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1.Abstract
Introduction

Recent epidemiological studies suggest that decreased masticatory ability in the elderly is a
risk factor for frailty and death. The primary factor that affects masticatory function is the
number of remaining teeth in an individual. The Japanese 8020 movement for an oral health
campaign has helped increase the number of elders with more residual teeth. However, other
factors related to masticatory function, such as occlusal force, are also indicators of decreased
masticatory function. Therefore, not only the number of teeth but also functional aspects, such
as muscular strength, need to be considered while evaluating masticatory function. Also, to
secure the importance of masticatory function in our super-aged society, epidemiological
surveys are needed to provide objective and quantitative measures of masticatory function.

Previous studies have shown a significant association between occlusal force and grip
strength. However, no study has directly examined the relationship between lower extremity
strength and occlusal force, which is directly related to daily life.

On the other hand, occlusal force is a static indicator that indirectly evaluates masticatory
ability and does not evaluate direct masticatory ability. Therefore, in order to investigate the
relationship with the dynamic exercise functional index such as the walking speed, it is
necessary to evaluate the masticatory ability with dynamic elements added. Several methods
exist for objectively evaluating masticatory function directly by using test foods such as gummy
jelly. However, the validity of the subjective visual evaluation of chewing efficiency has not
been assessed.

This study aimed to clarify the relationship between occlusal force and knee extension torque
(Research T ), and to verify with an epidemiological study the validity of a visual scoring

method using gummy jelly (Research IT ).

Research I

Materials and Methods

Participants were 742 residents (315 men and 427 women, mean age 73.3 £ 5.5 years) from
Itabashi city, Tokyo. The relationship between occlusal force and knee extension torque was
analyzed by multiple regression analysis with consideration of age and sex.

Results and Discussion

The correlation coefficient between the two parameters was significant (r = 0.348, P < 0.001).
Multiple regression analysis revealed that occlusal force was a determinant factor of knee
extension torque, in addition to age and sex. A significant correlation was found between the
occlusal force and knee extension torque, even after considering other known factors related to

knee extension torque. Among the elderly participants, both chewing function and lower limb



motor function were significantly correlated and suggested to be indicators of muscle weakness.

Research IT

Materials and Methods

Methods: Community-dwelling elderly individuals (n = 1234) >70 years old participated. One
evaluator measured visual score (VS) consecutively after participants chewed the gummy jelly
(i.e., actual-VS). The chewed jelly was photographed. Two evaluators used the photograph to
measure the gummy jelly (i.e., photo-VS). To test the validity of both methods, the correlation
between actual-VS and masticatory performance (MP) measured by fully automated method
and between photo-VS and MP were analyzed. Inter-rater reliability between the evaluators of
photo-VS was analyzed.

Results and Discussion

Significant correlations existed between actual-VS and MP and between photo-VS and MP (r =
0.86-0.87; p < 0.001). The intraclass correlation coefficient of the inter-rater reliability for
photo-VS was very high (0.93; p < 0.001; 95% confidence interval: 0.877-0.953); however, the
distribution of photo-VS deviated slightly from the actual-VS. A large coefficient of variation in
the MP for low VSs suggested the influence of incomplete comminution, which was not

reflected by the VS, and the accidental swallowing of small pieces during chewing.

Conclusion
We got the following conclusion.

1. Even after considering other known factors related to knee extension torque, a significant
correlation was found between the occlusal force and knee extension torque in a cross-sectional
survey of community-dwelling elderly individuals.

2. The validity of using the visual scoring method with gummy jelly was confirmed in a large
population-based epidemiological study in which the VS had high correlation and consistency

with MP measured by a fully automated method, despite some deviation between VS and MP.
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7. Figures and Tables



Figure 1. Visual data used for the measurement of the scored masticatory ability




Figure 2. Box-plot diagrams of the actual, photo 1, and photo 2 scores and the fully

automated method. (a) Actual score. (b) Photo score 1. (¢) Photo score 2.
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Table 1. Demographic and clinical data of the study subjects

Men Women Total
(n =315) (n =427) (n =742)
Mean + SD Mean+ SD  Mean+ SD
n (%) n (%) n (%)
Demographic characteristics
Age (years) 733+5.8 732453 733£5.5
Physical measurements
Knee extension torque (Nm) 103.0£31.9 64.5+17.7 80.3+£31.2
BMI (kg/m’) 234429 225+33 229+32
SMI (kg/mi’) 73+0.7 59+0.7 6.5+ 1.0
Grip strength (kg) 355+7.0 23.5+4.7 28.5+8.3
Walking speed (1v/s) 14+0.2 1.4+0.3 1.4+0.2
Oral examination
Occlusal force (N) 528.0+365.8  312.6+223.9 400.2 +310.0
Functional teeth 26.7+3.9 26.7+3.3 26.7+3.8
Existing teeth 19.5+9.2 20.7+ 8.3 20.1+8.8
Nutritional status
Hemoglobin (g/dL) 14.0+1.2 13.0+ 1.0 134+1.2
Total cholesterol (mg/dL) 181.5+35.7 167.6 +32.5 191.8+344
Serum albumin (g/dL) 43+0.2 43+02 43+£02
Functional status
MMSE score 282+ 1.6 287+ 14 285+ 1.5
TMIG Index of Competence score 122+£1.2 123+£1.3 122+1.3
SDS score 309+7.8 31.5+7.7 31.2+7.8
Fall-related self-efficacy score 11.6+3.2 12.5+£4.5 12.1+4.0
Comorbidities
Hypertension 154 (48.9%) 186 (43.6%) 340 (45.8%)
Stroke 41 (13.0%) 19 (4.4%) 60 (8.1%)
Heart disease 55 (17.5%) 53 (12.4%) 108 (14.6%)
Diabetes 63 (20.0%) 43 (10.1%) 106 (14.3%)
Hyperlipidemia 81 (25.7%) 149 (34.9%) 230 (31.0%)
Osteoporosis 2 (0.6%) 97 (22.7%) 99 (13.3%)
Hip osteoarthritis 3 (1.0%) 11 (2.6%) 14 (1.9%)
Knee osteoarthritis 12 (3.8%) 63 (14.8%) 75 (10.1%)
Experience of fracture 31 (9.8%) 87 (20.4%) 118 (15.9%)
Depression 7 (2.2%) 12 (2.8%) 19 (2.6%)

SD, standard deviation



Table 2. Spearman’s correlation coefficient between the variables

Knee extension torque

r p-value
Age -0.623  <0.001
Sex -0.314  <0.001
BMI 0271 <0.001
SMI 0.678 <0.001
Grip strength 0.744 <0.001
Gatt speed 0.230 <0.001
Occlusal force 0.348 <0.001
Functional teeth 0.067  0.069
Existing teeth 0.025 0.497
Hemoglobin 0.431 <0.001
Total cholesterol -0.149 <0.001
Serum albumin 0.148 <0.001
MMSE score 0.032 0.385
TMIG Index of Competence score 0.068 <0.001
SDS score -0.182  <0.001
Fall-related self-eflicacy score -0.310 <0.001
Hypertension -0.008  0.837
Stroke 0.054 0.225
Heart disease 0.045 0.984
Diabetes -0.001  0.545
Hyperlipidemia -0.063  0.048
Osteoporosis -0.267 <0.001
Hip osteoarthritis -0.046  0.208
Knee osteoarthritis -0.150 <0.001
Experience of fracture -0.150 <0.001

Depression -0.026  0.467




Table 3. Coefficients of multiple regression analysis

Unstandardized Standardized
Model . .
coeflicients coefficients
Standardized
B rcardize B t P -value
error
Constant 24.55 26.67 0.92 0.356
Sex
-20.03 2.80 -0.32 -7.15 <0.001
(1 = man, 2 = woman)
Age -1.04 0.15 -0.32 -7.15 <0.001
BMI 0.34 0.35 0.03 0.97 0.331
SMI 11.24 1.51 0.36 7.44 <0.001
Gait speed 9.20 3.67 0.07 2.51 0.012
Occlusal force 0.01 0.00 0.05 2.04 0.042
Hemoglobin 1.07 0.76 0.04 1.41 0.159
Total cholesterol 0.02 0.02 0.02 0.77 0.442
Serum albumin 12.83 3.50 0.10 3.67 <0.001
TMIG Index of Competence score  0.62 0.63 0.03 0.98 0.326
SDS score -0.19 0.11 -0.05 -1.74 0.082
Fall-related self-efficacy score 0.48 0.22 -0.06 -2.18 0.030
Hyperlipidemia
yperlip -1.80 1.71 -0.03 -1.05 0.292
(0 =no, 1 =yes)
Osteoporosis
3.71 2.40 0.04 1.54 0.124
(0 =no, 1 =yes)
Knee osteoarthritis
-3.01 2.64 -0.03 -1.14 0.254
(0 =no, 1 =yes)
Fractures
1.55 2.15 0.02 0.72 0.470
(0 =no, 1 =yes)

Dependent variable: knee extension torque; adjusted R* = 0.584



Table 4. The frequency of each score

Number of participants

Actual score Photo score 1 Photo score 2
Score
[no. (%)] [no. (%)] [no. (%)]
0 185 (15.0%) 206 (16.7%) 207 (16.8%)
1 79 (6.4%) 83 (6.7%) 100 (8.1%)
2 83 (6.7%) 86 (7.0%) 80 (6.5%)
3 81 (6.6%) 103 (8.3%) 130 (10.5%)
4 115 (9.3%) 156 (12.6%) 152 (12.3%)
5 188 (15.2%) 247 (20.0%) 178 (14.4%)
6 212 (17.2%) 236 (19.1%) 229 (18.6%)
7 117 (9.5%) 92 (7.5%) 111 (9.0%)
8 104 (8.4%) 19 (1.5%) 37 (3.0%)
9 70 (5.7%) 6 (0.5%) 10 (0.8%)
Total 1234 (100.0%) 1234 (100.0%) 1234 (100.0%)
Mean + SD
44+£28 38+24 3.8+£25
(overall)

The actual score is the score determined on the day of the survey. The photo score is determined using the

obtained photograph.

SD, standard deviation.



Table 5. The median and correlation of variance of each score, compared with the

findings from the fully automated method

Median/CV of the fully automated method to each score (mmz)

Actual score Photo score 1 Photo score 2
Score Median ~ Normal range (0% Median ~ Normal range (0% Median ~ Normal range ()%
0 388.0 0.0-1322.2 0.77 417.0 0.0-1459.1 0.78 417.0 0.0-1549.0 1.02
1 1208.0 158.0-2639.0 0.53 1353.0 165.5-2739.8 0.43 1472.0 152.3-3362.0 0.49
2 1946.0 459.0-4041.3 0.41 2294.5 612.4-4032.5 0.36 2334.5 785.1-4050.9 0.35
3 3026.0  1364.6-5021.4 0.32 31750 1384.6-4868.0 0.29 35150  1102.5-4987.7 0.29
4 3468.0  1133.1-5351.8 0.29 3919.0  1811.2-5686.4 0.25 41455  1990.9-5976.5 0.27
5 49360  1612.3-6134.3 0.25 47150  2171.8-6731.6 0.23 4796.5  2175.0-6955.3 0.23
6 5110.0  2880.0-7282.0 0.22 58240  3123.3-7850.9 0.20 5578.0  3019.0-7572.8 0.22
7 58140  2946.5-7656.0 0.21 6024.0  2792.9-8122.6 0.20 59740  2608.6-8355.0 0.22
8 6065.0  3177.9-7878.5 0.18 71720  2866.0-8355.0 0.23 6508.0  3374.0-7640.0 0.15
9 6476.5  2179.6-8408.6 0.24 64360  3236.0-7415.0 0.30 6096.0  2866.0-7172.0 0.33

The actual score is determined on the day of the survey. The photo score is determined using the obtained

photograph. The normal range is between the 2.5th percentile and 97.5th percentile.

CV, coefficient of variation: (SD/Mean)



Table 5. The correlation coefficient for each of the masticatory ability measurement

items

Fully
Actual score Photo score 1 Photo score 2 automated
method

Actual score

Photo score 1 0.950*
Photo score 2 0.930* 0.950*
Fully
automated 0.860* 0.870%* 0.856*
method

The actual score is the score determined on the day of the survey. The photo score is the score determined
using the obtained photograph.
*:p<0.001



