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Abstract 

Background: Few studies have examined the relationship between oral functions and the physical pre-frailty status, 
classified using physical function tests. This cross-sectional study aimed to clarify this association among community-
dwelling older people from the Itoshima Frail Study in Itoshima Fukuoka Prefecture.

Methods: Of the 1,555 individuals invited to join the study, 381 (188 males and 193 females) enrolled. Their physical 
pre-frailty was assessed with a classification system consisting of two physical indicators (fatigue and unintentional 
weight loss, determined with a questionnaire), two functional components (declined walking speed and muscle 
weakness, determined using a body function measuring instrument), and declined physical activity (examined 
using a triaxial accelerometer). Subsequently, the individuals were classified into three groups: robust, pre-frailty, and 
frailty. Along with the number of teeth remaining, oral functions, such as masticatory performance, tongue pressure 
strength, and oral diadochokinesis (ODK), were examined. Data regarding social activity and exercise habits were col-
lected, and the individuals’ body compositions were measured. Odds ratios (ORs) and 95% confidence intervals (CIs) 
for the physical pre-frailty were calculated using logistic regression models.

Results: In this study, 126 (33%) participants presented with physical pre-frailty. The participants in the robust group 
were younger, had stronger maximum handgrip strength, and walked faster than those in the physical pre-frailty 
group (p < 0.001). The robust group presented with better oral functions (masticatory performance, p = 0.015; oral 
ODK /ta/, p = 0.004). The physical pre-frailty status was significantly associated with age (OR, 1.111; 95% CI, 1.048–
1.178; p < 0.001), masticatory performance (OR, 0.819; 95% CI, 0.680–0.986; p = 0.035), low ODK/ta/ (OR, 1.864; 95% CI, 
1.069–3.250; p = 0.028), and low social activity (OR, 2.273; 95% CI, 1.308–3.951; p = 0.004).

Conclusion: This study indicated that older people with higher age, lower anterior tongue movement, lower masti-
catory performance, and lower social activity are positively associated with physical pre-frailty.
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Background
Globally, the aging population is a common issue. 
Many older people need nursing care for approximately 
10  years of their lives [1]. The long-term care burden 
for the aged has resulted in a major shortage of caregiv-
ers and funding for long-term care insurance and other 
services in major countries worldwide [2, 3]. Frailty and 
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pre-frailty are symptoms of aging characterized by func-
tional decline and vulnerability due to stressors because 
of reduced physiological reserve. This condition led to an 
increased risk of requirement for nursing care [4, 5]. The 
pre-frailty condition precedes frailty and is barely notice-
able. There are so few signs that even frailty that changes 
ones’s pre-frailty physical condition is barely noticeable 
[6]. Several studies suggest that focusing on frailty and 
pre-frailty is important for preventing nursing care and 
concluded that exercise and nutrition interventions  are 
among the most successful methods to reduce frailty [7, 
8]. However, these reviews did not focus on oral func-
tions, although oral functions are closely related to physi-
cal functions [9, 10] and nutrition [11].

However, some recent studies have reported that 
decreased oral functions, such as tongue strength and 
masticatory performance, are associated with frailty and 
pre-frailty [12, 13]. Although Watanabe et  al. [14] and 
Shimazaki et  al. [15] reported that frailty was associ-
ated with a decline in the masticatory performance and 
swallowing functions, respectively, they classified the 
frailty status using questionnaires, not subjective physical 
function tests. Only a few studies have investigated the 
relationship between oral function and physical frailty, 
classified using physical function tests [16, 17]. The use 
of questionnaire survey is simple, and it can even be per-
formed by non-professionals; hence, it is suitable for use 
as a screening tool in large-scale surveys [18]. However, 
objective evaluations, such as physical function tests, 
are important because physical pre-frailty is difficult to 
notice independently.

To the best of our knowledge, there have been few 
studies focused on oral functions in older people with 
physical pre-frailty classified by physical function tests. 
We hypothesized that oral functions are associated with 

physical pre-frailty, which was evaluated using physi-
cal function tests. Thus, this study aimed to explore the 
potential association between oral function and physical 
pre-frailty in community-dwelling older people.

Methods
Participants
Invitations to enroll in this cross-sectional study were 
sent to 1,555 community-dwelling older people from the 
Itoshima Frail Study (IFS; 2017) at Itoshima City, Fukuoka 
Prefecture. Among them, 410 individuals participated 
in the study between September and December 2020; 
however, 29 were excluded, and the total number of par-
ticipants enrolled was 381 (188 males and 193 females). 
These participants were classified into the robust and 
pre-frailty groups using the Japanese version of the frailty 
criteria proposed by Chen [18]. The classification consists 
of two functional components (muscle weakness and 
declined walking speed), two physical indicators (fatigue 
and unintentional weight loss), and low energy expendi-
ture in terms of physical activity. These test items consist 
of three measurements and two questions. Each meas-
urement and question was equally counted as 1 point, 
and the participants were given a score ranging from 0 
to 5 points. Those with a score of 0 were included in the 
robust group, those with a score of 1 or 2 in the physi-
cal pre-frailty group, and those with a score of ≥ 3 in the 
physical frailty group. The exclusion criteria for the study 
were as follows: those who were frailty (n = 7); could not 
complete the oral and physical function tests because of 
physical disabilities (n = 15); and had missing data in the 
questionnaires about their social activities and exercise 
habits (n = 7; as shown in Fig. 1).

All participants were informed of the study and 
provided consent to participate. Furthermore, the 

Fig. 1 Flowchart of the participants included in the study
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participants were informed that the data obtained would 
not be used for other purposes or published and would 
not lead to any personal identification. They were free to 
withdraw from the study at any time. The Institutional 
Review Board of Kyushu University, Japan, approved this 
study (Application number: 202005).

Physical function
The participants were classified into robust and pre-
frailty groups using the Japanese version of the frailty 
criteria proposed by Chen [18]. The classification con-
sists of two functional components (muscle weakness 
and declined walking speed), two physical indicators 
(fatigue and unintentional weight loss), and low energy 
expenditure in terms of physical activity. Table  1 shows 
the cutoff values of the measurements used in this study. 
Each measurement and question was equally counted as 
1 point, and the participants were given a score ranging 
from 0 to 5 points. Those who scored 0 were included in 
the robust group, whereas those who scored 1 or 2 were 
included in the physical pre-frailty group.

Grip strength
Grip strength, used as an indicator of muscle weakness, 
was measured using an electronic grip strength meter 
(Grip D TKK-5401, Takei Scientific Instruments Co. Ltd., 
Niigata, Japan). The second joint of the index finger was 
at a right angle to the grip meter, and the display was on 
the outside. The subjects were instructed to keep their 
legs apart, lower their arms naturally, and grip the meter 
completely [19]. The measurements were repeated twice, 
alternating between hands. Representative values for 

both hands were adopted as the indicator of weakness. 
The cutoff values considering sex and age were obtained 
from a previous study [19].

Slowness
A five-meter maximum gait speed was taken as an indi-
cator of declined walking speed. The participants were 
instructed to walk for 11  m at the maximum walking 
speed possible without running. The measurements were 
carried out twice, and the time was recorded between the 
third and eighth meters. The maximum value obtained 
was adopted as the indicator of declined walking speed. 
The cutoff values considering sex and age were obtained 
from a previous study [19].

Exhaustion
The participants were asked the following questions to 
determine the level of fatigue over the past 1 month: “Did 
you feel that everything you did was an effort?” and “Did 
you feel exhausted without any reason?” [19].

Shrinking
The participants were asked whether they experi-
enced any unintended weight loss of > 2–3 kg in the last 
6 months [19].

Low physical activity
The physical activity of participants was objectively 
measured using a triaxial accelerometer (Active Style Pro, 
HJA350-IT, Omron Healthcare, Co Ltd, Kyoto, Japan). 
The participants wore this device on the waist or hips 
for at least 1 week. Low physical activity was defined as 

Table 1 Definitions of each measurement for physical pre-frailty

BMI Body mass index

Definitions

Grip strength Male  ≤ 27.60 kg for BMI < 18.5, ≤ 32.10 kg for 18.5 ≤ BMI < 25,
 ≤ 30.35 kg for 25 ≤ BMI < 30, ≤ 29.70 kg for BMI ≥ 30

Female  ≤ 20.00 kg for BMI < 18.5, ≤ 19.40 kg for 18.5 ≤ BMI < 25,
 ≤ 20.40 kg for 25 ≤ BMI < 30, ≤ 20.00 kg for BMI ≥ 30

Slowness Male Time ≥ 3.08 s for height < 165.0 cm or time ≥ 2.84 s for height ≥ 165.0 cm

Female Time ≥ 3.17 s for height < 152.3 cm or time ≥ 2.97 s for height ≥ 152.3 cm

Exhaustion A positive answer to either of 2 self-reported questions. Participants were 
asked how they felt in last 1 month: “Do you feel that everything you do is 
an effort?;” “Do you feel exhausted without any reason?”

Weakness Male  ≤ 27.60 kg for BMI < 18.5, ≤ 32.10 kg for 18.5 ≤ BMI < 25,
 ≤ 30.35 kg for 25 ≤ BMI < 30, ≤ 29.70 kg for BMI ≥ 30

Female  ≤ 20.00 kg for BMI < 18.5, ≤ 19.40 kg for 18.5 ≤ BMI < 25,
 ≤ 20.40 kg for 25 ≤ BMI < 30, ≤ 20.00 kg for BMI ≥ 30

Shrinking Unintentional weight loss of > 2–3 kg in the past 6 months

Low physical activity Male  ≤ 6.63 kcal/kg/d

Female  ≤ 8.24 kcal/kg/d
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scores within the lowest 20% of daily energy expenditure 
for physical activity, stratified by sex. Data were quanti-
fied as kilocalories per kilogram of body weight spent 
per day (kcal/kg/day). The determination of the dura-
tion of the fit was based on the longest period of gener-
ally recommended time. We defined the valid day as that 
of > 600  min, and the eligibility criterion for the partici-
pants was those with ≥ 3 valid days [19].

Body composition
In addition to the height and weight, the body fat and 
skeletal muscle masses of the trunk were measured using 
a commercial multi-frequency body composition instru-
ment (MC-980A plus, TANITA Co., Tokyo, Japan). Sub-
sequently, the body mass index (BMI) was calculated 
using the values for weight and height.

Oral function
Four trained dentists performed the oral examinations 
after the calibration. Moreover, they developed a meas-
urement protocol before the initiation of the investiga-
tion, and measurements were conducted according to the 
procedure of the protocol. They examined and counted 
the number of teeth present in each participant, and 
teeth with increased mobility (Miller’s classification 3) 
and those without a crown were excluded from the count 
as they were nonfunctional [20, 21].

Masticatory performance
A test chewing gum (Masticatory Performance Evalu-
ating Gum XYLITOL; Lotte Co Ltd.; 70 × 20 × 1  mm; 
30  g) containing a dyed substance that changes color 
from green to red when mixed with saliva was used for 
the test. This test chewing gum was developed to pro-
vide a quick and objective evaluation in various situa-
tions as well as to assess the masticatory performance in 
older people [22–25]. The participants were instructed to 
chew the gum freely at a rate of once per second for 60 s 
at a comfortable point. The color of the chewed gum was 
measured on a 10-point scale immediately after chewing 
to minimize the color change with time [21].

Tongue pressure
Maximum tongue pressure was measured using a tongue 
depressor from JMS (TPM-01, JMS Co. Ltd., Hiroshima, 
Japan). The maximum tongue pressure was defined as the 
pressure applied by the tongue when participants pressed 
the balloon attached to the tongue depressor to the ante-
rior part of the palate. The maximum value was recorded 
after three measurements. In the case of a denture user, 
the pressure was measured with the denture in place [26].

Oral Diadochokinesis (ODK)
The speed and smoothness of the tongue and lip move-
ments were comprehensively measured to determine 
the ODK. The participants repeatedly pronounced the 
syllables /pa/, /ta/, and /ka/ in succession with 5  s for 
each syllable, and the pronounciations were recorded 
using a counter machine (Kenkokun Handy, Takei Sci-
entific Instruments, Niigata, Japan). Simultaneously, 
the machine calculated the number of pronunciations 
per second. When the count was less than six times per 
second, the tongue–lip motor function was considered 
to be decreased [26].

Data collection for other variables
The participants answered a questionnaire during the 
measurement session. The questionnaire consisted of 
questions about their social activity and exercise habits, 
in addition to sex and age. The answer was coded as a 
“yes” when they responded affirmatively to participate 
in at least one of the following activities: local events 
(such as volunteer groups and hobby activity groups); 
community associations; senior citizen clubs; and other 
activities [27]. The participants described their exercise 
habits, including the frequency of their weekly activ-
ity and time spent in each session during the previous 
month. The following exercise habits were included: 
normal or brisk walking; repeated movement exer-
cise; ground golf; hiking; bowling; ballroom dancing; 
cycling; and other types of exercises. The exercise habit 
was defined as performing the activity at least once per 
week during leisure time [28].

Sample size calculation
The sample size was estimated using G* Power (ver. 
3.1.9.4, Universität Kiel, Kiel, Germany), and the min-
imum sample sizes for the groups were calculated. 
A previous study revealed that the mean ± standard 
deviation values for tongue pressure in the robust 
and frailty groups were 29.5 ± 8.2 and 24.1 ± 9.4  kPa, 
respectively [29]. A minimum total sample size of 88 
was calculated considering an effect size of 0.61, α of 
0.05, and a power (1 − β) of 0.80.

Statistical analysis
A P-value of < 0.05 was considered to be statistically 
significant. The Statistical Package for the Social Sci-
ences version 26.0 software program (IBM Corpora-
tion., Armonk, NY, USA) performed analyses.

Comparison of the robust and physical pre‑frailty groups
The participants were divided into two groups accord-
ing to Chen’s criteria: robust group (n = 188) and 
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physical pre-frailty group (n = 193). Student’s t-test and 
chi-square test were used to investigate significant dif-
ferences in mean values between the two groups.

Binary logistic regression analysis
The odds ratios (ORs) and 95% confidence intervals (CIs) 
were calculated using the multivariate logistic regression 
after simultaneous controlling. The robust and physi-
cal pre-frailty groups were used as dependent variables. 
In addition to age and sex, each variable with a p-value 
of < 0.05 in the t-test or chi-square test was selected as 
an independent variable. Hence, age (continuous), sex (0, 
male; 1, female), masticatory performance (continuous), 
ODK/ta/ (0, normal; 1, decreased), and social activity (0, 
yes; 1, no) were considered as independent variables for 
the binomial logistic regression analysis. Additionally, for 
the independent variables with a p-value of < 0.20 in the 
t-test or chi-square test, sensitivity analyses were per-
formed. Hence, age, sex, BMI (continuous), body fat mass 
(continuous), skeletal muscle mass (continuous), num-
ber of remaining teeth (continuous), masticatory perfor-
mance, tongue pressure (continuous), ODK/pa/, /ta/, /ka/ 
(0, normal; 1, decreased), and social activity were con-
sidered as independent variables for the binomial logis-
tic regression analysis. Grip strength and walking speed 
were not considered as independent variables because 
they were used for the diagnosis of physical pre-frailty.

Results
Table  2 shows the study participants’ characteristics. 
The study enrolled 381 individuals with a mean age of 
72.6  years. The participants in the robust group were 
younger, presented with stronger maximum handgrip 
strength, and walked faster than those in the physi-
cal pre-frailty group (p < 0.001). Moreover, those in the 
robust group had a lower body fat mass of the body trunk 
and more skeletal muscle mass (p < 0.05). The robust 
group presented with better oral functions in terms of 
the masticatory performance and ODK /ta/ (p = 0.015 
and p = 0.004, respectively); however, there were no sig-
nificant differences in the number of remaining teeth 
and other oral functions. The participants in the robust 
group had a more social activity than those in the physi-
cal pre-frailty group (p = 0.005). However, there were no 
significant differences in exercise habits between the two 
groups.

After adjusting for confounding factors in the binomial 
logistic regression analysis, physical pre-frailty was found 
to be significantly associated with age (OR, 1.111; 95% CI, 
1.048–1.178; p < 0.001), female sex (OR, 1.214; 95% CI, 
0.768–1.919; p < 0.407), masticatory performance (OR, 
0.819; 95%CI, 0.680–0.986; p = 0.035), low ODK/ta/ (OR, 
1.864; 95%CI, 1.069–3.250, p = 0.028), and low social 

activity (OR, 2.273; 95%CI, 1.308–3.951; p = 0.004). The 
Hosmer–Lemeshow test revealed that the model had an 
acceptable fit with the data, with a chi-square statistical 
value of 10.729 (p = 0.218) and an accuracy of discrimina-
tion of 66.9% (Table 3). The results of the sensitivity anal-
ysis were the same as the results of the original logistic 
regression analysis in the final model.

The effect size and statistical power in the post hoc 
analysis were 0.25 and 0.77, respectively, when the mas-
ticatory performances between the robust and physical 
pre-frailty groups were compared.

Discussion
The results of this study showed that individuals with 
slow anterior tongue movement and the diminished mas-
ticatory performance had a higher possibility of devel-
oping physical pre-frailty than those with normal oral 
functions. Pre-frailty is the critical stage wherein the 
individual can either return to the robust state or pro-
gress to the frailty state; hence, appropriate interven-
tions are effective during this stage [8, 30]. A recent study 
reported that oral conditions, such as few remaining 
teeth, deteriorating oral health, and masticatory function 
impairment, were more frequently associated with frailty. 
Moreover, a previous study reported that slow anterior 
tongue movement was associated with prolonged chew-
ing time [31]. Additionally, tongue pressure has been 
reported to be mildly associated with frailty (low quality 
of evidence) [32]. The current study results were similar 
to those reported in the aforementioned review article.

Anterior tongue movement, measured as ODK/ta/, 
is a part of the masticatory performance to place food 
on the molars and buccal muscles [33]. It plays a criti-
cal role in eating efficiently and maintaining a sufficient 
nutrient intake [34]. For example, an unbalanced diet 
consisting mainly of carbohydrates with insufficient 
proteins, minerals, and vitamins leads to pre-frailty. 
Moreover, Izuno reported that ODK /ta/ is associated 
with many indicators of physical function, such as bend-
ing forward in a sitting position, balance, functional 
reach test, grip strength, and timed up and go test [9]. 
Although the direct association between oral function 
and physical pre-frailty was not demonstrated in the cur-
rent cross-sectional study, the decrease in oral function 
observed in the participants might precede the physical 
pre-frailty. Iyota et al. reported a difference in improve-
ment in the body composition following tongue lifting 
training between the robust and pre-frailty/frailty groups 
and indicated the importance of protein intake [35]. 
Additional studies are required to investigate the effects 
of improving oral function and nutritional education in 
preventing physical pre-frailty.
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A previous study reported that maximum isometric 
tongue pressure was independently related to frailty [29]; 
however, no such association was observed in the present 
study. This may be because the previous study evaluated 
only the tongue pressure and not the masticatory func-
tion. Moreover, that study used questionnaires on frailty, 
which were different from the ones used in the present 
study. Thus, further studies are required to examine the 
association between tongue pressure and physical frailty/
pre-frailty in the future.

Furthermore, no statistically significant association 
between physical pre-frailty and skeletal muscle mass 
was observed in this study. Makizako reported that 
skeletal muscle weakness preceded the decrease in skel-
etal muscle mass in older people with social frailty [36]. 

Moreover, Basaran reported that a decrease in muscle 
mass was associated with frailty [37]. These studies may 
indicate that a skeletal muscle mass decrease is a specific 
symptom of frailty, not pre-frailty, and may support our 
results. A cohort study might be needed to investigate 
the changes in skeletal muscle mass in individuals with 
pre-frailty.

Frailty has three phenotypes: physical, mental, and 
social [6]. Therefore, it may be reasonable to assume that 
social activity is associated with physical pre-frailty in the 
current study. A recent prospective cohort study showed 
that the symptoms of physical frailty predict the develop-
ment of social frailty [38]. Another cross-sectional study 
reported associations between oral, social, and physical 
frailties [16]. Oral frailty was evaluated using some oral 

Table 2 Comparison of variables between the robust and physical pre-frailty groups

Values are presented as mean ± standard deviation or number (%)

p-values and 95% CIs of the comparison between the robust and physical pre-frailty groups were obtained using the Student’s t-test and Pearson’s chi-square test

ODK was considered to be decreased if the value was less than six times per second

Variable Total
(n = 381)

Robust group
(n = 255)

Physical pre-
frailty group
(n = 126)

p-value, 95% Confidence interval

Age (years) 72.6 ± 3.9 72.1 ± 3.8 73.6 ± 4.1  < 0.001, − 2.302– − 0.597*

Sex (Male) 188 (49) 130 (51) 58 (46) 0.363, 0.795–1.870†

Body mass index (kg/m2) 23.0 ± 3.3 22.9 ± 3.1 23.4 ± 3.1 0.161, − 1.250–0.208*

Male 23.0 ± 2.8 24.0 ± 3.4

Female 22.7 ± 3.4 22.8 ± 3.6

Maximum grip strength (kg) 29.4 ± 7.9 30.7 ± 7.8 26.7 ± 7.6  < 0.001, 2.457–5.733*

Male 37.4 ± 4.6 33.0 ± 5.2

Female 23.8 ± 2.7 21.2 ± 4.4

5 m maximum gait speed (s) 2.7 ± 0.5 2.6 ± 0.4 2.8 ± 0.6  < 0.001, − 0.371– − 0.134*

Body fat mass (kg) 15.0 ± 6.1 14.9 ± 6.1 16.1 ± 6.5 0.101, − 2.509–0.225*

Male 13.0 ± 5.3 15.4 ± 6.1

Female 17.0 ± 6.2 16.7 ± 6.9

Skeletal muscle mass (kg) 40.6 ± 7.8 41.1 ± 7.7 39.6 ± 8.0 0.090, − 0.231–3.147*

Male 47.7 ± 4.9 47.0 ± 5.0

Female 34.2 ± 2.8 33.3 ± 2.9

Number of remaining teeth 22.6 ± 7.4 23.0 ± 6.9 21.7 ± 8.1 0.109, − 0.306–3.027*

Masticatory performance 7.9 ± 1.2 8.0 ± 1.1 7.7 ± 1.3 0.015, 0.066–0.600*

Tongue pressure (kPa) 36.7 ± 7.5 37.1 ± 7.3 35.8 ± 8.0 0.127, − 0.373–2.975*

ODK /pa/ Normal 319 (84) 220 (86) 99 (79) 0.055, 0.335–1.016†

Decreased 62 (16) 35 (14) 27 (21)

ODK /ta/ Normal 312 (82) 219 (86) 93 (74) 0.004, 0.272–0.788†

Decreased 69 (18) 36 (14) 33 (26)

ODK /ka/ Normal 236 (62) 166 (65) 70 (56) 0.071, 0.434–1.036†

Decreased 145 (38) 89 (35) 56 (44)

Social activity Yes 306 (80) 215 (84) 91 (72) 0.005, 1.234–3.462†

No 75 (20) 40 (16) 35 (28)

Exercise habit Yes 214 (56) 148 (58) 66 (52) 0.295, 0.819–1.931†

No 167 (44) 107 (42) 60 (48)
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function in the current study; therefore, it is interesting 
to note that the oral function was directly involved in the 
development of physical or social frailty.

Although several previous studies have evaluated the 
relationship between the oral condition and frailty or pre-
frailty [33, 39], assessment tools, such as Fried’s physical 
frailty phenotype, the Kihon checklist, and other types of 
questionnaires on physical activity, were used. Therefore, 
individuals with pre-frailty were considered robust, and 
their existing state was overlooked. As a result, they must 
have lost the opportunity to return to the healthy state 
[18] In the current study, we determined the pre-frailty 
state using several physical function tests. The percent-
ages of individuals in the robust, physical pre-frailty and 
frailty states were 66%, 32%, and 2%, respectively. These 
findings are similar to those in the study by Makino et al., 
where 49%, 47%, and 3.6% of the individuals belonged 
to the robust, pre-frailty, and frailty groups, respectively 
[40]. However, the participants in the present study were 
voluntarily enrolled in the survey, which might have 
increased the ratio of robust people. Therefore, these 
results must be carefully interpreted.

There were some limitations in the present study. 
First, we could not determine the causal relationship 
between pre-frailty and oral function because of the 
study’s cross-sectional nature. Therefore, the effect of 
lifestyle and oral function on the onset of pre-frailty 
must be assessed using cohort studies. Second, this 
study was conducted on older people living within a 
limited area. Additional studies comprising a wider 
range of older adults living in the community may be 

needed in the future. Third, the participants included 
in this study expressed their interest in enrolling in 
the survey; hence, they might have already been inter-
ested in social activities. Fourth, as we did not present 
the results of the inter-rater and intra-rater reliability, 
there might be measurement bias. Finally, many con-
founders are related to physical pre-frailty, such as an 
unbalanced diet, polypharmacy, decreased motivation, 
depression [41], and swallowing [42]; however, the pre-
sent study did not examine all the factors.

Conclusion
The results of this study showed that slow anterior 
tongue movement, which was measured as ODK/ta/, 
and low masticatory performance were substantially 
associated with physical pre-frailty among community-
dwelling older people.
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