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This study aimed to compare the effectiveness of chewable toothbrush and manual toothbrush and provide basic data for recommendation of the 

chewable toothbrush in specific groups and situations. A total of 20 subjects participated in this study (rolling method, 10; non-rolling method, 10). 

After professional prophylaxis, participants used the manual toothbrush to brush their teeth for 3 minutes. After a 7-day wash-out period, 

participants used the chewable toothbrush according to the manufacturer’s instructions. Pre- and post-plaque indexing of the teeth was 

performed. The dental plaque index was assessed using the Turesky Modification of the Quigley-Hein Plaque Index (TMQHPI) for amount of plaque 

and Silness-Löe Plaque Index (SLPI) for plaque thickness. The difference between pre- and post-dental plaque index was analyzed using a paired 

t-test and the Wilcoxon signed-rank test. The Mann-Whitney U test was also used to compare the dental plaque index reduction rates. The dental 

plaque index differed significantly between the chewable toothbrush and the manual toothbrush. The TMQHPI reduction rate was significantly 

different between the rolling and non-rolling method groups for the manual toothbrush but not the chewable toothbrush. The difference in SLPI 

reduction rate between the rolling and non-rolling method groups was significant for the manual toothbrush but not for the chewable toothbrush. 

Differences in the dental plaque index reduction rates between the chewable and manual toothbrushes were not significant in the non-rolling 

method group. The results of this study showed higher reduction rates in dental plaque with manual toothbrush use than with chewable toothbrush 

use. However, the non-rolling method group did not show statistically significant differences according to toothbrush type. The present study 

showed that a chewable toothbrush can be an alternative to a manual toothbrush for individuals who have difficulty using the generally 

recommended rolling method.
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Introduction

Tooth brushing is reportedly the easiest and most 

cost-effective method of removing dental plaque and pre-

venting dental caries and gingivitis1-3). A recent meta-an-

alysis by Zimmermann et al.4) reported that a low fre-

quency of tooth brushing increased the risk for peri-

odontitis. The frequency of tooth brushing is also repo-

rtedly associated with diabetes5), cardiovascular disease6,7), 

bone density8), metabolic syndrome9), and rheumatoid 

arthritis10). Since findings of the effect of tooth brushing 

have been reported, it is consistently argued that tooth 

brushing affects systemic health. Although tooth brushing 

is a fundamental daily dental care behavior, dental plaque 

is not effectively managed in many cases due to the wrong 

choice of toothbrush or toothpaste for an individual’s 

dental health or an improper brushing technique. Accor-

dingly, even if individuals are educated about tooth 

brushing techniques, a one-time educational session is not 

expected to have a positive effect11). Furthermore, if the 

generally recommended rolling method is difficult for 

people with physical or other disabilities, people of a 

specific group, or those in certain situations, dental plaque 

should be managed in other ways.

http://crossmark.crossref.org/dialog/?doi=10.17135/jdhs.2017.17.3.267&domain=pdf&date_stamp=2017-6-30
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Fig. 1. Chewable brush.

A chewable toothbrush is an oral hygiene product that 

was developed and commercialized in England. Deve-

loped as an alternative to a manual toothbrush, it consists 

of an elastic part that compresses when squeezed by the 

upper and lower jaws, a brush used for brushing the upper 

teeth in combination with the upper surface of the elastic 

part, and another brush that is used to brush the lower teeth 

in combination with the lower surface of the elastic part.

We reviewed the literature on chewable toothbrushes 

inside and outside of Korea and found only two articles 

that reported the ability of chewable toothbrushes to 

reduce dental plaque. Myoken et al.
12)

 showed a positive 

effect of chewable toothbrushes on reducing dental plaque 

in elderly Japanese patients, while Tugba et al.
13)

 reported 

in a study of 10- to 12-year-old children that the effect of a 

chewable toothbrush was the same as that of a manual 

toothbrush for reducing dental plaque. Accordingly, in this 

pilot study, we aimed to examine general adults, who are 

rarely studied in this research area, and assess the dental 

plaque indices before and after the use of a chewable or 

manual toothbrush to evaluate the reduction rates in dental 

plaque amounts and thicknesses to provide basic useful 

data for future recommendations for chewable toothbrush 

use.

Materials and Methods

1. Study participants

The study was approved by the Eulji University Ins-

titutional Review Board (EU15-27). Prior to participating, 

all participants were provided details of the study and 

provided written consent form.

The participants were conveniently sampled from the 

male and female students of the department of dental 

hygiene of a university located in Seongnam, Korea. The 

sample size was determined to be 20, the minimum 

required to test a statistically significant difference 

between the two toothbrush types, and 10 each were 

selected for the group of individuals using the rolling tooth 

brushing method and the group of individuals not using 

the rolling method. As in the previous study
13)

, no 

participant in the present study had a systemic disease or 

wore an orthodontic appliance, and all had relatively good 

dental health without any serious periodontal disease.

2. Procedure

1) Design

The Fuzzy Brush
Ⓡ

 chewable toothbrush (Fuzzy Brush 

Ltd., Lancashire, United Kingdom) approved by the US 

Food and Drug Administration (Fig. 1) was used. The 

Fuzzy Brush
Ⓡ

 chewable toothbrush is similar in size to a 

manual toothbrush; contains xylitol, aroma mint, and an 

aquatic component; does not need toothpaste or rinsing; 

and is disposable after a single use. The participants were 

trained to roll the chewable toothbrush inside the mouth 

continuously for 3 minutes as if chewing gum according to 

the manufacturer’s instructions. For the manual toot-

hbrush, participants were instructed to brush the teeth for 3 

minutes using a disposable Olight Kouni
Ⓡ

 toothbrush 

(Olight, Daegu, Korea) and Perio toothpaste
Ⓡ

 (LG House-

hold & Health Care, Seoul, Korea). 

All participants (n=20) received full-mouth debridement 

at the school lab. After a 2-week recovery period, each 

revisited the lab, were given a manual toothbrush, and 

instructed to brush the teeth for 3 minutes three times daily 

for 2 days
13)

. Afterward, they had a 7-day wash-out period 

during which they were instructed to brush their teeth 

using their own toothbrush. On the next visit to the 

laboratory after the wash-out period, they were given a 
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chewable toothbrush and instructed to use it instead of a 

manual toothbrush for 3 minutes three times daily for 2 

days.

2) Assessment of dental plaque indices

Prior to each use of the chewable and manual tooth-

brushes, a disclosing solution was used to assess dental 

plaque amount and thickness. The dental plaque indices 

were re-assessed following the uses of chewable and 

manual toothbrushes.

First, the dental plaque amount was measured using the 

Turesky Modification of the Quigley-Hein Plaque Index 

(TMQHPI)
14)

. The TMQHPI scores were recorded as 

follows: 0, dental plaque was not present; 1, isolated areas 

of dental plaque; 2, band of dental plaque ＜1 mm; 3, 

dental plaque covered up to 1/3 of the tooth surface; 4, 

dental plaque covered between 1/3 and 2/3 of the tooth 

surface; and 5, dental plaque covered more than 2/3 of the 

tooth surface.

Second, the dental plaque thickness was measured using 

the Silness-Löe Plaque Index (SLPI)
15)

. The SLPI score 

was recorded as follows: 0, dental plaque was not present; 

1, a film of dental plaque adheres to the proximal surface 

and gingival margin of the tooth and is visible with the 

naked eye after the use of a disclosing solution or 

confirmed with an explorer; 2, a moderate amount of 

dental plaque adheres to the tooth surface, gingival 

margin, or gingival crevice; and 3, a large amount of 

dental plaque adheres to the gingival margin or crevice.

The TMQHPI was obtained for the overall area of a 

tooth by assessing six surfaces of each tooth (labial, 

mesiolabial, distolabial, lingual, mesiolingual, and disto-

lingual). The TMQHPI obtained by adding the mesi-

olabial, mesiolingual, distolabial, and distolingual surface 

scores was used to specifically evaluate the effect of 

reduced dental plaque on the proximal surfaces. The SLPI 

was obtained for a total of six teeth (tooth numbers 12, 16, 

24, 31, 36, and 44) via assessment of the buccal and 

lingual surfaces.

To ensure reliable testing, 2 weeks before the experi-

ment, a researcher took intraoral pictures of some of the 

participants using a digital camera and examined the tooth 

surface areas colored by the disclosing solution. The 

researchers then discussed how to make assessments 

according to the criteria of the two dental plaque indices 

and tried to attain high consistency in the evaluation of 

dental plaque indices via iterative training.

3. Data analysis

The Shapiro-Wilk test was performed to test normality 

of the pre- and post-tooth brushing dental plaque indices. 

The parametric analysis was conducted if a normality 

assumption was met, while a nonparametric analysis was 

conducted if the assumption was not met.

Comparisons of the dental plaque indices between pre- 

and post-use of chewable and manual toothbrushes were 

performed by testing the means and standard deviations 

using a paired t-test and the Wilcoxon signed rank test. For 

inter-group comparisons of dental plaque reduction rates, 

the Mann-Whitney U test was conducted of the chewable 

and manual toothbrushes and of the groups using the 

rolling and non-rolling methods. The statistical analyses 

were conducted using PASW Statistics ver. 18.0 program 

(IBM Co., Armonk, NY, USA).

Results

1. Comparison of pre- and post-tooth-brushing dental 

plaque indices with chewable and manual tooth-

brushes across all subjects

Table 1 shows the results of the analysis comparing the 

pre- and post-use of chewable and manual toothbrushes 

across all participants. Both in TMQHPI, which assesses 

the dental plaque amount, and in SLPI, which assesses the 

dental plaque thickness, the index scores were greatly 

reduced after versus before tooth brushing, and the 

difference was statistically significant in both indices. 

Particularly in SLPI, dental plaque reduction effects were 

similar in the conditions in which chewable versus manual 

toothbrush was used.

2. Comparison of dental plaque reduction rates after 

use of chewable versus manual toothbrush condi-

tions across all subjects

Table 2 shows the results of the analysis conducted 

across all participants to compare dental plaque reduction 
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Table 2. Comparison of Plaque Reduction Rate by the Type of Toothbrush

Plaque index n
Type of toothbrush

p-valuea

Manual Chewable

TMQHI 20 21.32±11.32 (26.35) 10.28±12.93 (14.65) 0.002*

TMQHI-proximal 20 20.16±10.22 (26.85) 10.48±12.86 (14.15) 0.001*

SLPI 20 12.45±13.16 (22.55) 7.49±8.26 (18.45) 0.251

Values are presented as mean±standard deviation (mean rank) of plaque reduction rate.
TMQHI: Turesky Modified Quigley-Hein index, SLPI: Silness-Löe Plaque Index.
*Statistical significance (p＜0.05).
aObtained from Mann-Whitney U test. 

Table 1. Mean of Plaque Index according to the Type of Toothbrush (n=20)

Type of toothbrush n Before After Plaque reduction p-value*

Manual toothbrush

    TMQHI 20 3.03±0.50 2.39±0.53 0.64±3.60 ＜0.001a

    TMQHI-proximal 20 3.12±0.54 2.50±0.55 0.62±0.32 ＜0.001a

    SLPI 20 1.24±0.36 1.06±0.24 0.18±0.26 0.001b

Chewable toothbrush

    TMQHI 20 3.01±0.52 2.70±0.61 0.31±0.41 0.003a

    TMQHI-proximal 20 3.09±0.56 2.76±0.60 0.33±0.42 ＜0.001b

    SLPI 20 1.23±0.35 1.13±0.31 0.10±0.12 0.001a

Values are presented as mean±standard deviation.
TMQHI: Turesky Modified Quigley-Hein index, SLPI: Silness-Löe Plaque Index. 
*Statistical significance (p＜0.05).
aObtained from paired t-test, bobtained from Wilcoxon signed rank test. 

rates in the conditions in which a chewable versus a 

manual toothbrush was used. The reduction rate in dental 

plaque amount in the overall tooth area as well as the 

proximal surfaces was approximately twice higher in the 

manual toothbrush condition compared to the chewable 

toothbrush condition, and the differences were statistically 

significant (p=0.002 and p=0.001). In contrast, dental 

plaque thickness reduction rates did not show a stati-

stically significant difference between chewable and 

manual toothbrushes (p=0.251).

3. Comparison of dental plaque reduction rates after 

use of chewable versus manual toothbrush groups 

according to rolling brushing technique

Focusing only on the group of individuals using the 

rolling method, the reduction rate in dental plaque amount 

showed a difference of approximately 15% between 

chewing and manual toothbrushes that was statistically 

significant (p=0.006 and p=0.003). However, the reduc-

tion rate in dental plaque thickness was not significantly 

different (p=0.060). For the group of individuals using a 

non-rolling method, the reduction rate in dental plaque 

amount showed a difference of approximately 7% 

between chewable and manual toothbrushes, which was 

not significant (p=0.131 and p=0.096). The reduction rate 

in dental plaque thickness, 2%, did not show a significant 

difference (p=0.732; Table 3).

4. Comparison of dental plaque reduction rates of the 

groups using rolling versus non-rolling method 

according to the type of toothbrush

In the manual toothbrush condition, the reduction rate of 

dental plaque amount showed a significant difference, 

approximately 12%, between groups using the rolling or 

non-rolling methods (p=0.023 and p=0.007), while the 

difference in the reduction effects on dental plaque 

thickness was not significant (p=0.757). In the chewable 

toothbrush condition, the reduction rate of dental plaque 

amount did not show a significant difference between 

groups using rolling or non-rolling method in the overall 
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Table 4. Comparison of Plaque Reduction Rate by Type of Tooth Brushing Method

Type of toothbrush n
Method of tooth brushing

p-valuea

Rolling Non-rolling

Manual toothbrush

    TMQHI 10 27.39±10.30 (13.50) 15.25±9.76 (7.50) 0.023*

    TMQHI-proximal 10 26.10±9.67 (14.10) 14.22±6.99 (6.90) 0.007*

    SLPI 10 10.43±9.72 (10.10) 14.47±16.19 (10.90) 0.757

Chewable toothbrush

    TMQHI 10 12.51±17.29 (11.0) 8.04±7.05 (10.0) 0.705

    TMQHI-proximal 10 12.65±16.91 (10.80) 8.31±7.27 (10.20) 0.820 

    SLPI 10 2.77±6.52 (7.05) 12.22±7.21 (13.95) 0.006*

Values are presented as mean±standard deviation (mean rank) of plaque reduction rate.
TMQHI: Turesky Modified Quigley-Hein index, SLPI: Silness-Löe Plaque Index.
*Statistical significance (p＜0.05).
aObtained from Mann-Whitney U test.

Table 3. Comparison of Plaque Reduction Rate by Type of Toothbrush 

Plaque index n
Type of toothbrush

　p-valuea

Manual Chewable

Rolling method

    TMQHI 10 27.39±10.30 (14.10) 12.51±17.09 (6.90) 0.006*

    TMQHI-proximal 10 26.10±9.67 (14.40) 12.65±16.91 (6.60) 0.003*

    SLPI 10 10.43±9.70 (12.70) 2.77±6.52 (8.30) 0.060

Non-rolling method

    TMQHI 10 15.25±9.76 (12.50) 8.04±7.05 (8.50) 0.131

    TMQHI-proximal 10 14.22±6.99 (12.70) 8.31±7.27 (8.30) 0.096

    SLPI 10 14.47±16.19 (10.05) 12.22±7.21 (10.95) 0.732

Values are presented as mean±standard deviation (mean rank) of plaque reduction rate.
TMQHI: Turesky Modified Quigley-Hein index, SLPI: Silness-Löe Plaque Index.
*Statistical significance (p＜0.05).
aObtained from Mann-Whitney U test. 

tooth area or on the proximal surfaces (p=0.705 and 

p=0.820), but a statistically significant difference was 

found in the reduction rate of dental plaque thickness 

(p=0.006; Table 4).

Discussion

The present study included 20 general adults and 

evaluated the dental plaque reduction effect of chewable 

and manual toothbrushes. Reduction rates were examined 

with respect to dental plaque amount (measured by TMQ-

HPI) and thickness (measured by SLPI) in the overall 

tooth area and on the proximal surfaces. The dental plaque 

reduction effect was compared between chewable and 

manual toothbrushes as well as between groups using 

rolling and non-rolling method to test the effect and 

practicality of chewable toothbrushes.

To date, many studies have reported on various dental 

hygiene products other than manual toothbrushes, such as 

high-pressure oral spray devices
16)

, sonic electric tooth-

brushes
17)

, and essential oil mouth rinses
18)

. However, no 

study has been conducted on chewable toothbrush use in 

general adults. The chewable toothbrush used in the 

present study is a new type of toothbrush that can reduce 

dental plaque using a masticatory motion without the use 

of the hands, unlike manual toothbrushes.

The analysis performed on the dental plaque indices 

before versus after the use of a chewable or manual 

toothbrush across all subjects showed that dental plaque 

amount and thickness decreased. The dental plaque 
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amount reduction rate showed a statistically significant 

difference between chewable and manual toothbrushes in 

the mean and median. However, thickness reduction rates 

did not show a statistically significant difference.

A separate analysis was also conducted of the rolling 

versus non-rolling method groups. In the former group, 

the reduction rate of dental plaque amount was signi-

ficantly different between the chewing and manual 

toothbrushes; in the latter, the reduction effects were 

statistically insignificant for dental plaque amount and 

thickness. Regarding thickness reduction rate in particular, 

the average rankings were similar, suggesting that the 

effect was almost the same. In other words, for those not 

using the rolling method, the chewable toothbrush had a 

reduction effect similar to that of the manual toothbrush.

In the manual toothbrush condition, the reduction rate in 

dental plaque amount was significantly different between 

the group using the rolling method and the group using the 

non-rolling method, and a significant difference was 

observed on the proximal surfaces as well. However, there 

was no significant difference between methods with 

respect to dental plaque thickness reduction rates. That is, 

a manual toothbrush had a large effect on reducing dental 

plaque for those using the rolling method. In the chewable 

toothbrush condition, there was no significant difference 

between tooth brushing methods in dental plaque amount 

reduction rate, nor was there a significant difference on the 

proximal surfaces. That is, the chewable toothbrush 

showed a similar reduction effect regardless of whether 

the individual used the rolling method. We believe, 

however, that the reason why the reduction rate in dental 

plaque thickness was significantly different between the 

rolling and non-rolling methods was because the dental 

plaque prior to the use of a chewable toothbrush was 

thicker in the group using a non-rolling method than in the 

group using the rolling method as shown in the mean 

dental plaque reduction effect of 12.22 and 2.77 for users 

of the non-rolling method and those of the rolling method, 

respectively.

In both groups using the rolling and non-rolling method, 

the reduction effect in the amount of dental plaque was 

greater in the manual toothbrush condition than in the 

chewable toothbrush condition. However, the difference 

between chewable and manual toothbrushes was relatively 

smaller in the group using the non-rolling method. 

Therefore, it is difficult for chewable toothbrushes to 

completely replace manual toothbrushes for effectively 

managing dental plaque. However, as argued by Frand-

sen
19)

, how individuals brush their teeth considerably 

influences dental plaque removal. Accordingly, we 

believe that for disabled individuals who have difficulty 

managing their dental health by themselves and always 

require help from caregivers, the physically disabled and 

elderly with limited mobility who cannot gain a positive 

effect from tooth brushing education using a manual 

toothbrush, and those in specific situations in which a 

toothbrush and toothpaste are unavailable, a chewable 

toothbrush can replace a manual toothbrush in terms of 

reducing dental plaque. Because the participants of the 

present study were young and healthy adults, we cannot 

hastily conclude that chewable toothbrushes are useful for 

a specific population but can gauge their practicality from 

this pilot study conducted in preparation of a main study 

on chewable toothbrushes. In addition, regarding whether 

it is practical to provide dental health education using a 

chewable toothbrush as a new dental management product 

for the aforementioned specific groups of individuals who 

have difficulty using the rolling method and specific 

situations, studies should be conducted including diverse 

age groups and various populations.

Myoken et al.
12)

 and Tugba et al.
13)

 compared the dental 

plaque reduction effect of chewable and manual tooth-

brushes and found similar effects. In both studies, when a 

manual toothbrush was used, the dental plaque reduction 

effect was greater on the buccal surface than the lingual 

surface, while the effect was greater on the lingual surface 

than the buccal surface when a chewable toothbrush was 

used. It was inferred that the finding was due to the user of 

a chewable toothbrush subconsciously placing it on the 

lingual rather than buccal surface. In the present study, 

assessments were not made separately for each tooth 

surface; therefore, direct comparisons are impossible. 

Examinations of the dental plaque reduction effect for 

each tooth surface should be compared in future studies.

The use of dental health management devices such as 

dental floss and an interdental brush after brushing the 
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teeth is generally recommended, which demonstrates that 

removing dental plaque from the proximal surfaces is also 

important
20)

. In a study comparing various toothbrushes, 

Pelka et al.
21)

 argued that dental plaque should be assessed 

even on the proximal tooth surfaces. Accordingly, we 

assessed the dental plaque indices for the proximal 

surfaces. In all cases, the dental plaque reduction rate 

following the use of a manual toothbrush was slightly 

lower on the proximal tooth surfaces than on the overall 

tooth area, whereas the reduction rate following the use of 

a chewable toothbrush was slightly higher on the former 

than the latter. Thus, it seems that a chewable toothbrush 

reduces dental plaque on the proximal surfaces.

The present pilot study evaluated the dental plaque 

reduction effect of a chewable toothbrush in general 

adults, and a follow-up main study should be conducted 

with a larger sample and for a longer term to more 

effectively examine the effect. In addition, to assess the 

practicality of chewable toothbrushes in specific groups of 

individuals and specific situations, appropriate study 

subjects should be selected based on relevant evidence. 

Finally, an index with high reliability and validity should 

be used to measure dental plaque thickness.

The present study showed that a chewable toothbrush 

can be an alternative to a manual toothbrush for indi-

viduals who have difficulty using the generally recom-

mended rolling method as well as those in specific 

situations. In the future, chewable toothbrushes can be 

used to manage dental health.
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