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Abstract 
Objective: Oral diadochokinesis (ODK) has been shown to be associated with 
oral frailty. In this study, we investigate the relationship between physical 
function, swallowing function, nutritional evaluation, and each syllable of 
ODK. Methods: The subjects are 26 elderly people living in an area where 
they can walk. ODK, tongue pressure, modified water swallowing test, EAT-10, 
grip strength, MNA-SF, skeletal muscle index, height, weight, and BMI were 
evaluated. For statistical analysis based on ODK values, the subjects were di-
vided into two groups on the basis of the number of times the syllables /pa/, 
/ta/, and /ka/ were repeated: 1) The first group with >6 repetitions exceeded 
six; 2) the second group with ≤5 repetitions. Both groups were compared us-
ing the Mann-Whitney U test (Model 1). In addition, the syllables /pa/, /ta/, 
and /ka/ were also divided among the groups and a comparison was per-
formed (Model 2). Results: In Model 1, the tongue pressure value was signif-
icantly higher in the good group (p < 0.01). In Model 2, the good group 
showed significantly higher values for the syllables /pa/ (p < 0.01) and /ta/ (p 
< 0.05). There was no significant difference in the values for the syllable /ka/. 
Conclusion: In community-dwelling elderly people, tongue pressure was po-
sitively associated with ODK values for the syllables /pa/ and /ta/, suggesting 
that tongue pressure may be associated with strength of the lip and tongue tip 
muscles. Furthermore, it was suggested that the ODK values may even be 
lower than normal values in the elderly who maintain skeletal muscle mass 
and thus have adequate tongue pressure; therefore, these indicators may be 
used as a guideline to assess oral frailty. 
 

Keywords 
Oral Frailty, Oral Diadochokinesis, Community-Dwelling Elderly,  

How to cite this paper: Sakaguchi, K. and 
Hara, S. (2022) Association of Oral Diado-
chokinesis, Physical Function and Swal-
lowing Function in Community-Dwelling 
Elderly People. Advances in Aging Research, 
11, 16-25. 
https://doi.org/10.4236/aar.2022.111002 
 
Received: December 8, 2021 
Accepted: January 24, 2022 
Published: January 27, 2022 
 
Copyright © 2022 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/aar
https://doi.org/10.4236/aar.2022.111002
https://www.scirp.org/
https://doi.org/10.4236/aar.2022.111002
http://creativecommons.org/licenses/by/4.0/


K. Sakaguchi, S. Hara 
 

 

DOI: 10.4236/aar.2022.111002 17 Advances in Aging Research 
 

Swallowing Function, Physical Function 

 

1. Introduction 

The elderly are prone to suffering from dysphagia due to presbyphagia. They are 
prone to falling into frailty and sarcopenia compared to the young. Frailty is be-
lieved to progress through stages: a social/psychological frailty phase as the 1st 
stage, then a nutritional frailty phase/oral frailty as the 2nd stage, a physical 
frailty phase as the 3rd stage, and a severe frailty phase as the 4th stage [1]. Fur-
thermore, although the 1st stage - 3rd stage frailty phases are reversible, the 3rd 
stage to the 4th stage are not. In other words, nutritional frailty/oral frailty is 
understood as a precursor stage for physical frailty. It is thought that if discovery 
and intervention were possible before falling into physical frailty, not only would 
it be possible to prevent the progress of frailty, but even to return to a healthy state. 

The symptoms of oral frailty include choking on water, reduced occlusal force, 
etc., but among these, reduced articulation is characteristic. According to the 
paper by Watanabe et al., the risk of oral frailty is correlated with lower occlusal 
force and masseter thickness, and oral diadochokinesis (ODK) value [2]. In ad-
dition, the Kashiwa Study also concluded that ODK was correlated with oral 
frailty [3]. Multiple oral frailty-related studies are being performed on commu-
nity-dwelling elderly persons [4] [5] [6]. However, there are few studies investi-
gating the relationship between ODK and physical function, articulation func-
tion, swallowing function, and nutritional state. It is thought that, by identifying 
ODK-related evaluation items, these may become clues to the early discovery of 
oral frailty. It is conceivable that performing a proper intervention at an early 
stage could retroactively restore a healthy state. It would thereby be possible to 
avoid unnecessary hospitalization of the elderly, and an effect of suppressing 
medical costs can be expected. Moreover, the elderly themselves would have 
fewer health-related issues, suggesting the possibility of improved Quality of life 
as well. In this study, we have performed an investigation of ambulatory com-
munity-dwelling elderly persons, for the purpose of elucidating the correlation 
of ODK with physical function, swallowing function, and nutritional status.  

2. Methods 
2.1. Subjects 

The subjects were 26 community-dwelling elderly persons who were able to walk 
independently (Males/Females = 3:23, Mean age 85.7 ± 7.2 years). The subjects 
had no history of sequelae such as paralysis. The evaluation items were left/right 
grip strength, the Modified Water Swallowing Test (MWST), EAT-10, tongue 
pressure, ODK, MNA-SF, skeletal muscle index (SMI), height, weight, and BMI. 
Furthermore, in order to verify the difference depending on the frequency of 
daily utterances, we investigated whether or not they lived with their families. 
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2.2. Grip Strength 

Grip strength was measured using a Smedley hand dynamometer. The measure-
ments were performed standing. The dynamometer was held so that the indica-
tor needle faced outward, and then the grip width was adjusted so that the 2nd 
knuckle of the index finger was roughly perpendicular [7]. The measurement 
was performed two times, and the better value was used. 

2.3. Swallowing Function 

The Modified Water Swallowing Test [8] involved injecting 3cc of water into the 
oral floor using a syringe, which was then swallowed upon instruction. The 
evaluation was performed with 5 performance descriptors: 1) Unable to swallow, 
with choking and/or breathing changes; 2) Able to swallow, but with breathing 
changes (suspected subclinical aspiration); 3) Able to swallow, but with choking 
and/or wet hoarseness; 4) Able to swallow successfully, with good breathing, no 
choking; 5) Capable of 2 repeat swallows within 30 seconds in addition to (4).  

The EAT-10 [9] question items are shown in Table 1. They are 10 in total, 
with each question evaluated in 5 stages. A total score of 3 points or higher is 
judged as abnormal. The questions are each asked according to the question items. 
Tongue pressure was measured using a tongue pressure measurement device (JMS, 
Co., Inc.) [10] [11]. The probe was placed on the dorsum of the tongue, and then 
the subject was instructed to press their tongue against their hard palate. Prior to 
performing the measurement, the procedure was checked for measurement ac-
curacy. Then, the measurement was performed three times, and the highest val-
ue was used. 

2.4. Articulation Function 

ODK was measured by successively pronouncing the monosyllables /pa/, /ta/,  
 
Table 1. EAT10 question items. 

Symptom Score 

My swallowing problem has caused me to lose weight. 0 1 2 3 4 

My swallowing problem interferes with my ability to go out for meals. 0 1 2 3 4 

Swallowing liquids takes extra effort. 0 1 2 3 4 

Swallowing solids takes extra effort. 0 1 2 3 4 

Swallowing pills takes extra effort. 0 1 2 3 4 

Swallowing is painful. 0 1 2 3 4 

The pleasure of eating is affected by my swallowing. 0 1 2 3 4 

When I swallow food sticks in my throat. 0 1 2 3 4 

I cough when I eat. 0 1 2 3 4 

Swallowing is stressful. 0 1 2 3 4 

Total score /40 
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and /ka/ for 5 seconds, respectively, and the number of pronunciations per second 
was calculated. The measurement used the ODK measurement app “Diadocho” 
[12]. 

2.5. Nutritional Status 

The Mini-Nutritional Assessment Short Form (MNA-SF) [13] [14] [15] ques-
tionnaire was administered to evaluate subjective and objective nutritional sta-
tus. From the 6 evaluation items (food intake, weight loss, mobility, acute dis-
ease, psychiatric disorder, and body mass index [BMI]), the nutritional status 
was evaluated using a 14-point scale as follows: 12 to 14 points, good nutritional 
status; 8 to 11 points, low risk of nutritional status (at risk); and 0 to 7 points, 
low nutritional status. 

2.6. Skeletal Muscle Index and Height/Weight 

The skeletal muscle mass was measured by bioelectrical impedance analysis. The 
measurements used the Inbody270 (InBody Japan). The electrode method of the 
Inbody270 is the 8-point contact-type electrode method. The impedance of the 
right arm, left arm, torso, right leg, and left leg was measured using two frequen-
cies: 20 kHz and 100 kHz. During measurement, the soles of the feet and palm of 
the hands were wiped with an associated electrolytic tissue, and measurement 
was performed after having raised their conductivity. The measured skeletal 
muscle mass was divided by the square of the height (m), and the skeletal muscle 
mass index (SMI) was calculated. 

As for the height, weight and BMI, user-recorded values were used. 

2.7. Statistical Analysis 

Statistical analysis used SPSS Ver.25, and the iterations of /pa/, /ta/, /ka/ were 
each grouped into 6-times-or-more group (Higher group) and 5-times-or-less 
group (Lower group), and the Mann-Whitney U-test was performed (Model 1). 
In addition, for the respective syllables of /pa/, /ta/, /ka/, 6-times-or-more was 
treated as the Higher group (ex. /pa/: Higher group (pa)), while 5-times-or-less 
were treated as the Lower group (ex. /pa/: Lower group (pa)), and the Mann- 
Whitney U-test was performed (Model 2). Furthermore, for Model 3, we com-
pared the groups according to whether or not they lived with their families. In 
both analyses, the significance level was p < 0.05. 

3. Ethical Considerations 

This study was performed with the approval of the “Mejiro University: Ethics 
Review Board for Research on Humans and Animals”. 

4. Results 

Table 2 shows the information for all subjects. The median BMI for all subjects 
was 22.6 (20.9 - 24.3) kg/m2, while the median SMI was 7.6 (7.0 - 8.3) kg/m2. The  
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Table 2. Baseline characteristics (n = 26). 

 Median (Interquartile range) 

Height (cm) 148.2 (143.7 - 150.7) 

Weight (kg) 48.3 (44.7 - 54.4) 

BMI (kg/m2) 22.6 (20.9 - 24.3) 

SMI (kg/m2) 7.6 (7.0 - 8.3) 

Left grip strength (kg) 16.6 (15.3 - 22.4) 

Right grip strength (kg) 17.6 (13.6 - 20.9) 

EAT-10 score 0.0 (0.0 - 2.0) 

MWST score 5.0 (4.0 - 5.0) 

Tongue pressure (kPa) 29.6 (21.3 - 35.3) 

/pa/ (number of times/sec) 4.9 (3.8 - 5.9) 

/ta/ (number of times/sec) 5.1 (3.8 - 6.1) 

/ka/ (number of times/sec) 4.8 (3.4 - 5.6) 

MNA-SF score 13.0 (12.0 - 14.0) 

 
median grip strength was Left: 16.6 (15.3 - 22.4) kg, Right: 17.6 (13.6 - 20.9) kg. 
The tongue pressure was 29.6 (21.3 - 35.3) kPa. The MWST was profile 4 or 5 in 
all subjects. The median EAT-10 was 0 (0.0 - 2.0), while the respective ODKs 
were /pa/: 4.9 (3.8 - 5.9) times, /ta/: 5.1 (3.8 - 6.1) times, /ka/: 4.8 (3.4 - 5.6) 
times.  

Table 3 shows results of the Mann-Whitney U-test, grouped according to the 
overall ODK results. The median tongue pressure was 36.1 (30.6 - 40.7) kPa for 
the Higher group, and 24.7 (20.1 - 31.3) kPa for the Lower group. The score of 
the Higher group was significantly greater (p < 0.01). 

Table 4 shows the results of Model 2. In /pa/, the median tongue pressure was 
36.1 (32.4 - 40.3) kPa for the Higher group (pa), and 24.7 (20.2 - 31.6) kPa for 
the Lower group (pa). The Higher group’s score was significantly greater (p < 
0.01). In the /ta/ comparison, the median tongue pressure was 33.8 (29.7 - 41.2) 
kPa for the Higher group (ta), and 26.3 (20.3 - 31.7) kPa for the Lower group 
(ta). The score of the Higher group (ta) was significantly greater (p < 0.05). 
There were no items for which significant differences were observed in the 
comparison of /ka/. 

Table 5 shows the results of Model 3. No significant difference was found in 
the comparison based on whether or not the family lived together. 

5. Discussion 

This study investigated the correlation of ODK with physical function, swallow-
ing function, and nutritional status in ambulatory community-dwelling elderly 
persons. We treated the group where the ODK value, the judgement criterion for 
oral frailty, was 6 times or more per second as the Higher group, and the 5 times  
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Table 3. Results of model 1. 

 
Median (Interquartile range) 

Higher group (N = 18) Lower group (N = 8) 

Height (cm) 148.2 (143.7 - 150.7) 147.9 (142.5 - 150.7) 

Weight (kg) 48.3 (44.7 - 54.4) 46.2 (41.6 - 53.8) 

BMI (kg/m2) 22.9 (22.0 - 26.6) 22.5 (20.9 - 24.1) 

SMI (kg/m2) 7.7 (7.4 - 8.7) 7.4 (6.9 - 8.2) 

Left grip strength (kg) 18.8 (12.8 - 22.5) 16.6 (15.7 - 21.5) 

Right grip strength (kg) 19.4 (13.7 - 23.9) 17.0 (13.3 - 20.3) 

EAT-10 score 0.0 (0.0 - 1.0) 0.0 (0.0 - 2.3) 

MWST score 4.0 (4.0 - 5.0) 5.0 (4.0 - 5.0) 

Tongue pressure (kPa) 36.1 (30.6 - 40.7)** 24.7 (20.1 - 31.3)** 

MNA-SF score 13.5 (13.0 - 14.0) 13.0 (11.8 - 14.0) 

**p < 0.01. 
 

Table 4. Results of model 2. 

 

Median (Interquartile range) 

/pa/ /ta/ /ka/ 

Higher group  
(N = 20) 

Lower group  
(N = 6) 

Higher group  
(N = 19) 

Lower group  
(N = 7) 

Higher group  
(N = 23) 

Lower group  
(N = 3) 

Height (cm) 
148.2  

(143.7 - 150.7) 
148.2  

(142.7 - 151.6) 
149.2  

(147.5 - 152.1) 
147.7  

(142.6 - 150.2) 
149.1  

(147.5 - 149.2) 
148.1  

(143.1 - 152.1) 

Weight (kg) 48.3 (44.7 - 54.4) 47.2 (42.0 - 54.1) 53.9 (48.5 - 62.3) 46.1 (41.7 - 53.6) 48.5 (45.3 - 63.6) 48.1 (42.9 - 54.2) 

BMI (kg/m2) 22.9 (21.6 - 25.8) 22.5 (20.9 - 24.2) 23.4 (22.1 - 27.2) 22.1 (20.9 - 24.0) 22.3 (20.3 - 28.6) 22.8 (20.9 - 24.3) 

SMI (kg/m2) 8.1 (7.3 - 8.9) 7.4 (6.9 - 8.1) 7.9 (7.4 - 8.8) 7.5 (6.9 - 8.2) 8.3 (7.0 - 8.8) 7.5 (7.0 - 8.2) 

Left grip strength (kg) 18.8 (13.8 - 23.5) 16.6 (15.6 - 21.9) 21.9 (14.4 - 22.6) 16.5 (15.6 - 20.5) 21.9 (14.4 - 22.6) 16.5 (15.6 - 22.3) 

Right grip strength (kg) 20.2 (13.2 - 25.3) 17.0 (13.7 - 20.5) 20.7 (14.1 - 24.4) 17.0 (12.5 - 20.2) 22.3 (13.6 - 24.4) 17.0 (13.6 - 20.6) 

EAT-10 score 0.0 (0.0 - 1.3) 0.0 (0.0 - 2.0) 0.0 (0.0 - 1.0) 0.0 (0.0 - 2.0) 0.0 (0.0 - 1.0) 0.0 (0.0 - 2.0) 

MWST score 4.0 (4.0 - 5.0) 5.0 (4.0 - 5.0) 4.0 (4.0 - 5.0) 5.0 (4.0 - 5.0) 5.0 (4.0 - 5.0) 5.0 (4.0 - 5.0) 

Tongue pressure (kPa) 36.1 (32.4 - 40.3)** 24.7 (20.2 - 31.6)** 33.8 (29.7 - 41.2)* 26.3 (20.3 - 31.7)* 33.3 (29.7 - 33.8) 27.3 (20.3 - 38.1) 

MNA-SF score 13.0 (12.8 - 14.0) 13.0 (12.0 - 14.0) 13.0 (13.0 - 14.0) 13.0 (12.0 - 14.0) 13.0 (13.0 - 14.0) 13.0 (12.0 - 14.0) 

**p < 0.01; *p < 0.05. 
 
Table 5. Results of model 3. 

 

Median (Interquartile range) 

Live with family (N = 18) 
Living alone or 

Nursing home (N = 7) 

Height (cm) 149.2 (143.9 - 152.1) 147.7 (143.1 - 149.1) 

Weight (kg) 46.2 (41.7 - 55.0) 53.1 (45.9 - 53.6) 
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Continued 

BMI (kg/m2) 22.1 (20.9 - 24.0) 23.0 (20.9 - 26.5) 

SMI (kg/m2) 7.4 (6.9 - 7.9) 8.3 (7.2 - 8.8) 

Left grip strength (kg) 15.9 (12.2 - 22.3) 20.1 (16.5 - 24.3) 

Right grip strength (kg) 18.1 (12.5 - 20.6) 17.0 (16.0 - 24.4) 

EAT-10 score 0.0 (0.0 - 2.0) 0.0 (0.0 - 1.0) 

MWST score 4.0 (4.0 - 5.0) 5.0 (4.0 - 5.0) 

Tongue pressure (kPa) 26.3 (20.1 - 34.4) 29.7 (27.3 - 38.1) 

/pa/ (number of times/sec) 5.2 (3.4 - 6.2) 4.6 (4.2 - 5.8) 

/ta/ (number of times/sec) 5.0 (3.6 - 6.2) 5.4 (3.8 - 5.8) 

/ka/ (number of times/sec) 5.0 (3.4 - 5.6) 4.6 (3.4 - 5.4) 

MNA-SF score 13.0 (12.0 - 14.0) 14.0 (13.0 - 14.0) 

 
or less group as the Lower group. Among /pa//ta//ka/, 6 times or more for any of 
these was treated as the Higher group, and the tongue pressure of the Higher 
group was significantly higher than that of the Lower group. Even in the case of 
grouping subjects according to /pa/ iterations, the Higher group (pa) had signif-
icantly higher tongue pressure values compared to the Lower group (pa). Simi-
larly, in /ta/, the Higher group (ta) had significantly higher tongue pressure val-
ues compared to the Lower group (ta). No significant difference was seen in any 
comparison for /ka/. 

In this study, a correlation was seen between tongue pressure and the /pa/ and 
/ta/ of ODK. “Tongue pressure” measures the muscular strength of the tongue 
by placing the measurement balloon at the dorsum of the tongue, and then 
pressing the back of the tongue against the hard palate. According to the Inter-
national Phonetic Alphabet (IPA) [16], the syllable /pa/ is a bilabial consonant 
and /ta/ is an alveolar consonant. /ta/ is pronounced by forming a closure be-
tween the anterior tongue and the alveolar ridge and is released with an exhala-
tion. Because of the articulation point/articulation method of /ta/, it is thought 
possible that the articulation of /ta/ requires anterior tongue mobility and 
strength. In this study, the correlation seen with the tongue pressure measuring 
the strength of the dorsum of the tongue, and specifically the anterior tongue, is 
thought to affect the articulation characteristics of /ta/. In contrast, the correla-
tion with /pa/ was a result suggestive of a correlation of tongue pressure with labial 
mobility and muscular strength. With regard to the correlation between lip closure 
and tongue pressure, Sakai et al. [17] have stated that a correlation is seen between 
lip closure and tongue strength in elderly hospitalized patients, and is useful as an 
indicator of sarcopenia-associated dysphagia. Because lip closure was not meas-
ured in this study, it is difficult to say that the results would be completely the 
same. Still, the results supported the results of the study by Sakai et al.  

In healthy elderly persons, ODK, grip strength, and SMI decrease in propor-
tion to age [18] [19] [20]. Furthermore, ODK, grip strength, and SMI exhibit a 
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correlation with oral frailty and sarcopenia [21]. Similarly, in this study, al-
though no significant difference was seen in SMI and left/right grip strength, the 
comparisons of both /pa/ and /ta/ tended to be low in the Poor group. The re-
sults were similar to previous research, and no significant difference was seen. In 
this study, because the number of subjects was small, we believe that analysis 
with increased number of subjects will be needed in the future. 

The concept of “oral frailty” has garnered attention in recent years, and re-
search on the prevention of oral frailty is proliferating. Oral frailty is thought to 
be a gateway for systemic frailty. It is thought that early diagnosis/early interven-
tion at the oral frailty stage can prevent systemic frailty. Moreover, it is fre-
quently the case that the reduced functionality is reversible in the oral frailty 
stage through proper intervention, and it is possible to return to a healthy state 
[22]. Tongue pressure is reported to be not only an indicator of oral frailty, but 
also correlated with meal type in persons with dysphagia. However, there is a li-
mited number of hospitals and facilities that possess tongue pressure measure-
ment devices. In this regard, because ODK evaluation can be performed even 
without equipment, it is possibly suitable as a screening test. 

The limitations of this study were the insufficient number of subjects and the 
gender imbalance. In the future, we would like to perform a high-precision analy-
sis that increases the number of subjects and includes sex difference. In addition, 
it will be necessary to add evaluation methods other than MWST as evaluations 
of swallowing function. In terms of the subject characteristics, there was unlikely 
to be greater than moderate dysphagia, and evaluation with MWST may have 
been insufficient. Because subjects without dysphagia were included, the special-
ist examinations VF and VE were problematic from an ethical perspective; how-
ever, we would like to perform examinations with the addition of evaluations 
with low-invasiveness such as a water swallowing test. Moreover, because a cor-
relation was exhibited between ODK /pa/ and tongue pressure, we believe that 
additional analysis of labial closure will be necessary. Furthermore, it is neces-
sary to investigate the relationship with brain function. At the stage, the brain 
function of ODK has not been elucidated, but previous studies have reported 
areas of the brain involved in improving speech fluency and speech motility in 
PD patients [23]. It is also reported that the lower part of the precentral gyrus is 
involved in the programming of articulation movements [24]. Consequently, it is 
speculated that there are various parts of the brain involved in speech move-
ments related to ODK, and further studies are needed. 

6. Conclusion 

In ambulatory community-dwelling elderly persons, it is thought that there is a 
correlation between tongue pressure and /pa/ and /ta/ of ODK, as well as a cor-
relation between tongue pressure and the muscular strength of the lips and lin-
gual apex. Furthermore, even in elderly persons maintaining skeletal muscle 
mass and tongue pressure, it was possible for the ODK value to drop below 
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normal, implying a possible criterion for oral frailty. 
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