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Abstract: Objectives: We aimed to investigate the relationship between the ability to press Process Lead (PL)
in the oral cavity and the tongue pressure and recommended diet form for elderly individuals in nursing homes,
using PL normalized physical properties. Design: Cross-sectional observation study. Setting: Geriatric facilities.
Participants: A 100 elderly individuals aged between 67-96 years. Measurements: PL was pressed between the
tongue and palate to evaluate its deformation. The thickness was set at 6, 9, and 18 mm. The tongue pressure
was measured with a JMS tongue pressure manometer. The number of chewing cycles until an 18-mm thick
PL was first swallowed was measured (PL chewing test). The diet was set to level 4, and the recommended
form was evaluated by video endoscopic evaluation of swallowing (VE). The results of the PL pressing test
and correlations between PL chewing test, tongue pressure, and diet level were statistically examined. Results:
The tongue pressure was significantly decreased in groups that could not press the PL. The PL pressing test and
recommended diet form showed a significant correlation, and the elderly with difficulty in pressing the PL had
a lower diet level. In addition, the diet level decreased with decreased PL chewing test performance in those
without molar occlusion. Conclusions: The PL pressing and chewing tests may aid in ascertaining the appropriate
diet level. In the future, we would like to verify the usefulness of these tests in determining the diet level of

elderly people requiring long-term care at the time of entering the facility.
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Introduction

The number of older individuals with suspected dysphagia
are increasing in a super-aged society. Individuals with
suspected dysphagia run a risk of malnutrition and respiratory
complications owing to aspiration (1, 2). In nursing homes,
proper selection of diet level for residents with dysphagia is
essential to prevent aspiration of ingested food (3). Dysphagia
diet is classified into several levels (4), but the important point
for deciding a proper diet form is to assess not only swallowing
but also the masticatory function.

Mastication is the integrated function of the jaws, hyoid,
tongue, and other soft tissues. Masticatory function deteriorates
in elderly individuals owing to various factors. Deteriorated
masticatory function may affect eating and thus the diet
level of frail elderly individuals. Eating function in people
with dysphagia is generally assessed by videofluoroscopy
or videoendoscopy (5). Instrumental examination can
aid in comprehensive visible evaluation of masticatory and
swallowing functions, which is useful for determining the diet
level of patients with dysphagia. However, the access to those
medical instruments is limited for individuals living at nursing
homes. Thus, a concise assessment of the eating (mastication
and swallowing) function is desirable to determine safe and
present diet levels for residents at nursing homes. There are
simple swallowing screening tests using water or jelly food(6),

but few masticatory evaluation tests for people with dysphagia.
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Masticatory function is conventionally measured with
gummy or gum. Masticatory performance is generally assessed
based on the grindability and distribution of gummy particles
(7) or visual color change (8). Although these methods are
effective for evaluating masticatory ability in healthy adults, it
is difficult to apply these assessments to people with dysphagia
because of the increased risk of choking or aspiration due to the
high elasticity and adhesiveness of the test materials.

The tongue plays a critical role in both mastication and
swallowing. The tongue carries food to the occlusal surface of
the teeth during chewing, then transports the chewed bolus to
the oropharynx prior to swallowing. The transported food bolus
is accumulated at the back of the tongue, and is eventually
propelled to the esophagus by tongue retraction and pharyngeal
constriction (9, 10). Since tongue pressure is correlated with
swallowing function (11, 12), decreased tongue pressure is
often observed in patients with dysphagia (13), sarcopenia (13,
14), neuromuscular disease (15), or cerebrovascular disorders
(16), and is thus related to the diet level in patients in nursing
care facilities (17). Hence, the maximum tongue pressure
(MTP), which could be an indicator of the diet level, needs to
assessed using a measuring device.

Our definitive goal in this study was to develop a technique
for the concise assessment of eating function and proper diet
level for frail elderly individuals living in nursing homes. First,
we tested if a novel chewing training food, named Process

Lead (PL), could be used to evaluate eating function and,
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thereby, the proper diet level without any devices. PL has been
developed as a chewing training food for dysphagic individuals
(18, 19). It is a hard jelly made from sesame paste; its hardness
requires chewing at a preparatory stage (Ishibashi N et al., in
press). However, after chewing, the transported chewed bolus
in the pharynx changes to a swallowable puree-type texture. We
hypothesized that PL can be used to assess the tongue pressure
by placing between the tongue and palate; this can also be
used for standardized masticatory assessments in patients with
dysphagia because of its safer texture compared to the other
gummy or gums. To test this hypothesis, we investigated the
relationship between the ability to press PL in the oral cavity
and the tongue pressure and recommended diet form for elderly
individuals in nursing homes.

Materials and Methods

Participants

This study protocol was approved by the Institutional
Review Board of Fujita Health University (Approval ID:
16-425).

A 100 elderly individuals who lived at geriatric facilities
and had 3 oral meals per day were recruited in this study. The
exclusion criteria were unstable physical or mental status,
functional disability requiring assistance for eating, structural
abnormality of the oral cavity, and insufficient comprehension
of the instructions. All participants and a family member
or other proxy provided written informed consent prior to
enrollment in this study.

Data collection

Preparation of Process Lead

The physical property of PL has been reported in a previous
study (Ishibashi N et al., in press). Based on the results of that
study, we determined the thickness of PL for the pressing test
as follows: 6, 9, and 18 mm (Fig. 1A). The PL with 18-mm
thickness was a square cube and those with 6- and 9-mm
thickness were 1/3 and 1/2 of a rectangular cube.

Process Lead pressing and chewing tests

The PL pressing test was performed by pressing the cube of
PL between the tongue and hard palate. The PL, placed on a
tongue depressor, was inserted into the participant’s mouth. The
participants were instructed to press the PL cube between the
tongue and palate; we then evaluated if the cube was deformed
(Fig. 1B). The trial was started with the 18-mm thick cube,
followed by the 9-m and 6-mm thick cubes if successful. We
recorded the least thickness of PL deformation.

The PL chewing test was performed using an 18-mm thick
PL cube. Participants were asked to eat the 18-mm thick cube
naturally, and the number of chewing cycles from ingestion
until the first swallow were counted. The PL chewing test was
repeated three times, and the mean was calculated.

In the preliminary study, we examined and concluded the

following 3 points on the physical properties of PL: (1) There
was reproducibility in rupture stress at the same thickness of
PL, (2) The deviation of the expected tongue pressure from
the rupture stress was within the range of tongue pressure for
patients with dysphagia, (3) The PL did not disperse and release
water on crushing.

Figure 1
(A) The thickness of Process Lead (PL) for the pressing test
was set at 6,9, and 18 mm. (B) The pressing test using PL; the
participant could press the 18-mm PL cube sufficiently

A

6 mm 18 mm

9 mm

Maximum tongue pressure

MTP (kPa) was measured using a digital tongue pressure
meter equipped with a sensor balloon probe (TPM-01, IMS Co.
Ltd., Hiroshima, Japan). The sensor balloon was set between
the tongue and hard palate, and participants were instructed to
raise their tongue and compress the balloon toward the palate
at maximum strength. The maximum value was measured three
times, and the mean was calculated.

The presence of functional occlusal support area by natural
teeth or properly fabricated denture(s) was also evaluated.

Videoendoscopic examination of eating functions

Videoendoscopic examination of swallowing (VE) was
performed to evaluate eating functions. A fiberoptic endoscope
(3.6 mm in diameter, ENF TYPE P4, Olympus, Tokyo, Japan)
was inserted through the nostril, and the tip of the endoscope
was positioned behind the soft palate to observe the pharyngeal
region. Participants were instructed to eat the 18-mm thick
PL cube, and the pharyngeal images during evaluation were
recorded on a digital video (Fig. 2). Pharyngeal bolus formation
was classified into 3 levels: 0, good; 1, not bad; 2, bad (20), and
the residue in the oral cavity and pharynx was classified into 4
levels (21): 1, none; 2, punctuate/trace; 3, less than half; and 4,
half or more.
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Figure 2
Participant eating a Process Lead (PL) cube or recommended
diet, and video images from an endoscope were recorded
simultaneously by digital video camera. We counted the
number of chewing cycles from PL ingestion to the first
swallow using these images (PL chewing test)

» R4
avig¥ tm W4
Endoscope 4’

Recommended diet level was evaluated with the VE and
classified into 4 levels (regular, chopped, minced, and soft).

Data analysis

The PL pressing test was more difficult with cubes of lesser
thickness, i.e., the 6-mm thick cube was the most difficult to
deform. Based on the PL pressing test results, the participants
were classified into 3 groups: those who could deform cubes of
all thickness (6 mm), those who could deform cubes of 9-mm
and 18-mm thickness (9 mm), and those who could deform
18-mm thick cubes only (18 mm). All participants could deform
18-mm thick cubes.

The one-way ANOVA was used to examine the difference
in MTP based on the PL pressing test group or recommended
diet level. Then, the receiver operating characteristic
(ROC) curve was used to test the cutoff points for MTP to
distinguish between the PL pressing test results (6 mm vs
9 mm, and 9 mm vs 18 mm, respectively). The area under
the curve (AUC) was obtained from the ROC curve, and the
point closest to the coordinate point of the upper left corner
(sensitivity 1, specificity 1) was calculated as the cutoff value.
The relationship between the PL pressing test group and
recommended diet level was tested by the chi-square test.

The difference in the number of chewing cycles among the
PL pressing test groups and molar occlusion were tested by
two-way ANOVA. The Bonferroni test was used for multiple
comparisons. The differences in the number of chewing cycles
was also compared by the recommended diet level and molar
occlusion using two-way ANOVA.

The chi-square test was used to compare bolus formation and
residue in the pharynx.

Statistical significance was set at p = 0.05. Statistical
analyses were performed with SPSS 25.0 (SPSS, Chicago, IL).

Results

A total of 100 participants (mean age: 87, range, 67-96
years, 34 men and 66 women) were enrolled in this study. The
demographic characteristics of the participants is shown in
Table 1.

Table 1
Basic demographic characteristics of participants

Male Female Total
34 66 100
age 82 89 87
(range; 67-92) (range; 69-96) (range; 67-96)
MTP (kPa) 19.6 17.4 18.1
(range; 10.2-32.2) (range; 5.9-31.0) (range; 5.9-32.2)
PL chewing test 16.5 15.5 16.0

(range; 6-33) (range; 4-35) (range; 4-35)

MTP, maximum tongue pressure; PL, Process Lead

Figure 3
The relationship between the maximum tongue pressure (MTP)
and (A) Process Lead (PL) pressing test and (B) recommended
diet level showed that participants with a low MTP showed low
scores on the PL pressing test and recommended diet levels (*p
< 0.05 for the correlation with recommended diet levels)
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Relationships among the maximum tongue pressure and
Process Lead pressing test and recommended diet level

The median [interquartile range; IQR] MTP was 20.9 [18.4—
25.2] (kPa) in the 6-mm group but was significantly lower in
the 9-mm and 18-mm groups (15.3 [11.5-18.9] (kPa)and 10.7
[8.1-12.0] (kPa), respectively) (Fig. 3A). The median MTP was
24.4 [19.6-28.8] kPa for the group with regular diet but was
lower for lower diet levels. For the group with the chopped diet,
the median MTP decreased to 19.9 [16.1-20.9] kPa and was
even lower in the group with minced and soft diets (14.4 [11.3—
17.3] (kPa) and 11.6 [8.1-12.1] (kPa), respectively) (Fig. 3B).

With the ROC analysis, the cutoff value of the MTP for
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the 6-mm vs 9-mm group was 16.2 kPa (sensitivity, 0.86;
specificity, 0.80). The AUC was 0.815 (P < 0.001). The cutoff
value of the MTP for 9-mm vs 18-mm group was 11.5 kPa
(sensitivity, 0.82; specificity, 0.78), and the AUC was 0.760 (P
<0.001).

The diet level and PL pressing test also showed a significant
correlation (P < 0.001) (Table 2). The most recommended diet
was regular or diced (91%) for the 6-mm group. In the 9-mm
group, 10 individuals (37%) were recommended a diced diet,
and 12 (44%) were recommended a minced diet, but only
one person was recommended a regular diet. For the 18-mm
group who could deform only cubes of 18-mm thickness, the
recommendations were mostly for a soft diet (11 people, 58%),
followed by minced diet (6 people, 32%).

Table 2
Relationships between PL pressing test and recommended diet
level
PL pressing test Recommended diet level
Regular Diced Minced  Soft

Deforms all thickness (6-mm) 25 24 5 0 54
Deforms 9 mm or 18 mm (9-mm) 1 10 12 4 27
Deforms only 18 mm (18-mm) 0 2 6 11 19
Total 26 36 23 15 100

a tendency for bolus formation to become more “bad,” but
there were no significant differences (Fig. SA). There was
no significant difference in the residue in the pharynx, when
statistically examined for each of the molar occlusions and
recommended diet forms (Fig. 5B, C).

Figure 4
The relationship between the Process Lead (PL) chewing test
and (A) PL pressing test and (B) recommended diet level
showed that participants with molar occlusion with low scores
on PL pressing test/diet level showed significantly fewer
chewing cycles (¥p < 0.05)
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Relationships among Process Lead chewing test, Process
Lead pressing test and recommended diet level

For participants with molar occlusion, the median number
of chewing cycles for the PL chewing tests were 16.5 [14.1—
22.0], 16.5 [13.5-20.5], and 20.0 [12.0-24.0] for the 6-, 9-,
and 18-mm groups, respectively (Fig. 4A). It was not different
among the groups of PL pressing test. However, for participants
who did not have molar occlusion, the number of chewing
cycles were significantly lower in the 9-mm and 18-mm
group compared to the 6-mm group. For the 6-mm group, the
number of chewing cycles did not differ between the group
with and without molar occlusion, but was significantly lower
in the participants without molar occlusion in the 9- and 18-mm
groups.

In participants with molar occlusion, on comparing between
the various recommended diet levels, there was no significant
difference in the median number of chewing cycles for the PL
chewing test. However, in participants without molar occlusion,
the number of chewing cycles significantly decreased in those
on a minced or soft diet (Fig. 4B).

Comparison of bolus formation and Process Lead (18-mm
thick) residue in the pharynx

The differences in bolus formation and residue in the
pharynx were compared between the recommended diet forms.
In participants who were recommended a soft diet, there was

10 7 10 7
@) (14 (17) (19 @) (12 (20) (&) (26)(10) (13)(10) (5)(10)
0 0
6 mm 9 mm 18 mm regular chopped minced  soft
PL pressing test Recommended diet level
Discussion

The present study demonstrated that the MTP was
significantly different among the groups based on the results
of the PL pressing test and diet level recommendation. These
findings suggest that the PL pressing test may help identify
the appropriate diet level. The results of the PL chewing test
showed significantly fewer chewing cycles in dysphagic
patients without molar occlusion. Softer foods could be
recommended in these individuals because of the decline in
their chewing ability. Combining the PL pressing and chewing
tests could help identify the diet recommendation for frail
elderly individuals in nursing homes; however, further studies
are warranted to validate these assessments.

Relationships among maximum tongue pressure and
Process Lead pressing test and recommended diet level

In this study, we developed the novel PL pressing test to try
to assess the MTP without the use of a digital tongue pressure
meter. Participants were divided into 3 groups based on their
ability to deform 3 PL cubes of different thicknesses. The MTP
was significantly different among the 3 groups. For the group
who could deform the thinnest cube, the average MTP was 20
kPa. In contrast, the average MTP was 11 kPa for the group
who could only press the 18-mm PL cube. By the ROC curve
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analysis, the recommended cutoff was 11.5 kPa for the 9-mm
vs. 18-mm group and 16.2 kPa for 6-mm vs. 9-mm group,
respectively, with high sensitivity. These findings suggest that
PL pressing test could be used as a concise screening test to
assess the MTP.

Figure 5
The relationship between the Process Lead (PL) chewing test
and (A) PL pressing test and (B) recommended diet level
showed that participants with molar occlusion with low scores
on PL pressing test/diet level showed significantly fewer
chewing cycles (*p < 0.05)
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We found that the MTP was strongly correlated with the
diet recommendation level as well. Tanaka et al. reported that
MTP showed significant correlation with food intake level in
nursing home residents or hospitalized patients, suggesting that
the MTP was an effective indicator for determining the dietary
recommendation for hospitalized patients and the elderly in
nursing homes (17). Our findings confirm their results that
MTP can be an indicator for diet recommendation. Our results
also showed that PL pressing test is also significantly correlated
with diet recommendation. Most participants who could
press the thin PL cube were recommended a regular or diced
diet, while those who could only press the 18-mm cube were
recommended a soft or minced diet. These findings suggest
that the MTP, PL pressing test, and diet recommendation were
strongly linked, and PL pressing test could be applied as a tool
to determine diet recommendation without instrumentation in
nursing homes.

Mastication and swallowing are the integrated functional
system of the craniofacial organs. In this, the tongue probably
plays the most critical role (22-24). The tongue carries the
ingested food to the molar, places it on the occlusal surface
during chewing, then propels the chewed bolus to the
pharyngeal surface of the tongue, and finally pushes the bolus
into the hypopharynx during swallowing (25). Structural
defects or dysfunction of the tongue significantly hamper the
performance of these functions during eating, especially in
patients with tongue cancer (26), stroke (16), or neuromuscular
diseases (15). The PL pressing test is a simple screening test
that could be used to detect decreased MTP in nursing home
inhabitants.

In the present study, we determined the thickness of PL for
the PL pressing test. Ishibashi et al., investigated the physical
property of PL with different thicknesses using a creep meter,
and reported that the breaking stress and compressive stress
varied with different thicknesses of PL. They also transferred
the breaking stress to the expected tongue pressure and reported
that the pressure for breaking the 6-, 9-, and 18-mm thick PL
cubes were 14.7, 12.7, and 8.7 kPa, respectively. The median
MTP for the 6-, 9-, and 18-mm groups were 20.9, 15.3, and
10.7 kPa, respectively, in this study. Our findings approach the
findings in the previous study, indicating the validity of the PL
pressing test.

Relationships among maximum tongue pressure and Process
Lead chewing test and recommended diet level

We found that the results of the PL chewing test depended
more significantly on molar occlusion than tongue pressure or
recommended diet level, in contrast to results of the PL pressing
test which significantly correlated with tongue pressure and
recommended diet level. The number of chewing cycles did not
differ among the PL pressing test groups in participants with
molar occlusion but decreased significantly in participants in
the 9- and 18-mm group without molar occlusion. This means
that individuals chew the 18-mm PL cube in a certain amount
of time if they have molar occlusion, regardless of tongue
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pressure. The bolus formation in the pharynx for patients
with molar occlusion was not different among the groups,
suggesting that a certain amount of chewing induced proper
bolus formation in the pharynx.

In contrast, in participants without molar occlusion, those
with lower MTP showed fewer PL-chewing cycles. This
means that participants with weak tongue strength and no
molar occlusion tended to chew less, and swallowed the bolus
with large-sized particles because of insufficient chewing.
The number of teeth or occlusal support significantly affects
masticatory performance (27). With decreased number of
teeth, masticatory performance significantly declines (28). If
the swallowing function declines, fewer chewing cycles may
increase the risk of choking or aspirating the ingested food.

In this study, the average number of chewing cycles was
approximately 20. The weight of the 18-mm PL cube was 6 g.
The texture of PL is softer than that of regular diet. The number
of chewing cycles of testing material (4 g) was 16.9+10.1 in
previous studies (18). Thus, 20 or more chewing cycles would
be a reasonable number. Thus, the PL chewing test could
be a useful screening test for diet evaluation in frail elderly
individuals.

Comparison of bolus formation and the 18-mm Process
Lead residue in the pharynx

In each recommended diet form, we observed differences
in bolus formation and residue in the pharynx. In participants
eating 18-mm PL cubes, who were recommended soft food,
there was a tendency for bolus formation to become more
“bad,” but no statistically significant differences were noted.
Moreover, when eating an 18-mm PL cube, there was no
significant difference in the residue in the pharyngeal
cavity after swallowing. Therefore, it was suggested that in
participants with or without molar occlusion, 18-mm PL cubes
can be eaten relatively safely.

Limitation

This study had several limitations. First, because this
study targeted individuals in nursing homes who follow
instructions, it was impossible to examine the utility of this
test in those who could not comply with instructions to press
the PL cube. Individuals with disorders, such as dementia and
cerebrovascular disease, often cannot follow the instructions.
The feasibility of this text in such individuals will be a future
subject.

Second, since we targeted those who ingested 3 oral
meals per day, we could not examine the feasibility of these
tests in dysphagic patients. Determination of diet form was
also assumed in the acute and recovery phases. We plan to
investigate these tests in dysphagic patients in the future.

Conclusion

The present study demonstrated that the results of PL
pressing test were significantly associated with the MTP and
recommendations of diet level. The PL chewing test presented
fewer chewing cycles in participants without molar occlusion
ingesting softer food, suggesting that people with deteriorating
chewing and swallowing functions exhibited poorer eating
performance. Combining these tests could be the indicator for
determination of food intake level in frail elderly individuals in
nursing homes. In the future, we hope to demonstrate the utility
of these findings as concise assessments of eating function and
proper diet level for frail elderly individuals living in nursing
homes.

Acknowledgement: This study was partly supported by the research grant of Otsuka
Pharmaceutical Factory Co., Ltd.

Conflicts of interest: Kazuharu Nakagawa and Koichiro Matsuo declare that they have
no conflict of interest.

Ethical standards: This study protocol was approved by the Institutional Review Board
of Fujita Health University (Approval ID: 16-425).

References

1. Manabe T, Teramoto S, Tamiya N, Okochi J, Hizawa N. Risk factors for aspiration
pneumonia in older adults. PloS One 2015;10:e0140060.

2. Rofes L, Arreola V, Almirall J, Cabre M, Campins L, Garcia-Peris P, Speyer R, Clavé
P. Diagnosis and management of oropharyngeal dysphagia and its nutritional and
respiratory complications in the elderly. Gastroenterol Res Pract 2011:818979.

3. Penman JP, Thomson M. A review of the textured diets developed for the management
of dysphagia. J Hum Nutr Diet 1998;11:51-60.

4. Cichero JA, Steele C, Duivestein J, Clave P, Chen J, Kayashita J, Dantas R, Lecko C,
Speyer R, Lam P, Murray J. The need for international terminology and definitions
for texture-modified foods and thickened liquids used in dysphagia management:
foundations of a global initiative. Curr Phys Med Rehabil Rep 2013;1:280-291.

5. Langmore SE, Schatz K, Olson N. Endoscopic and videofluoroscopic evaluations of
swallowing and aspiration. Ann Otol Rhinol Laryngol 1991;100:678-681.

6.  Clave P, Arreola V, Romea M, Medina L, Palomera E, Serra-Prat M. Accuracy of the
volume-viscosity swallow test for clinical screening of oropharyngeal dysphagia and
aspiration. Clin Nutr 2008;27:806-815.

7. Nokubi T, Yoshimuta Y, Nokubi F, Yasui S, Kusunoki C, Ono T, Maeda Y, Yokota
K. Validity and reliability of a visual scoring method for masticatory ability using test
gummy jelly. Gerodontology 2013;30:76-82.

8. Hayakawa I, Watanabe I, Hirano S, Nagao M, Seki T. A simple method for evaluating
masticatory performance using a color-changeable chewing gum. Int J Prosthodont
1998;11:173-176.

9. Mioche L, Hiiemae KM, Palmer JB. A postero-anterior videofluorographic study of
the intra-oral management of food in man. Arch Oral Biol 2002;47:267-280.

10.  Matsuo K, Palmer JB. Anatomy and physiology of feeding and swallowing: normal
and abnormal. Phys Med Rehabil Clin N Am 2008;19:691-707, vii.

11. Yoshida M, Kikutani T, Tsuga K, Utanohara Y, Hayashi R, Akagawa Y. Decreased
tongue pressure reflects symptom of dysphagia. Dysphagia 2006;21:61-65.

12. Ono T, Kumakura I, Arimoto M, Hori K, Dong J, Iwata H, Nokubi T, Tsuga K,
Akagawa Y. Influence of bite force and tongue pressure on oro-pharyngeal residue in
the elderly. Gerodontology 2007;24:143-150.

13. Maeda K, Akagi J. Decreased tongue pressure is associated with sarcopenia and
sarcopenic dysphagia in the elderly. Dysphagia 2015;30:80-87.

14. Machida N, Tohara H, Hara K, Kumakura A, Wakasugi Y, Nakane A, Minakuchi S.
Effects of aging and sarcopenia on tongue pressure and jaw-opening force. Geriatr
Gerontol Int 2017;17:295-301.

15. Mano T, Katsuno M, Banno H, Suzuki K, Suga N, Hashizume A, Araki A, Watanabe
H, Tanaka S, Yamamoto M, Sobue G. Tongue pressure as a novel biomarker of spinal
and bulbar muscular atrophy. Neurology 2014;82:255-262.

16. Nakamori M, Hosomi N, Ishikawa K, Imamura E, Shishido T, Ohshita T, Yoshikawa
M, Tsuga K, Wakabayashi S, Maruyama H, Matsumotol M. Prediction of
pneumonia in acute stroke patients using tongue pressure measurements. PLoS One
2016;11:¢0165837.

17. Tanaka Y, Nakano Y, Yokoo M, Takeda Y, Yamada K, Kayashita J. Examination
about the relation of meal form, tongue pressure, grip and walking state in inpatient
and elderly residents. The Japanese Journal of Dysphagia Rehabilitation 2015;19:52-
62.

488



J Nutr Health Aging
Volume 23, Number 5, 2019

20.

21.

22.

THE JOURNAL OF NUTRITION, HEALTH & AGINGO©

Nakagawa K, Matsuo K, Shibata S, Inamoto Y, Ito Y, Abe K, Ishibashi N, Fujii W,
Saitoh E. Efficacy of a novel training food based on the process model of feeding
for mastication and swallowing - A preliminary study in elderly individuals living
at a residential facility-. Japanese Journal of Comprehensive Rehabilitation Science
2014;5:72-78.

Shibata S, Kagaya H, Tanaka S, Fujii W, Nakagawa K, Matsuo K, Abe K, Ishibashi N,
Inamoto Y, Saitoh E. Efficacy of a novel training food based on the process model of
feeding for mastication and swallowing: A study among dysphagia patients. Japanese
Journal of Comprehensive Rehabilitation Science 2017;8:82-87.

Sasao Y, Nohara K, Kotani Y, Sakai T. Videoendoscopic evaluation of the bolus
preparation function for dentulous healthy subjects. J J Gerodont. 2008;23:42-49.
Neubauer PD, Rademaker AW, Leder SB. The Yale Pharyngeal Residue Severity
Rating Scale: an anatomically defined and image-based tool. Dysphagia 2015;30:521-
528.

Martin RE, Murray GM, Kemppainen P, Masuda Y, Sessle BJ. Functional properties
of neurons in the primate tongue primary motor cortex during swallowing. J

23.

24.

25.

26.

27.

28.

489

Neurophysiol 1997;78:1516-1530.

Naganuma K, Inoue M, Yamamura K, Hanada K, Yamada Y. Tongue and jaw muscle
activities during chewing and swallowing in freely behaving rabbits. Brain Res
2001;915:185-194.

Ono T, Hori K, Nokubi T. Pattern of tongue pressure on hard palate during
swallowing. Dysphagia 2004;19:259-264.

Palmer JB, Rudin NJ, Lara G, Crompton AW. Coordination of mastication and
swallowing. Dysphagia 1992;7:187-200.

Son YR, Choi KH, Kim TG. Dysphagia in tongue cancer patients. Ann Rehabil Med
2015;39:210-217.

van der Bilt A, Olthoff LW, Bosman F, Oosterhaven SP. The effect of missing
postcanine teeth on chewing performance in man. Arch Oral Biol 1993;38:423-429.
Mishellany-Dutour A, Renaud J, Peyron MA, Rimek F, Woda A. Is the goal of
mastication reached in young dentates, aged dentates and aged denture wearers? Br J
Nutr 2008;99:121-128.



