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Abstract
Although multiple factors influence food bite size, the relationship between food bite size per mouthful and mandible or 
tongue size remains poorly understood. Here, we examined the correlations between food bite size and the lower dental 
arch size (an indicator of tongue size) in human subjects with good oral and general health, using fish sausage and bread as 
test foods. Notably, bite size of both foods was significantly positively correlated with the lower dental arch size, whereas 
masticatory performance (measured in terms of glucose extraction from a gummy jelly) showed no dependence on bite size. 
Further, bite size was significantly positively correlated with the body mass index. Our findings suggest that larger bite size 
is associated with larger tongue size, which might be a contributory factor to obesity.
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Introduction

Major oral physiological factors that regulate bite size and 
chewing include the cycle of jaw and tongue movements [1, 
2]. An autopsy study demonstrated that the human tongue 
has a high percentage of fat, and indicated that tongue 
weight and tongue fat percentage are closely associated 
with the degree of obesity [3]. Videofluorography studies in 

human subjects indicated that a preparatory forward move-
ment of the tongue to receive food occurs during food intake, 
followed by retraction of the tongue to introduce the food 
into the mouth, and it was reported that tongue manipulation 
plays an important role in recognizing and evaluating the 
volume of the bite taken [4].

Based on the above reports, we hypothesized that bite size 
per mouthful might be positively correlated with tongue size. 
In this work, we tested this idea in healthy human subjects. 
We employed the size of the lower dental arch as a surrogate 
for tongue size because previous studies have established 
the morphologic relationship between the tongue size and 
the lower dental arch size [5, 6]. More importantly, direct 
measurements of tongue size by computerized tomography 
or magnetic resonance imaging are subject to artifacts due 
to metal prostheses, and it is also ethically questionable to 
expose subjects to medically unnecessary imaging proce-
dures. In addition, we examined the correlation between bite 
size and body mass index (BMI), a useful indicator of obe-
sity, because the relationship between the two still remains 
controversial [7–11].
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Materials and methods

Subjects

Sixty-one adult subjects (39 males, 22 females, mean age 
23.3) were randomly selected from the students, postgradu-
ate students, and staff in Tsurumi University School of 
Dental Medicine according to the following criteria: good 
oral and general health; no pain during chewing; complete 
natural dentition without any stomatognathic problems; not 
taking medication that might affect mastication or insaliva-
tion; no history of orthodontic treatments. The height and 
weight of subjects were measured, and BMI was calculated 
by dividing the body weight (kg) by the height squared  (m2).

Experimental procedure

Fish sausage (FS) (diameter = 20 mm, length = 100 mm; 
Osakana-sausage, Nissui, Tokyo, Japan) (Fig.  1a-1) 
and bread (B) (length = 100 mm, width = 40 mm, thick-
ness = 20 mm; Chojyuku, Pasco, Tokyo, Japan) (Fig. 1a-2) 
were used in this study as test foods. Subjects were asked 
to take one bite of each sample with a single occlusion and 
to chew as usual before swallowing (Fig. 1b). This task 
was repeated more than three times for each test food, and 
the foods were served in a random order [8]. Bite size per 
mouthful was calculated from the food weights (gram: g) 
before and after each bite, measured on a microscale.

Masticatory performance

Subjects were asked to chew a cylindrically shaped 5% 
glucose-containing gummy jelly with a diameter of 14 mm, 
height of 10 mm, and weight of 2.3 g (Glucorumn, GC Cor-
poration, Tokyo, Japan) (Fig. 1c-1) for 20 s on their habit-
ual chewing side [12, 13]. After chewing, the subjects were 
asked to hold 10 ml of distilled water (Fig. 1c-3) in their 
mouth briefly and then to split into a cup equipped with a 
filter (Fig. 1c-2). The glucose concentration in the filtrate 
was measured using a glucose measuring device (Fig. 1c-4) 
(Glucosensor GS-1, GC, Tokyo, Japan), and the amount of 
glucose extraction was used as a quantitative parameter of 
the masticatory performance [12–14].

Measurement of the lower dental arch size

Paraffin wax bite impressions (Base Plate Paraffin Wax, GC 
Corporation, Tokyo, Japan) were obtained in each subject 
and the following parameters were measured in the present 
study (Fig. 1d).

1. Lower dental arch width: distance between the lowest 
margin of the lingual surface of the right and left first 
premolars.

2. Lower dental arch length: distance from the incisal edge 
of the central incision to the line that passes through the 
distal edge of the first molars.

Fig. 1  a, b Fish sausage (left) 
and bread (right) were used in 
this study as test foods (a) and 
the experiments were performed 
as shown in (b). c Masticatory 
performance of objects was 
examined by requesting them 
to chew a cylindrically shaped 
5% glucose-containing gummy 
jelly (c-1) for 20 s. After chew-
ing, the subjects were asked to 
hold 10 ml of distilled water 
(c-3) in their mouth briefly and 
then split into a cup equipped 
with a filter (c-2). The glucose 
concentration in the filtrate 
was measured using a glucose 
measuring device (c-4), and the 
amount of glucose extraction 
was used as a quantitative meas-
ure of masticatory performance. 
d Paraffin wax bite impression 
of each subject was obtained to 
measure the lower dental arch 
width and length width
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Statistical analysis

The correlations and regression lines between bite size and 
each parameter [lower dental arch size (width and length) 
(Fig. 2), glucose extraction (Fig. 3) and BMI (Supplemental 
Figure 1)] were determined by calculating Spearman’s rank 
correlation coefficient in SPSS software version 13.0 (SPSS 
Inc., Chicago, IL, USA). Correlation was considered statisti-
cally significant when P < 0.05.

Results

Relationship between bite size per mouthful 
and tongue volume

As lower dental arch size is significantly correlated with 
tongue volume [5, 6], we measured lower dental arch size 
(width and length) using paraffin wax bite impressions in 
order to examine whether bite size is related to tongue vol-
ume, and thus to obesity.

As shown in Fig. 2, significant correlations were observed 
between bite size and lower dental arch width (P < 0.001, 
r = 0.490) (Fig. 2a) as well as lower dental arch length 
(P < 0.001, r = 0.504) when fish sausage was used as a test 
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Fig. 2  Relationship between bite size and lower dental arch size. 
Significant correlations were observed between the bite size and 
the lower dental arch width (P < 0.001, r = 0.490) (a) and length 
(P < 0.001, r = 0.504) (b) for fish sausage as test food. Significant cor-

relations were also observed between bite size and lower arch dental 
width (P < 0.001, r = 0.522) (c) and length (P = 0.001, r = 0.400) (d) 
for bread as a test food
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food (Fig. 2b). We also performed the same experiment 
using bread as test food and confirmed that there was a sig-
nificant correlation between bite size and lower dental arch 
width (P < 0.001, r = 0.522) (Fig. 2c), as well as between 
bite size and lower dental arch length (P = 0.001, r = 0.400) 
(Fig. 2d), as in the case of fish sausage as test food.

Relationship between bite size per mouthful 
and masticatory performance

We next examined the influence of bite size on masticatory 
performance. We found no significant correlation between 
masticatory performance and the bite size for either fish sau-
sage (Fig. 3a) or bread (Fig. 3b) (fish sausage, P = 0.058, 
r = 0.244; bread, P = 0.077, r = 0.228). Thus, masticatory 
performance was not affected by differences of bite size.

Relationship between bite size per mouthful 
and body mass index

The relationship between BMI and bite size was determined 
with fish sausages (Supplemental Figure 1a) and bread (Sup-
plemental Figure 1b) as test foods. Significant positive cor-
relations were found in both cases (fish sausage, P = 0.005, 
r = 0.353; bread, P = 0.003, r = 0.369).

Discussion

In the present study, we found that bite size was significantly 
positively correlated with the lower dental arch width or 
length, supporting the idea that the bite size might be posi-
tively correlated with tongue size [5, 6]. Oral sensory expo-
sure [15–17] and the texture of food [18–22] are thought to 
play important roles in regulation of food intake. We thus 

used two different types of food, fish sausage and bread, as 
test foods [23]. Similar results were obtained in both cases, 
suggesting that the correlations between bite size and lower 
dental arch size are independent of food variables.

A cross-sectional anatomic study of lingual fat in sub-
jects from the general population at autopsy has shown that 
the tongue has a much higher percentage of fat than other 
somatic muscles, and its fat content and weight both increase 
in proportion to BMI [3]. The present results, together with 
the previous autopsy data, suggest that a larger bite size is 
closely associated with a larger tongue size. A possible rea-
son for this relationship is that the tongue might play an 
important role in recognizing and evaluating the size of one 
bite of food, as suggested previously on the basis of vide-
ofluorographic analysis [4]. The present results also indi-
cate that larger bite size might be a contributory factor to 
increased energy intake, which could result in obesity.

It has been shown that tongue size influences tongue 
neuromuscular function, tongue stiffness, and metabolic 
function in rats [24], but further research will be needed to 
explore the triadic relationship (tongue volume, bite size, 
and obesity) in humans in detail.

Acknowledgements We are grateful to Ms. Yoko Shinoda (Tsurumi 
University, Yokohama, Japan) for assistance in preparing the figures 
for publication.

Funding This study was supported in part by the Japan Society for 
the Promotion of Science (JSPS) KAKENHI Grant (15K12330 to K. 
Shiozawa, 22791147, 20790860 to YM, 15K18973, 24970219 to K. 
Suita, 17K12067 to YO, 17K11977, 26463127 to MN, 17K17342, 
26861803 to DU, and 18K06862, 16H05300 to SO); MEXT-Supported 
Program for the Strategic Research Foundation at Private Universities 
(S1511018 to SO); Yokohama Academic Foundation (YO); the Naito 
Foundation (2015-119 to SO); Senshin Medical Research Founda-
tion (SO); an Academic Contribution from Pfizer Japan (AC160910, 
AC1500818, AC170780 to S.O.); the Research Foundation for 

Bite size (B:g)Bite size (FS:g)

A B

Gl
uc

os
e 

ex
tr

ac

o

n 
 (m

g/
dL

)

300

250

200

150

1 00

5 0

Gl
uc

os
e 

ex
tr

ac

o

n 
 (m

g/
dL

)

0

Fig. 3  Relationship between masticatory performance and the bite size for fish sausage (a) and bread (b) as test foods. No significant positive 
correlation was observed (fish sausage, P = 0.058, r = 0.244; bread, P = 0.077, r = 0.228)
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