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Abstract
Tooth loss decreases stomatognathic system function, including masticatory performance.
Dental prostheses restore masticatory performance, which affects stomatognathic function and
general health. We analyzed mastication performance between removable partial denture (RPD)
wearers and dentate subjects using gummy jelly and color-changeable chewing gum and
discovered correlation between both methods and factors affecting masticatory performance. We
measured masticatory performance and factors affecting it in 40 RPD wearers and 40 dentate
subjects using color-changeable chewing gum (30, 45, and 60 strokes) and gummy jelly (10, 20,
and 30 strokes). RPD wearers were classified using the Eichner index.
Correlations were compared statistically. Masticatory performance was significantly higher in
dentate subject than in RPD wearers using both chewing materials (P < 0.05). RPD wearers
showed a strong correlation between color-changeable chewing gum 60 strokes and gummy jelly
30 strokes and a negative relationship between gummy jelly and Eichner index (P < 0.05).
Masticatory performance in RPD patients decreased 20.84% using gummy jelly and 11.77%
with color-changeable chewing gum compared with that in dentate patients.
The optimal number of strokes in RPD wearers is 60 using color-changing gum and 30 using
gummy jelly.
The Eichner index is related to masticatory performance in RPD wearers using gummy jelly.
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Introduction
Tooth loss can decrease mastication,
speech, and emotional impact due to loss of
confidence.1 Rehabilitation using removable
partial dentures (RPDs) can increase masticatory
performance by approximately 70% of that in
dentate subjects depending on the type of
denture and amount and distribution of the
original tooth remaining.2–4.
Several different methods can be
performed to evaluate masticatory performance,
for instance, using an artificial test food (gummy
*Corresponding author:
Farisza Gita
Department of Prosthodontics, Faculty of Dentistry,
Universitas Indonesia, Jakarta, Indonesia.
E-mail: farisza.gita@yahoo.com

Volume ∙ 12 ∙ Number ∙ 4 ∙ 2019

jelly and Optocal), paraffin wax, or two-color and
color-changeable chewing gum. The material can
be examined either using an instrument or
visually. Instrument examination is done mostly
at the research institution, whereas visual
inspection may be used more generally to
facilitate evaluation of prosthetic treatment and
patient condition.5
Gummy jelly containing β-carotene includes
manual measuring methods and a fully automatic
system developed to evaluate masticatory
performance, in which the concentration of
glucose or β-carotene is measured to calculate
the increase in surface area of the comminuted
gummy jelly. It serves as the measurement index,
dissolved in water from the surface of the
comminuted gummy jelly after a specified time.
Nokubi et al.6 developed an easy visual scoring
method that did not require equipment. In this
method, a visual score of 1–10 is determined on
the basis of the level of masticatory performance.6–8
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Kamiyama et al.9 found a new colorchangeable
chewing
gum,
Masticatory
Performance
Evaluating
Gum
XYLITOL
(70 × 20 × 1 mm, 3.0 g; Lotte Co., Ltd., Saitama,
Japan), which is measured using a colorimeter
and did not stick to denture materials.9
Hama et al.10 suggested that measurement
of masticatory performance requires an easy and
effective method that is practical to use. Chewing
gum has the advantage of simulating natural and
stable chewing. They found a color scale that has
been tested for validity and reliability, so that
everyone can evaluate masticatory performance
anywhere.10
The masticatory process consists of
crushing, tearing, and mixing food. Gummy jelly
can be used as an instrument to measure
mastication in the crushing (comminuting) phase
and chewing gum to check the degree of mixing,
but to our knowledge, no single method can
evaluate both aspects simultaneously.10–12
Therefore, several methods are needed to
evaluate
masticatory
performance
comprehensively. Masticatory performance may
be influenced by several factors, such as age,8
sex,13 body mass index (BMI),14 and numbers of
tooth loss (Eichner index).15
We analyzed mastication performance
between RPD wearers and dentate subjects
using gummy jelly and color-changeable chewing
gum and discovered correlation between both
methods and factors that affect masticatory
performance.
Materials and methods
This cross-sectional study was done at
the Dental Hospital Faculty of Dentistry,
Universitas Indonesia and Klinik Gigi Ajiwaras
and was approved by the ethical committee of
the Faculty of Dentistry, Universitas Indonesia
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(No. 27/Ethical Approval/FKGUI/VII/2016). The
subjects were obtained by consecutive sampling
and classified into two groups, dentate (n = 40)
and RPD (n = 40) groups. Inclusion criteria were
willingness to participate in the research, nonMuslim, patients used RPDs or were fully dentate
without loss of teeth except the third molar,
patients wore an RPD who have no subjective
complaints about the dentures and can chew
gummy jelly, and patients did not use an RPD
overdenture or implant support. Masticatory
performance was assessed using colorchangeable chewing gum and gummy jelly and
measured by asking the subject to chew the gum
(Fig. 1) with 30, 45, and 60 strokes as well as
gummy jelly (Fig. 2) with 10, 20, and 30 strokes.
Immediately after chewing, the gum was
flattened by compression between two glass
plates until 1.5 mm thickness (Fig. 3) and
measured using a color chart (Fig. 4). For
gummy jelly, after chewing, the subject was
asked to spit the jelly onto a paper cup covered
by gauze (Fig. 5) and measured using a visual
chart (Fig. 6). Body weight and height of the
subjects were measured, and Eichner index was
examined.
SPSS software version 22 was used to
perform
statistical
analyses.
Statistical
significance was set at P < 0.05. The
Kolmogorov–Smirnov test with 95% confidence
level was used to calculate normality and
variance homogeneity of the data. Data were
analyzed by the Mann–Whitney U test to
compare masticatory performance of the dentate
and RPD groups using gummy jelly and colorchangeable chewing gum. Spearman's rank
correlation coefficients (r) were used to analyze
the correlation between gummy jelly and chewing
gum measurements and factors that affect
masticatory performance.

Figure 1. Color-changeable chewing gum (masticatory performance evaluating gum Xylitol; Lotte Co.,
Ltd. Saitama, Japan).
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Figure 2. Gummy jelly.

Figure 3. Sample of chewing gum after chewing

Figure 4. Color scale of color-changeable chewing gum that has 11 gradation colors between 1 and 11.
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Figure 5. Sample of gummy jelly after chewing.

Figure 6. Visual scale shows10 categories of gummy jelly.

Results
The 80 recruited study subjects were
divided into two groups, dentate (age 21–
38 years, majority 26–35 years old) and RPD
(age 28–76, majority 56–65 years old) groups.
Most subjects in both groups were women. BMI
in both groups was normal, but three in the
dentate group had a BMI >30 (obese). Most
patients in the RPD group had an Eichner index
class B, where there were 1–3 support zones in
the premolar and molar areas. The frequency
distributions of age, sex, BMI, and Eichner index
are shown in Table 1.
There was a significant difference in
masticatory performance between the dentate
Volume ∙ 12 ∙ Number ∙ 4 ∙ 2019

and RPD groups using gummy jelly and colorchangeable chewing gum (P < 0.05). Masticatory
performance was lower in the RPD than in the
dentate groups (Table 2).
The correlation between color-changeable
chewing gum (30 strokes) and gummy jelly (10
strokes) in the dentate group was statistically
significant (P < 0.05). Meanwhile, in the RPD
group, a correlation was found between 30, 45,
and 60 strokes of chewing gum and 20 and 30
strokes of gummy jelly (Table 3). Greater
masticatory performance was noted using
gummy jelly according to the lower Eichner index
class in RPD wearers (P < 0.05 for all gummy
strokes, with Eichner index r = −0.314, −0.487,
−0.486) (Table 4).
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Variable
Age
a. 15–25
b. 26–35
c. 36–45
d. 46–55
e. 56–65
f.
> 65
Sex
a. Male
b. Female
BMI
a. <18.5
b. 18.5–22.9
c. 23–24.9
d. 25–29.9
e. >30
Eichner Index
a. Class A
b. Class B
(B1. B2, B3 = 23; B4 = 9)
c. Class C
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RPD (n = 40)

(%)

Dentate (n = 40)

(%)

–
1
1
10
21
8

–
2.5
2.5
22.5
52.5
20

17
22
1
–
–
–

42.5
55
2.5
–
–
–

13
27

32.5
67.5

15
25

37.5
62.5

–
16
9
15
–

–
40
22.5
37.5
–

–
22
8
7
3

–
55
20
17.5
7.5

4
32

10
80

4

10

Table 1. Frequencies Distribution of Age, Sex, BMI, and Eichner Index

CG 30
CG 45
CG 60
GJ 10
GJ 20
GJ 30

Dentate
RPD
Dentate
RPD
Dentate
RPD
Dentate
RPD
Dentate
RPD
Dentate
RPD

Median (Min–Max)
3 (2–4)
3 (2–4)
6 (3–8)
5 (3–8)
8 (5–9)
7 (5–8)
3 (0–5)
2 (1–4)
6 (3–7)
4 (2–6)
8 (4–9)
6 (4–8)

P value
0.005*
0.005*
0.000*
0.005*
0.000*
0.000*

Table 2. Mann–Whitney U test of Color-changeable Chewing Gum and Gummy Jelly between
Dentate and RPD Groups

CG 30
CG 45
CG 60

Group

GJ 10 (r)

GJ 20 (r)

GJ 30 (r)

RPD
Dentate
RPD
Dentate
RPD
Dentate

0.285
0.347*
0.221
0.151
0.241
0.166

0.431*
0.240
0.454*
0.171
0.522*
0.113

0.455*
0.379*
0.573*
0.258
0.584*
0.293

CG, chewing gum; GJ, gummy jelly.
*Significant (P < 0.05).

Table 3. Spearman's Correlation Coefficient between Color-changeable Chewing Gum and Gummy Jelly.
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Group

Age

Sex

BMI

Eichner Index

RPD
Dentate
RPD
Dentate
RPD
Dentate
RPD
Dentate
RPD
Dentate
RPD
Dentate

0.149
−0.078
−0.212
0.033
−0.162
0.047
−0.178
0.440
−0.129
0.038
−0.182
−0.004

−0.053
0.119
−0.029
0.230
−0.024
0.247
−0.111
−0.107
−0.011
0.113
−0.073
0.141

0.059
−0.084
0.139
0.366*
−0.034
−0.261
−0.109
0.088
−0.165
−0.046
−0.143
−0.058

−0.537*
−0.205
−0.241
−0.314*
−0.487*
−0.486*

CG, chewing gum; GJ, gummy jelly.
*Significant (P < 0.05).

Table 4. Spearman's Correlation Coefficient between Masticatory Performance with Age, Sex, BMI,
and Eichner Index
Discussion
Teeth are the main indicator of decreased
masticatory performance, so that oral health care
is of primary importance. Rehabilitation using
RPD is performed to improve masticatory
function, but the remaining teeth are the main
indicator
of
decreased
masticatory
performance.16 From our results, statistically
there was a significant different in masticatory
performance between dentate subjects and RPD
wearers, with masticatory performance in RPD
wearers having decreased by 20.84% by using
gummy jelly and 11.77% with color-changeable
chewing gum compared with dentate subjects.
Feedback controls are needed for formation of a
food bolus that will modulate muscle activity. This
feedback control function decrease due to loss of
functional teeth cannot be compensated by
mucosal sensitivity achieved when using
dentures.17
There was a correlation between gummy
jelly 10 and 30 strokes and color-changeable
chewing gum 30 strokes, which indicated that the
comminuting test was suitable for dentate
subjects with good masticatory performance. In
contrast, in RPD wearers, there was a
relationship between all strokes of colorchangeable chewing gum and gummy jelly 20
and 30 strokes (P < 0.05), indicating that the
mixing test can be used either on subjects with
good or compromised (like RPD wearers)
masticatory performance.
Volume ∙ 12 ∙ Number ∙ 4 ∙ 2019

Comminuting and mixing tests measure
different aspects of the mastication process.
Gummy jelly requires precise manipulation
between molar teeth and specimens during the
chewing cycle that has proved difficult for denture
wearers. Gummy jelly particles may be tucked
beneath the lower denture, which can make
mastication difficult or the subject stop chewing.18
Subjects
with
compromised
masticatory
performance cannot break the specimen
because their maximum bite force is lower than
that required to break food particles. Chewing
gum forms a bolus that is easier to manipulate
and, therefore, a better choice for denture
wearers.19 Due to the hardness of gummy jelly,
wax, and peanut tested by varying degrees of
pressure, gummy jelly has the highest pressure
because it is elastic and must be broken with
teeth during mastication, whereas waxes are
softer and cohesive and may a form bolus during
mastication. Mixing ability has a weak correlation
with elastic food and a strong correlation with
brittle food.20
The strongest correlation seen with 30
strokes of gummy jelly and 60 strokes of colorchangeable chewing gum indicated that the
optimal stroke number that can be used in RPD
wearers is 30 when using gummy jelly and 60
when using color-changeable chewing gum.
Age, sex, and BMI are not related to
masticatory performance in dentate or RPD
wearers using gummy jelly and color-changeable
chewing gum. The theory says that as the
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subject's age increases, the ability of mastication
will decrease. However, in our study, age is not
directly related to masticatory performance; if
posterior occlusal contact is maintained, the
masticatory performance will not decrease. The
influence of age is more associated with orofacial
structure and function.4,11 Regarding mastication,
women may have less muscle strength than men,
but women can improve the coordination of other
motor and sensory functions.21 According to
Shaikh et al.,22 there was no significant difference
in BMI before and after denture rehabilitation.
There is a correlation between masticatory
performance and Eichner index in RPD wearers
using gummy jelly. Eichner index is more related
to the comminuting than the mixing process,
because Eichner index records the posterior
occlusal contact, which is classified on the basis
of tooth contact between the upper and lower
jaws in the premolar and molar areas. A support
zone at least has one contact across the entire
region.23

2.

3.
4.

5.

6.

7.

8.

9.

Conclusions
10.

Masticatory performance in RPD patients
decreased 20.84% using gummy jelly and
11.77% with color-changeable chewing gum
compared with that in dentate patients. The
optimal number of strokes in RPD wearers is 60
strokes using color-changing gum and 30 strokes
using gummy jelly. The Eichner index is related
to masticatory performance in RPD wearers
using gummy jelly.
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