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Abstract 
Aim: The present study aims to examine the association between tongue and 
lip movement and physical fitness with a sample of independent communi-
ty-dwelling elderly. Methods: A total of 119 older adults living in a city of Ja-
pan participated in this study. Tongue and lip movement was evaluated with 
oral diadochokinesis (ODK) rate for the syllable “pa”, “ta”, and “ka” meas-
ured by counting syllable repetitions within one second. Physical fitness was 
objectively evaluated with the Timed-Up and Go Test (TUG) and the 
30-Second Chair Stand Test (CS-30). Subjective physical fitness was also as-
sessed with a Physical Component Summary score (PCS) of the 36-item 
Short-Form Health Survey (SF-36). Partial correlation coefficients between 
ODK rates and physical fitness measures were obtained after adjusting the ef-
fects of age and the number of present teeth. Results: There were significant 
differences in ODK rates for the syllable “ta” and “ka” between the partici-
pants aged 65 - 74 and 75 or older. Significant differences in all the physical 
fitness measures were also observed in the two age groups. Partial correlation 
analysis with age and number of present teeth as covariates yielded significant 
correlations of ODK rates to TUG and PCS, but not with CS-30. Conclusion: 
Older adults whose functional mobility declined tended to maintain the 
movement of tongue and lips. Moreover, those who perceived declining 
physical fitness also tended to show a decline of tongue and lip movement. 
Thus, the present study added some knowledge on the relationships between 
general physical fitness and tongue and lip movement. It also made several 
suggestions for future interventions based on the findings. 
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1. Introduction 

The population is rapidly aging in Japan, even though it has attained one of the 
longest life expectancies in the world. Notably, Japan’s healthy life expectancy 
has not extended similarly to its life expectancy [1]. More endeavors are needed 
so that the elderly can maintain their functioning and independence. 

Recent arguments emphasize the importance of oral function as a critical fac-
tor to keep older adults functional and independent [2] [3]. The oral function is 
essential not only in terms of verbal communication but also concerning the in-
take of adequate nutrition. Malnutrition leads to sarcopenia or the decline of 
skeletal muscle tissue and function with age [4]. Because sarcopenia is one of the 
most significant causes of functional decline and loss of independence in older 
adults [4], a proper oral function is essential for the elderly to remain functional 
and independent. 

Among various aspects of oral function, such as occlusal force and saliva flow, 
the present study focused on tongue and lip movement because of its impor-
tance in ingesting and processing foods [5]. Research often uses oral diadocho-
kinesis (ODK) to evaluate the dexterity of tongue and lip movement [2] [6]. It 
requires an individual to repeatedly produce strings of syllables as fast as possi-
ble in a certain period, such as five seconds [6]. ODK rate for the individual is 
obtained by calculating the number of articulated syllables per unit time, such as 
one second [6]. Syllable “pa”, “ta”, and “ka” are often utilized for Japanese sam-
ples [7]. ODK for the syllable “pa” represents lip movement, whereas ODK for 
the syllable “ta” and “ka” represents the movement of the dorsum of the tongue 
[8]. 

In research conducted in Japan with samples of independent older adults, 
mean ODK rates range between 5 to 7 per second [6] [7] [8] [9], whereas those 
ranging 4 to 5 per second in research with samples of older adults needed help 
for activities of daily living [10] [11]. Research also suggests ODK rate declines 
with age [6] [7] [8] [9]. 

In addition to functional decline and aging, general physical fitness may be 
significantly associated with tongue and lip movement in older adults. Izuno et 
al. [6] examined associations between ODK and five measures of physical fitness 
with a sample of 66 independent community-dwelling elderly. In that study, 
mean ODK rates for syllable “pa”, “ta”, and “ka” ranged from 6.3 to 6.9 for the 
participants aged 65 - 69, and from 5.2 to 6.3 for those aged 70 or older. They 
reported significant associations between ODK for the syllable “pa” and func-
tional mobility, ODK for the syllable “ta” and lower body flexibility, and ODK 
for the syllable “ka” and grip strength as well as balance ability. They concluded 
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that tongue and lip movement was associated with physical fitness. However, 
they suggested that more examinations with larger samples are needed to gain 
insights on associations between tongue and lip movement and physical fitness. 

Watanabe et al. [8] compared the ODK rate among robust, prefrail, and frail 
older people with a large sample in Japan. The study assigned 4720 communi-
ty-dwelling elderly into three groups, namely the robust, prefrail, and frail 
group. The frailty phenotype was decided according to five domains of physical 
fitness, including mobility, strength, endurance, physical activity, and nutritional 
status. The results denoted that the frail group had a significantly lower ODK 
rate than the robust group. The study also examined influences of age on tongue 
and lip movement by comparing ODK rates among four age groups: 65 - 69, 70 - 
74, 75 - 79, 80 or older. They reported that ODK rates declined with age, sug-
gesting deteriorations of tongue and lip movement with age. Their findings sug-
gest significant associations between tongue and lip movement and physical fit-
ness. However, they did not directly investigate associations between specific 
physical fitness measures and tongue and lip movement. Further investigations 
are, therefore, needed to know what aspects of physical fitness have significant 
associations with tongue and lip movement. 

It is valuable to understand relationships between tongue and lip movement 
and physical fitness in terms of preventing loss of independence in communi-
ty-dwelling elderly. Such preventive interventions in Japan frequently include 
exercise aimed at promoting motor functions contributing to physical fitness 
[12] [13]. If physical fitness is significantly associated with tongue and lip 
movement, such interventions may work for promoting oral function as well. 
Moreover, it becomes easier to identify older adults who may have some prob-
lems in eating and swallowing before examination of oral function, provided the 
associations are significant. Concerning the issue mentioned above, the present 
study also examined associations between tongue and lip movement and subjec-
tive physical fitness to explore the effectiveness of an elderly’s perceptions of 
physical fitness on detecting a decline in tongue and lip movement. 

In summary, the present study aimed to examine relationships between tongue 
and lip movement and physical fitness in independent community-dwelling el-
derly in Japan. 

2. Methods 
2.1. Participants 

People aged 65 years or older who lived in a residential area of an urban city in 
Hokkaido, Japan, were recruited as participants for a survey held on a university 
campus located in the city in March 2018. They were informed of the survey by 
flyers circulated through the community centers of that area. 

2.2. Data Collection 

Oral diadochokinesis was measured to assess tongue and lip movement. Partici-
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pants were asked to articulate the “pa” syllable repetitively as quickly as possible 
for 5 seconds. The number of articulations was counted with an automatic 
counter (T.K.K.3351 digital counter, Takei Scientific Instruments Co. Itd., Niga-
ta city, Nigata, Japan). The same procedure was repeated for syllables “ta” and 
“ka”. The average number of articulations per second for “pa”, “ta”, and “ka” 
were respectively calculated as the ODK rate for each syllable.  

Objective physical fitness was evaluated in terms of lower limb strength and 
functional mobility. Lower limb strength was assessed with a 30-Second Chair 
Stand Test (CS-30) [14]. The test was started at the posture of participants sitting 
on the chair with both limbs spread to the width of the shoulder, separated the 
back from the backrest, and the arms were assembled in front of the chest. The 
participants were then asked to rise and sit on a chair repeatedly as quickly as 
possible within 30 seconds. The number of times the participant stood up for 30 
seconds was counted as his/her CS-30 score. According to Nakatani et al. [14], 
standard scores for male adults aged 65 - 69, 70 - 74, 75 - 79, 80, and older are 
respectively 18 - 21, 16 - 20, 15 - 17, and 14 - 16. Likewise, those for female 
adults are 17 - 21, 15 - 19, 13 - 17, and 13 - 16. Functional mobility, which in-
corporates limb muscle strength, walking ability, dynamic balance, and agility, 
was evaluated with Timed-Up and Go Test (TUG) [15]. TUG measures the time 
that takes a participant to stand up from a chair, walk a distance of 3 meters, 
turn, walk back to the chair, and sit down. The shorter the time of TUG, the bet-
ter the functional mobility. 

Subjective physical fitness was evaluated with the Physical Component Sum-
mary (PCS) score of the Japanese version of Medical Outcomes Study 36-item 
Short Form Survey version 2.0 (SF-36v2) [16]. The scale is widely used to eva-
luate health-related quality of life. It consists of eight subscales: physical func-
tioning, physical role functioning, bodily pain, general health perception, vitali-
ty, social role functioning, emotional role functioning, and mental health. Each 
subscale score can range from 0 to 100. A higher score means a higher level of 
health-related QOL. In this study, the PCS score was used to assess participants’ 
subjective physical fitness. It was calculated by an algorithm provided by iHope 
International Corporation after raw scores of the subscales were standardized 
using means and standard deviations from the general Japanese population pro-
vided by the same company. The mean PCS for people aged 60 - 69 and 70 - 79 
gained from the general Japanese population are respectively 46.9 ± 11.6 and 
42.1 ± 14.6 regardless of sex [17]. 

Participant demographic information including age, gender, family structure, 
form of living, and regular hospital visit was collected with a self-administrated 
questionnaire. Participants were also asked about the number of outings per 
week as an indicator of their activity. Their level of instrumental activities of 
daily living (IADL) was assessed as an indicator of physical, cognitive, and social 
function by the Rouken-Shiki scale [18]. This 13-item scale was developed in Ja-
pan and ranged from 0 to 13, with a lower score indicating poorer IADL. Nutri-
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tional status was evaluated with body mass index (BMI) calculated based on 
measured weight and height. Numbers of both present and functional teeth were 
also counted in an oral examination by dental hygienists as an index of oral con-
dition. Existing teeth are the natural teeth retained, while functional teeth are 
both natural and artificial ones that are present. 

2.3. Data Analysis 

All data were statistically analyzed with SPSS statistics 24 (IBM, Armonk, NY, 
USA). First, to explore age differences in ODK rate and physical fitness meas-
ures, participants were divided into two groups: 65 - 74 (≤74 age group) and 75 
years or older (≥75 age group). Such age classification was thought to be mea-
ningful because healthcare and welfare policies for the elderly in Japan are de-
veloped based on those age groups. Then, influences of age and sex on ODK 
rates and physical fitness measures were examined by two-way analysis of va-
riance (ANOVA). Sidak test was conducted as a post-hoc test when the main ef-
fects of either age or sex were significant. Finally, partial correlation coefficients 
were obtained to examine relations between ODK rates and physical fitness 
measures independent of covariates: age and number of present teeth. 

2.4. Ethical Consideration 

Approval of the protocol was obtained from the Institutional Review Board at 
the authors’ affiliated university (IRB No. 206) in February 2017. Verbal and 
written informed consents were obtained from individual participants. 

3. Results 
3.1. Participant Characteristics 

One hundred nineteen older adults participated in this survey. Participant cha-
racteristics are shown in Table 1. The participants’ age ranged from 65 to 88 
years old. More than half of the participants were female, and 70% of partici-
pants’ households were only for the elderly. Nearly 80% of the participants 
owned their houses or apartment rooms. Besides, over 90% went outside more 
than 3 times a week. More than 80% of the participants visit clinic(s) or hospit-
al(s) regularly. BMI as nutritional status ranged from 15.1 - 32.3, with its mean 
23.5 (±3.4). The number of present teeth of the participants ranged from 0 to 31, 
whereas the number of functional teeth ranged from 23 to 32. 

3.2. Oral Diadochokinesis 

Means and standard deviations of the ODK rate for the three syllables in all, fe-
male, and male participants in the two age groups are shown in Table 2. Data on 
the ODK rate was almost normally distributed. There was no sex difference in 
means of ODK rate for the syllable “pa” (P = 0.41), “ta” (P = 0.98), and “ka” (P = 
0.50). On the other hand, means of ODK rate for the syllable “ta” (P = 0.01) and 
“ka” (P = 0.01) in the ≤74 age group was higher than the ≥75 age group.  
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Table 1. Participants’ characteristics (n = 119). 

Characteristic M SD n % 

Age 73.3 5.3 119  

Gender     

Male   53 44.5 

Female   66 55.5 

Family structure     

Living alone   18 15.1 

Living with suppose   65 54.6 

Living with child(ren)   33 27.7 

Others   3 2.5 

Form of living     

Own house/apartment rooms   98 82.3 

Rented house/apartment rooms   14 11.8 

Others   7 5.9 

Number of those who visit clinic(s)/hospital(s) regularly 99 83.2 

Number of outing per week     

1 - 2   12 10.1 

3 - 4   50 42.0 

5 - 6   29 24.4 

Everyday   28 23.5 

IADL 12.1 1.2   

BMI 23.5 3.4   

Number of present teeth 20.0 8.0   

Number of functional teeth 27.6 1.5   

Note. M, mean; SD, standard deviation; IADL, instrumental activities of daily living; BMI, body mass index. 
 

Table 2. Means and standard deviations of oral diadochokinesis rates and physical fitness variables for all, female, and male par-
ticipants in two age groups (n = 119). 

 
65 - 74 years 75 years or older 

All Female Male All Female Male 

Variable M (SD) n M (SD) n M (SD) n M (SD) n M (SD) n M (SD) n 

ODK “pa” 6.1 (0.9) 67 6.3 (0.8) 43 5.9 (1.0) 24 5.9 (0.8) 44 5.8 (0.9) 18 5.9 (0.7) 26 

ODK “ta” 6.2 (0.9) 66 6.3 (0.9) 42 5.9 (1.0) 24 5.8 (0.8) 44 5.7 (0.9) 18 5.8 (0.8) 24 

ODK “ka” 5.9 (0.9) 67 6.0 (0.9) 43 5.8 (1.0) 24 5.5 (0.7) 45 5.5 (0.8) 19 5.5 (0.6) 26 

CS-30 20.9 (5.8) 68 21.4 (5.5) 43 20.1 (6.3) 25 17.9 (5.9) 46 17.7 (6.9) 20 18.1 (5.2) 26 

TUG (sec) 6.8 (1.9) 68 6.8 (2.0) 43 6.9 (1.8) 25 7.9 (1.5) 45 8.0 (1.5) 20 7.8 (1.5) 25 

PCS 47.0 (10.0) 67 48.8 (6.8) 43 48.7 (10.4) 24 44.1 (11.9) 45 43.1 (12.4) 20 44.9 (11.6) 25 

Note. M, mean; SD, standard deviation; ODK, oral diadochokinesis; CS-30, the 30-Second Chair Stand Test; TUG, Timed-Up & Go test; PCS, Physical 
Component Summary score of Medical Outcomes Study 36-item Short-Form Survey. 
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However, no significant difference was found in the ODK rate for the syllable 
“pa” between the age groups (P = 0.12).  

3.3. Physical Fitness 

Table 2 also presents means and standard deviations of the physical fitness 
measures for all, female, and male participants in the two age groups. Data of 
each physical fitness measure was also almost normally distributed. Between fe-
male and male participants, there were no significant differences in mean scores 
of all the measures: CS-30 (P = 0.70); TUG (P = 0.83); PCS (P = 0.66). On the 
other hand, significant age differences in means were observed in all the meas-
ures. The mean of CS-30 in the ≤74 age group was significantly larger than the 
≥75 age group (P = 0.01). Similarly, the ≤74 age group has a shorter mean TUG 
time compared with the ≥75 age group (P = 0.002). In addition to these objective 
physical fitness measures, a mean PCS score for the ≤74 age group was signifi-
cantly higher than one for the ≥75 age group (P = 0.02). 

3.4. Associations between ODK and Physical Fitness 

Prior to partial correlation analysis, intercorrelations for participant characteris-
tics, ODK rate, and physical fitness measures were explored (Table 3). As the 
table shows, age was significantly associated with ODK rate for the syllable “ta” 
(P = 0.004) and “ka” (P = 0.014) as well as all the physical fitness measures: 
CS-30 (P = 0.004); TUG (P = 0.001); PCS (P = 0.01). However, it was not related 
to the ODK rate for the syllable “pa” (P = 0.15). In addition to age, the number 
of present teeth had significant associations with ODK rate for the syllable “ta” 
(P = 0.001) and “ka” (P = 0.001) but not with that for the syllable “pa” (P = 0.07). 
Number of present teeth was also significantly associated with CS-30 (P = 0.002) 
and TUG (P = 0.008) but not with PCS (P = 0.94). Gender was associated only  

 
Table 3. Intercorrelations for participant characteristics, oral diadochokinesis rates, and physical fitness measures (n = 102). 

Variable 1 2 3 4 5 6 7 8 9 10 

1. Age -          

2. Gender −0.33** -         

3. BMI 0.05** −0.20** -        

4. Teeth −0.28** 0.16 −0.10** -       

5. ODK “pa” −0.14* 0.17* −0.12** 0.18 * -      

6. ODK “ta” −0.28** 0.14* −0.18* 0.31** −0.78** -     

7. ODK “ka” −0.24** 0.20* −0.15** 0.31** −0.73** 0.87** -    

8. CS-30 −0.29** 0.16 −0.25** 0.30** −0.25** 0.24** 0.20** -   

9. TUG 0.33** −0.12* 0.21* −0.23* −0.25** −0.34** −0.28** −0.31** -  

10. PCS −0.26** 0.06* −0.33** 0.01* −0.32** 0.38** 0.32** 0.29** −0.38** - 

Note. BMI, Body mass index; Teeth; the number of the present teeth; ODK, oral diadochokinesis; CS-30, the 30-Second Chair Stand Test; TUG, Timed-Up 
& Go test; PCS, Physical Component Summary score of Medical Outcomes Study 36-item Short-Form Survey. *P < 0.05. **P < 0.01. 
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with the ODK for the syllable “ka” weakly but not with the ODK for the syllable 
“pa” (P = 0.08) and “ka” (P = 0.16) as well as any of the physical fitness meas-
ures: CS-30 (P = 0.12); TUG (P = 0.24); PCS (P = 0.52). 

Based on the results above, partial correlation coefficients between ODK rate 
and physical fitness measures were obtained with age and the number of present 
teeth as covariates (Table 4). As it illustrates, no significant association was 
found between CS-30 and ODK rate for all the syllables: “pa” (P = 0.05); “ta” (P 
= 0.22); “ka” (P = 0.39). TUG had a significant but weak association with ODK 
rate for the syllable “pa” (P = 0.048) and “ta” (P = 0.02) but not with ODK rate 
for syllable “ka” (P = 0.06). On the other hand, PCS had significant associations 
with ODK rate for all the syllables: “pa” (P = 0.001); “ta” (P < 0.001); “ka” (P = 
0.002). 

4. Discussion 

The present study investigated associations between tongue and lip movement 
and physical fitness with a sample of community-dwelling independent older 
adults. Results suggested that tongue and lip movement was significantly asso-
ciated with functional mobility and subjective physical fitness even after adjust-
ing the effects of age and number of present teeth.  

Participants in the present study could be characterized as being generally 
healthy, functional, and active even most of them visit clinic(s) or hospital(s) 
regularly. Results of BMI, as well as the number of present and functional teeth, 
indicated that they generally stayed in good nutritional status and oral condi-
tion. The mean score of the IADL scale in the present study was close to its 
maximum score, suggesting they were adequately functional to live indepen-
dently. Also, most participants regularly outed more than 3 times a week, and 
nearly half of them outed more than 5 times a week, suggesting that they had a 
relatively active lifestyle. 

Results also suggested that participants in the present study were average in 
physical fitness. Results of CS-30 indicated that the participants had average 
lower limb strength based on standard scores proposed by Nakatani et al. [14]. 
 

Table 4. Partial correlations for oral diadochokinesis and physical fitness measures with age and number of present teeth as cova-
riates (n = 96). 

Variable 1 2 3 4 5 6 

1. ODK “pa” -      

2. ODK “ta” 0.77** -     

3. ODK “ka” 0.72** 0.86** -    

4. CS-30 0.19* 0.12** 0.09 -   

5. TUG −0.19** −0.24** −0.19 −0.21 -  

6. PCS −0.31** 0.36** −0.30** 0.26** −0.34** - 

Note. ODK, oral diadochokinesis; CS-30, the 30-Second Chair Stand Test; TUG, Timed-Up & Go test; PCS, Physical Component Summary score of Medical 
Outcomes Study 36-item Short-Form Survey. *P < 0.05. **P < 0.01. 
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Results of TUG were also similar to results from past literature [19], suggesting 
that the participants had average functional mobility compared to their coun-
terparts. On the other hand, the results of PCS suggested that participants in the 
present study had a slightly higher level of subjective physical fitness compared 
with the reference scores that Fukuhara and Suzukamo [17] presented, even 
though age classification was different between the studies. Thus, the partici-
pants in this study were thought to be generally and physically - healthy and 
functional. 

Mean ODK rates in the present study were similar to results from past studies 
[7] [8]. Results on the associations between age and ODK for the syllable “ta” 
and “ka” indicated that tongue movement declines with age among independent 
older adults. This deterioration is consistent with findings from past studies 
examining the influences of age on oral function [6] [7] [8]. Such deteriorations 
in tongue movement may be related to decreases in tongue thickness and muscle 
strength with age observed in previous studies [20] [21]. 

In contrast, ODK for syllable “pa”, which represents lip movement, was not 
affected by age in the present study. This finding is inconsistent with results 
from past literature reporting that ODK for the syllable “pa” also declined with 
age [6] [7] [8]. This decline may be due to the distinctions in age classifications 
between the studies. For example, Watanabe et al. [8] classified participants into 
four age groups and observed differences between them, while the present study 
divided those into two. It was believed that a smaller age classification would 
make it easier to detect age-dependent effects. Another possible reason for the 
inconsistency is that lip movement is less likely to be affected by age compared 
to tongue movement. In the present study, the correlation analysis yielded no 
significant linear association between age and ODK rate for the syllable “pa”. 
This result is consistent with findings from Watanabe et al. [8]. In their study, 
both of the 70 - 74 and 75 - 79 age groups had the same means and standard 
deviations of ODK for the syllable “pa”. Both findings indicated no linear asso-
ciation between age and ODK for the syllable “pa”, suggesting that lip movement 
can be stable while people are getting old. Past literature has rarely focused on 
the difference in age-dependent changes between tongue and lip movement. 
Further examinations are required to address this issue adequately. 

In addition to age, the number of present teeth was significantly associated 
with ODK rates for all the syllables in the present study. The number of present 
teeth is a cardinal indicator of oral health condition [22]. Eklund and Burt [22] 
also reported that oral health was affected by the patients’ cumulative disease 
experience and treatments chosen. The findings indicate that maintaining good 
oral and general health contributes to a higher number of present teeth as well as 
better tongue and lip movement. 

Results of the partial correlation analysis yielded significant associations be-
tween some of the physical fitness measures and ODK rates even after adjusting 
the effects of age and number of present teeth. Among the measures, PCS, which 
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represents subjective physical fitness, significantly correlated to ODK rates for all 
the syllables. The correlation coefficients for those associations indicate that the 
PCS data can explain approximately 10% of the variance of the ODK rate data in 
the present study. This finding suggests that when the elderly perceive a decline 
in general physical fitness, their actual tongue and lip movements also deteri-
orate. This degeneration is practically relevant because the elderly’s subjective 
evaluation of physical fitness helps healthcare professionals identify the high-risk 
group for declining movements of the tongue and lips without objectively eva-
luating them. It may also be helpful for older adults to be timely aware of their 
declining tongue and lip movement by themselves. Such early awareness can 
lead to an early intervention aimed at promoting oral function, including tongue 
and lip movement, which in turn, contribute to delaying new onsets of sarcope-
nia and physical frailty [3]. In the present study, PCS of SF-36 was utilized to as-
sess physical fitness subjectively. Future studies should explore whether there are 
other valid and straightforward measures of subjective physical fitness that are 
associated with tongue and lip movement. 

Despite the significant associations between ODK rate and PCS, the objective 
physical fitness measures had no or only weak associations with ODK rates. 
Scores of CS-30 were not significantly associated with ODK for any of the syl-
lables, suggesting no direct association between lower limb strength and tongue 
and lip movement. Scores of TUG, on the other hand, had a weak but significant 
association with ODK rate for the syllable “pa” and “ta”, suggesting that func-
tional mobility is weakly associated with lip and tongue body movement. Such a 
distinction was possibly observed because ODK evaluates tongue and lip move-
ment in terms of dexterity rather than muscle strength. TUG is a more compre-
hensive measure of motor functions compared with CS-30 that represents 
mainly lower limb strength. This disparity may have contributed to the signifi-
cant association between ODK and TUG. 

The findings also can be applied to efforts to retain and improve the elderly’s 
tongue and lip movement. Several studies have shown the effectiveness of exer-
cise programs for community-dwelling elderly on the improvement of physical 
functions including muscle strength as well as functional mobility with a sample 
of community-dwelling elderly in Japan [23] [24]. Such effective exercise pro-
grams may be able to show their effectiveness in promoting tongue and lip 
movement if the functional ability is significantly associated with it. Such appli-
cation of exercise programs to promote the oral function in older adults is vital 
in terms of cost and resource-saving for long-term care prevention efforts in su-
per-aged societies, such as Japan. It would also be efficient for older people, as 
they do not need to attend multiple intervention programs. 

Thus, the results of the present study suggest that tongue and lip movement is 
associated with physical fitness. Some suggestions were also discussed based on 
the findings for future interventions targeting independent community-dwelling 
elderly. However, there is still a dearth of knowledge on relationships between 
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tongue and lip movement and physical fitness. For example, research has not 
adequately examined relationships between physical fitness and other aspects of 
tongue and lip movement, such as the strength of tongue and orbicularis muscle. 
Moreover, whether the findings can be applied to those with loss of independent 
and/or hospitalized ones because the participant in the present study was inde-
pendent and relatively healthy. Also, it is still unknown whether interventions 
aimed at promoting motor functions facilitate tongue and lip movement. 
Therefore, future studies should have a longitudinal research design with mul-
tiple measures of tongue and lip movement with both samples of older adults 
with different functional and health levels. 

5. Conclusion 

The present study found that tongue and lip movement was associated with 
functional mobility and subjective physical fitness in independent communi-
ty-dwelling elderly. It was also suggested that when older adults perceived a de-
cline in physical fitness, their tongue and lip movement also tended to decline. 
This decline may contribute to an early awareness of declining tongue and lip 
movement by healthcare professionals as well as older adults by themselves. 
Moreover, effective exercise programs aimed at promoting motor functions may 
work for retaining tongue and lip movement in the elderly. 
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