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Abstract: Evaluation of masticatory ability has become more important in an aging society because
decreased masticatory ability has the potential to affect the general health of older people. A new
masticatory performance test, intended for older people with low masticatory ability, has been
developed using gummy jelly half the size of that used in the conventional masticatory performance
test. This study aimed to investigate the compatibility between the new and conventional tests and the
adaptation of the new test. The new test using the 8-grade visual score with half-size gummy jelly was
performed among 137 removable denture wearers (mean age 75.8 ± 9.0 years) with low masticatory
performance (a score of ≤4 on a conventional test). The correlation between the scores of half-size
gummy jelly (VS-H) in the new test and those of full-size gummy jelly (VS) in the conventional
test was evaluated. VS-H among the groups divided by VS were also compared. A strong positive
correlation was detected between VS-H and VS (rs = 0.70). In groups with VS of 0 and 1, VS-H values
were widely distributed from 0 to 7. There were significant differences in VS-H between the groups
with VS of 0–2 but no significant differences in VS-H between the groups with VS of 2–4. Therefore,
the masticatory performance test using half-size gummy jelly is suitable for a detailed evaluation of
masticatory ability in older people with low masticatory ability when their visual score of full-size
gummy jelly in the conventional test is 2 or less.

Keywords: gummy jelly; masticatory performance; oral function; mastication

1. Introduction

Mastication is a very complex process in which various oral organs such as teeth,
tongue, cheeks, temporomandibular joint, and masticatory muscles work together [1,2],
and it is an indispensable part of nutrient intake. Aging-associated environmental changes
in the oral cavity such as tooth loss [3], loss of tongue muscle strength [4], and reduced
masticatory muscle mass [5] decrease masticatory ability. Decreased masticatory ability
leads to the deterioration of eating habits [6] and has the potential to be one of the causes of
metabolic syndrome [7], malnutrition [8], and the occurrence of aspiration pneumonia [9].
Thus, it is increasingly becoming important to quantify, objectively evaluate, and detect
deterioration of masticatory ability in the super-aged society.

The comminution test is a popular method for evaluating masticatory ability, and
is a method for evaluating masticatory performance based on the degree to which food
crushes after biting [10]. The comminution tests have been developed in the past using
various test foods such as nuts and carrots [11]. However, the type and shape of test food
are very important factors when developing a comminution test that corresponds to the
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characteristics of older people, such as the large individual differences in oral conditions
and the high percentage of people wearing dentures.

So far, we have focused on the following properties of gummy jelly: (1) gummy
samples are homogeneous, (2) there is no pain even if a bit fragment becomes stuck between
the denture and the mucous membrane, (3) its adhesiveness is low and it does not adhere to
the denture or teeth, and (4) its mechanical properties as foodstuffs can be freely adjusted.
We previously developed a method for evaluating masticatory performance by measuring
the increased surface area of the chewed pieces of a gummy sample after a participant
had chewed it 30 times and spat it out (Figure 1) [12]. This evaluation method has been
used in various situations, such as the evaluation of prosthetic treatment outcomes [13]
and epidemiological studies of oral function in older people [14]. However, especially in
older patients wearing complete dentures, there are many cases in which gummy samples
cannot be sheared off due to a significant decrease in occlusal force [15] and masticatory
muscle mass [5]. It is difficult to correctly evaluate the differences in masticatory ability
among these older people, minute changes in the masticatory ability within individuals,
and the effects of prosthetic treatment and oral function training. Therefore, we developed
a masticatory performance test for older people with low masticatory ability [16].
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Figure 1. Evaluation of masticatory performance with full-size test gummy jelly. (A) A sample of the
full-size test gummy jelly. (B) The visual scoring table of full-size test gummy jelly. Only patients
with the visual score of 4 or less were included in this study.

This new method is based on the property that for the same food sample, smaller sizes
are easier to bite. The test sample in the new method is a “half-size gummy jelly,” which
contains the same material as a full-size gummy jelly that has been used in the conventional
test but has only half the volume. For this method, similar to the conventional method [12],
the crushing of the gummy jelly after chewing 30 times is visually evaluated as a chewing
performance score from 0 to 7 using a score table. In the previous report, the validity of
a score chart for the half-size gummy jelly method has been verified [16]. However, the
relationship between the masticatory performance scores evaluated via this method and
the conventional method is unclear. Further, the suitable cutoff score of the conventional
method has not been investigated in relation to the use of the newly developed method.

Therefore, in this study, we aimed to evaluate the relationship between the masticatory
performance scores obtained using the half-size gummy jelly and the full-size gummy jelly,
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targeting older people with low masticatory ability. In addition, we aimed to examine
the adaptations to the new masticatory performance test. Here, we hypothesized that a
positive correlation exists between masticatory performance scores obtained using half-size
gummy jelly and full-size gummy jelly.

2. Materials and Methods
2.1. Participants

The study participants were denture wearers aged 65 years or older with a con-
ventional masticatory performance test score of 4 or less (Figure 1) and who visited the
Department of Removable Prosthodontics and General Dentistry at the Niigata University
Medicine and Dental Hospital from 2015 to 2021 for dental maintenance. The exclusion
criteria were oral/facial pain at the examination, severe periodontitis, severe symptom of
temporomandibular disorders, jaw defect or dysphagia, neuromuscular disease, and an
inability to follow the instructions of the operator due to conditions such as dementia. All
study participants received an explanation of the purpose of this study in advance and
only participated after providing informed consent.

Assuming that the correlation between the results of two types of masticatory perfor-
mance tests was to be analyzed, the optimum sample size was determined to be 134 using
G*Power (Universität Düsseldorf, Düsseldorf, Germany) with a statistical power of 0.95
and an effect size of 0.3. This study was conducted in accordance with the guidelines of the
Declaration of Helsinki. The study protocol was approved by the Ethics Committee of the
Faculty of Dentistry, Niigata University (approval no. 2015-3038).

2.2. Data Collection

The participants were seated in a reclining chair such that their Frankfurt plane was
parallel to the ground, and the conventional gummy test was administered once [12]. The
participants were asked to freely chew 5.5 g of full-size test gummy jelly (UHA Mikakuto,
Osaka, Japan) 30 times without swallowing, and then spit it out on a piece of gauze
spread out in a paper cup. Next, the piece of gauze and the saliva adhering to the chewed
sample were removed with running water. Then, the degree of crushing of the sample was
evaluated by the pre-trained examiner using a 10-level score table (Figure 1); this score was
defined as the visual score (VS) of masticatory performance. VS of 4 was considered to
correspond to the average of the bottom 25% group of older people in terms of masticatory
performance [17].

After measuring VS, for participants with VS of 4 or less, a half-size gummy test [15]
was administered once. Participants were asked to chew 2.75 g of gummy jelly (a half-
size gummy jelly, UHA Mikakuto, Osaka, Japan) 30 times in the same steps as in the
conventional method. Then, the degree of crushing of the sample was evaluated using
an eight-level score table (Figure 2); this score was defined as the visual score by half-size
gummy jelly (VS-H). A resting period of 1 min was provided between measurements, and
the participants were asked to gargle several times.

The following basic information was also investigated: the participant’s age, sex,
number of remaining teeth, and the Eichner index [18], a classification system for occlusal
support.

2.3. Statistical Analysis

Spearman’s rank correlation coefficient was used to examine the relationship between
VS-H and VS. In addition, participants were classified into five groups (0, 1, 2, 3, 4) according
to the VS value, and the Kruskal–Wallis test was used to compare VS-H values among
groups. The Mann–Whitney U test with Bonferroni correction was performed for multiple
comparisons. The statistical analyses were performed using SPSS Statistics version 25 (IBM
Japan, Tokyo, Japan) at a significance level of 5%.
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Figure 2. Evaluation of masticatory performance with half-size test gummy jelly. (A) A sample of the
half-size test gummy jelly. (B) The visual scoring table of half-size test gummy jelly. The gummy jelly
used in this new test is half the size of that used in the conventional test (Figure 1A), and the score
table is different from that of the conventional test (Figure 1B).

3. Results
3.1. Participant Characteristics

A total of 137 participants (52 males, 85 females; average age 75.8 ± 9.0 years) were
included in this study. The average number of remaining teeth among the participants
was 8.3 ± 7.8. Regarding the Eichner index [18], there were 2 participants in group A
(all occlusal contacts in the posterior region were preserved), 48 participants in group B
(missing one or more occlusal contacts in the posterior region), and 87 participants in group
C (loss of maxillary occlusal contact). Seventy-five participants (54.7%) wore complete
dentures. Table 1 details the baseline characteristics of the participants.

3.2. Relationship between the Two Types of Gummy Jelly Regarding Masticatory Performance

A strong positive correlation was observed between VS-H and VS (rs = 0.70) (Figure 3).
However, among participants with VS of 0 and 1, VS-H values were widely distributed
from 0 to 5 and 1 to 7, respectively.

3.3. Comparison of Masticatory Performances between the Half-Size Gummy Test and The
Conventional Gummy Test

Figure 4 shows the results obtained in the comparison of VS-H between groups
classified by VS value. The group with a VS of 0 showed a lower VS-H value than the
other groups (VS of 1 to 4) and a significant difference was observed. The group with a
VS of 1 showed a lower VS-H value than the groups with VS values of 2, 3, and 4, and
significant differences were observed. However, no significant differences were observed
among groups with VS values of 2, 3, and 4.
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Table 1. Baseline characteristics of the participants.

Characteristics Total (n = 137)

Age
65–74 55
75–84 61
≥85 21

Sex
Male 52

Female 85
Number of remaining teeth

0 38
1–9 44

10–19 39
≥20 16

Eichner index
Group A 2
Group B 48
Group C 87

Denture use
PD alone 62
CD alone 43

CD and PD 32
PD, partial denture; CD, complete denture.

Figure 3. Relationship between masticatory performances determined using the two types of gummy
jelly. The cluster of dots indicates the number of participants. The visual score showed a positive cor-
relation between the test with half-size gummy jelly and that with full-size gummy jelly. Spearman’s
ranked correlation coefficient (p < 0.05).
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Figure 4. Differences in visual score (VS-H; half-size gummy jelly) among the different visual score
groups (VS; full-size gummy jelly). VS-H significantly increased as VS increased from 0 to 2. There
were no significant differences in VS-H and VS values of 2 to 4. Kruskal–Wallis test and post hoc test
with Bonferroni’s correction (*: p < 0.05).

4. Discussion

The purpose of this study was to evaluate the relationship between the masticatory
performance scores obtained using half-size gummy jelly and those obtained using full-size
gummy jelly. Further, we clarified the applicable range of participants for the new method
of evaluating masticatory performance. Although many methods have been developed
to evaluate masticatory ability [10], to the best of our knowledge, this is the first study to
evaluate a method of masticatory ability assessment that focuses on participants with low
masticatory ability.

The present study revealed a strong positive correlation between VS-H and VS. This
was because the test samples for both tests comprised gummy foods with the same in-
gredients and composition. In addition, the evaluation methods of both tests were based
on the same measurement principle of the degree to which the test sample was crushed.
The previous study which evaluated the compatibility of two tests of masticatory ability
using gummy jellies of different sizes and hardness reported that the test results showed a
positive correlation, which supports the findings of the present study [19].

VS-H was widely distributed from 0 to 7 even in participants with a VS of 0 or 1, that
is, participants whose test specimens could not be cut at all or could only be divided into
two. Previous studies have shown that tooth loss reduces occlusal force [15] and masseter
muscle mass [5] in older people. Salazar et al. also reported that the median masticatory
performance among patients with new complete dentures corresponded to a VS of 1 [13].
Kosaka et al. reported that the average masticatory performance of patients in the Eichner
index group C corresponded to a VS of 2 [14]. Since approximately half of the participants
in this study wore complete dentures, many participants could not break the conventional
gummy jelly at all. However, the cross-sectional area of the half-size gummy jelly was
approximately half that of the gummy jelly used in the conventional method. Therefore,
the force required to break the gummy jelly could be smaller than that of the gummy jelly
used in the conventional method, making it easier to crush. This might have led to a widely
distributed VS-H even in participants with a VS of 0 or 1. Therefore, VS-H has the potential
for evaluating the masticatory performance of participants with a VS of 0 or 1 in detail.

On the other hand, the half-size gummy jelly was easier to crush than the full-size
gummy jelly used in the conventional method; thus, it was confirmed that the score reached
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a plateau as the VS increased. In the present study, we divided the participants according
to the VS value and compared the VS-H. Among participants with a VS of 0 to 2, VS-H
increased in a stepwise manner; however, there were no significant differences in VS-H
between the VS 2 group and the VS 3 and 4 groups. In other words, for participants with a
VS of 3 or higher, it is possible that the VS-H will not differ due to the ceiling effect. These
discussions on the ease of crushing gummy may be clarified by measuring mastication
with electromyography in the future study.

Our study had several limitations. First, this study only included older adults with
VS values between 0 and 4, the lower half of the VS of the conventional gummy test. To
explore the range of participants suitable for the test with half-size gummy jelly, it may
have been necessary not to limit the VS values among participants in this manner. However,
the ceiling effect in VS-H was observed when the VS was between 2 and 4, suggesting
that there was no problem with this selection criterion. In addition, in this study, we did
not confirm the reproducibility and inter-rater reliability of the masticatory performance
test using half-size gummy jelly. However, high reproducibility and inter-rater reliability
have been confirmed for conventional masticatory performance test with full-size gummy
jelly [12]. Thus, it is highly likely that the new method, which employs the same evaluation
method except for the size of the test sample, would have yielded similar results.

Despite these limitations, the masticatory performance test using half-size gummy
jelly has the potential to become an evaluation tool that can further stratify masticatory
ability among participants with a VS of 2 or less. Previous studies have reported that
decreased bolus-forming ability affects the occurrence of food aspiration and aspiration
pneumonia [9,20]. Therefore, it is possible that the new method can be used as an indicator
in the evaluation of aspiration risk and the selection of nursing care foods for people with
dysphagia. In recent years, evidence has been accumulated not only for evaluating the
deterioration of oral function but also for treatment and training aimed at maintaining
and improving oral function [21–23]. In these treatments, the conventional masticatory
performance test as well as the new method can be used to evaluate minute changes in the
masticatory ability of older people with decreased masticatory function. In the future, we
will evaluate changes in VS and VS-H in the treatments, including denture treatment and
oral function training among older people with low masticatory ability.

5. Conclusions

There was a positive correlation between the masticatory performance scores obtained
using the two gummy jellies. However, among participants with a masticatory performance
score exceeding 2 with the conventional gummy jelly, a ceiling effect was observed in the
masticatory performance score obtained using the half-size gummy jelly. The masticatory
performance test using half-size gummy jelly is suitable for a detailed evaluation of the
masticatory ability of participants with low masticatory ability who have a score of 2 or
less in the conventional masticatory performance test.
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