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The Relationship between Masticatory Performance 
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Objectives: Our study aimed to evaluate the relationship between masticatory performance and 

dental caries in 4-year-old children. Methods: A total of 100 4-year-old children of both genders 

were selected from 3 kindergartens. The data collected included the masticatory performance 

test, oral examination and sociodemographic data including aspects of their dental care and 

eating habits. Masticatory performance was assessed using chewing gum. Participants chewed 

a piece of gum for 3 minutes and then it was weighed, recognizing that during mastication 

the soluble part of the gum dissolves reducing its weight. The results were compared among 

the participants examining the potential factors affecting mastication. Results: The mean the 

number of decayed filled teeth was 3.8 teeth. Chewed gum mean weight was 0.57 g ±0.49 

(boys vs. girls, 0.58±0.03 vs. 0.57±0.05 g, NS). There was a positive correlation between 

gum weight and decayed teeth (r=.57, p<.0001). Linear regression showed that gum weight 

increased by 0.005 g for every decayed tooth (p<.0001). Conclusion: A significant positive 

correlation was observed between masticatory performance and the number of decayed teeth. 

Our linear regression results clearly showed that number of decayed teeth was associated with 

decreased masticatory performance as accessed by our gum weighing method.
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Introduction

Mastication, one of the main functions of the structures 

of the oral cavity and it is the first step in the digestive 

process. It is the process by which solid food mechanically 

comminuted and mixed with saliva enabling it to be 

swallowed and digested. Masticatory performance is a 

developmental function, which with learned experience 

maturation and provides stimulus for the proper function 

and normal development of the maxilla and mandible1,2.

There are factors that adversely affect masticatory 

performance including malocclusion, bite force, number of the 

tooth in contacts, and dental caries3-5. The surface area of the 

teeth, particularly the areas of contact between occluding teeth, 

determines the area available for shearing and crushing food 

during each chewing cycle6,7. Dental caries are a common disease 

in children which destroys the surface of the teeth. According 

to the National Survey of Oral Health Status in Mongolia, the 

Original Article
Cent Asian J Med Sci. 2019 March;5(1):55-63. https://doi.org/10.24079/CAJMS.2019.03.008



56          www.cajms.mn

prevalence of dental caries in Mongolian preschool children is 

high 80.5% according to the 2013 study. Children with painful 

teeth due to dental caries will unconsciously avoid those teeth 

during mastication reducing their masticatory performance. It can 

have a negative impact on the quality of life of a child8. A previous 

study has shown that if children have good mastication ability, 

food is more easily digested which is crucially important for the 

development of the child9. Poor mastication can cause change 

the child’s eating habits, eventually leading to malnutrition and 

diseases caused by malnutrition10. In this regard, de Morais et 

al. found better masticatory performance among normal-weight 

children when compared with overweight/obese children11.

There are numerous methods worldwide have been used 

to assess masticatory performance include comminution test 

using food substitutes, photometric method to quantify a 

change in color, color change in chewing gum, and sugar loss 

from chewing gum12-14. Those methods are accurate, but not 

always practical in investigations involving children and have 

some posed some practical difficulties15. We, therefore, choose 

to investigate the method of weighing gum after it has been 

chewed for a specified time as a method for effectively and 

efficiently assessing masticatory performance in preschool 

children using commonly available, inexpensive items.

Since the previous research has identified mastication as one 

of the important factors in a child’s life and development, which 

is negatively affected by dental caries, we choose to investigate 

the relationship between a simple, and to our knowledge newly 

described test of masticatory performance and dental caries in 

4-year-old children.

Materials and Methods

Study population and sampling
A cross-sectional study total of 100 children of both genders four 

years of age were selected from 3 kindergartens. The inclusion 

criteria were: 4-year-old preschool children with the presence 

of all primary teeth. The exclusion criteria were the presence 

of systemic disease, ingestion of medicines that could interfere 

directly or indirectly with muscular activity, temporomandibular 

joint dysfunction, malocclusion, missing teeth, swelling or 

abscess.

The collected data included the masticatory performance 

test and the oral examination, described below.

Masticatory performance
Masticatory performance was assessed using pieces of Xylitol 

chewing gum (Lotte Xylitol Sugar-Free Chewing Gum Lime Mint 

Flavored, LOTTE Co., Ltd., Japan, each piece 30 x 20 x 1 mm, 1.5 

g). Before the test, participants were trained so that they would 

chew correctly, be familiarized with the taste and gum, and not 

swallow it. After rinsing their mouth with water, children were 

seated in a chair with their head and body in an upright position 

and asked to chew one piece of gum for 3 minutes, without 

limitations on either side of their mouth. At the end of 3 minutes, 

they expelled the gum from their mouth into a plastic cup. The 

chewed gum was washed in flowing water to wash off saliva 

and food residues and immediately weighed three times using 

electronic balance (Model-WT5002N, precision 0.01 g). Since 

each piece of Xylitol chewing gum of consists of mainly water-

soluble components (1.2 gm, 79%) that include sugar alcohols, 

aromas, other flavorings, and colors, and only a small amount of 

non-soluble gum base (0.3 gm, 21%), the residual gum weight 

at the end of the 3 minutes of chewing was used as our measure 

of masticatory performance.  Using this method, a lower residual 

weight indicated better performance.

Oral examination
Oral examination was performed according to the principles and 

methods indicated by the World Health Organization (WHO).

All examinations took place at the kindergarten doctor’s room 

in daylight by a trained pediatric dentist. Assessment of dental 

caries was done using a dental mirror and dental probe16. The 

results were designated using the ‘’dft’’ system [decayed (d), 

filled (f), teeth (t)]. The “dft’’ index was calculated as the sum of 

the total number of the decayed and filled teeth divided by the 

total number of participants.

Questionnaire
A standardized questionnaire was used to gather 

sociodemographic data as well as information regarding the 

participant’s dental care and eating habits.

Patient categorizations
The participants were categorized into four tooth decay groups 

based on the number of teeth with dental decay as follows: 

no caries, 1-5 decayed teeth, 6-10 decayed teeth, 11 or more 

decayed teeth.

Masticatory Performance in 4-Year-Old Children
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Table 1. Sociodemographic characteristics, tooth brushing frequency, and tooth decay status in 4-year-old study 

participants (N=100).
Total Healthy teeth Decayed teeth

% % %

Gender

Male 45 21 24

Female 55 25 30

Type of housing

Apartment 88 39 49

House 10 6 4

Ger 2 1 1

Brushing frequency

Always 68 36 32

Sometimes 31 10 21

Don’t know 1 0 1

Daily brushing frequency

1 time 36 12 24

1-2 times 59 29 30

3-times 5 5 0

3 and more 0 0 0

Dental visits

Every 6 months 18 7 11

Every season 21 14 7

Only when it hurts 36 12 24

Not visiting at all 25 13 12

Meals per day

2-3 times 5 3 2

3-4 times 32 15 17

4-5 times 61 28 33

5-6 times 2 0 2

Consistency of the food

Soft 39 16 23

Medium 59 28 31

Hard 2 2 0

Drinking while eating

Yes 79 34 45

No 10 8 2

Sometimes 13 6 7

Statistical analysis
All continuous data were checked with the Shapiro-Wilks test 

of normality. Categorical data were reported as frequency and 

percentage. Independent t-tests were used to compare gum 

weight in both genders. One-way ANOVA test with Tukey post 

hoc multiple comparisons were to compare the differences 

of gum weight between tooth decay groups. In addition, the 

correlation between independent variables was examined using 

Pearson correlation coefficients. Multiple linear regression was 

performed to identify the relationship between masticatory 
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performance (residual gum weight) and the number of decayed 

teeth, gender, dental hygiene habits, eating habits, and 

sociodemographic characteristics. Statistical significance levels 

were at the p <.05, p<.01, and p<.0001. All analyses were 

performed using the STATA Statistic version 12.1 (STATA Corp, 

College Station, TX, USA).

Ethical statements
Approval for the study was granted by the Ethical Review 

Committee of the Mongolian National University of Medical 

Sciences National (no: 2019/3-02). After the participant’s 

parent or guardian received a detailed explanation of the study 

methods, they provided written informed consent.

Results

Caries prevalence and status
In this study, 45% of the participants were male and 55% were 

female. The frequency of children with no caries was 46%, while 

those with caries was slightly larger at 54%. The total mean 

of dft was 3.8 teeth. There was no statistical difference found 

between the mean dft scores and gender (p=.71). A description 

of the patient’s sociodemographic characteristics and dental 

care practices are shown in Table 1, Figure 3.

Masticatory performance
The mean weight of the chewed pieces of gum among the 

100 participants was 0.57±0.04 g with a range of 0.47- 0.7 

g. There was no difference in the mean weight of the gum 

between all of the boys and all girls (0.58±0.03 vs. 0.57±0.05 

g, p=.26). However, among participants with healthy teeth, the 

residual gum weight was lower in girls than boys (0.54±0.04 vs. 

0.56±0.01, p<.005) (Table 2). 

Figure 1 shows there are statistically significant differences 

in gum weight between four tooth decay groups, with a distinct 

difference in residual gum between those participants who had 

1-5 decayed teeth and 6-10 decayed teeth (p=.05). It is evident 

from the Figure 2 that there was a positive correlation between 

the number of decayed teeth and weight of the residual chewed 

(r=.57, p<.0001) with each decayed tooth increasing the 

residual weight of the chewed gum weight by 0.005 g. 

The results of the correlation analysis between variables in 

Table 3 shows the highest correlation with residual weight of 

the gum and number of decayed teeth (r=.57, p<.01), followed 

by patient education and accommodation (r=.29, p<.01), 

tooth brushing frequency and number of decayed teeth (r=.23, 

p<.05). Interestingly, there was no correlation between parent’s 

education and the number of decayed teeth, tooth brushing time 

or tooth brushing frequency. 

The results of the multiple regression analysis are shown in 

Table 4. The model with variables listed in the table explained 

37 percent of the variation in the data and this was highly 

significant (R2 =.37, p=.001). However, only the coefficient for 

the number of decayed teeth was significantly associated with 

residual gum weight (b=0.577, p=.001) indicating the validity 

of our measure of masticatory performance as a measure of 

Figure 3. Frequency distribution of decayed teeth in 4-year-old participants
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Table 2. Comparison of residual gum weight between groups‡

  Male (N=45) Female (N=55)
p-value†

Total (N=100)

   Mean SD Mean SD Mean SD

Healthy teeth 0.56 0.01 0.54 0.04 .005 0.55 0.03

Decayed teeth 0.59 0.03 0.59 0.05 .34 0.58 0.03

Filled teeth 0.6 0.04 0.6 0.04 .23 0.6 0.04

Decayed teeth with filling 0.59 0.03 0.58 0.04 .06 0.58 0.03

‡ groups based on “dft” system, † p-value calculated using independent t-test. 

Figure 1. Comparison between the residual gum weight and the number of decayed teeth using one-way ANOVA (F(2, 24) = 17.95, 

p =.001) followed by Tukey post-hoc multiple comparisons (shown).

numbers of decayed teeth.

Discussion

To our knowledge, this is the first survey in Mongolia to assess 

masticatory performance in 4-year-old children using chewing 

gum and the first survey to use the residual weight of a timed 

chewing gum test as a measure of masticatory performance 

anywhere. Numerous methods worldwide have been used 

to determine masticatory performance such as comminution 

test, photometric method to quantify changes in color, color 

change in chewing gum, and sugar loss from chewing gum12-14. 

The comminution test can be used with foodstuffs or artificial 

food substitute, such as silicone tablets, however, it has an 

unappealing taste, hard tablets, the risk of aspiration, and 

the time-consuming, repetitive task can discourage children 

from performing natural chewing movements. This technique 

is accurate but is often not practical with performing research 
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Figure 2. Linear regression between residual gum weight and the number of decayed teeth.

  	           Residual gum weight= 0.55 + 0.005* number of decayed teeth, (r=.57, std.err.=.0007, b=.005, a=.55, p<.001)

with children17. Color-changeable chewing gum can also be 

used to measure masticatory performance. However, it requires 

a colorimeter device and purchasing special gum, which is only 

available in Japan, thus posing some practical difficulties15. On 

the other hand, our gum weighing method is quicker, and we 

believe it is the most straightforward test to implement using 

inexpensive commonly available items. We used Xylitol chewing 

gum because it is widely available, has a good taste and soft 

chewing consistency, making it desirable and easy for children 

to chew.

According to studies, the prevalence of dental caries in 

preschool children is very high 80.5%, according to the WHO 

criteria in our country. Our study showed that the prevalence 

of dental caries in our 100 participants was 54%18. The dft 

score of our participants was 3.8, which is “moderate” by the 

WHO criteria16. Our findings of a positive correlation between 

masticatory performance and the number of healthy teeth is 

the same as the study by Hama et al15. Our analyses showed 

a statistically significant difference in gum weight between 

tooth decay groups, particularly when more than 6 to 10 teeth 

were decayed. Linear regression showed a positive association 

between the number of decayed teeth and the gum weight 

which was statistically significant (p<.0001). These results 

confirm our clinical impression that masticatory performance is 

low when the number of healthy teeth is low.

The possibility of sexual dimorphism in masticatory 

performance remains controversial. Our study results showed 

that there is no statistically significant difference in masticatory 

performance in gender (p=.26), which is the same as some 

previous studies but contradicts the findings of others6,17-22.

Our study has some limitations. In the present study, we 

investigated the relationship between masticatory performance 

with the number of decayed teeth. There was considerable 

scatter in our data, particularly among participants with no 

caries suggesting that our test may have limited usefulness as 

diagnostic tool except for those with many decayed teeth. We 

investigated the effect of gender on masticatory performance, 

but the relationship with other factors such as bite force, diet, 

and home environment were not investigated. Further research 

is needed on these variables and this may be a direction for 

our future research. Since this was a cross-sectional survey and 

did we did not investigate the effect of age on masticatory 

Masticatory Performance in 4-Year-Old Children
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Table 3. Results of correlation analysis betw
een variables 

The variables

Gum weight

Number of 
decayed teeth

Gender

Height

Weight

Parents education

Income

Accommodation

Tooth brushing 
frequency

Tooth brushing 
time

Dental clinic visit

Meals per day

Consistency of food

Mastication during 
meals

Drinking while 
eating

G
um

 w
eight

1

N
um

ber of
decayed teeth

.57***
1

G
ender

-.11
.02

1

Height
-.003

-.2
-.14

1

W
eight

-.08
-.12

-.13
.48

1

Parents education
.06

.16
.07

-.09
.02

1

Incom
e

-.1
-.11

.13
-.03

.009
.1

1

Living accom
m

odations
.01

-.06
.06

.22*
.19*

-.29***
-.1

1

Tooth brushing frequency
.105

.23*
-.21*

-.12
.007

.13
-.06

-.03
1

Tooth brushing tim
e

-.14
-.18*

.03
.01

.008
-.02

.1
-.07

-.04***
1

Dental clinic visit
-.02

-.04
-.16

.09
.04

-.01
-.15

.1
.1

-.11
1

M
eals per day

0
.03

0
-.01

-.12
.04

-.18
-.13

-.12
-.06

.01
1

Consistency of food
.03

-.14
.09

.05
.05

-.14
.02

.1
-.1

.01
-.08

.6
1

M
astication during m

eals
.11

.2*
.03

-.28
-.23

.02*
-.05

0
.1

-.14
.19

.02
-.01

1

Drinking w
hile eating

-.105
-.12

.01
-.02

.08
-.03

.03
.05

.04
-.002

.01
-.02

.14
.1

1

***p<
 .001, **p<

 .01, *p<
.05 
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performance. Only oral examination and our chewing gum test 

were used without additional measurements such as coloring 

test and X-ray.

We conclude that the prevalence of dental caries in our 

population of 4-year-old children was 54%, and its intensity is 

3.8, which are “moderate” according to the WHO criteria. We 

established that the number of decayed teeth correlates with 

masticatory performance as measured using a simple, easily 

implemented, inexpensive, timed chewing gum test.
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