078–e1085. [CrossRef]

38. Yoshida, M.; Kikutani, T.; Tsuga, K.; Utanohara, Y.; Hayashi, R.; Akagawa, Y. Decreased tongue pressure reflects symptom of
dysphagia. Dysphagia 2006, 21, 61–65. [CrossRef]

39. Namasivayam, A.M.; Steele, C.M.; Keller, H. The effect of tongue strength on meal consumption in long term care. Clin. Nutr.
2016, 35, 1078–1083. [CrossRef]

40. Liu, H.Y.; Chen, J.H.; Hsu, K.J.; Yao, C.T.; Chen, P.H.; Hsiao, S.Y.; Lin, C.L. Decreased Tongue Pressure Associated with Aging,
Chewing and Swallowing Difficulties of Community-Dwelling Older Adults in Taiwan. J. Pers. Med. 2021, 11, 653. [CrossRef]

41. Murakami, K.; Hori, K.; Yoneda, H.; Sato, N.; Suwanarpa, K.; Sta Maria, M.T.; Marito, P.; Nokubi, T.; Ono, T. Compatibility of two
types of gummy jelly tests for detecting decreased masticatory function. Gerodontology 2021, 39, 10–16. [CrossRef] [PubMed]

42. Yurkstas, A. Compensation for inadequate mastication. Br. Dent. J. 1951, 91, 261–262. [PubMed]
43. Dahlberg, B. The masticatory habits; an analysis of the number of chews when consuming food. J. Dent. Res. 1946, 25, 67–72.

[CrossRef] [PubMed]
44. Ohno, K.; Fujita, Y.; Ohno, Y.; Takeshima, T.; Maki, K. The factors related to decreases in masticatory performance and masticatory

function until swallowing using gummy jelly in subjects aged 20–79 years. J. Oral Rehabil. 2020, 47, 851–861. [CrossRef] [PubMed]
45. Zhu, Y.; Hollis, J.H. Differences in chewing behaviors between healthy fully dentate young and older adults assessed by

electromyographic recordings. Int. J. Food Sci. Nutr. 2015, 66, 452–457. [CrossRef] [PubMed]

http://doi.org/10.5834/jdh.66.5_438
http://doi.org/10.1016/j.physbeh.2016.07.010
http://doi.org/10.1016/S0003-9969(99)00103-X
http://doi.org/10.1016/j.archoralbio.2017.07.011
http://doi.org/10.1016/j.physbeh.2015.01.007
http://doi.org/10.1038/s41598-022-08084-5
http://doi.org/10.2196/30789
http://doi.org/10.1016/j.physbeh.2014.12.014
http://doi.org/10.1111/ger.12580
http://www.ncbi.nlm.nih.gov/pubmed/34212426
http://doi.org/10.3390/ijerph181910256
http://www.ncbi.nlm.nih.gov/pubmed/34639564
http://doi.org/10.3390/jcm10081626
http://www.ncbi.nlm.nih.gov/pubmed/33921265
http://doi.org/10.1111/ggi.14015
http://doi.org/10.1016/j.jamda.2020.10.012
http://doi.org/10.1007/PL00009582
http://doi.org/10.1111/j.1741-2358.2011.00615.x
http://doi.org/10.1007/s00455-005-9011-6
http://doi.org/10.1016/j.clnu.2015.08.001
http://doi.org/10.3390/jpm11070653
http://doi.org/10.1111/ger.12601
http://www.ncbi.nlm.nih.gov/pubmed/34726288
http://www.ncbi.nlm.nih.gov/pubmed/14886458
http://doi.org/10.1177/00220345460250020201
http://www.ncbi.nlm.nih.gov/pubmed/21023672
http://doi.org/10.1111/joor.12975
http://www.ncbi.nlm.nih.gov/pubmed/32270885
http://doi.org/10.3109/09637486.2015.1038222
http://www.ncbi.nlm.nih.gov/pubmed/26008719

	Introduction 
	Materials and Methods 
	Participants 
	Survey Items 
	Poor Oral Hygiene 
	Oral Dryness 
	Occlusal Force 
	Tongue–Lip Motor Function 
	Maximum Tongue Pressure 
	Masticatory Performance 
	Swallowing Function 
	Masticatory Behaviors 

	Analysis 

	Results 
	Participants’ Oral Condition and Oral Hypofunction 
	Comparison of Masticatory Behaviors in Participants with and without Oral Hypofunction 
	Comparison of Masticatory Behaviors by Oral Hypofunction Sub-Symptoms 
	Relationship between Masticatory Performance and Number of Chews 

	Discussion 
	Measurement of Masticatory Behaviors 
	Oral Hypofunction 
	The Characteristics of Masticatory Behaviors in Older Adults with Oral Hypofunction (and Its Sub-Symptoms) 
	Relationship between Masticatory Behaviors and Masticatory Performance 
	Limitations and Future Study 

	Conclusions 
	References

