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Factors associated with age-related changes @
in oral diadochokinesis and masticatory
function in healthy old adults

Se-Yeon Min', Nan-Sim Pang?, Yu-Ri Kim?, Sol-Ah Jeong? and Bock-Young Jung®

Abstract

Background This cross—sectional study aimed to identify factors associated with age-related changes in masticatory
performance (MP) and oral diadochokinesis (ODK) and to provide normal values in healthy old adults for the diagnosis
of oral frailty.

Methods A total of 385 participants were divided into three age groups (Gr1-3): 20-64 years, 65-74 years, and > 75
years. To investigate tongue-lip motor function, ODK was assessed as the number of repetitions of the monosyllables
/pa/ta/ka/. Four questionnaires were used to assess subjective masticatory ability, cognitive ability, and psychological
status. MP, bite force, and occlusal area were tested to assess dynamic objective masticatory function, and the
number of remaining teeth and functional tooth pairs were determined to assess static objective masticatory
function. Handgrip strength (HG), oral dryness, and tongue pressure (TP) were assessed to identify influencing factors.
Intergroup differences were evaluated by ANOVA and the Kruskal-Wallis test, and correlations between ODK and
orofacial factors were evaluated.

Results This study revealed significant age-related declines in TP, HG, and ODK, especially after 65 years of age.
Factors affecting MP were posterior teeth, the Eichner index, bite force, occluding area, the Korean Mini-Mental State
Examination (KMMSE) score, and ODK. Each ODK syllable was associated with different factors, but common factors
associated with ODK were MP, HG, and PHQ-9 score. For the syllables /pa/ta/, the Eichner Index, TP, and oral dryness
were also associated. For the syllable /ka/ in Gr3, MP, TP, HG, oral dryness, and the KMMSE score were associated.

Conclusions These results could provide practical guidelines for oral rehabilitation in old adults and contribute to
improving the understanding of age-related changes in oral function and the multidimensional nature of masticatory
dynamics.
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Background

The age-related functional deterioration of orofacial
structures, defined as oral frailty, has been a focus of
research, and several masticatory parameters have been
identified as important factors of masticatory perfor-
mance (MP) in geriatrics [1-3]. A position paper of the
Japanese Society of Gerodontology (JSG) classified the
orofacial state into four stages, i.e., healthy, oral frailty,
oral hypofunction, and oral dysfunction, and suggested
that the stages of oral frailty and oral hypofunction could
be restored to the previous stage by performing dental
interventions before the irreversible conditions of the
oral dysfunction stage [4]. Therefore, numerous previous
studies have focused on establishing a clear, standardized
diagnostic system and determining the interactive asso-
ciations between oral and masticatory factors [3, 4].

Oral function has been investigated by assessing multi-
ple factors, including oral hygiene, oral dryness, bite force
(BF), tongue-lip motor function, tongue pressure (TP),
swallowing function, the number of remaining teeth,
the number of functional tooth pairs and MP, which
can impair essential activities of daily living (ADLs) and
contribute to physical frailty [2—6]. In addition, physical,
psychological, neurologic, and structural factors are asso-
ciated with “oral frailty’, and malnutrition is the most rel-
evant factor in old adults [7, 8].

Swallowing disorders, or dysphagia, can be caused by
aging, swallowing-related muscle degeneration, sarcope-
nia, physical frailty, and comorbidities, leading to malnu-
trition, aspiration pneumonia, significant mortality, and
morbidity [9]. Swallowing requires the coordinated activ-
ity of many nerves and muscles of the mouth, lips, phar-
ynx, and esophagus [10, 11]. In particular, oropharyngeal
dysphagia encompassing the oral cavity, representing an
initial voluntary component, is an essential domain [10].

The oral stage can be subdivided into two stages: the
oral preparatory phase and the propulsive stage [10].
The preparatory phase is more complex for solid food
than for liquid because the food should be transported
over the teeth to be chewed and mixed with saliva and
then positioned and swallowed similar to a liquid. At
the initial stage of swallowing, the bolus is temporarily
positioned within the anterior portion of the mouth, in
front of the posterior wall of the transient cavity created
by the middle portion of the tongue and the soft palate.
Then, during the oral-propulsive stage, the bolus of fluid
is positioned on the surface of the tongue, the tongue
tip is in contact against the roof of the mouth, and the
bolus is moved toward the pharynx through anterior-
to-posterior flexion of the tongue [9]. Normal swallow-
ing requires harmonized coordination among nerves and
muscles, such as the superior laryngeal nerve, a branch of
the vagus nerve, the tongue, and the suprahyoid muscle
[9, 10].
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Tongue-lip motor function, an indicator of orofacial
function, is generally assessed using oral diadochokinesis
(ODK) based on linguistic background [4, 11]. Decreased
tongue-lip motor function can be a result of sensory
impairments in brain function or perioral muscle func-
tion, such as Parkinson’s disease, traumatic injury, head
and neck surgery, muscle atrophy, and malnutrition [4].
A few recent studies have reported that reduced ODK is
associated with decreased swallowing function [12-15].
In the process of swallowing, the initial motion of the
tongue is related to ODK /ta/, while the latter is similar
to ODK /ka/ pronunciation; in particular, ODK /pa/ and /
ka/ have been reported to be significantly related to swal-
lowing function. The lips also help to create a tight seal
that prevents food and liquids from leaking during the
swallowing reflex and traps food in the buccal or labial
sulci [10-12]. Moreover, some researchers have reported
controversial outcomes regarding ODK parameters, e.g.,
that an ODK /pa/ score<6.2 times/s is associated with
swallowing problems, suggesting the importance of the
maximum voluntary lip force [4, 11, 12]. There is neither
sufficient evidence for the association of each component
of ODK /pa/, /ta/, and /ka/ with changes in tongue-lip
motor function, especially swallowing function, depend-
ing on aging, nor enough data to apply in clinical inves-
tigations. It is clear that tongue-lip motor function is
crucial for swallowing and MP in the population [12,
15-17].

Decreased TP indicates a reduced ability to force the
bolus toward the pharynx, suggesting impaired swallow-
ing. The cutoff value for diagnosing decreased TP in the
old population has been suggested to be 26—30 kPa [4, 8].

Several previous epidemiologic studies have reported
that oral dryness, manifesting as a prodromal sign of
oral frailty, is caused by various factors, such as medica-
tion, poor general health, aging and sex [4, 18]. However,
there are controversial findings about the association
between MP and salivary flow in vulnerable old individu-
als [19, 20]. A cross-sectional study on tongue-lip motor
function and orofacial functions reported that xerosto-
mia was negatively correlated with tongue-lip force and
reduced ODK /ka/, increasing the likelihood of subjective
swallowing difficulties in older individuals [11].

By establishing standard values of various masticatory
functional factors, such as tongue-lip motor function, TP,
and oral dryness, according to age, it will be possible to
diagnose oral frailty or oral hypofunction quantitatively
and qualitatively in the old population. However, there
has been a lack of research on diagnostic reference val-
ues. The goal of this study was not only to assess normal
data for various oral functional factors in old individuals
with normal dentition but also to determine factors asso-
ciated with age-related changes in MP and ODK. The null
hypothesis of this study was that there are no significant
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differences in ODK or other oral functional factors
among the age groups.

Methods

Study participants

Among the patients who visited the Department of
Advanced General Dentistry of the Yonsei University
Dental Hospital from August 2020 to January 2023, 385
participants (168 males and 217 females) who met the
following criteria were included: (1) over 20 years old and
capable of independent ADLs and (2) at least 20 remain-
ing teeth, including fixed dental prostheses, without
any chewing difficulties. Participants who (1) had a his-
tory of surgical intervention or radiation therapy in the
head and neck area, (2) had ongoing dental treatment or
removable dental prostheses, or (3) had diseases caus-
ing decreased oral function, such as stroke, dementia or
temporomandibular disease, were excluded. Of the 420
participants, 35 individuals with insufficient recordings
were also excluded. The sample size was determined
using G*Power 3.1 software (Kiel University, Kiel, Ger-
many) with an o of 0.05, a power of 0.8, and an effect size
of 0.25. A total of 159 participants (n=53/group) were
required for data analysis. More data were collected even
after securing the appropriate sample size considering
the cross-sectional nature of the study. The participants
were divided into 3 groups according to age: Group 1
(<65 years; n=184), Group 2 (65-74 years; n=101), and
Group 3 (=75 years; n=100).

Study design

This cross-sectional study was conducted accord-
ing to the guidelines of the Declaration of Helsinki and
approved by the institutional review board committee
of the Yonsei School of Dentistry (No. 2-2020-0047). For
masticatory function evaluation, both subjective and
objective assessments of various orofacial factors were
performed. Methodologies for subjective and objec-
tive masticatory assessment identical to those used in
our previous studies were applied [21, 22]. Two trained
researchers conducted both objective and subjective
masticatory examinations for all participants.

Objective assessment

Objective assessments can be categorized into static and
dynamic domains. Static assessments included the num-
ber of remaining teeth, the Eichner Index of functional
tooth pairs, MP, BF, HG, ODK, the occluding area (OA),
and oral dryness.

Tooth number, Eichner index, MP, TP, BF, HG, OA

The number of remaining teeth and the Eichner index of
functional tooth pairs were determined by counting the
teeth that were natural or restored, except for the third
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molars and root rests. MP was assessed by measuring the
glucose concentration extracted from chewed gummy
jelly (Gurucolum, GC, Tokyo, Japan) using a special
device (Glucosensor GS-2, GC, Tokyo, Japan). TP was
measured using a balloon-based device (TPM-01, JMS,
Hiroshima, Japan). Participants were asked to press the
balloon probe against the anterior hard palate, maintain-
ing peak pressure for approximately 7 s, and the average
of three trials was recorded. BF and OA were assessed
utilizing a bite force analyzer (Dental Prescale 50 H, GC,
Tokyo, Japan) [21]. HG, reflecting overall bodily strength,
was tested using a handheld dynamometer (TKK 5401,
Takei Scientific Instruments Co., Ltd., Tokyo, Japan) [22].

ODK

ODK was assessed by recording the number of repeti-
tions for the monosyllables /pa/, /ta/, and /ka/ per sec-
ond to evaluate the movement capacity of the lips, the
anterior region of the tongue and the posterior region of
the tongue, respectively, using an automatic measuring
device (Kenkou-kun Handy, Takei Scientific Instruments
Co., Ltd., Tokyo, Japan). Each syllable was pronounced
audibly for a total of 5 s, and the evaluation involved
determining the number of syllables pronounced per
second.

Oral dryness

Oral moisture was measured at the center of the lingual
mucosa approximately 10 mm from the tip of the tongue
using an oral moisture-checking device (Mucus®, Life
Co., Ltd., Saitama, Japan). The average value of three
measurements was recorded. Oral moisture values range
from 0 to 99.9, and values of 229.6, 28.0-29.5, and <27.9
are defined as normal, borderline dry mouth, and dry
mouth, respectively [23].

Subjective assessments

Four questionnaires, the Food Intake Ability (FIA) ques-
tionnaire, Oral Health Impact Profile (OHIP)-14, Korean
Mini-Mental State Examination (KMMSE), and Patient
Health Questionnaire (PHQ)-9, were used to assess sub-
jective masticatory ability, cognitive ability, and psycho-
logical status.

FIA was evaluated by asking the subjects to complete a
questionnaire listing 14 kinds of food ranging from easy
to difficult-to-chew food [22]. A five-point Likert scale
was used to score masticatory ability as follows: 1 point,
cannot chew at all; 2 points, difficult to chew; 3 points,
cannot say either way; 4 points, can chew some; and 5
points, can chew well.

The OHIP-14 is a commonly used question-
naire for assessing oral health-related quality of life
(OHRQoL). This questionnaire evaluates seven items
using a four-point Likert scale (O=never, 1=hardly ever,



Min et al. BMC Oral Health (2024) 24:462 Page 4 of 12
Table 1 Demographic characteristics of participants
Total Gr1 Gr2 Gr3 P
subjects, N (%) 385 (100) 184 (47.79) 101 (26.23) 100 (25.97)
Age (years) 61.30£18.07 4589+13.39 70.01+£2.70 80.85+4.83
Sex (%) + Male 168 81 46 41 0.8012
Female 217 103 55 59
tChi-square test
Table 2 Assessment of variables of oral function among age groups
Bonferroni correction
Gr1 Gr2 Gr3 ptt 1vs.2 1vs.3 2vs.3
Remaining teeth 2760+ 1.80 2640+2.60 26.00+4.16 <0.0001 * 0.0012* <0.0001 * 0.0984
Posterior teeth 15.68+1.78 14.92+1.80 14.38+2.08 <0.0001 * 0.0054 * <0.0001 * 0.0522
Eichnerindex (A:B) t 180:4 95:6 88:12 0.0051 *
MP 188.14+65.93 186.07 +£60.86 183.09+54.04 0.2750 . .
TP t11 36.29+10.40 30.41+845 2539+848 <0.0001 * <0.0001 * <0.0001 * 0.0064 *
BF 855.83+434.55 662.73+358.16 671.58+291.25 <0.0001 * 0.0039* <0.0001 * 1.0000
Occluding area 26.26+14.05 20.74+1044 20.36+847 0.0001 * 0.0045 * 0.0006 * 1.0000
HG 28.83+9.49 25.78+9.12 21.89+7.89 <0.0001 * 0.0363 * <0.0001 * 0.0009 *
ODK /pa/ 5.86+0.83 5.17+0.80 4.74+0.83 <0.0001 * <0.0001 * <0.0001 * 0.0042 *
/ta/ 5.95+0.96 5.17+0.80 457+0.74 <0.0001 * <0.0001 * <0.0001 * <0.0001 *
/ka/ 5.65+0.81 4.93+0.87 449+0.84 <0.0001 * <0.0001 * <0.0001 * 0.0030*
Oral dryness 28.32+1.66 2859+2.19 27.78+3.88 0.0083 * 0.0.1887 0.0075 * 0.1.0000
FIA 67.24+10.37 65.70+9.18 62.71+£12.81 0.0217* 0.0450 * 0.1062 1.0000
OHIP-14 531+7.10 488+6.93 4.76+6.63 0.5258
KMMSE 27.87+191 27.04+3.09 2558+5.10 0.0914 . .
PHQ-9 201+£297 2.87+345 443+5.50 0.0039* 0.2865 0.0039 * 0.3258

Notes Gr=group; MP=masticatory performance; TP=tongue pressure; BF =bite force; HG=handgrip strength; ODK=oral diadochokinesis; FIA=food intake ability;

OHIP-14=0ral Health Impact Profile-14; KMMSE=Korean Mini-Mental State Examination; PHQ-9=Patient Health Questionnaire-9

Mean£SD

1 Chi-square test

11 Kruskal-Wallis-Wallis test
11 ANOVA

p *<0.05

2=occasionally, 3=fairly often, and 4=very often). A
lower total score indicates better OHRQoL [24].

The KMMSE consists of 30 questions. The score ranges
from 0 to 30, and lower scores under 23 indicate signifi-
cant cognitive impairment. The PHQ-9 is used for assess-
ing self-reported depression severity. PHQ-9 scores of 5,
10, 15, and 20 correspond to mild, moderate, moderately
severe, and severe depression, respectively [25].

Data analysis

All statistical analyses were carried out using SAS 9.4
(SAS Institute, Inc., Cary, NC) and R (version 4.0.0, R
Foundation for Statistical Computing, Vienna, Aus-
tria) with a significance level of «=0.05. Normality was
assessed using the Shapiro-Wilk test. One-way analysis
of variance (ANOVA) and the Kruskal-Wallis test were
used to compare normally distributed and nonnormally
distributed continuous variables, respectively. The intra-
group differences were analyzed by repeated-measures
ANOVA with the Bonferroni post hoc correction. To

determine the statistical correlation between ODK and
masticatory function, multiple generalized linear analy-
ses were performed. All of the methodologies were
reviewed by an independent statistician.

Results

Demographic information

The participants consisted of 217 women (56.36%) and
168 men (43.64%), and the mean age was 61.30 years
(Table 1).

Subjective and objective masticatory function among age
groups

Table 2 shows various significant differences regarding
the tested orofacial factors. The Eichner index, TP, HG,
and ODK /pa/ta/ka/ significantly decreased with increas-
ing age. The number of remaining teeth, posterior teeth,
OA, and BF differed significantly between Grl and Gr2
and between Grl and Gr3 but did not differ between
Gr2 and Gr3. There was a significant decrease in FIA
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only between Grl and Gr2. Significant differences in the
PHQ-9 score and oral dryness were observed between
Grl and Gr3. The KMMSE score, MP, and OHIP-14
score presented no significant differences among the age
groups.

Table 3 Multiple linear regression analysis of factors associated
with ODK

Dependent variable

Multiple modelt

B cl p
/pa/ Remaining teeth 0.0211  -0.0326 0.0748 04394
Posterior teeth 0.0207 -0.0392 00806 04969
Eichner index -0.6392 -1.0973 -0.1811 0.0065 *
MP 0.0032 0.0014 00051 0.0007*
TP 00159 00028 00290 0.0177*
BF 0.0004 0.0000  0.0007  0.0299 *
Occluding area 00096 -0.0002 00193 0.0545
HG 0.0480 0.0250 00711  <0.0001*
Oral dryness 00721 00105 0.1337 0.0219*
FIA 0.0066 -0.0032 00165 0.1863
OHIP-14 -0.0032 -0.0197 00133 0.7016
KMMSE 0.0409 0.0015 00803 0.0419*
PHQ-9 -03424  -06401 -0.0447 0.0243*
/ta/ Remaining teeth 00224 -00311 00759 04108
Posterior teeth 0.0284 -0.0313 0.088 0.3501
Eichner index -04944 -0.9593 -0.0296 0.0372*
MP 0.0035 00016 00054 0.0003*
TP 00137 00002 00272 0.0467*
BF 0.0005 0.0002 0.0009 0.0024*
Occluding area 00125 00025 00224 0014*
HG 00521 00286 00756 <0.0001*
Oral dryness 0.0655 0.0023 0.1287 0.0424*
FIA 0.007 -0.0031 00171 0.1751
OHIP-14 -0.0154 -0.0321 0.0014 0.0728
KMMSE 0.0464 001 0.0827 0.0128*
PHQ-9 -0.5519  -0.8517 -0.2522 0.0003 *
/ka/ Remaining teeth 00248 -0.0336 00831 04036
Posterior teeth 00262 -0.0383 00913 04278
Eichner index -04113  -0915  0.0925  0.1090
MP 00021 0 0.0041  0.0492*
TP 00112  -00032 00256 0.1262
BF 0.0003 -0.0001 0.0007 0.1172
Occluding area 00066 -0004 00173 02215
HG 00623 0.0375 0.087 <0.0001 *
Oral dryness 00652 -0.0021 0.1325 0.0576
FIA 0.0003 -0.0104 00111 09515
OHIP-14 -0.0057 -0.0237 0.0122 05301
KMMSE 00318 -00137 00774 0.1693
PHQ-9 -04227 -0.7463 -0.0991 0.0107*
Notes B=beta coefficient; Cl=confidence interval; MP=masticatory

performance; TP=tongue pressure; BF=bite force; HG=handgrip strength;
ODK=oral diadochokinesis; FIA=food intake ability; OHIP-14=Oral
Health Impact Profile-14; KMMSE=Korean Mini-Mental State Examination;
PHQ-9=Patient Health Questionnaire-9

tAdjusted by sex, age, BMI

p*<0.05
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Multiple linear regression analysis of associations with
ODK

Table 3 presents multiple linear regression analysis
results for factors associated with ODK. Significant asso-
ciations were observed with the Eichner index, MP, TP,
BE, HG, oral dryness, KMMSE score, and PHQ-9 score
for both /pa/ and /ta/, and OA was also significant for /
ta/. For /ka/, significant associations were present with
MP, HG, and the PHQ-9 score.

Table 4 shows the regression analysis results for ODK
by age group. In Grl, HG and the PHQ-9 score were sig-
nificantly associated with ODK /pa/, while BE, OA, HG,
and the PHQ-9 score were associated with ODK /ta/; BF,
HG, and the PHQ-9 score were associated with ODK /
ka/. In Gr2, MP was significantly associated with ODK /
pa/, while MP and OA were significantly associated with
/ta/, and no factors were associated with ODK /ka/. In
Gr3, the Eichner index, MP, TP, HG, OHIP-14 score, and
KMMSE score were significant factors for ODK /pa/,
while the Eichner index, MP, TP, HG, OHIP-14 score,
KMMSE score, and PHQ-9 score were significant factors
for ODK /ta/; MP, TP, HG, oral dryness, and the KMMSE
score showed significance for ODK /ka/.

Multiple linear regression analysis of associations with MP
Table 5 shows that several factors, including posterior
teeth, the Eichner index, BF, OA, KMMSE score, and
ODK /pa/ta/ka/, were significantly associated with MP.
The regression analysis by age group indicated that differ-
ent factors were associated with MP; BF and the PHQ-9
score for Grl, TP, BF, OA, ODK /pa/ta/, and FIA for Gr2,
and the Eichner index, BF, ODK /pa/ta/ka/, and KMMSE
score for Gr3 (Table 6).

Discussion

While most studies in gerontology include individuals
older than 60 or 65 years, age was set based on the gen-
eral trend of classifying individuals as senior citizens at
or above the age of 65 in this study. At the initial stage of
this study, participants were divided into four age catego-
ries: Grl (20—44 years), Gr2 (45-64 years), Gr3 (65-74
years), and Gr4 (over 75 years). However, there were no
significant differences in orofacial variables between Grl
and Gr2. Therefore, the participants were divided into
three groups: Grl (<65 years old), Gr2 (65—74 years old)
and Gr3 (=75 years old). Given the cross-sectional nature
of the study, careful attention was given to participant
selection to avoid confounding effects on the validity
and reliability of the research findings. The participants
were healthy enough from the perspective of physical
and mental conditions to manage ADLs and instrumental
ADLs [26]. In addition, they had at least 20 teeth, which
is considered a sufficient number of teeth to support
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Table 5 Multiple linear regression analysis of factors associated
with MP

Dependent variable

Multiple modelt

B cl p*
Remaining teeth 2.5180 -0.5467 55828 0.1070
Posterior teeth 43815 0.9373 7.8257 0.0128*
Eichner index -47.7829  -77.0938  -184721 0.0015*
TP 0.7139 -0.0069 14346 0.0522
BF 0.0454 0.0283 0.0625 <0.0001 *
Occluding area 1.0641 0.5307 1.5976 0.0001 *
HG 0.9333 -0.3139 2.1804 0.1420
/pa/ 13.7767 59157 21.6378 0.0007 *
/ta/ 14.1787 6.5285 21.8289 0.0003 *
/ka/ 7.3549 0.0269 14.6829 0.0492 *
Oral dryness 04872 -0.2839 1.2582 0.2145
FIA 0.1309 -0.5078 0.7695 0.6872
OHIP-14 -0.5130 -14114 0.3855 0.2623
KMMSE 33718 0.7648 59788 0.0116*
PHQ-9 -6.7177 -26.4373 13.0018 0.5029
Notes B=beta coefficient; Cl=confidence interval; MP=masticatory
performance; TP=tongue pressure; BF=bite force; HG=handgrip strength;
ODK=oral diadochokinesis; FIA=food intake ability; OHIP-14=Oral

Health Impact Profile-14; KMMSE=Korean Mini-Mental State Examination;
PHQ-9=Patient Health Questionnaire-9

tAdjusted by sex, age, BMI
p*<0.05

masticatory function based on the short arch concept [4,
21, 26].

Muscle-related orofacial variables, such as TP, HG, and
ODK, continuously decreased with age, while dentition-
related variables, such as remaining teeth, functional
tooth pairs, BE, and OA, showed significant changes
after 65 years of age. In addition, the PHQ-9 score and
oral dryness showed meaningful differences at 75 years
of age. The continuous decrease in muscle-related orofa-
cial factors is supported by previous studies showing that
human age-related muscle atrophy begins at the age of 25
years and continuously progresses and accelerates after
the age of 60 [11, 22, 27].

Despite significant differences in both dentition and
muscle-related factors among age groups, there was no
significant difference in MP or the OHIP-14 score. These
findings can be interpreted as follows: MP can be recov-
ered through functional adaptation to the oral environ-
ment, and the OHIP-14 score, a subjective masticatory
factor, can also be maintained.

In this study, the ODK of three syllables, /pa/ta/ka/, dif-
fered significantly among the age groups, and the mean
value of each syllable was lower than that in the JSG posi-
tion paper [4], even though all participants were physi-
cally healthy with normal masticatory function (Table 2).
Schimmel et al. observed that each age group represented
different mean ODK values, which were lower than the
cutoff values described in previous studies that did not
consider the age of the population, the severity of frailty,
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or the dental status of the participants [11-13]. The need
to re-evaluate the cutoff values based on ethnicity and
language has been suggested for diagnosing ODK or oral
frailty [11]. The findings of this study also suggest that
age-related ODK thresholds should be redefined and cus-
tomized based on mother tongue languages by integrat-
ing frailty or ethnicity.

Considering the association between ODK and orofa-
cial functional factors, three common factors—MP, HG,
and the PHQ-9 score—appeared to influence the ODK
of /pa/ta/ka/. For the syllables /pa/ and /ta/, significant
associations were observed for the Eichner index, BE,
TP, and KMMSE score (Table 3). Several studies have
reported controversial results that pronouncing the /pa/
syllable<6.2 times/s is associated with swallowing diffi-
culties [12] and that the /ka/ value is associated with sub-
jective swallowing function [14] or with MP in denture
wearers [17].

Why did the syllable /ka/ show different associated
factors than the syllables /pa/ta/? The syllable /ka/ did
not show a significant correlation with TP and showed
a comparatively weak association with MP compared to
the syllable /pa/ta/. Considering that TP measurements
primarily focus on the anterior or middle dorsum of the
tongue [12], the weak association between ODK /ka/ and
TP can be supported by a previous study reporting that
TP was associated with only ODK /ta/ [11]. In the tran-
sition from the oral to oropharyngeal phases, where the
food bolus is transferred by the elevation and contraction
of the tongue and soft palate, the involuntary sequen-
tial swallowing process is more related to the root of the
tongue and the syllable /ka/ [10, 11, 14, 28, 29], which
might explain the weaker associations between the syl-
lable /ka/ and TP.

ODK /pa/ta/ was associated with the Eichner index
and OA, which are related to well-functioning occlusion
[10, 29-31]. Both /pa/ and /ta/ are classified as plosive
sounds, but while /pa/ emphasizes the opening and clos-
ing of the lips, /ta/ involves more active tongue move-
ment. The optimum position of the tongue is crucial to
its functional effectiveness. Kotsiomiti et al. reported that
abnormal positioning of the resting tongue is increas-
ingly common as the number of natural teeth decreases
[32]. Therefore, it can be assumed that dentition-related
factors such as the Eichner index and OA area can poten-
tially improve syllable pronunciation by stabilizing the
structural tongue position.

The ODK values in Grl were associated with HG and
the PHQ-9 score, but in Gr3, associations with TP, HG,
MP and the KMMSE score appeared (Table 4). Notably,
the PHQ-9 score, a psychological factor, affects ODK
in individuals under 65 years of age, while the KMMSE
score, an indicator of cognitive ability, affects individuals
over 75 years of age. Although most of the participants in
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this study were psychologically and physically considered
normal, the KMMSE was observed to influence ODK /
pa/ta/ but not /ka/ (Table 3).

Lee et al. reported significant associations between
MP and the KMMSE score in older individuals [21];
therefore, a significant multilateral association could be
expected among the KMMSE score, MP and ODK. In
reality, in Gr3, both the KMMSE score and ODK /ka/
emerged as significant factors associated with MP, and
ODK /pa/ showed a more significant association than
in Gr2, where ODK /pa/ta/ was distinctively associated
with MP (Table 6). This means that the muscles related
to ODK /ka/ become weaker after weakening of the vol-
untary muscles related to /pa/ta/, which could be serial
events in the old population [17, 33]. In Grl, the PHQ-9
score was significantly associated with MP and ODK.
This result is in line with a study showing that subjective
criteria, such as psychological condition, are significant
factors of MP in younger individuals [22, 34].

Posterior teeth, OA, the Eichner index, BF, ODK, and
the KMMSE score exhibited significant associations with
MP (Table 5). The Eichner index, indicating the loca-
tions and numbers of functional tooth pairs, showed a
significant association with MP regardless of age, which
is supported by previous studies [3, 35]. However, in the
intragroup analyses, it showed no significance except for
in Gr3 (Table 6). This result suggests that the Eichner
index becomes more pronounced as a determinant of MP
due to the significantly fewer remaining teeth of those in
Gr3 (Tables 2 and 6).

TP consistently decreased across age groups, and no
direct correlation between TP and MP was found. There
seem to be controversial results regarding the association
between MP and TP, indicating a positive association [3,
17]or no association [22]. This discrepancy in the asso-
ciation between TP and MP might be due to heterogene-
ity in study design, including the selection of comparison
groups, latency, and ascertainment of diagnosis.

Oral dryness could be a risk factor for reduced swal-
lowing function and MP. Some studies have shown that
the stimulated salivary flow rate is positively associated
with MP [19, 36], while other studies have reported that
excessive saliva may not improve MP but that sufficient
saliva is mandatory for chewing and swallowing [3, 6].
This study did not show any association between MP and
oral dryness because most participants in this study were
relatively healthy.

A few limitations of this study should be addressed.
First, one of the original purposes of this study was to
evaluate swallowing ability for the early identification of
dysphagia or swallowing difficulties using ODK [11, 12,
15, 24, 37]. However, due to the complexity of swallowing
mechanisms, an actual swallowing assessment was not
performed. Therefore, more practical testing methods,
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such as the Repetitive Saliva Swallowing Test (RSST) and
Eating Assessment Tool (EAT)-10, may be necessary for
further research [11, 13, 14].

Second, despite this study having characteristics of a
cross-sectional study, participants were selected from
a single institution based on strict criteria to avoid con-
founding effects on the validity and reliability of the
research findings, which may have introduced bias. Fur-
ther studies based on multicenter trials with definitive
inclusion criteria should be designed for more repre-
sentative data and precise analysis. Additionally, various
modifications of the subject criteria and population size
depending on the investigated factors are needed to
reveal the mutual causal relationships among various
influencing factors.

Conclusions

Under the limited conditions of this study, the mean val-
ues of the tested orofacial parameters showed significant
differences depending on the age group. The ODK /pa/ta/
ka/ values were significantly correlated with MP regard-
less of age group. For individuals over 75 years of age, the
Eichner index, indicating the number of functional tooth
pairs, and cognitive ability appeared to be significant fac-
tors influencing ODK and MP.
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PHQ-9 Patient Health Questionnaire-9

ADLs Activities of daily life

Author contributions

Concept/design, data interpretation, drafting of article, critical revision of
article, approval of article: Bock-Young Jung, Nan-Sim Pang Data collection,
drafting of article, data interpretation: Se-Yeon Min, Yuri Kim, Sol-ah
JeongExperimental investigation: Se-Yeon Min. Sol-ah Jeong.

Funding

This work was supported by a National Research Foundation (NRF)
of Korea grant from the Korean government (MSIT) [grant number
2020R1A2C2004893].

Data availability
The datasets used and/or analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The study was conducted according to the guidelines of the Declaration of
Helsinki and approved by the institutional review board committee of the
Yonsei School of Dentistry (No. 2-2020-0047), and informed consent was
obtained from all subjects involved in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that there are no conflicts of interest regarding the
publication of this study.

Received: 5 January 2024 / Accepted: 1 April 2024
Published online: 16 April 2024

References

1. Tanaka T, Takahashi K, Hirano H, Kikutani T, Watanabe Y, Ohara Y, et al. Oral
Frailty as a risk factor for physical Frailty and Mortality in Community-
Dwelling Elderly. J Gerontol Biol Sci Med Sci. 2018;73(12):1661-7. https://doi.
0rg/10.1093/gerona/glx225.

2. Watanabe Y, Okada K, Kondo M, Matsushita T, Nakazawa S, Yamazaki Y. Oral
health for achieving longevity. Geriatr Gerontol Int. 2020,20(6):526-38.
https://doi.org/10.1111/9gi.13921.

3. FanY, Shu X, Leung KCM, Lo ECM. Association between masticatory perfor-
mance and oral conditions in adults: a systematic review and meta-analysis. J
Dent. 2023;129:104395. https://doi.org/10.1016/jjdent.2022.104395.

4. Minakuchi S, Tsuga K, Ikebe K, Ueda T, Tamura F, Nagao K; et al. Oral hypo-
function in the older population: position paper of the Japanese society
of Gerodontology in 2016. Gerodontology. 2018;35(4):317-24. https://doi.
org/10.1111/ger.12347.

5. DibelloV, Zupo R, Sardone R, Lozupone M, Castellana F, Dibello A, et al. Oral
frailty and its determinants in older age: a systematic review. Lancet Healthy
Longev. 2021;2(8):e507-20. https://doi.org/10.1016/52666-7568(21)00143-4.

6. lyota K, Mizutani S, Oku S, Asao M, Futatsuki T, Inoue R, et al. A cross-sectional
study of age-related changes in oral function in healthy Japanese individu-
als. Int J Environ Res Public Health. 2020;17(4). https://doi.org/10.3390/
ijerph17041376.

7. Nagatani M, Tanaka T, Son BK, Kawamura J, Tagomori J, Hirano H, et al. Oral
frailty as a risk factor for mild cognitive impairment in community-dwelling

20.

21.

22.

23.

24.

25.

Page 11 of 12

older adults: Kashiwa study. Exp Gerontol. 2023;172:112075. https://doi.
0rg/10.1016/j.exger.2022.112075.

Iwasaki M, Motokawa K, Watanabe Y, Shirobe M, Inagaki H, Edahiro A, et

al. A two-year longitudinal study of the Association between oral Frailty

and deteriorating Nutritional Status among Community-Dwelling older
adults. Int J Environ Res Public Health. 2020;18(1). https://doi.org/10.3390/
jerph18010213.

Sasegbon A, Hamdy S. The anatomy and physiology of normal and abnor-
mal swallowing in oropharyngeal dysphagia. Neurogastroenterol Motil.
2017;29(11). https://doi.org/10.1111/nmo.13100.

Matsuo K, Palmer JB. Coordination of Mastication, Swallowing and Breathing.
Jpn Dent Sci Rev. 2009;45(1):31-40. https://doi.org/10.1016/}.jdsr.2009.03.004.
Schimmel M, Domioni T, Bukvic H, Arakawa |, Seifert E, Abou-Ayash S.

Oral diadochokinesis and associated oro-facial function in young and old
German mother-tongue speakers: a cross-sectional study. Gerodontology.
2022;39(1):33-40. https://doi.org/10.1111/ger.12602.

Takeuchi N, Sawada N, Ekuni D, Morita M. Oral diadochokinesis is related

to decline in swallowing function among community-dwelling Japanese
elderly: a cross-sectional study. Aging Clin Exp Res. 2021,33(2):399-405.
https://doi.org/10.1007/540520-020-01547-7.

Chen MA, Liu CK, Yang YH, Huang ST, Yen CW, Kabasawa Y, Huang HL. Clinical-
based oral rehabilitation programme improved the oral diadochokinesis
and swallowing function of older patients with dementia: a randomised
controlled trial. J Oral Rehabil. 2022;49(12):1163-72. https//doi.org/10.1111/
joor.13375.

OginoY, Suzuki H, Ayukawa Y, Jinnouchi A, Koyano K. Analyses of swallow-
ing function and its related factors in Community-Dwelling Elderly patients:
a case-control study. J Clin Med. 2021;10(15). https://doi.org/10.3390/
jcm10153437.

Rosa RR, Bueno M, Migliorucci RR, Brasolotto AG, Genaro KF, Berretin-

Felix G. Tongue function and swallowing in individuals with temporo-
mandibular disorders. J Appl Oral Sci. 2020;28:220190355. https://doi.
0rg/10.1590/1678-7757-2019-0355.

Sagawa K, Furuya H, Ohara Y, Yoshida M, Hirano H, lijima K, Kikutani T. Tongue
function is important for masticatory performance in the healthy elderly: a
cross-sectional survey of community-dwelling elderly. J Prosthodont Res.
2019;63(1):31-4. https://doi.org/10.1016/},jpor.2018.03.006.

Komagamine Y, Kanazawa M, Yamada A, Minakuchi S. Association between
tongue and lip motor functions and mixing ability in complete denture
wearers. Aging Clin Exp Res. 2019;31(9):1243-8. https://doi.org/10.1007/
s40520-018-1070-2.

LuTY, Chen JH, Du JK, Lin YC, Ho PS, Lee CH, et al. Dysphagia and mastica-
tory performance as a mediator of the xerostomia to quality of life relation in
the older population. BMC Geriatr. 2020;20(1):521. https://doi.org/10.1186/
$12877-020-01901-4.

lkebe K, Matsuda K, Kagawa R, Enoki K, Yoshida M, Maeda Y, Nokubi T.
Association of masticatory performance with age, gender, number of teeth,
occlusal force and salivary flow in Japanese older adults: is ageing a risk fac-
tor for masticatory dysfunction? Arch Oral Biol. 2011;56(10):991-6. https://doi.
0rg/10.1016/j.archoralbio.2011.03.019.

Liu B, Dion MR, Jurasic MM, Gibson G, Jones JA. Xerostomia and salivary
hypofunction in vulnerable elders: prevalence and etiology. Oral Surg Oral
Med Oral Pathol Oral Radiol. 2012;114(1):52-60. https://doi.org/10.1016/j.
0000.2011.11.014.

Lee NJ, Kim HJ, Choi Y, Kim TB, Jung BY. Assessment of subjective and objec-
tive masticatory function among elderly individuals with mild cognitive
impairment. Aging Clin Exp Res. 2023;35(1):107-15. https://doi.org/10.1007/
540520-022-02290-x.

Kim S, Doh RM, Yoo L, Jeong SA, Jung BY. Assessment of Age-related changes
on masticatory function in a Population with normal dentition. Int J Environ
Res Public Health. 2021;18(13). https://doi.org/10.3390/ijerph 18136899.
Fukushima'Y, Yoda T, Araki R, Sakai T, Toya S, Ito K, et al. Evaluation of oral
wetness using an improved moisture-checking device for the diagno-

sis of dry mouth. Oral Sci Int. 2017;14(2):33-6. https://doi.org/10.1016/
$1348-8643(17)30017-4.

Haresaku S, Nakashima F, Hara Y, Kuroki M, Aoki H, Kubota K, Naito T. Associa-
tions of oral health-related quality of life with age, oral status, and oral func-
tion among psychiatric inpatients in Japan: a cross-sectional study. BMC Oral
Health. 2020,20(1):361. https://doi.org/10.1186/512903-020-01355-5.
Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depres-

sion severity measure. J Gen Intern Med. 2001;16(9):606-13. https://doi.
0rg/10.1046/j.1525-1497.2001.016009606 x.


https://doi.org/10.1093/gerona/glx225
https://doi.org/10.1093/gerona/glx225
https://doi.org/10.1111/ggi.13921
https://doi.org/10.1016/j.jdent.2022.104395
https://doi.org/10.1111/ger.12347
https://doi.org/10.1111/ger.12347
https://doi.org/10.1016/s2666-7568(21)00143-4
https://doi.org/10.3390/ijerph17041376
https://doi.org/10.3390/ijerph17041376
https://doi.org/10.1016/j.exger.2022.112075
https://doi.org/10.1016/j.exger.2022.112075
https://doi.org/10.3390/ijerph18010213
https://doi.org/10.3390/ijerph18010213
https://doi.org/10.1111/nmo.13100
https://doi.org/10.1016/j.jdsr.2009.03.004
https://doi.org/10.1111/ger.12602
https://doi.org/10.1007/s40520-020-01547-7
https://doi.org/10.1111/joor.13375
https://doi.org/10.1111/joor.13375
https://doi.org/10.3390/jcm10153437
https://doi.org/10.3390/jcm10153437
https://doi.org/10.1590/1678-7757-2019-0355
https://doi.org/10.1590/1678-7757-2019-0355
https://doi.org/10.1016/j.jpor.2018.03.006
https://doi.org/10.1007/s40520-018-1070-2
https://doi.org/10.1007/s40520-018-1070-2
https://doi.org/10.1186/s12877-020-01901-4
https://doi.org/10.1186/s12877-020-01901-4
https://doi.org/10.1016/j.archoralbio.2011.03.019
https://doi.org/10.1016/j.archoralbio.2011.03.019
https://doi.org/10.1016/j.oooo.2011.11.014
https://doi.org/10.1016/j.oooo.2011.11.014
https://doi.org/10.1007/s40520-022-02290-x
https://doi.org/10.1007/s40520-022-02290-x
https://doi.org/10.3390/ijerph18136899
https://doi.org/10.1016/s1348-8643(17)30017-4
https://doi.org/10.1016/s1348-8643(17)30017-4
https://doi.org/10.1186/s12903-020-01355-5
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x

Min et al. BMC Oral Health

26.

27.

28.

29.

30.

32.

33.

(2024) 24:462

Kayser AF. Shortened dental arches and oral function. J Oral Rehabil.
1981;8(5):457-62. https://doi.org/10.1111/j.1365-2842.1981.tb00519.x.

Hara K, Tohara H, Kobayashi K, Yamaguchi K, Yoshimi K, Nakane A, Minakuchi
S. Age-related declines in the swallowing muscle strength of men and
women aged 20-89 years: a cross-sectional study on tongue pressure and
jaw-opening force in 980 subjects. Arch Gerontol Geriatr. 2018;78:64-70.
https://doi.org/10.1016/j.archger.2018.05.015.

Jean A. Brain stem control of swallowing: neuronal network and cel-

lular mechanisms. Physiol Rev. 2001;81(2):929-. https://doi.org/10.1152/
physrev.2001.81.2.929. 69.

Peyron MA, Woda A, Bourdiol P, Hennequin M. Age-related changes in masti-

cation. J Oral Rehabil. 2017;44(4):299-312. https://doi.org/10.1111/joor.12478.

Kugimiya Y, Watanabe Y, Igarashi K, Hoshino D, Motokawa K, Edahiro A, et al.
Factors associated with masticatory performance in community-dwelling
older adults: a cross-sectional study. J Am Dent Assoc. 2020;151(2):118-26.
https://doi.org/10.1016/j.adaj.2019.10.003.

Maruyama M, Morita K, Kimura H, Nishio F, Yoshida M, Tsuga K. Asso-
ciation between masticatory ability and oral functions. J Clin Exp Dent.
2020;12(11):e1011-4. https;//doi.org/10.4317/jced.56747.

Kotsiomiti E, Farmakis N, Kapari D. Factors related to the resting tongue
position among partially and completely edentulous subjects. J Oral Rehabil.
2005;32(6):397-402. https://doi.org/10.1111/].1365-2842.2005.01444.x.
Murotani Y, Hatta K, Takahashi T, Gondo Y, Kamide K, Kabayama M, et al. Oral
functions are Associated with muscle strength and physical performance in

34.

35.

36.

Page 12 of 12

Old-Old Japanese. Int J Environ Res Public Health. 2021;18(24). https://doi.
0rg/10.3390/ijerph182413199.

van der Bilt A. Assessment of mastication with implications for oral
rehabilitation: a review. J Oral Rehabil. 2011;38(10):754-. https://doi.
org/10.1111/j.1365-2842.2010.02197 x. 80.

Naka O, Anastassiadou V, Pissiotis A. Association between functional tooth
units and chewing ability in older adults: a systematic review. Gerodontology.
2014;31(3):166-77. https://doi.org/10.1111/ger.12016.

Ikebe K, Matsuda K, Kagawa R, Enoki K, Okada T, Yoshida M, Maeda Y. Mastica-
tory performance in older subjects with varying degrees of tooth loss. J Dent.
2012;40(1):71-6. https://doi.org/10.1016/j.jdent.2011.10.007.

Takahashi K, Amemiya K, Nakatsuka M, Nakamura K, Kasai M, Meguro K.
Impaired eating and swallowing function in older adults in the community:
the Kurihara Project. Int J Environ Res Public Health. 2019;16(20). https://doi.
0rg/10.3390/ijerph16204040.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1111/j.1365-2842.1981.tb00519.x
https://doi.org/10.1016/j.archger.2018.05.015
https://doi.org/10.1152/physrev.2001.81.2.929
https://doi.org/10.1152/physrev.2001.81.2.929
https://doi.org/10.1111/joor.12478
https://doi.org/10.1016/j.adaj.2019.10.003
https://doi.org/10.4317/jced.56747
https://doi.org/10.1111/j.1365-2842.2005.01444.x
https://doi.org/10.3390/ijerph182413199
https://doi.org/10.3390/ijerph182413199
https://doi.org/10.1111/j.1365-2842.2010.02197.x
https://doi.org/10.1111/j.1365-2842.2010.02197.x
https://doi.org/10.1111/ger.12016
https://doi.org/10.1016/j.jdent.2011.10.007
https://doi.org/10.3390/ijerph16204040
https://doi.org/10.3390/ijerph16204040

	﻿Factors associated with age-related changes in oral diadochokinesis and masticatory function in healthy old adults
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study participants
	﻿Study design
	﻿Objective assessment


	﻿Tooth number, Eichner index, MP, TP, BF, HG, OA
	﻿ODK
	﻿Oral dryness
	﻿Subjective assessments

	﻿Data analysis
	﻿Results
	﻿Demographic information
	﻿Subjective and objective masticatory function among age groups
	﻿Multiple linear regression analysis of associations with ODK
	﻿Multiple linear regression analysis of associations with MP

	﻿Discussion
	﻿Conclusions
	﻿References


