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PROLONGATION OF ORAL PHASE FOR INITIAL SWALLOW
OF SOLID FOOD IS ASSOCIATED WITH ORAL
DIADOCHOKINESIS DETERIORATION IN NURSING HOME
RESIDENTS IN JAPAN: A CROSS-SECTIONAL STUDY

M. Shimosaka', W. Fujii', Y. Kakinoki*, S. Akifusa’'

Abstract: Background: Prolongation of bolus forming complicates ingestion, in particular in older adults. Objectives: The purpose
of this study is to examine which oral functions are associated with prolongation of the oral phase of forming a bolus until
swallowing in older adults. Design: Cross-sectional study. Setting: three nursing homes in Kitakyushu, Japan from August 2017
to October 2018. Participants: 39 adults >60-years. Measurements: Number of functional teeth, chewing ability, swallowing ability,
tongue and cheek pressure, saliva flow rate, oral diadochokinesis, global cognitive function, and body mass index, were examined.
Time of oral phase until the first swallowing of solid food was measured as the outcome of the study using video, and audio
recording of the swallowing sound by a throat microphone, with the cutoff point designated at 30 s. Based on the oral phase,
participants were divided in two groups: normal and prolonged. Results: The 39 enrolled participants had a median age of 87 years,
17.3% were men, and 48.7% had prolonged oral phase. In the prolonged group, the swallowing ability, saliva flow rate, tongue and
cheek pressure, and oral diadochokinesis were significantly lower than in the normal group. Binomial logistic regression analysis
revealed that oral phase prolongation was associated with oral diadochokinesis (odds ratio 0.81, 95% confidence interval 0.67-0.98)
after adjusting for potential covariates. Conclusion: Oral diadochokinesis deterioration is significantly associated with oral phase

prolongation for initial swallowing of solid food in older adults.
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Introduction

Oral function depends on various factors, including
the number of natural teeth, chewing ability, oral
diadochokinesis (ODK), tongue pressure, and swallowing
ability, which are all indispensable for maintaining a
good nutritional status. A decline in oral function
frequently restrains dietary intake in older adults (1,
2). Nursing protocols that include oral care assistance
contribute to reducing weight loss and decline in
nutritional status, as assessed by the Mini-Nutritional
Assessment (3). It is frequently observed that the time
from mouthing food to the initial swallowing tends to
be prolonged in older adults (4). However, the cause of
such prolongation remains unclear. It has been reported
that the number of masticatory cycles and oral phase
duration increase with age, leading to prolongation of
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forming a bolus (5). Therefore, the aim of the present
study was to examine which oral factors are associated
with prolongation of oral phase without swallowing in
older adults.

Methods

The reporting of this study follows the STrengthening
the Reporting of OBservational studies in Epidemiolog
(STROBE) guidelines for the analysis of observational
data.

Study setting and participants

This cross-sectional study was carried out at three
nursing care homes for older adults in Kitakyushu,
Japan. The study commenced in August 2017, with
enrollment ending in October 2018. Forty-two residents
of nursing homes, aged >60-years-old, were included
in this study. Residents with psychiatric disorders,
systemic inflammation, head and neck tumors, Sjégren
syndrome, and severe medical history of digestive system
disease were excluded from this study. Thus, a total of 39



participants were included in the final analysis. Informed
consent was obtained from all participants or their legal
guardians. This study was conducted with the approval
of the ethics review board of Kyushu Dental University
(No.: 16-102). The research was carried out in accordance
with the Declaration of Helsinki.

Data collection

Information regarding age, sex, body mass index (BMI)
in kg/m?, medical history, motor palsy, and choking
was obtained from clinical records. Global cognitive
function, measured using the 30-question Mini-Mental
State Examination (MMSE) (6), was collected from
medical records. A trained dental hygienist carried out
all measurements of oral function. In the present study,
a functional tooth was defined as a tooth having occlusal
function without severe periodontitis or loss of the crown.

Swallowing function assessment

The participants’ swallowing ability was assessed
using the repetitive saliva swallowing test (RSST) (7, 8).
While seated, participants were asked to swallow their
saliva as many times as possible in 30 s. The number
of swallows were counted by the examiner through
monitoring of larynx palpation, which gave a ratio scale
measurement.

Tongue and cheek pressure measurement

Tongue and cheek pressure were evaluated using a
specified tongue pressure measurement device (JMS
Co, TPM-01, Japan). TPM-01 is a handheld manometer
consisting of a small balloon-type disposable oral probe.
At zero calibration, the probe is inflated with air at a
pressure of 19.6kPa (9). The measurement was performed
with participants sitting in a relaxed position, and
participants were asked to squash, with as much force
as possible for 7 seconds, the balloon probe interposed
between their tongue and palate to measure tongue
pressure or between the buccal mucosa and buccal aspect
of the first molar to measure cheek pressure. For tongue
pressure, the measurement was performed 3 times, and
the maximum value was used. For cheek pressure, the
pressure of each cheek was measured, and the maximum
value was used.

ODK measurement

ODK was defined as the motor skill and the rate of
movement of the lips and tongue, according to a
previous study (10). The ODK test was used to evaluate
the number of fastest repetitive articulations of /pa/,
/ta/ and /ka/ within a period of 5 s and without
taking a breath, using the pen-tapping method, and
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then to calculate the pronunciations per second. These
articulations were used to evaluate the movement of lips,
apex of the tongue, and posterior region of the tongue,
respectively (10). The total ODK test score was calculated
by summing scores in all elements.

Saliva flow volume

Saliva flow rate was measured as per a previous
study with some slight modifications (11). Participants
were instructed not to smoke, eat, and drink before
the assessment. A dry medical gauze was weighed in
a laboratory dish before participants were instructed
to swallow all the saliva present in the oral cavity and
then chew on the gauze for 2 min. The gauze was then
weighed again, and the difference in the two weight
measurements was defined as the amount of secreted
saliva.

Functional tooth units (FTUs)

We calculated the FTUs based on the clinical
examination of the participants (12). FTUs were defined
as pairs of opposing posterior natural teeth or prostheses
(fixed or removable dentures), excluding carious teeth
with extensive coronal destruction. In this study, two
opposing premolars were defined as one FTU, and two
opposing molars were defined as two FTUs. Therefore,
the maximum total FTU score was 12.

Chewing ability

Chewing ability was assessed using a visual scoring
method (13). After being given a piece of gummy
jelly (UHA Mikakuto Co., Osaka, Japan), which is a
standardized testing food, participants were instructed
to chew the piece 30 times on their preferred chewing
side and then expectorate the comminuted particles.
Masticatory performance was scored using a scale of 0 to
9 by comparing images of visual samples of the particles,
with a smaller score indicating better chewing ability.

Oral phase and residual amount of food bolus

To assess oral phase until initial swallowing of
solid food and the residual amount of the food bolus,
participants were instructed to eat 8 g of Processlead®
(Otsuka Pharmaceutical Factory, Inc., Japan) in a normal
manner. Processlead® is a novel chew-swallow managing
food, based on a process model (14). The amount of
Processlead® was standardized at 8 g to avoid bolting
without chewing (15). The oral phase was measured
from food intake to the first swallowing. Food intake was
video recorded, and the swallowing sound was recorded
using a throat microphone (SH-12jk, NANZU ELECTRIC
Co., Ltd., Japan), attached to the neck. Previously, we
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Table 1

Characteristics of participants

Variables Overall (n=39) Normal group (n=19) Prolonged group (n=20) p-value
Age, years (min-max) 87 (63-104) 87 (67-98) 86 (63-104) 0.989
Men, n (%) 9(17.3) 7 (36.8) 2 (10.0) 0.053
Nutritional status

BM]I, kg/m2 (min-max) 19.9 (13-30) 20.4 (14-25) 19.4 (13-30) 0.607
MMSE, m (min-max) 7 (2-14) 15.5 (0-29) 6.0 (2-11) 0.017
Number of functional teeth, m (min-max) 28 (0-28) 28 (15-28) 27.5 (0-28) 0.309
FTU, m (min-max) 12 (0-12) 12 (4-12) 12 (0-12) 0.365
Chewing ability m (min-max) 0(0-7) 0(0-7) 0 (0-4) 0.513
Chewing time, s m (min-max) 30 (9-134) 24 (9-29) 43 (30-134) <0.001
RSST, m (min-max) 1(0-7) 2 (1-7) 0(0-4) 0.001
Saliva flow, g/min (min-max) 0.9 (0-2) 1.2 (0.5-2) 0.6 (0-2) 0.046
Tongue pressure, kPa (min-max) 12.8 (0-35) 15.1 (3-35) 8.3 (0-24) 0.041
Cheek pressure, kPa (min-max) 7.5 (0-22) 10.5 (0-21) 6.2 (0-22) 0.044
Oral diadochokinesis, s-1

/pa/, m (min-max) 3.1 (0-7) 4.0 (0-6) 1.3 (0-7) 0.001

/ta/, m (min-max) 3.2 (0-7) 4.3 (0-7) 1.2 (0-6) <0.001

/ka/, m (min-max) 2.5 (0-8) 4.4 (0-8) 1.3 (0-6) 0.002

total, m (min-max) 9.0 (0-21.8) 13.4 (0-21.8) 4.2 (0-18.2) <0.001
Residual food bolus
1-2,n (%) 25 (64.1) 16 (84.2) 9 (45.0) 0.011
3-5,n (%) 14 (35.9) 3(15.8) 11 (55.0)
Risk of choke, n (%) 14 (35.6) 4(21.1) 10 (50.0) 0.096
Paralysis, n (%) 22 (56.4) 8(42.1) 14 (70.0) 0.111

Mann-Whitney U-test was used for quantitative variables. x2 test was used for qualitative variables; m (min-max): median (minimum to maximum; n (%): number
(percent), BMI: body mass index; FTU: functional tooth unit; MMSE: mini-mental state examination; RSST: repetitive saliva swallowing test.

demonstrated that the average oral phase is about 25 s
in individuals >70-years-old (4). Considering that the
average age of participants in this study was over 80
years, we designated participants with an oral phase of
30-s and above in the “prolonged” group and those with
<30 s in the “normal” group. The residual amount of the
food bolus was measured after the first swallowing, by
collecting it with a disposable oral care sponge swab and
evaluating it in 4 grades: 1) no residual bolus, 2) crumbs,
3) less than half of initial bolus, and 4) over half.

Outcome measure

The outcome measure of this study was the duration of
the oral phase until the first swallowing of solid food.

Statistical analysis

Continuous variables are expressed as the median
(minimum to maximum). The Chi-square test and Mann-

Whitney U-test were used to examine differences between
the prolonged and normal groups. The correlation
between oral functions and oral phase was analyzed
using Spearman's rank correlation coefficient. In binomial
logistic regression analysis, time of oral phase was
included as a dichotomized variable (normal group and
prolonged group). Three models were carried out in the
binomial logistic regression analysis. Model 1 was the
unadjusted model. Model 2 was adjusted for sex and
age. Model 3 was adjusted for: sex, age, global cognitive
function, swallowing ability, tongue pressure, and cheek
pressure. All analyses were carried out using SPSS
statistical software version 22 (SPSS, Chicago, IL, USA),
and the level of significance was set at 5% in all cases.

Results

The participants’ characteristics are shown in Table
1. The time of oral phase in the prolonged group [43
(30-134)] was significantly longer than that of the normal
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Table 2
Correlation between time of oral phase and oral functions

Variables 1 2 3 4 5 6 7 8 9 10
1 /pal,s1 1
2 /ta/, s-1 0.945* 1
3 /ka/, s-1 0.955** 0.943** 1
4 Functional teeth 0.14 0.12 0.11 1
5 FTU 0.07 0.06 0.07 0.906* 1
6 RSST, 30 s-1 0.576** 0.587** 0.586** 0.17 0.09 1
7 Saliva flow, g/min -0.05 —-0.05 -0.06 0.28 0.331* 0.17 1
8 Tongue pressure, kPa 0.415* 0.455** 0.449* -0.03 -0.11 0.691** 0.08 1
9 Cheek pressure, kPa 0.470** 0.501** 0.481** 0.17 0.18 0.652** 0.23 0.704** 1
10  Oral phase, s -0.544**  -0.561**  -0.459** -0.10 -0.09 -0.549**  -0.418* -0.345* -0.30 1

*: p<0.05; **: p<0.01; FTU: functional tooth unit, RSST: repetitive saliva swallowing test.

Table 3
Binomial logistic regression analysis showing the associations of oral functions with oral phase prolongation

Model 1 Model 2 Model 3
Variables OR (95% CI) p-value OR (95% CI) p-value
Total ODK 0.80 (0.70-0.93) 0.003 0.80 (0.68-0.93) 0.003 0.81 (0.67-0.98) 0.028
Swallowing function 0.43 (0.23-0.81) 0.008 0.45 (0.24—0.83) 0.011 0.52 (0.22-1.21) 0.130
Saliva flow 0.57 (0.30-1.09) 0.091 0.49 (0.23-1.05) 0.066 0.19 (0.03-1.02) 0.053
Tongue pressure 0.92 (0.85-1.00) 0.046 0.92 (0.84-1.01) 0.074 1.02 (0.87-1.20) 0.822
Cheek pressure 0.90 (0.81-1.01) 0.064 0.89 (0.78-1.00) 0.057 1.01 (0.80-1.29) 0.916

OR: odds ratio, CI: confidence interval for odds ratio, ODK: oral diadochokinesis; Total sample size included in the analysis: 39; Model 1, unadjusted; Model 2,
adjusted by sex and age; Model 3, adjusted by sex, age, global cognitive function, total ODK, swallowing ability, saliva flow, tongue pressure, and cheek pressure.

group [24 (9-29)]. There were no significant differences
in age, sex, BMI, number of functional teeth, FTUs, and
chewing ability between the prolonged and normal
groups. Global cognitive function, as assessed by the
MMSE, was significantly lower in the prolonged group
when compared to the normal group. Oral functions
[e.g., swallowing ability assessed by the RSST, saliva flow
rate, tongue and cheek pressure, ODK] were significantly
lower in the prolonged group than in the normal group.
The participants were divided into two groups according
to the amount of residual food, i.e., those with scores of
1-2 were classified as the no residual food group and
those with scores of 3-5 were classified as the residual
food group. The proportion of the residual food group in
the prolonged group was significantly higher than that in
the normal group.

The correlations between oral phase and different oral
functions are shown in Table 2. Oral phase was correlated
with /pa/, /ta/, /ka/, MMSE score, RSST score, saliva
flow rate, and tongue pressure. ODK elements were
highly correlated with each other (r > 0.9, p < 0.01),
suggesting high collinearity. Age, BMI, blood albumin,
number of functional teeth, and FTUs were not correlated

with ODK.

Tables 3 show the results of the binomial logistic
regression analysis for the associations of oral functions
with oral phase prolongation after adjusting for
potential covariates. The analysis revealed that the total
ODK, swallowing function, and tongue pressure were
associated with oral phase prolongation in model 1
(unadjusted model). However, fully adjusted analysis
(model 3) revealed that only total ODK was associated
with oral phase prolongation. In addition, a model
adjusted for all oral function measurements was also
carried out. In this model, none of the oral functions was
significantly associated with the duration of oral phase
[for FTU: 0.84 (0.66-1.07), p = 0.152, for RSST: 0.50 (0.24-
1.04), p = 0.063, for saliva flow: 0.52 (0.24-1.17), p = 0.114,
for tongue pressure: 0.95 (0.82-1.10), p = 0.506, and for
cheek pressure: 1.05 (0.88-1.25), p = 0.568].

Discussion

We investigated factors related to oral phase
prolongation until the initial swallowing of solid food
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in older adults. We identified ODK as a the only oral
function significantly associated with duration of oral
phase. ODK is considered to be important for speech
motor skills, which are coordinated by articulators such
as the lips, tongue, and velum (10). Regarding ODK
syllables, /pa/ is associated with lip function, /ta/
with the anterior part of the tongue, and /ka/ with
the posterior part of the tongue (16). The number of
repetitions of the syllable /pa/ has been reported to be
associated with the ability to crush and mix, in terms
of masticatory performance, in young dentate adults
(17). The number of repetitions of the syllable /ka/ has
been shown to be associated with mixing ability among
complete denture wearers (18). The syllable /ta/ has been
shown to significantly affect masticatory performance,
as assessed by measuring the dissolved glucose emitted
by gummy jelly using a glucose measuring device
(19). Further, /ta/ has been shown to be significantly
correlated with the ability to mix food in older adults (20).
Taken together, the deterioration of ODK related lip and
tongue functions is closely associated with oral phase
prolongation.

Previous reports have demonstrated that ODK
deteriorates at more advanced ages, and is closely
associated with sarcopenia, dynapenia, physical
fitness, global cognitive function, and frailty (21, 22).
The improvement program for oral function, which
includes tongue and vocal exercises, has improved ODK
(23, 24), suggesting that such exercises might improve
the duration of oral phase. As these exercises are safe
and do not need any specific device, they can be easily
implemented by older adults in institutions or at home.

In the present study, an unadjusted binomial logistic
regression analysis (model 1) revealed that, besides
ODK, swallowing function assessed by RSST and tongue
pressure was associated with the duration of the oral
phase. However, analyses adjusted for confounders
were not statistically significant. None of saliva flow,
swallowing, cheek and tongue pressure were not
significantly associated with the outcome. This was
partially contrary to our hypothesis. Although further
investigations are needed to find out the reasons, it is
possible that the absence of significant associations was
related with ease of forming bolus of Processlead®(14).

The cause of oral phase prolongation without
swallowing is still unknown. A previous study reported
that degradation of pharyngeal and supraglottic
sensitivity progresses with increasing age (25), while
another suggested that aging leads to an increased
threshold of deglutition and laryngeal atresia reflexes,
with the threshold volume of pharyngeal swallowing
being significantly higher in older individuals (26). These
findings suggest that hypoesthesia of the pharynx might
cause difficulty in swallowing, leading to prolongation of
the oral phase. Thus, ODK may help to squeeze the food
bolus into the pharynx.

The present study had several limitations. First,
because this was a cross-sectional study, the causal

relation between prolongation of oral phase and ODK
deterioration was not examined. Second, we used
Processlead® to assess oral phase. To evaluate the actual
oral phase, it might be necessary to use another type
of prepared food. Third, this study was carried out at
three nursing homes in a single city of Japan, potentially
limiting the generalizability of the results. Fourth, the
sample size of this study was small. To improve the
generalizability of the results from this study, further
studies with larger sample sizes are necessary. The
strength of this study was that it evaluated oral functions
using objective indexes including swallowing function
and chewing function. Past studies have evaluated
swallowing function using the EAT-10, a questionnaire
survey for swallowing function (27, 28).

In conclusion, ODK deterioration is closely associated
with oral phase prolongation until first swallowing occurs
in older adults.
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