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Abstract

Background: There are several researches demonstrating that com-
munity-based educational and exercise programs can improve oral 
function in older people. However, the relationship between oral 
function and long-term participation in health programs has not been 
fully elucidated. The objective of this study was to clarify the oral 
health status and oral function of older people (≥ 65 years) who had 
been participating in community-based exercise programs at commu-
nity salons.

Methods: We enrolled 108 women (mean age: 77.6 ± 5.7 years) who 
participated in oral and physical exercise programs once a week at 
community salons in Takehara throughout May 2017. This cross-
sectional pilot study was approved by the Ethical Committee of Hi-
roshima University and informed consent was obtained from all par-
ticipants. To assess oral function, the following tests were performed: 
tongue pressure test, oral diadochokinesis (ODK) measurement, re-
petitive saliva swallowing test (RSST) and oral wetness measurement.

Results: A significant negative correlation was found between age 
and ODK or RSST (Spearman’s rank correlation; P = 0.007 and P = 
0.01, respectively). The duration of participation ranged widely from 1 
month to 7 years (median: 2.3 years). Although there was no significant 
difference between participation period and oral function, individuals 
who had been participating for 3 years or longer did not demonstrate 
a negative relationship between age and oral wetness. Furthermore, 
they exhibited a weaker negative relationship between age and oral 
function (i.e. tongue pressure, ODK and RSST) when compared with 

individuals who had been participating for less than 3 years.

Conclusions: Our results suggest that long-term participation in com-
munity salon exercise programs may suppress the deterioration of oral 
function in older people. Further study will be necessary to clarify the 
significant correlation between oral function and community-based 
social activities such as oral exercise.

Keywords: Older people; Oral function; Community-based exercise 
program

Introduction

Since Japan is aging more rapidly than any other country in the 
world, preventive health care becomes more important to pro-
long healthy life expectancy. The Japanese Ministry of Health, 
Labor and Welfare has attempted to establish a Community-
Based Integrated Care System Model [1]. In this model, com-
munity-based older people can live the rest of their lives in fa-
miliar environment, even if they come to need long-term care. 
It is thought that older people could maintain physical and cog-
nitive function through the promotion of long-term preventive 
care to avoid health problems [2]. For the preventive health 
care of older people, it is important to increase their activity in 
daily life and encourage participation in social activities.

Among community-dwelling older people, social and 
physical activity at community salons that are located within 
walking distance is now recommended to facilitate healthy ag-
ing by maintaining their functional capacity. Therefore, spe-
cialists in rehabilitation (e.g. physical therapists, occupational 
therapists, speech-language-hearing therapists, public health 
nurses, dietitians and dental hygienists) play a significant role 
in providing preventive health care to older people. Recently, 
dental hygienists have become involved in community dental 
health services, particularly for older people in Japan.

There are several research papers demonstrating that com-
munity-based educational and exercise programs can improve 
oral function in older people [3-5]. However, the relationship 
between oral function and long-term participation in health 
programs has not been fully elucidated. Therefore, as a pre-
liminary assessment, we performed a cross-sectional study to 
investigate the relationship between duration of participation, 
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oral function and oral health status in older people who had 
been participating in community-based exercise programs in 
Takehara, Hiroshima.

Materials and Methods

Subjects

We included 153 women aged ≥ 65 years who participated in 
oral and physical exercise programs once a week across eight 
community salons in Takehara, Japan throughout May 2017. 
Since there were only a very small number of male participants 
at the community salons, we decided to exclude men in this 
study. Informed consent was obtained from 112 participants. 
Finally, we enrolled 108 (mean age: 77.6 ± 5.7 years) of 112 
women after exclusion of four individuals because of their in-
complete questionnaire. The study design was approved by the 
Ethical Committee of Hiroshima University (No. E-741) and 
all participants signed an informed consent agreement. None 
of the community-dwelling older people included in this study 
had been certified as requiring long-term care or support. In 
addition, they had been participating in both oral and physical 
exercise programs every week. Oral exercise instruction was 
provided by a dental hygienist. Oral exercise was performed 
according to the training method recommended by the Japa-
nese Society of Dysphagia Rehabilitation, which is composed 
of several swallowing exercises (i.e. pursed-lip breathing, neck 
rotation exercise, shoulder-up and -down exercises, arm exer-
cise, ballooning and pursing exercise of the cheeks, tongue ex-
ercise, salivary gland massage and pronunciation practice) [6]. 
To assess oral status, a dental hygienist examined the teeth pre-
sent, excluding retained roots, and the use of dentures. Next, 
oral bacterial counts, oral wetness measurement and oral func-
tion tests were performed. Eating, drinking and oral cleaning 
were prohibited within 30 min of examination.

Oral bacterial count

The number of oral bacteria in patient samples was deter-
mined using a Bacterial Counter (DU-AA01 NP-H; Panasonic 
Healthcare Co., Ltd, Tokyo, Japan), with the dielectrophoretic 
impedance change being converted to bacterial concentra-
tion per mL for each sample (colony-forming units (CFUs)/
mL). This device ensures that only viable bacteria are counted. 
Samples were obtained from the tongue dorsum using a cotton 
swab, according to the manufacturer’s protocols. The number 
of bacteria was defined as follows: level 1 (lower than 105 
CFU/mL), level 2 (≥ 105 to < 106 CFU/mL), level 3 (≥ 106 to 
< 106.5 CFU/mL), level 4 (≥ 106.5 to < 107.0 CFU/mL), level 
5 (≥107.0 to < 107.5 CFU/mL), level 6 (≥ 107.5 to < 108.0 CFU/
mL) and level 7 (≥ 108.0 CFU/mL) [7].

Oral wetness

Oral wetness was evaluated using an oral moisture-checking 

device (Moisture Checker Mucus®, Scalar, Tokyo) according 
to a previous method [8]. The level of oral moisture was meas-
ured at the tongue dorsum 10 mm from the apex linguae. The 
median values of the measurements were calculated from three 
independent measurements. A value of ≥29.6 was defined as a 
normal moisture level.

Tongue pressure

Maximum tongue pressure was measured using a tongue pres-
sure manometer with a balloon probe (TPM-01; JMS Co. Ltd, 
Hiroshima, Japan). Measurement was performed according to a 
previous report [9]. Briefly, the participants were asked to place 
the balloon probe between the tongue and the anterior part of 
the palate with the lips closed. The participants were then asked 
to press the balloon onto the palate for 5 s. The mean value was 
obtained from three independent measurements.

Oral diadochokinesis

Oral diadochokinesis (ODK) was used for the evaluation of 
motor speech abilities. Participants were instructed to repeat 
the monosyllables /pa/, /ta/ and /ka/ as quickly as possible for 
5 s. The number of repetitions was automatically measured by 
a counting device (Kenko-kun; Takei Scientific Instruments, 
Niigata, Japan).

Repetitive saliva swallowing test (RSST)

The participants were instructed to swallow saliva as many 
times as possible over a 30-s period. Elevation of the thyroid 
cartilage during swallowing was assessed by touch. Fewer 
than three swallows over 30 s was considered a swallowing 
disorder.

Data collection using a questionnaire

To examine the risk of dysphagia and frailty, we conducted a 
questionnaire investigation. The risk of dysphagia was evalu-
ated using the dysphagia risk assessment for the community-
dwelling elderly (DRACE) [10]. This is a reliable method to 
evaluate the risk of dysphagia in older people and includes 12 
evaluation items (i.e. fever, a long time to eat, difficulties with 
swallowing, difficulties with eating hard food, dropping food 
from the mouth, choking while eating food, choking while 
drinking liquid, food entering the nasal cavity after swallow-
ing, voice change after eating food, sensation of food stuck 
in the esophagus, phlegm at the back of the throat, and sen-
sation of food rising into the mouth from the stomach). The 
answers include often (score = 2), sometimes (score = 1) and 
never (score = 0). According to a previous study [10], we cal-
culated the total score for each given category and considered 
a DRACE score ≥ 4 as indicating a high risk of dysphagia.

We also assessed the frailty of the participants using a Ki-
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hon Checklist (KCL) developed by the Japanese Ministry of 
Health, Labor and Welfare [11]. This checklist is composed of 
25 items and several categories (i.e. physical strength, nutri-
tional status, oral function, houseboundness, cognitive status 
and depression risk). The total of all scores ranged from 0 to 
25. Individuals with a score ≥ 7 were determined to be in a 
state of frailty, based on the findings of a previous study [12]. 
In addition, we asked about the history of dental examination 
and tooth brushing instruction within the past year and the type 
of tooth cleaning apparatus regularly used.

Statistical analysis

Spearman’s rank correlation coefficient was used for statistical 
analysis. The Mann-Whitney U test was used as a nonpara-
metric alternative to the independent t-test to assess significant 
differences, with P values less than 0.05 regarded to be statisti-
cally significant. One-way analysis of variance (ANOVA) with 
the Tukey post hoc test or Kruskal-Wallis test were also used. 
Statistical analysis was performed using JMP® Pro 12 software 
(SAS Institute Inc., Cary, NC, USA).

Results

Clinical factors of study population

The participants’ clinical factors are summarized in Table 1. 
The mean number of remaining teeth was 16.8 ± 9.9 in 108 
participants. Seventy of 108 (64.8%) participants used full (n 
= 11) or partial dentures (n = 59). More than 50% of partici-
pants showed a high oral bacterial count (levels 5 and 6). The 
mean DRACE score was 4.3 ± 3.4, and 60 (55.6%) of 108 par-
ticipants exhibited a DRACE score ≥ 4, indicating that more 
than half of the individuals had a risk of dysphagia. The mean 
KCL score was 5.4 ± 3.8. The number of participants with a 
KCL score ≥ 7 was 39 (36.1%). The mean oral moisture value 
was 30.4 ± 2.3. The mean tongue pressure was 30.5 ± 8.6 kPa. 
Repetition of the monosyllables /pa/, /ta/ and /ka/ occurred 5.7 
± 1.0, 5.6 ± 1.0 and 5.4 ± 0.9 times per second, respectively. In 
addition, the mean RSST value was 3.4 ± 1.2 times over 30 s.

The percentage of participants who choked during a meal 
once a month, several times a week or every day was 13.9% 
(n = 15), 5.5% (n = 6) and 0.93% (n = 1), respectively. In ad-
dition, the percentage of participants who had received a den-
tal examination or tooth brushing instruction within the past 
year was 46.2% (n = 50) and 24.0% (n = 26), respectively. 
Regarding the tooth cleaning apparatus used, the percentage of 
participants who used a toothbrush alone, a toothbrush and an 
interdental brush, and a toothbrush, an interdental brush and 
dental floss was 42.3% (n = 44), 42.3% (n = 44) and 5.8% (n 
= 6), respectively.

Correlation between age and clinical factors

We examined the correlation between age and clinical factors. 

There was a significant negative relationship between age and 
tongue pressure or RSST (Spearman’s rank correlation; r = 
-0.35, P < 0.001, and r = -0.32, P = 0.01, respectively). A sig-
nificant negative correlation was also found between age and 
ODK (Spearman’s rank correlation; Pa/r = -0.21, P = 0.029; 
Ta/r = -0.21, P = 0.027; and Ka/r = -0.26, P = 0.007, respec-
tively). Furthermore, a significant correlation was found be-
tween age and DRACE score (Spearman’s rank correlation; r 
= 0.343, P = 0.011).

Correlation between frailty and clinical factors

The association of KCL score with oral function parameters 
such as tongue pressure, ODK, RSST and DRACE was ex-
amined. A significant negative association was found between 
KCL score and ODK (Spearman’s rank correlation; Pa/r = 
-0.28, P = 0.003; Ta/r = -0.28, P = 0.003; and Ka/r = -0.36, P < 
0.001, respectively). There was a significant negative associa-
tion between KCL score and RSST (Spearman’s rank correla-
tion; r = -0.23, P = 0.019). However, no significant correlation 
was found between KCL score and tongue pressure (Spear-

Table 1.  Clinical Factors of Study Population

Clinical factors n (%)
Age in years (mean: 77.6 ± 5.7)
  65 - 69 7 (6.5%)
  70 - 79 64 (59.3%)
  80 - 89 36 (33.3%)
  ≥ 90 1 (0.9%)
Number of remaining teeth (mean: 16.8 ± 9.9)
  ≥ 20 55 (50.9%)
  10 - 19 22 (20.4%)
  0 - 9 31 (28.7%)
Denture
  Non-user 38 (35.2%)
  Partial denture 59 (54.6%)
  Full denture 11 (10.2%)
Level of bacterial count
  Level 2 4 (3.7%)
  Level 3 8 (7.4%)
  Level 4 30 (27.8%)
  Level 5 54 (50.0%)
  Level 6 12 (11.1%)
DRACE score (mean: 4.3 ± 3.4)
  < 4 (low risk of dysphagia) 48 (44.4%)
  ≥ 4 (high risk of dysphagia) 60 (55.6%)
KCL score (mean: 5.4 ± 3.8)
  < 7 (non-frailty) 69 (63.9%)
  ≥ 7 (frailty) 39 (36.1%)
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man’s rank correlation; r = -0.12, P = 0.23).

Association of participation period with clinical factors

The duration of participation ranged widely from 1 month to 
7 years (median: 2.3 years). To clarify the effect of the par-
ticipation period on oral function in older people, we first in-
vestigated the correlation between participation duration, oral 
hygiene status (i.e. moisture level and oral bacterial count) and 
parameters of oral function (i.e. tongue pressure and ODK) us-
ing Spearman’s rank correlation coefficient. However, there 
was no significant difference between participation period 
and oral hygiene status or oral function. Next, we examined 
the correlation between participation period by year (i.e. first-
seventh) and clinical factors using one-way ANOVA with the 
Tukey post hoc test or Kruskal-Wallis test (Table 2). However, 
there was no significant difference between participation pe-
riod by year and clinical status. In addition, we compared the 
parameters of oral function between people who had partici-
pated for 3 years or longer (≥ 3 years participation group) and 
those who had participated for less than 3 years (< 3 years 
participation group) (Table 3). Statistical analysis was per-
formed using the t-test or Mann-Whitney U test. However, 
no significant difference was found in the parameters of oral 
function between the two groups. Furthermore, we examined 
the correlation between age and parameters of oral function in 
those two groups. The ≥ 3 years participation group showed a 
significant negative relationship between age and the number 
of remaining teeth (Spearman’s rank correlation; r = -0.63, P < 
0.01) (Table 4). Interestingly, the ≥ 3 years participation group 
showed a positive relationship between age and oral wetness 
(Spearman’s rank correlation; r = 0.19), while the < 3 years 
participation group showed a negative relationship (Table 4). 
Furthermore, the former group exhibited a much weaker nega-
tive relationship between age and oral function when com-
pared with the latter group (Table 4). Conversely, people who 
had been participating for less than 3 years showed a signifi-
cant negative correlation between age and oral functions such 
as tongue pressure, ODK and RSST.

Discussion

Aging-dependent deterioration has been reported in regards to 
tongue pressure and ODK in older people [13, 14]. The deteri-
oration of oral function is attributed to a reduction in masseter 
muscle volume and poorer masseter muscle and labial move-
ment [13, 14]. In this study, mean values of oral function in 
independent older people were similar to the previous results 
reported by another group in Japan [14]. We also found that 
age was significantly correlated with decreased oral function 
and the risk of dysphagia, supporting the notion that aging is 
related to deteriorating oral function in older people. Further-
more, approximately 50% of older people exhibited a DRACE 
score of ≥ 4 and 15% of participants experienced choking dur-
ing a meal, whether frequent or not. These results indicate that 
many independent community-dwelling older people have Ta
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the potential risk of dysphagia. Therefore, oral rehabilitation 
as part of a community-based social activity is considered es-
sential for older people to maintain their oral function. A pre-
vious study showed that oral exercise over a 3-month period 
prompted both maintenance and improvement of oral function, 
such as ODK and salivary flow, in both healthy older people 
and those with a high risk of oral deterioration [15]. In addi-
tion, Yamada et al [16] reported that community-dwelling old-
er people who participated in self-managed exercise exhibited 
a lower incidence of requiring long-term care services than 
non-participants. Self-managed group exercise may be effec-
tive to maintain physical function in older people [16]. These 
results revealed that a regular exercise program may be useful 
for community-dwelling older people (i.e. people who do not 
need long-term care) to prevent the deterioration of physical 
function. Moreover, participation in health programs may play 
a significant role in maintaining mental health as well as physi-
cal function by promoting social activity with other people.

In the present study, we found a significant association be-

tween frailty risk and decreased oral function (i.e. RSST and 
ODK). Decreased bite force is also reported to be significantly 
associated with frailty in community-dwelling older people 
[14]. These results suggest that deterioration of oral function is 
related to frailty in older people. In addition, frailty and mal-
nutrition are closely related and are both highly prevalent in 
the older population [17]. Moreover, a significant association 
with dysphagia and malnutrition has been found in communi-
ty-dwelling older people [17]. These results suggest that main-
tenance of swallowing ability is necessary to prevent malnutri-
tion and dysphagia-related disease such as pneumonia in older 
people. Collectively, oral exercise would be helpful to main-
tain swallowing ability and prevent frailty in older people.

Although the percentage of frail participants was higher 
in the ≥ 3 years participation group (44.4%) when compared 
with the < 3 years participation group (27.8%), the long-term 
participation group exhibited a weaker negative relationship 
between their oral function and age than the short-term par-
ticipation group. Importantly, age-dependent dry mouth was 

Table 3.  Clinical Factors of < 3 Years Participation and ≥ 3 Years Participation Group

Clinical factors
Participation duration

P value
< 3 years (n = 54) ≥ 3 years (n = 54)

Age 76.7 ± 0.7 78.5 ± 0.7 0.11
Moisture level 30.4 ± 2.4 30.3 ± 2.2 0.54
Number of remaining teeth 17.4 ± 9.6 16.2 ± 10.3 0.77
Level of bacterial count 4.5 ± 0.9 4.6 ± 0.9 0.49
Tongue pressure (kPa) 30.6 ± 8.2 30.5 ± 9.2 0.96
ODK (times/s)
  Pa 5.9 ± 0.9 5.6 ± 1.0 0.27
  Ta 5.6 ± 1.1 5.5 ± 0.9 0.83
  Ka 5.4 ± 1.2 5.5 ± 0.8 0.79
DRACE score 3.7 ± 2.8 4.8 ± 3.9 0.54
RSST (times/30 s) 3.3 ± 1.1 3.5 ± 1.4 0.24
KCL score 4.8 ± 3.3 6.0 ± 4.2 0.18

Table 4.  Correlation Between Age and Clinical Factors in < 3 Years Participation and ≥ 3 Years Participation Group

Clinical factors
Correlation coefficient

< 3 years (n = 54) ≥ 3 years (n = 54)
Moisture level -0.17 0.19
Number of remaining teeth 0.05 -0.63**
Tongue pressure (kPa) -0.41** -0.29*
ODK (times/s)
  Pa -0.31* -0.06
  Ta -0.30* -0.11
  Ka -0.24 -0.25
DRACE score 0.12 0.34
RSST (times/30 s) -0.42** -0.28*

*P < 0.05, and **P < 0.01.
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not found in the ≥ 3 years participation group, suggesting 
that salivary gland function may not have been impaired in 
an age-dependent manner in this group. Our results raise the 
possibility that long-term participation in physical exercise 
may suppress the deterioration of oral function in community-
dwelling older people. Long-term (i.e. 4 years) physical exer-
cise has significantly reduced the number of people requiring 
long-term care services [16]. Importantly, these results sug-
gest that long-term participation in physical exercise, includ-
ing oral exercise, may contribute to the maintenance of oral 
function in older people.

In conclusion, long-term participation in exercise pro-
grams may suppress the deterioration of oral function in older 
people. There were few community salons that had been open 
for more than 5 years in this pilot study. Accordingly, further 
additional study will be necessary to clarify the significant cor-
relation found between oral function and participation in com-
munity-based social activities, such as oral exercise programs.
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