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SUMMARY It is known that solid food is

transported to the pharynx actively in parallel to

it being crushed by chewing and mixed with saliva

in the oral cavity. Therefore, food bolus formation

should be considered to take place from the oral

cavity to the pharynx. In previous studies, the

chewed food was evaluated after the food had

been removed from the oral cavity. However, it

has been pointed out that spitting food out of the

oral cavity interferes with natural food bolus

formation. Therefore, we observed food boluses

immediately before swallowing using an

endoscope to establish a method to evaluate the

food bolus-forming function, and simultaneously

performed endoscopic evaluation of food bolus

formation and its relationship with the number of

chewing cycles. The subject was inserted the

endoscope nasally and instructed to eat two

coloured samples of boiled rice simultaneously in

two ingestion conditions (‘as usual’ and ‘chewing

well’). The condition of the food bolus was graded

into three categories for each item of grinding,

mixing and aggregation and scored 2, 1 and 0. The

score of aggregation was high under both ingestion

conditions. The scores of grinding and mixing

tended to be higher in subjects with a high

number of chewing cycles, and the score of

aggregation was high regardless of the number of

chewing cycles. It was suggested that food has to

be aggregated, even though the number of

chewing cycles is low and the food is not ground

or mixed for a food bolus to reach the swallowing

threshold.
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Introduction

The rate of the elderly population continues to

increase, rapidly promoting the ageing of society (1).

A high incidence of dysphagia in the elderly has been

reported (2), and measures to deal with dysphagia are

urgently needed.

The series of motions starting with the recognition

and ingestion of food to transport to the stomach is

divided into five steps by Leopold (3). The stage

before food has entered the mouth is the pre-oral

stage. Next, the oral preparatory stage involves the

manipulation of food and liquid to shape a cohesive

bolus in the mouth, and the oral stage begins with

the propulsion of the bolus by the tongue from the

mouth to the pharynx. The stage starting with initia-

tion of the swallow reflex is the pharyngeal stage.

Finally, the bolus reaches the opening of the stomach

in the oesophageal stage.

It is important to recognise that these five stages

are continuous as well as simultaneous movements.

Particularly, it has been clarified that food ground and

mixed with saliva by masticatory movement is held

together and actively transported to the pharynx by

the tongue [Stage II transport (ST-II) (4)]. Masticated

food is sent to the pharynx and swallowed, and this
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series of movements is termed food bolus formation.

Although food bolus formation is considered to take

place in the ‘oral preparatory stage’, it should be con-

sidered to take place in the ‘oral preparatory to oral

stage’ because ST-II occurs.

In previous methods to evaluate food bolus forma-

tion, masticated test food was taken out of the oral

cavity and evaluated (5–7). However, it has been

pointed out that spitting food out of the oral cavity

interferes with natural food bolus formation leading

to swallowing movement (8). Moreover, food boluses

formed in the oral preparatory through oral stage can-

not be evaluated as those immediately before swal-

lowing upon being taken out of the oral cavity. To

evaluate food boluses formed by continuous move-

ment from mastication to swallowing, it is necessary

to evaluate them in the pharynx after being trans-

ported by ST-II.

In videoendoscopic examination of swallowing

(VE), an endoscope is inserted through the nose, and

the swallowing function is evaluated by directly

observing the pharynx and larynx. Using VE, the con-

dition of food boluses transported to the pharynx can

be observed. The aim of this study was to establish a

method to evaluate the food bolus-forming function

using videoendoscopy in healthy adults.

In reports on existing evaluation methods, the

number of chewing cycles is considered to influence

the grade of food bolus formation (9, 10). In addition,

it has been reported that the risk of aspiration is

determined by this grade (11, 12). Therefore, to

reduce the risk of aspiration, it is important to investi-

gate factors influencing food bolus formation. Thus,

we simultaneously investigated the influence of the

number of chewing cycles on food boluses observed

with an endoscope.

Methods

Subjects

The subjects were 33 healthy adults with normal

occlusion (13 males and 20 females, mean age:

25�6 � 3�5 years). Prior to the study, the study con-

tent was sufficiently explained to the subjects, and

consent to participate in the experiment was obtained.

Subjects’ human rights were protected, and personal

information was managed following the ethical guide-

lines of the School and Graduate School of Dentistry,

Osaka University and Osaka University Dental Hospi-

tal (Ethics Committee approval number H19-E8).

Test food

In this study, it is most important to observe natural

food bolus by continuous movement from mastication

to swallowing. Therefore, we selected cooked rice for

the test food because it is a staple food in Japan (13)

and frequently used in clinical cases. To make endo-

scopic identification easier, white rice and green rice

were prepared.

Preparation method. After water absorption for 1 h, 2-

colour rice was cooked using an electric rice cooker

(MITSUBISHI NJ-CL18S*). Green rice was prepared

by adding 1 g of a green colourant per 150 g rice to

water during water absorption so that the colourant

completely penetrated into rice grains.

Storage and thawing methods. Cooked rice was steamed

for about 1 h. About 15-g portions were individually

wrapped with polyethylene wrap film and stored at

�20 °C. For thawing, frozen cooked rice was heated

using a microwave (Panasonic NE-EH211†) so as to

elevate the temperature at the centre to about 60 °C

immediately before the experiment.

Test procedure and endoscopy

The subject sat on a chair, and an endoscope (Fiber-

scope PENTAX FNL-10RBS‡) was inserted through the

nose following the standard procedure (14) and

retained at a position at which the root of the tongue

and posterior wall of the pharynx were included in

the visual field. Before we inserted the endoscope,

2% lidocaine gel was applied to the fiberscope for the

purpose of lubricating it and to ease its passage

through the nasal cavity (14, 15). In the test proce-

dure, firstly, a half of a curry spoon (about 5 g) each

of white and green cooked rice was simultaneously

placed in the subject’s mouth, and the subject was

instructed to eat it ‘as usual’. Swallowing of all

cooked rice was confirmed by declaration by the sub-

*Mitsubishi, Tokyo, Japan.
†Panasonic, Osaka, Japan.
‡Pentax, Tokyo, Japan.
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ject and endoscopic observation of the oral cavity.

The same volume of cooked rice was then placed in

the subject’s mouth, and the subject was instructed to

eat by ‘chewing well’. Endoscopic video during the

test procedure was recorded using a high-vision recor-

der (TOSHIBA RD-S1004K§). In addition, a digital

video camera recorder (SONY DCR-HC96¶) was placed

in front of the subject and mandibular movement

during the test was recorded. Participants ate the test

foods under the two ingestion conditions at least

three times. If the food bolus could not be observed

in the pharynx when participants ate the test foods

three times, the task was suspended and the partici-

pant was excluded from this study.

Evaluation method

Food bolus-forming function. The endoscopic video

record was reviewed to evaluate the food bolus-form-

ing function. Some subjects completed eating of the

cooked rice by a single swallowing motion, while oth-

ers required several motions. To standardise the con-

ditions for food bolus evaluation, the food bolus

immediately before the first swallowing motion was

evaluated.

The following two evaluation items were selected

referring to previous reports on food bolus formation

(5–7, 16, 17): visually evaluable grinding (representing

the degree of being ground in the food bolus) and mix-

ing (representing the degree of mixing of the two col-

ours in the food bolus). In addition, referring to the

typical physical evaluation item, cohesiveness (18, 19),

aggregation was newly added to evaluate the construc-

tion of the food bolus. The condition of the food bolus

was graded into three categories for each item of grind-

ing, mixing and aggregation and scored 2, 1 and 0 in

the order of a higher grade (Table 1). Evaluations were

made in consultation by the two dentists with more

than 8 years of experience of endoscopy because it has

been reported that consultation among raters improved

the accuracy of image evaluation (20, 21).

The number of chewing cycles. The number of chewing

cycles while eating the test food in the usual way was

measured. The recorded mandibular movement was

reviewed after the test procedure. In addition, masti-

cation was visually counted until the last upward

mandibular movement just before the first swallowing

motion from the initial downward mandibular move-

ment after the subject had been instructed to eat the

test food as usual. Subjects signalled the first swallow-

ing motion by raising their hand. We defined the

downward mandibular movement and continuous

upward mandibular movement as a single masticatory

cycle according to previous studies (22, 23). It was

measured by a dentist with more than 8 years of clin-

ical experience.

Statistical analysis

The score for each of grinding, mixing and aggrega-

tion was compared between ingestions ‘as usual’ and

by ‘chewing well’ using the Wilcoxon signed-ranks

test. The relationship between the food bolus forma-

tion and the number of chewing cycles in ingestion

‘as usual’ was analysed using Spearman’s rank corre-

lation coefficient.

Results

Scores of the items under the two ingestion conditions

Examples of endoscopically observed cooked rice

boluses are shown in Fig. 1. The results of food bolus

evaluation were as follows (Table 2, Fig. 2).

The mean score of grinding in ingestion when

instructed to eat ‘as usual’ was 0�8 � 0�7. The mean

Table 1. Evaluation criteria. The condition of the food bolus

was graded into three categories for each item of grinding, mix-

ing and aggregation and scored 2, 1 and 0 in the order of a

higher grade

Grinding

2 point: The bolus are comminuted properly

1 point: Most of the bolus are comminuted, but it is not

crushed partly

0 point: The bolus are comminuted hardly

Mixing

2 point: The bolus are mixed properly

1 point: Most of the bolus are mixed, but it is not mixed

partly

0 point: The bolus are mixed hardly

Aggregation

2 point: The bolus are gathered in a cluster

1 point: The bolus are gathered in some small cluster

0 point: The bolus are scattered

§Toshiba, Tokyo, Japan.
¶Sony, Tokyo, Japan.
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score of mixing was 1�4 � 0�8. The mean score of

aggregation was 1�8 � 0�5. The food bolus could not

be observed by endoscopy in three cases because

swallowing occurred before the food bolus was trans-

ported to the pharynx. The mean score of grinding in

ingestion when instructed to eat by ‘chewing well’

was 1�5 � 0�6. The mean score of mixing was

1�8 � 0�5. The mean score of aggregation was

1�8 � 0�4.
The scores were compared between the two inges-

tion conditions using the Wilcoxon signed-ranks test.

Three cases in which the food bolus could not be

observed by endoscopy when instructed to eat ‘as

usual’ were excluded. The score of grinding was sig-

nificantly higher in ingestion by ‘chewing well’ than

in ingestion ‘as usual’ (P < 0�05). No significant differ-

ence was noted in the score of mixing or aggregation

between the two conditions.

Relationship between the food bolus-forming function and

the number of chewing cycles in ingestion as usual

The relationships between the number of chewing

cycles and scores of grinding, mixing and aggregation

are shown in Fig. 3. The number of chewing cycles

and scores of the subjects were plotted on the graphs.

The minimum and maximum chewing cycles were 4

and 79, respectively, showing a large variation among

the subjects. The test food was ground less in subjects

with a low number of chewing cycles, and the score

rose as the number of chewing cycles increased,

showing a significant positive correlation

(RS = 0�435). The two colours of the food were mixed

less in subjects with a low number of chewing cycles,

and the score rose as the number of chewing cycles

increased, showing a significant positive correlation

(RS = 0�426). The score of aggregation was 2 in 27 of

the 30 subjects. The food bolus was aggregated even

Table 2. The number of people each finding of three categories

2 point 1 point 0 point

Under the condition of ‘as usual’

Grinding 5 14 11

Mixing 18 7 5

Aggregation 27 1 2

Under the condition of ‘chewing well’

Grinding 17 15 1

Mixing 28 3 2

Aggregation 29 3 1

Fig. 1. Example of the bolus of cooked rice.

Fig. 2. Comparison of the evaluation score. The score of grind-

ing was significantly higher in ingestion by ‘chewing well’ than

in ingestion ‘as usual’ (P < 0�05). No significant difference was

noted in the score of mixing or aggregation between the two

conditions.
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though the number of chewing cycles was low, show-

ing no correlation.

Discussion

The test food was evaluated after being taken out of

the oral cavity in most previous reports on food bolus

formation (5–7), but naturally formed food boluses

are present in the pharynx immediately before swal-

lowing, and those spit out of the mouth are not those

immediately before swallowing. To evaluate natural

food bolus formation from mastication to swallowing,

it is necessary to evaluate food boluses transported to

the pharynx by ST-II immediately before swallowing

(3).

Methods to evaluate food boluses immediately

before swallowing include videoendoscopic examina-

tion of swallowing (VE) (24), videofluoroscopic exam-

ination of swallowing (VF) (3, 4) and ultrasonography

(US) (25). VF and US are capable of observing food

boluses without taking them out of the oral cavity,

but only shadows of food boluses are observed in

these examinations. Thus, the movement of food

boluses transported to the pharynx can be observed,

but the state of food boluses in the pharynx cannot

be observed. Consequently, we employed endoscopy

to observe the state of food boluses in the pharynx,

that is grinding, mixing and aggregation of food

boluses, aiming at the evaluation of food bolus forma-

tion.

Endoscopic methods include quantitative analysis of

images (26) and qualitative evaluation by skilled

operators (27). Inoue et al. (26) and Abe et al. (24)

extracted a part of the video record of a food bolus in

the pharynx as still images and quantitatively evalu-

ated the bolus. These methods are capable of evaluat-

ing a part of a food bolus transported to the pharynx

by ST-II, but food bolus formation continuously takes

place from the oral preparatory to oral stage, and the

food bolus is constantly moving while being trans-

ported to the pharynx. Accordingly, the result of eval-

uation may alter depending on the timing of

extracting still images within the same subject. Thus,

we qualitatively evaluated food bolus formation in

endoscopic video, not in still images.

Measurement methods of chewing cycles reported

include surface electromyography (28, 29), motion

capture (30, 31), kinesiograph (32) and visual exami-

nation (22, 23). The number of chewing cycles are

measured based on myoelectric waveforms in surface

electromyograms, and the trajectory of mandibular

movements in motion capture and kinesiograph.

These methods facilitate objective measurement.

However, the use of electromyography, motion cap-

ture and kinesiograph may cause errors on measuring

the number of chewing cycles as they recognise the

waveform and trajectory of non-mastication move-

ments such as tongue and lateral mandibular move-

ments by mistake.

Visual examination was used in previous studies due

to its simplicity. However, as the chewing cycles are

subjectively measured by observing up-and-down

movements of the mandible, errors may occur between

and within raters, and it is less objective compared with

Fig. 3. Relationship between the food bolus-forming function and the number of chewing cycles until swallowing in ingestion as

usual. The scores of grinding and mixing tended to be higher in subjects with a high number of chewing cycles, and the score of

aggregation was high regardless of the number of chewing cycles.

© 2015 John Wiley & Sons Ltd
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methods such as electromyography. Anai et al. (33)

investigated the chewing cycles within and between

raters. The results showed a high agreement rate. Hon-

ma et al. (23) reported that the chewing cycles mea-

sured by surface electromyography and visual

examination closely agreed. The findings revealed that

although visual examination is subjective, and some

masticatory movement may not be detected, this error

is extent to which occur even in objective measure-

ments such as surface electromyography, motion

capture or kinesiograph. Therefore, visual examination

was employed in the present study.

Using endoscopic method, we evaluated the food

bolus-forming function in healthy adults with regard

to three items: grinding, mixing and aggregation. The

score of grinding was higher in ingestion by ‘chewing

well’ than in ingestion ‘as usual’. Consciousness of

chewing well may have promoted movement of the

lips, tongue and mandible, and the secretion of saliva,

so that food bolus formation was altered. Differences

in the food bolus between the two ingestion condi-

tions could be identified as changes in food bolus for-

mation in the oral preparatory and oral stages,

showing the usefulness of this method for the evalua-

tion of food bolus formation.

As the subjects were healthy adults instructed to eat

as usual, the food bolus observed in the pharynx may

have been appropriately formed and swallowed with-

out distress, that is the bolus was at the swallowing

threshold. We investigated the characteristics of these

food boluses which reached the swallowing threshold.

Regarding grinding, the grinding of all cooked rice was

not necessary, and the threshold was reached even

through the food was mostly not ground in about 80%

of the subjects. This was consistent with the results

reported by Engelen (34) whereby the food grinding

rate was not the only factor determining the swallow-

ing threshold. In addition, even though a part or most

of the cooked rice was not mixed, the swallowing

threshold was reached in about 40% of the subjects.

Combining the results of evaluation of grinding, it was

suggested that grinding and mixing are not important

for cooked rice to reach the swallowing threshold.

Food boluses were well aggregated in 90% of the

subjects. Physical cohesiveness was investigated in

previous reports as an index similar to aggregation2

(18, 19), and cohesiveness was high in food boluses

which reached the swallowing threshold (19). How-

ever, cohesiveness is just a physical property. It may

be a necessary condition to improve aggregation, but

not a sufficient condition. Cohesive food may pro-

mote aggregation, but not all cohesive foods aggregate

immediately before swallowing. It was suggested that

aggregation is important for a food bolus to reach the

swallowing threshold, for which an endoscope may

also be a useful means to evaluate food bolus forma-

tion because the grade of aggregation immediately

before swallowing can be observed.

The relationship between the number of chewing

cycles and food bolus at the swallowing threshold was

investigated in the healthy adults with individual nor-

mal occlusion. The scores of grinding and mixing

were high in subjects with a high number of chewing

cycles. Although these were evaluated by comparison

among the subjects, the findings were similar to those

with methods involving taking the test food out of

the oral cavity (9, 10). Aggregation was not correlated

with the number of chewing cycles, showing that the

grade of aggregation was high in food boluses which

reached the swallowing threshold regardless of the

number of chewing cycles. Combining the results of

grinding and mixing, it was suggested that the test

food, cooked rice, was masticated to mainly aggregate

it, and not to grind or mix it, and the bolus reached

the swallowing threshold as aggregation progressed.

It was suggested that reaching the swallowing

threshold and swallowing can be made easier for

patients with functional disorders of the oral cavity

reducing the food bolus-forming function by provid-

ing food markedly aggregated or for which aggrega-

tion can be readily increased. In medical practice,

chopped food is known to be difficult to swallow and

likely to be aspirated, and it may be improved by mix-

ing with a thickener or sauce. These devices may pro-

mote the aggregation of a food bolus even though the

oral cavity function is impaired. The finding of our

study: a food bolus has to be held together to reach

the swallowing threshold, showed the validity of

these clinical devices.

Conclusion

Although the endoscopic method is qualitative evalua-

tion, it may be useful to evaluate the food bolus-form-

ing function. It was also suggested that, for a food bolus

to reach the swallowing threshold, food has to be held

together, even though the number of chewing cycles is

low and the food is not ground or mixed.

© 2015 John Wiley & Sons Ltd
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