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Aim.

 

The aim of this study was to analyse occlusal
parameters and body variables to examine the
factors accounting for masticatory performance
of Japanese children in relation to adults.

 

Methods.

 

Sixty-six children and 24 adults chewed
three pieces of a colour-changeable chewing gum,
separately, for 30 s, 60 s, and 90 s. The colour
change was measured at 30 s using 

 

L

 

* 

 

a

 

* 

 

b

 

* colour
space system. Biting force, occlusal contact areas,
and occlusal pressure were recorded by Dental
Prescale. Number of strokes, and the height and
weight of the subjects were included in the statistical
analysis.

 

Results.

 

Within each sample, Student’s 

 

t

 

-test revealed
significant differences among 

 

a

 

* values at the three
chewing times in which the value of 

 

a

 

* (indicator
of red) increased as the length of chewing time
increased (

 

P

 

 < 0.05). Multiple regression analysis
showed that the rate of mandibular movement
in preschool children has a significant impact on
masticatory performance (

 

P

 

 < 0.05). In schoolchildren,
the rate of mandibular movement, biting force, and
body weight were significant factors (

 

P

 

 < 0.05). In
adults, occlusal contact area, biting force, and the
rate of mandibular movement were the significant
factors (

 

P

 

 < 0.05).

 

Conclusion.

 

Factors affecting masticatory perform-
ance differ according to the developmental stage of
the individual.

 

Introduction

 

Chewing is one of the principal functions of
the masticatory system. Food is prepared for
swallowing by breaking it down into small
portions. Chewing is considered a multifactorial
process, which involves factors such as move-
ment of the jaw

 

1,2

 

 and tongue

 

3

 

, occlusal contact
area, and biting force

 

4,5

 

. Many of these factors
undergo significant changes during growth. For
example, the size of occlusal table changes from
primary to mixed, then to permanent dentition.
Malocclusion was reported to negatively affect
the ability to break down food

 

6,7

 

, and facial type
was found to affect occlusal force

 

8,9

 

. In addition,
pathological conditions such as caries, temporo-
mandibular joint (TMJ), myofacial pain, and
loss of postcanine teeth have significant effect
on mastication

 

10,11

 

.
A previous report showed that chewing in

children is a learning experience, and a significant

increase in biting force was observed after
3 months of masticatory training using a special
type of a chewing gum

 

12

 

. Most of the previous
reports on masticatory performance were
conducted on adult samples with different
oral conditions; limited information is available
on masticatory performance in the paediatric
population.

A new type of a colour-changeable
chewing gum was introduced and considered
to be applicable for evaluating masticatory
performance

 

13

 

. The gum contains xylitol,
colouring agents for red, yellow, and blue,
fragrance, citric acid, and gum base. The initial
colour of the gum is light green and turns
into red when the citric acid is eluted from
the gum by means of chewing. Matsubara

 

et

 

 

 

al

 

. utilized the same chewing gum to
measure the adaptability of masticatory
function of children

 

14

 

. The aim of this study
was to analyse a number of occlusal para-
meters and body variables to examine the
factors accounting for masticatory performance
in children and adults utilizing the newly
developed chewing gum.
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Materials and methods

 

Sample

 

This study was approved by the Human Subjects
Committee of Tokyo Medical and Dental Univer-
sity. All subjects of the study had a full dentition
(excluding third molar in some adult subjects)
with normal class I occlusion (no more than
2–3 mm arch–teeth discrepancy) and no history
of orthodontic treatment. All the subjects were
free of any clinical signs of TMJ or stomatognathic
dysfunctions at the time of the test.

 

Evaluating masticatory performance

 

The subjects were seated in an upright position
and instructed to chew three pieces of the gum
freely, separately, for 30 s, 60 s, and 90 s. One
minute had been given to chew for the warm-up
before the experiment. A brief interval, 2–3 min,
was given during the testing to avoid any fatigue.
The chewed gum was placed on a polyethylene
sheet and flattened to 2 mm thick by pressing
with a glass plate. The colour was measured after
30 s from the chewing by means of a spectro-
photometer (Minolta CR-13, Minolta Co. Ltd,
Tokyo, Japan). Color space system (

 

L

 

* 

 

a

 

* 

 

b

 

* coor-
dinates) recognized by the Commission Inter-
nationale de l’Eclairage

 

15

 

 was used to evaluate
colour changes. In this colour system, the
coordinate 

 

a

 

* indicates the degree of red. Two
examiners recorded the number of strokes
at each chewing time, and the average was
calculated.

 

Measurement of occlusal parameters

 

Biting force, occlusal contact areas, and average
and maximum occlusal pressure

 

s

 

 were obtained
using the pressure-sensitive film method (Dental
Prescale, Fujifilm Co. Ltd, Tokyo, Japan). Each
subject was instructed to bite on the Dental
Prescale in central occlusion as strongly as
possible for 3 s. Type R film, which has the
measurement range from 5 to 120 MPa (50H)
was used. The procedure was repeated two
times and the films were scanned using the
Occluzer FPD-703 (GC International Co. Tokyo,
Japan). The average of the two measurements
was calculated. Body variables, including height

and weight of the children at the time of the
examination, were obtained.

 

Statistical analyses

 

Within each sample, the differences between

 

a

 

* values at the three selected chewing times
were evaluated using Student’s 

 

t

 

-test (

 

P

 

 < 0.05).
In multiple regression analysis, 

 

a

 

* values at
60 s and 90 s chewing times were used as the
dependent variables, and the occlusal parameters
and number of strokes at each corresponding
chewing time were used as the independent
variables. For preschool and school samples, body
height and weight were also included in the
analysis as independent variables. The selection
of the independent variables was completed
according to stepwise method. The data were
analysed using the statistical software SPSS
version 10.0 for Windows (SPSS Inc., Chicago,
IL, USA).

 

Results

 

Table 1 describes the sample of the study. Table 2
shows descriptive statistics of 

 

a

 

* values, number
of strokes, occlusal parameters, and body
variables of the samples. Figure 1 represents
the changes of 

 

a

 

* values. According to Student’s

 

t

 

-test, significant differences were found among

Table 1. Sample characteristics.

Sample Age (year) No. of subjects Male Female

Preschool 4–6 24 12 12
School 9–11 42 22 20
Adult 24–36 24 12 12

Fig. 1. a* Values at the three chewing times.
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a

 

* values at 30 s, 60 s, and 90 s in which the
value of 

 

a

 

* (the degree of red) increased as the
length of chewing time increased (

 

P

 

 < 0.05).
Table 3 shows the independent variables that
were significantly selected by multiple regression
analysis for each sample at 60 s and 90 s chewing
times along with the 

 

R

 

2

 

 values.

 

Discussion

 

This study evaluates the masticatory performance
of subjects using the chewing gum colourimetric
technique. The method has been practiced for
the evaluation of masticatory performance and
was found to be practical

 

13,16

 

. The chewing gum
used in this study was developed as having
more colour uniformity after chewing. Therefore,
multiple-site measurement was not needed as
previously suggested for other types of chewing
gums

 

17

 

. At 30 s chewing time, however, the
colour was not fully uniform in the preschool
sample. Therefore, it was not included in the
analysis. The results of 

 

t

 

-test revealed significant
differences in 

 

a

 

* values among the three chewing
times in which the colour of the gum increased

significantly when the length of the chewing
time increased, which is the basis of the colour-
imetric method for the evaluation of mastication
performance

 

16,17

 

. According to the results, the
colour of the gum developed more as the subject
performed better, because chewing is a multi-
factorial process, 

 

a

 

* value represents the final
outcome of the mastication process.

Several factors, such as occlusal contact area

 

1

 

and biting force

 

5

 

, were found to have significant
impact on chewing performance in adults. In the
present work, the pressure-sensitive film method
was employed to measure occlusal parameters.
The method has been considered reliable

 

18,19

 

.
In this method, biting force indicates force (in N)
applied to the total occlusal imprint (average
pressure multiplied by area). Average occlusal
pressure indicates the average pressure (in
MPa) for the total occlusal imprint. Maximum
occlusal pressure indicates the maximum
pressure (in MPa) for the occlusal imprint
measured in units of 0.0625 mm

 

2

 

. In this study,
regression analysis revealed significant factors
that accounted for higher 

 

a

 

* value (better masti-
catory performance) within each sample. In
preschool children, the number of strokes was
the only significant variable that enhanced the
red colour of the gum (better performance).
The finding suggests that mandibular rhythm
is an important factor in distinguishing better
chewers among preschool children. Similar obser-
vations were reported, but for subjects with
complete dentures, or missing postcanine teeth,
the deterioration in masticatory efficiency was
compensated for by performing more strokes

 

20,21

 

.

Table 2. Descriptive statistics of a* values and the independent variables.

Variable

a* Value at Strokes at Contact 
area
(mm)

Biting force
(N)

Average 
pressure

(MPa)

Maximum 
pressure

(MPa)
Height

(cm)
Weight

(kg)30 s 60 s 90 s 60 s 90 s

Sample
Preschool
Mean 0.4 6.4 11.5 87.6 134.9 8.8 385.1 44.5 111.1 110.4 19.3
SD 1.1 1.7 2.0 14.6 22.3 3.8 148.2 4.6 10.5 6.0 3.3
School
Mean 3.1 11.0 16.0 114.4 169.5 13.1 604.0 47.4 118.0 139.0 35.3
SD 1.8 2.7 3.3 10.8 13.6 6.0 241.8 5.0 4.9 6.8 7.7
Adults
Mean 4.1 12.2 18.9 120.0 177.0 24.0 905.7 39.5 105.3 – –
SD 2.6 3.8 3.6 22.0 23.9 15.6 397.5 4.3 11.0 – –

Table 3. Significant variables by regression analysis.

Sample 60 s Chewing R2 90 s Chewing R2

Preschool Strokes 0.294 Strokes 0.224
School Strokes 0.240 Weight 0.138

Biting force 0.076 _
Adults Contact area 0.242 Biting force 0.256

Strokes 0.198
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There are very few reports on factors that may
contribute to the masticatory performance in
preschool children. Gaviao 

 

et

 

 

 

al

 

.

 

7

 

 examined the
influence of body weight and height on
masticatory performance of children with
primary dentition, and found no significant
relationship, which agrees with the finding
of this study. They also found that children
with class II and III malocclusion had lower
masticatory performance. The subjects of this
study, however, had normal occlusion.

For schoolchildren, at 60 s chewing time the
number of strokes was the most important
parameter for better performance as selected
first by the regression analysis. The second
parameter was biting force. After 90 s, body
weight was selected as a significant variable.
Julien 

 

et

 

 

 

al

 

.

 

4

 

 reported similar observation on
girls in which biting force and body weight
explained some variation of the masticatory
performance. The effect of body weight on
masticatory performance may be related to the
increase in the muscle mass

 

4

 

, which in turn
affects the biting force as Van Spronsen 

 

et al

 

.
reported that the cross-sectional area of the
masseter muscle and maximal biting force are
significantly positively correlated

 

22

 

.
The findings of this study on biting force and

body weight show that the significant effect of
these two factors on mastication is established
during the mixed dentition stage, whereas they
have no significant impact at primary dentition
stage.

In the adult sample, occlusal contact area
was the significant factor that differentiates
subjects at 60 s chewing time. Many previous
studies reported that occlusal contact area is
an important factor for better chewing perfor-
mance

 

4,5,23,24

 

. Occlusal contact area determines
the area available for shearing the food during
each cycle

 

4

 

. At 90 s chewing time, different
factors account for better performance. Biting
force and number of strokes were selected as
the significant variables. The 90 s chewing time
is considered a relatively long time; therefore,
it is reasonable to assume that the subject with
stronger biting force who has the ability to
perform more strokes would show more efficient
chewing. Fontijn-Tekamp 

 

et

 

 

 

al

 

. reported that
nearly half of the variation in chewing efficiency
of adult subjects was explained by biting force

 

25

 

.

In this study, the regression analysis showed
that average and maximum occlusal pressures
had no significant effect on chewing performance
in children or adults. These two parameters
describe the relationship between pressure and
occlusal contact area; with larger contact area,
occlusal pressure will be reduced. The average
and maximum pressures were decreased in
adults, which is due to the increase in occlusal
contact areas.

In conclusion, number of strokes significantly
affects chewing performance of children. Biting
force and body weight have significant effects
on chewing performance in schoolchildren. In
adults, occlusal area, biting force, and rate of
mandibular rhythm accounted for better chewing
performance.
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