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Abstract

Objectives: To investigate whether masticatory movements in older patients with
eating difficulties were associated with oral motor function, physical function, and
appropriate food textures.

Background: There are few reports on the association between masticatory move-
ments and food textures in older patients with eating difficulties.

Materials and Methods: This cross-sectional study involved outpatients at a clinic
that specialised in eating and swallowing rehabilitation. Masticatory movements
were evaluated as normal or abnormal masticatory path patterns. Oral and physical
functions were assessed in terms of oral and physical status, muscle strength and
motor skills. The appropriate food texture was determined based on fibreoptic endo-
scopic evaluation of swallowing and a video fluoroscopic swallowing study. The as-
sociations between food texture and masticatory organ, muscle strength and motor
skills were analysed.

Results: A total of 126 outpatients (75 men and 51 women; mean age, 78.2 years; SD,
9.6 years) were included in the analysis. 68 participants (54.0%) showed abnormal
masticatory movements. Masticatory movement was associated with masticatory
performance (odds ratio [OR] = 0.99, 95% confidence interval [CI] = 0.98-0.99), oral
diadochokinesis (OR = 0.55, Cl = 0.35-0.86) and stepping test (OR = 0.92, Cl = 0.86-
0.97). Masticatory movement (OR = 2.94, Cl = 1.23-7.01) and the number of natural
teeth (OR = 0.94, Cl = 0.89-0.99) were associated with normal food.

Conclusion: Masticatory movements in older patients with eating difficulties may be
associated with appropriate food textures whilst being influenced by individual dif-
ferences in systemic motor control. Masticatory movements may be as important as

teeth to enjoy eating.
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1 | INTRODUCTION

For older adults, food texture is an important issue that may influ-
ence their quality of life,* nutritional status?> and prognosis.®’ The
greater the variety of foods they can chew, the greater the satisfac-
tion with their diet. This has a positive impact on oral health-related
quality of life and subjective weII-being.1 Normal types of foods may
contain hard textures and fibres, which may be improperly or inade-
quately chewed, thereby increasing the choking risk of people with
poor masticatory function.® Moreover, avoiding certain foods that
are difficult to chew and limiting the variety of foods consumed can
lead to nutritional deficiencies.?* Texture-modified diets allow the
continuation of safe oral intake whilst minimising the choking risks,®
but they generally contain lower energy and protein than normal

%10 which may increase the risk of malnutrition,” skeletal mus-

foods,
cle loss,'® and a worse overall prognosis.” To enjoy eating with as lit-
tle risk as possible, it is necessary to evaluate a person's masticatory
function from various aspects and carefully select an appropriate
food texture.

Previous reports®® on masticatory function and ingestible food
texture have mainly focused on teeth and occlusion as the organic
factors of mastication, such as the association between the loss of
teeth and occlusion and the limited variety of food intake. One of the
few studies? on the motor factors of mastication and ingestible food
texture reported that tongue pressure was higher in regular food
consumers than in those on a texture-modified diet. Mastication is a
process involving multiple factors, including teeth and occlusion as
masticatory organs, jaw and tongue movement as oral motor skills,
oral sensations,'? and neural mechanisms that control movement.®
A recent study14 reported that tongue pressure and oral diadochoki-
nesis were associated with masticatory performance in healthy older
adults with 28 teeth. This suggests that not only teeth but also oral
motor skills are important for masticatory function.

Jaw movement during mastication, also referred to as a masti-
catory movement, is coordinated with the tongue, hyoid bone and
soft pa\late.15 Masticatory movement is associated with masticatory
performance,’® and efficient jaw movement allows for the proper
processing of food. Abnormal masticatory movements have been
considered due to peripheral feedback from the oral cavity, such as

819 and dental prosthesis.?° A

the periodontal ligament,*” occlusion
recent neuroimaging study reported that the brain works differently
during mastication in older adults than in younger adults.?* Another
study?? suggested that the brain influences individual differences
in masticatory performance in healthy older adults. The structural
features of the brain indicated by grey matter volume, and the func-
tional features of the brain by the resting-state functional connec-
tivity were associated with masticatory performance. Based on the
above, it is possible that in older adults, brain characteristics and
individual differences may modify masticatory movements through
the motor control system. In such cases, the influence on motor skills
may appear in the body region as well as in the oral region. It is also
possible that different masticatory movements may require differ-

ent textures to be eaten.

This study aimed to investigate whether masticatory movements
in older patients with eating difficulties are associated with oral

motor function, physical function and suitable food textures.

2 | MATERIALS AND METHODS

The study was approved by the Ethics Committee of the Nippon
Dental University, School of Life and Dentistry (approval number
NDU-T2018-35). Before participating, informed consent was ob-
tained from each participant. If the participant had writing difficulty,
a family member or caregiver signed the patient's name on their be-
half, along with their signature.

2.1 | Study design and setting

This cross-sectional study was conducted in a clinic specialising in
eating and swallowing rehabilitation on the same day each week be-
tween April 2019 and March 2021.

2.2 | Participants

The baseline participants were 152 outpatients, aged 50 years or
over. Some patients received enteral feeding through nasogastric
tubes or percutaneous endoscopic gastrostomy. Since patients on
enteral feeding included those with severe dysphagia, the selection
criteria were based on safety considerations, that is, only patients on
oral intake were included, and not those on enteral feeding. Patients
with oral cancer were excluded because of possible masticatory
disorders due to loss of normal morphology of the tongue, palate,
and jaw crest. Patients without occlusal support by natural or artifi-
cial teeth were excluded because of possible masticatory disorders
caused by the absence of chewing teeth. Patients with severe de-
mentia, choking episodes, tooth or jaw pain or paralysis of the lower
limbs were also excluded because of the difficulty in performing the

examination.

2.3 | Evaluations

A medical questionnaire was used to collect basic information such
as gender, age and underlying medical conditions. Height and weight
were measured, and the body mass index (BMI) was calculated by

dividing weight (kg) by the square of height (m).

2.3.1 | The number of teeth

The number of natural teeth was defined as the number of natu-
ral or treated teeth. Severe mobility teeth as Miller's index class

3 grade?® and residual roots were excluded considering their small
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contribution to occlusion. The number of functional teeth was de-
fined as the number of natural teeth and artificial teeth such as pon-

tic, dentures and implant-supported prostheses.

2.3.2 | Masticatory movement

The masticatory path pattern was used as an index of masticatory
movement and as an index of masticatory motor skill. The measure-
ment and classification followed the method described by Kobayashi
et al.® Ajaw movement recording device (Motion VISI-TRAINER V-1;
GC Corporation) and gummy jelly (GLUCOLUMN; GC Corporation)
were used. Participants chewed the gummy jelly for 20 s on their ha-
bitual chewing side. The trajectory of jaw movement was recorded
three-dimensionally, and the 5th to 14th cycles were ranged using
dedicated software. The superimposed pattern (Figure 1) was dis-
played and classified into seven patterns by Kobayashi et al,'® which
are defined by the characteristics of the path. Seven patterns include
six combinations of three types of opening paths (a linear or concave
path, a path toward the chewing side after toward the non-working
side and a convex path) and two types of closing paths (a convex
path and a concave path), plus one crossed pattern of opening and
closing paths. Of these patterns, patterns 1 and 3 were considered
healthy or normal patterns, whilst five patterns other than 1 and 3
were considered abnormal patterns.l&20 In this study, participants
were divided into two groups according to normal or abnormal mas-

tication patterns.

[R] (L]

FIGURE 1 The masticatory path pattern at the 5th to 14th cycle

2.3.3 | Masticatory performance

Glucose-containing gummy jelly (GLUCOLUMN; GC Corporation), and
a glucose-measuring device (GLUCO SENSOR GS-II; GC Corporation)

were used. According to the method of Shiga et al,?*

participants
chewed the gummy jelly for 20 s on the habitual chewing side, rinsed
their mouths lightly with 10 ml of distilled water, and spat out all
chewed gummy, saliva and water into a filtered cup. The glucose con-

centration (mg/dl) in the filtrate was used as the measurement value.

2.3.4 | Oral diadochokinesis (ODK)

Oral diadochokinesis (ODK) is a comprehensive measurement of
tongue-lip motor speed and dexterity. In this study, ODK was used as a
parameter of tongue and lip motor skills. The participants repeated the
monosyllables /pa/, /ta/, or /ka/ for 5 s as quickly as possible. The num-
ber of syllables produced per s was calculated using an automatic coun-
ter (Kenko-Kun Handy; Takei Scientific Instruments Co., Ltd.).?’ In this
study, the mean scores of /pa/, /ta/, and /ka/ were used as representa-

tive values for the tongue and lip motor skills for the statistical analysis.

2.3.5 | Tongue pressure

Tongue pressure was used as an index of tongue muscle strength.?
A tongue pressure measurement device (JM-TPM; JMS Co., Ltd.)
was used. Following the method of Hayashi et al,?’ the participant
pressed the balloon probe against the hard palate with a maximum
force of 2 s. The test was repeated three times at 1 min intervals, and
the peak value was recorded as the score.

2.3.6 | Stepping test

The stepping test is one of the physical fitness measurements that
Kimura et al?® have revised considering the safety of older adults who
have not exercised for a long time. It assesses physical agility by open-
ing and closing movements of the lower limbs in a seated position. The
participant sat in a chair with their legs easily movable and grasped
the seat with both hands to stabilise the upper body. Two lines were
drawn 30-cm apart on the floor at their feet, and the starting position
was with both feet inside the lines. The participant opened and closed
their legs for 20 s without stepping on the line as quickly as possible.
Their feet alternately touched the outside and inside of the lines. The
number of times both feet touched the inside of the two lines without

stepping on the lines or dragging their feet was counted and recorded.

2.3.7 | Grip strength

A digital dynamometer (TKK-5401; Takei Scientific Instruments Co.,
Ltd.) was used. The grip width was adjusted so that the second joint
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of the index finger was almost at a right angle. Participants who
could stand alone without support were measured in a standing
position, whilst those who had difficulty standing were seated for
safety. Participants held the grip with their arms extended below
and with the maximum force. The measurement was performed

once on each side, and the higher value was recorded.

2.3.8 | Food texture

Appropriate food texture for each patient was determined by fibreop-
tic endoscopic evaluation of swallowing and video fluoroscopic swal-
lowing study. Patients were asked to bite the test food of different
textures to check for bolus formation, laryngeal penetration or aspira-
tion, and severity of pharyngeal residue. The texture that minimised
the risk of aspiration or choking was determined to be appropriate
for the patient's function. The food texture groups were divided into

1° into

three categories according to a previous study by Shimizu et a
a normal food (Regular), almost normal texture, but with specific food
limitations (Limited), and texture-modified diets based on the Japanese

Dysphagia Diet Criteria classification (Modified).

2.4 | Sample size calculation

The sample size was calculated using G*Power 3.1.9.2 Statistical Power
Analyses (Heinrich-Heine-Universitat Disseldorf) with an alpha error
of 0.05, a power of 0.8, and a medium effect size of 0.5.% More than

106 participants were estimated to be required in this study.

2.5 | Statistical analysis

The student's t-test and the Mann-Whitney U-test were used to
compare the oral and physical evaluations between the masticatory
movement groups. Logistic regression analysis was performed to
investigate the oral and physical items associated with masticatory
movement. The chi-square test was used to compare the oral evalu-
ations among the food texture groups. Logistic regression analysis
was performed using the number of natural teeth, masticatory move-
ments and tongue pressure as explanatory variables to investigate
whether masticatory items associated with differences in texture
were masticatory organs, motor skills or muscle strength. The objec-
tive variables were food variety and texture limitations. Missing val-
ues were replaced by mean values. The level of significance was set
at P <.05. All statistical analyses were performed using SPSS, version
26.0 (IBM SPSS Statistics for Windows, Version 26.0; IBM Corp.).

3 | RESULTS

A total of 126 participants (75 men, 51 women; mean age, 78.2 years;

SD 9.6 years) were included in the analysis. A flowchart of the study

Baseline: Outpatients aged 50 or over (n = 152) |

INELIGIBLE
No oral intake (on enteral feeding) (n =2)

EXCLUDED due to abnormalities or defects in the masticatory organs
Oral cancer (n =2)
No occlusal support with natural or artificial teeth (n =2)

EXCLUDED due to difficulties performing the examinations
Severe dementia (n = 8)
Choking episode (n =2)
Tooth or jaw pain (n = 1)
Paralysis of the lower limbs (n =9)

Participants included in the analysis (n = 126)

FIGURE 2 Flow chart of the participants

is shown in Figure 2. The general characteristics of the participants
were as follows: male 75 (59.6%), aged 79.5 years (interquartile range
[IQR], 72.75-85.00 years), the number of natural teeth 21.5 (IQR,
12.00-26.00), the number of functional teeth 28.0 (IQR, 26.00-
28.99), the BMI 21.5; SD 3.6 kg/mz. The primary diseases of the
participants were as follows: neuromuscular disease, 23 (18.3%);
dementia, 4 (3.2%); cerebrovascular disease, 41 (32.5%); gastroin-
testinal disease, 13 (10.3%); vagus nerve disorder, 3 (2.4%); psychiat-
ric disease, 16 (12.7%); sarcopenia, 6 (4.8%); and others, 20 (15.9%).
Additionally, there were two missing grip strength values.

Table 1 shows a comparison of the oral and physical evalua-
tions between the masticatory movement groups. The abnormal
group showed lower values in BMI, masticatory performance, ODK,
tongue pressure, stepping test and grip strength than the normal
group. The presence or absence of each disease was not associated
with masticatory movements.

The logistic regression analysis of oral evaluations associated
with masticatory movement is shown in Table 2. The masticatory
movements were associated with masticatory performance (odds
ratio [OR] =0.99, 95% confidence interval [CI] = 0.98-0.99) and ODK
(OR = 0.55, 95% CI = 0.35-0.86). The number of natural teeth and
tongue pressure was not associated with masticatory movement.

The logistic regression analysis of the physical evaluations asso-
ciated with masticatory movement is shown in Table 3. The masti-
catory movement was associated with the stepping test (OR = 0.92,
95% Cl = 0.86-0.97), but not with BMI and grip strength.

Table 4 shows a comparison of oral evaluations among the food
texture groups. The proportion of the normal masticatory move-
ment group decreased with a more limited food texture. Other oral
evaluations seemed to decrease in the median and mean values, with
the limitation of the food texture, but they were not associated with
masticatory movement in the chi-square test.

The logistic regression analysis of mastication items asso-
ciated with Regular is shown in Table 5. The number of natural
teeth (OR = 1.06, 95% Cl = 1.01-1.12) and masticatory movement
(OR = 2.94, 95% Cl = 1.23-7.01) were associated with Regular.



Gender, men n (%)
Age (y), median [IQR]
BMI (kg/m?), mean (SD)

Primary disease

Neuromuscular disease,
n (%)

Dementia, n (%)

Cerebrovascular diseases,
n (%)

Gastrointestinal diseases,
n (%)

Vagus nerve disorders, n (%)
Psychiatric diseases, n (%)
Sarcopenia, n (%)

Other, n (%)

Number of natural teeth,
median [IQR]

Number of functional teeth,
median [IQR]

Masticatory performance (mg/
dL), median [IQR]

ODK (times/s), median [IQR]

Tongue pressure (kPa), mean
(SD)

Stepping test (times/20 s),
median [IQR]

Grip strength (kg), mean (SD)

KATO ET AL.

Masticatory movement

Normal (n = 58)
32(55.2)

78.0 [70.00-84.00]
22.4(3.3)

10(17.2)

1(1.7)
16 (27.6)

6(10.3)

1(1.7)

11 (19.0)

3(5.2)

10(17.2)

24.0 [16.00-27.00]

27.0 [26.00-28.00]

172.0 [142.75-225.50]

5.9 [5.34-6.40]
31.8(9.1)

26.0[22.75-31.00]

27.7 (8.8)

Abnormal (n = 68)

43(63.2)
80.5[75.00-86.75]
20.8(3.7)

13(19.1)

3(4.4)
25(36.8)

7(10.3)

2(2.9)

5(7.4)

3(4.4)

10(14.7)
20.0[8.25-25.00]

28.0[25.00-28.00]

121.0 [80.50-157.00]

4.8[3.73-5.85]
23.7 (9.1)

21.0[18.00-24.75]

23.8(8.6)

TABLE 1 Comparison of oral and
physical evaluations between masticatory

P-value movement groups

.358¢
1632
.017°

.786°¢

.391¢
.273¢

.993¢

.655°¢
.051°¢
.842¢
.698¢
066"

.938°

<.001*

<.001°?
<.001°

<.001?

.014°

Abbreviations: BMI, body mass index; IQR, interquartile range; ODK: oral diadochokinesis; SD:

standard deviation.
Mann-Whitney U-test.
Pt-test.

‘Chi-square test.

Independent variables
Gender (men = 1, women = 2)

Age (y)

Number of natural teeth

Masticatory performance (mg/dL)

ODK (times/s)

Tongue pressure (kPa)

B

-0.490
-0.009
-0.008
-0.011
-0.605
-0.054

OR 95% Cl

0.61 0.26-1.45
0.99 0.95-1.04
1.01 0.96-1.06
0.99 0.98-0.99
0.55 0.35-0.86
0.95 0.89-1.00

Abbreviations: Cl, confidence interval; ODK, oral diadochokinesis; OR, odds ratio.

The logistic regression analysis of mastication items associated
with Modified is shown in Table 6. Tongue pressure (OR = 0.90,
95% Cl = 0.84-0.96) was associated with modified, whereas the

number of natural teeth and masticatory movement were not

associated.

4

P-value
266
.709
761
.012
.008
.065

TABLE 2 Logistic regression analysis

of oral evaluations associated with

masticatory movement

DISCUSSION

Masticatory movements were associated with the ability to con-

sume regular food whilst being associated with oral and physical

motor skills. The results suggest that masticatory movements may
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TABLE 3 Logistic regression analysis

. () -
of physical evaluations associated with LT CIAETIELIES B OR 93%Cl Sl
masticatory movement Gender (men = 1, women = 2) -0.706 0.49 0.19-1.30 152
Age (y) -0.002 1.00 0.96-1.04 929
BMI (kg/m?) -0.108 0.90 0.80-1.01 .072
Stepping test (times/20 s) -0.088 0.92 0.86-0.97 .004
Grip strength (kg) -0.046 0.96 0.90-1.01 135
Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratio.
TABLE 4 Comparison of the oral evaluations among food texture groups
Food texture groups
Regular (n = 44) Limited (n = 56) Modified (n = 26) P-value?
Gender, men n (%) 26(59.1) 32(57.1) 17 (65.4) 777
Age (y), median [IQR] 78.5 [69.50-83.00] 79.0 [71.25-86.75] 81.5[77.75-85.25] .506
Number of natural teeth, median 25.0[17.25-27.00] 21.0[9.00-26.00] 16.5[7.50-21.75] 460
[IQR]
Tongue pressure (kPa), mean (SD) 31.3(10.5) 27.6 (7.9) 20.6 (9.6) 421
Masticatory performance (mg/dL),  167.0 [135.25-218.50] 142.5[108.50-206.00] 95.5[68.00-153.50] .592
median [IQR]
ODK (times/s), median [IQR] 6.1 [5.23-6.45] 5.3 [4.33-5.83] 4.7 [3.68-5.69] .268
Masticatory movement, normal 30 (68.2) 19 (33.9) 9 (34.6) .001
n (%)
Abbreviations: IQR, interquartile range; ODK, oral diadochokinesis; SD, standard deviation.
2Chi-square test.
TABLE 5 Logistic regression analysis of .
N A . Independent variables B OR 95% CI P-value
mastication items associated with regular
Gender (men = 1, women = 0) 0.033 1.03 0.45-2.38 939
Age (y) -0.004 1.00 0.95-1.04 .849
Number of natural teeth 0.061 1.06 1.01-1.12 .026
Masticatory movement (normal = 1, 1.078 2.94 1.23-7.01 .015
abnormal = 0)
Tongue pressure (kPa) 0.036 1.04 0.99-1.09 .148
Abbreviations: Cl, confidence interval; OR, odds ratio.
TABLE 6 Logistic regression analysis .
e . . Independent variables B OR 95% Cl P-value
of mastication items associated with
modified Gender (men = 1, women = 0) 0.436 1.55 0.57-4.19 .391
Age (y) 0.012 1.01 0.96-1.07 .678
Number of natural teeth -0.035 0.97 0.92-1.02 191
Masticatory movement (normal = 1, 0.389 1.48 0.49-4.41 486
abnormal = 0)
Tongue pressure (kPa) -0.110 0.90 0.84-0.96 .001

Abbreviations: Cl, confidence interval; OR, odds ratio.

be an important factor in determining the appropriate food texture result was 54%, which is approximately twice as high. Previous stud-

1 0c17-20

in patients with eating difficulties. ies reported that oral conditions, such as teeth, occlusion and

The percentage of abnormal masticatory path patterns has been dentures, are associated with abnormal masticatory movements.

reported as 25% in healthy young adults.*® In the present study, the In this study, oral status, such as the number of natural teeth and
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functional teeth were not associated with masticatory movements.
The masticatory movement was associated with oral and physical
motor skills. The association of masticatory movement with physical
motor function and oral motor function suggests that abnormal mas-
ticatory movement may be influenced by systemic motor control.

The reasons for systemic influences may include the older age
of the participants and the underlying medical conditions. As the
participants were biased towards symptomatic patients rather than
healthy older adults, the systemic influence of simply being older is
unknown. Some participants had diseases that may influence motor
function, such as cerebrovascular disease, neuromuscular disease
and dementia. However, this study did not find any association be-
tween disease and masticatory movement. The result could be be-
cause the disease severity of the subjects was mild enough to allow
oral intake, or because the small number of cases per disease made
it difficult to detect differences.

In the analysis of masticatory function and appropriate food tex-
ture, the masticatory movement was associated with normal food, as
was the number of natural teeth. Both teeth and motor skills seem
to be necessary to enjoy eating without the limitation of food tex-
tures. Texture-modified diets were associated with tongue pressure,
supporting previous reports,11 but not with masticatory movements.

This study investigated the association between masticatory
movements and appropriate food textures in older adults, which has
not been widely reported. Together with its association with oral and
physical motor functions, this study could be one of the few studies
that investigated masticatory movements in older adults from vari-
ous aspects.

There were some limitations to this study. First, as this was a
cross-sectional study, the causal association between each factor is
unknown. It is necessary to examine causal associations through fu-
ture longitudinal studies. Second, there was bias in the sample. The
participants were patients who had visited a specialist clinic com-
plaining of eating difficulties, so they were a group who already had
some subjective symptoms of masticatory concerns. Therefore, the
proportion of people with poor masticatory function could be higher
than that in the general older population. In the future, interven-
tion into the oral movements of older adults should be carried out to
determine whether oral movements improve the masticatory move-

ments and food textures that can be consumed.

5 | CONCLUSION

Masticatory movements in older adults with eating difficulties may
be associated with appropriate food textures whilst being influenced
by individual differences in systemic motor control. Masticatory
movement may be as important as teeth for eating enjoyment with-
out limiting the variety of food.
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