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Abstract

The purpose of this study was to provide an effective toothbrush management method by comparing the
number of bacteria according to the toothbrush rinsing water temperature and the toothbrush storing
method, and to recognize the importance of the toothbrush management method.
To identify the changes in the number of bacteria according to the toothbrush rinsing water
temperature, the toothbrushes of 50 students were collected after they brushed their teeth, then 20 ml
cold water (10°C) and hot water (50.0°C), respectively, were sterilized right before the experiment, and
were used for rinsing the toothbrushes. To identify the changes in the number of bacteria by toothbrush
storing method, the toothbrushes were stored at one of the following locations and under the
corresponding condition: a sunny windowsill, indoors without a cap, or indoors with a cap. To observe
the types of bacteria present in the toothbrushes, a phase microscope was used, and to identify the
variations of Streptococcus mutans (S. mutans) present, Brain Heart Infusion (BHI) broth agar was
used for the culture. Statistical analysis was performed using IBM SPSS Ver. 21.0 (IBM Co., Armonk,
NY, USA) at a 0.05 significance level through a t-test and one-way ANOVA and Tukey’s post hoc test.
When the types of bacteria present in each toothbrush were determined using a phase microscope, cocci
with motility, which contribute to the activation of dental caries, were mostly found. In addition, the
number was found to have significantly deceased when the toothbrush was rinsed in hot water rather
than in cold water and decreased in the sunny windowsill group, followed by the “indoors with a cap”
group and the “indoors without a cap” group, in that order. Therefore, rinsing a toothbrush with hot
water and storing it at a sunny place will decrease the bacterial proliferation in the toothbrush.
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Introduction
The human oral cavity receives various types of food every day
and part of such food remains at the tooth surface or the oral
soft tissue. The human oral cavity thus has about 10 billion
bacteria, and these bacteria form dental plaque, the main cause
of various dental diseases, including the two major ones: dental
caries and periodontal disease [1]. Dental caries is a global oral
health burden and is common in all ages. It is an infectious
disease accompanied by tooth destruction. Streptococcus
mutans (S. mutans) is a predominant contributor to tooth decay,
and it is generally known that its significant action on early
dental plaque formation is causing dental caries [2].

Dental plaque is a biofilm of bacteria that adheres to the tooth
surface. Schenkein et al. reported that bacteria make up about
70-80% of the dental plaque, and that cocci and fungi are
mostly present in the early phase while spriochetes and

vibrosis are present over the course of time [3]. The oral cavity
is a good environment for bacterial growth due to its
appropriate temperature and humidity, and due to its abundant
glycoprotein blocking the outside. Furthermore, dental plaque
is an organic material that attaches to the tooth surface and that
consists of microorganisms and its products, and cannot be
removed by intraoral autopurification but only by using
physical methods like brushing the teeth [4].

The most commonly known dental plaque management
method is brushing the teeth, and this is a general method of
maintaining oral health and of preventing dental diseases.
Brushing the teeth removes the dental plaque, food residue,
and stain attached to the tooth surface, and adequately
massages the periodontal tissue. Hence, it is the most
important, basic, and effective method of preventing dental
diseases, and of maintaining oral health [5]. In addition, a
significant association between dental caries infection of the
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tooth surface and bacterial contamination of the toothbrush has
been reported [6]. Therefore, proper toothbrush management is
needed to manage dental plaque by brushing the teeth [7].

Usually, people rinse their toothbrush using running water after
brushing their teeth, and then store it. Kozai et al. reported that
there is a difference in the level of bacterial contamination of
the toothbrush according to whether it is rinsed after brushing
the teeth or is not [8]. Furthermore, Jeong et al. reported that
the toothbrushes used at home have millions to billions of
bacteria, which contaminate the oral cavity when used in
brushing the teeth [9]. Thus, people brush their teeth every day
for dental health, but they are not aware of the bacteria
remaining on their toothbrushes. Moreover, there has been no
clear report on the differences in the number of bacteria present
in toothbrushes by toothbrush storing method [10]. Glass et al.
emphasized that infection due to a contaminated toothbrush
can be a risk factor not only for dental health but also for the
general health [11], and Caudry et al. reported that toothbrush
contamination increases the dental caries [12]. Thus,
appropriate toothbrush rinsing and an appropriate toothbrush
storing method are needed based on these.

Therefore, this study was conducted to promote awareness of
the need for appropriate toothbrush management by comparing
the numbers of bacteria present in the toothbrush when it is
rinsed with cold water and when it is rinsed with hot water, and
by analyzing the types and number of bacteria present in the
toothbrush by toothbrush storing method.

Materials and Methods

Study subjects
Fifty adult students enrolled at Kangwon University without
any systemic disease or intraoral orthodontic appliance were
randomly selected. To identify the differences in the number of
bacteria present in their toothbrushes by toothbrush rinsing
water temperature and toothbrush storing method, the subjects
were instructed to brush their teeth after a meal for about 3
min, using a disposable toothbrush, then each toothbrush was
collected and placed in a plastic bag.

Temperature of the toothbrush rinsing water
The subjects were divided into two groups, and each group was
assigned to use sterile distilled water with a different
temperature (hot vs. cold) for rinsing their toothbrushes after
using these to brush their teeth, to identify the changes in the
number of bacteria present in their toothbrushes according to
the toothbrush rinsing water temperature. Group 1 used cold
sterile distilled water (10°C), and group 2 used hot sterile
distilled water (50.0°C). Each group used 20 ml distilled water
sterilized right before the experiment according to the assigned
temperature.

Toothbrush storing method
To identify the changes in the number of bacteria according to
the toothbrush storing method, each of the used toothbrushes

was stored at one of the following locations: a sunny
windowsill, indoors without a cap, or indoors with a cap. The
mean temperature was 22°C, and the mean humidity was 50°C.
The toothbrushes were stored for 24 h and were then used in
the experiment.

The subjects’ toothbrush heads were suspended in 20 ml hot or
cold sterile distilled water before and after brushing, then were
used in the experiment.

Bacteria observation using a phase microscope
To identify the types of microorganisms present in the
toothbrushes, the suspended sterile distilled water that was
used for rinsing the toothbrushes was observed using a phase
microscope (ODOE-2222-TRIPLE, S-Denti Co., Seoul, South
Korea) at 4300X magnification. Both the differences in the
number of bacteria present in the toothbrushes by toothbrush
rinsing water temperature and by toothbrush storing method
were investigated.

Bacterial cultures
To measure the S. mutans activity, the suspended distilled
water was cultured in Brain Heart Infusion (BHI) agar (BD
Bioscience, Franklin Lakes, NJ) at 37°C for 24 h.

Statistical analysis
The statistical analysis was performed using IBM SPSS Ver.
19.0 (IBM Co., Armonk, NY, USA). A t-test was conducted to
identify the changes in the mean number of bacteria present in
the toothbrushes according to the toothbrush rinsing water
temperature at a 0.05 significance level. As for the changes in
the mean number of bacteria according to the toothbrush
storing method, they were analysed through one-way ANOVA
and Tukey’s post hoc test at a 0.05 significance level.

Results

Changes in the number of bacteria by the toothbrush
rinsing water temperature observed using a phase
microscope
The changes in the number of bacteria present in the
toothbrushes according to the toothbrush rinsing water
temperature (cold vs. hot) observed via a phase microscope are
presented in Figure 1. The number of bacteria significantly
decreased when hot water was used for rinsing the
toothbrushes (Table 1).

Differences in the number of S. mutans present in the
toothbrushes by the toothbrush rinsing water
temperature
When the numbers of S. mutans present in the sterile distilled
water cultured in BHI broth agar for 24 h where the subjects’
toothbrush heads had been suspended were determined, no
significant difference was found between the values obtained
before and after the suspension in the cold-water group
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(p>0.05), but a significant decrease was shown in the hot-water
group (p<0.05).

Changes in the number of bacteria present in the
toothbrushes by toothbrush storing method observed
using a phase microscope
When the changes in the number of bacteria present in each
toothbrush were observed using a phase microscope after
storing each toothbrush in a sunny windowsill, indoors without
a cap, or indoors with a cap, no bacteria were found in the
toothbrushes that were stored at a sunny windowsill (Figure 2).

Figure 1. Changes in the number of bacteria by the toothbrush
rinsing water temperature (A) cold rinsing water, (B) hot rinsing
water.

Figure 2. Changes in the number of bacteria present in the
toothbrushes by toothbrush storing method (A) sunny windowsill, (B)
indoors without a cap, and (C) indoors with a cap.

Table 1. Difference in the number of bacteria according to the
toothbrush rinsing water temperature.

Toothbrush rinsing water
temperature

Classification p*

 

Before After

Cold rinsing water 3751.60 ±
5122.584

1178.40 ±
1390.924

0.332

Hot rinsing water 3013.40 ±
1695.325

912.60 ± 561.179 0.048*

*P-values are determined by t-test (p<0.05).

Table 2. Difference in the number of bacteria according to the
toothbrush storing method.

Toothbrush storing method Classification

Before After

Sunny windowsill 2985.80 ± 1924.944a 20.80 ± 5.404a

Indoors without a cap 2293.25 ± 963.930a 127.75 ± 87.309b

Indoors with a cap 2833.00 ± 3946.674a 36.20 ± 45.235ab

p* 0.925 0.028*

*P-values are determined by one-way ANOVA and Tukey’s post hoc test
(p<0.05).

Differences in the number of S. mutans present in the
toothbrushes by toothbrush storing method
The differences in the number of S. mutans present in the
toothbrushes by toothbrush storing method (sunny windowsill,
indoors without a cap, or indoors with a cap) are presented in
Table 2. There were no significant differences in the number of
S. mutans present in the toothbrushes when these were stored
under the same conditions (p>0.05), but there was a significant
difference between the two groups after the toothbrushes were
stored at different locations and under different conditions
(p<0.05). The number of S. mutans present in the toothbrushes
significantly decreased in the sunny windowsill group,
followed by the “indoors with a cap” group and the “indoors
without a cap” group, in that order.

Discussion
Although today people use toothbrushes for oral hygiene and
dental plaque management, they store their toothbrushes
inappropriately because they are unaware of the importance of
proper toothbrush management, and they repeatedly use
contaminated toothbrushes [13]. When a contaminated
toothbrush is used repeatedly, various oral or systemic diseases
can develop due to bacterial infection [14]. It is reported that
there are numerous bacteria attached to every day-use
toothbrushes, and that the types and amounts of the remaining
bacteria vary based on the environment of the toothbrush
storing place [15]. Caudry and Klitorinos reported that a mean
of 4 × 103 CFU/ml bacteria were isolated from healthy adult
toothbrushes [16].

The people today have not been properly educated on the
effective toothbrush storing method. Due to the changes in the
housing environment, many people store their toothbrushes
without sufficiently washing off the food residue; store them in
the bathroom, where the toothbrush will not dry well; or store
them with a cap in a sealed indoor environment [17]. In
addition, it is impossible to sterilize every day-use
toothbrushes, and not many people use a toothbrush sterilizer
to sterilize their toothbrush.

Even though many people use toothbrushes for dental plaque
management and dental health, there have been no studies on
the differences in the number of bacteria present in
toothbrushes by toothbrush rinsing water temperature or
toothbrush storing method, and there have been limited studies
on toothbrush management. Thus, this study was conducted to
contribute to proper toothbrush management by determining
the optimal temperature of the water to be used for rinsing a
toothbrush for bacteria growth inhibition, as well as to identify
a safe toothbrush storing method that reduces the number of
bacteria present in the toothbrush.
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Based on the study results, motile S. mutans, which contributes
to the activation of dental caries, was mostly found when the
toothbrush bristles were observed. Once dental caries develops,
it will progress [18]. As such, mechanical methods like
brushing the teeth must be used to remove dental plaque for
dental caries prevention [19]. Thus, brushing the teeth is a
dental caries prevention method used by many people to
decrease the dental-disease-causing bacteria in their teeth, and
toothbrush management is considered important.

The differences in the number of bacteria present in the
subjects’ toothbrushes by toothbrush rinsing water temperature
in this study showed that the bacterial death rate was higher in
the hot-water group compared to the cold-water group.
Furthermore, the results regarding the differences and changes
in the number of bacteria present in the subjects’ toothbrushes
by toothbrush storing method showed a significant decrease in
the number of bacteria present in the toothbrushes in the sunny
windowsill group, followed by the “indoors with a cap” group
and the “indoors without a cap” group, in that order. Based on
these study results, it was confirmed that rinsing a toothbrush
using hot water and storing it at a sunny windowsill will
definitely inhibit bacterial growth in the toothbrush bristles and
is an effective way of managing toothbrushes.

The report that E. coli was found in a toothbrush that was
stored inside a toilet/bathroom highlights the importance of the
toothbrush storing environment [20]. Furthermore, it has been
reported that the toothbrush washing method and drying time
affect the bacterial growth in the toothbrush [8]. Although Oh
et al. [21] reported that there were no significant differences in
the number of bacteria among the bathroom, bag, desk drawer,
pencil holder, and windowsill as toothbrush storing places in
their study, it was concluded in this study that storing a
toothbrush at a sunny windowsill will effectively reduce the
number of bacteria present in the toothbrush.

This study is expected to make known the seriousness of the
bacterial contamination of toothbrushes, and to emphasize the
importance of the toothbrush storing place, making it a
standard for the appropriate toothbrush management method.

Conclusion
To prevent dental diseases, including dental caries, the
effective management of bacteria-contaminated toothbrushes is
important. The most effective method of managing a
toothbrush is washing it with hot water after use, and then
storing it at a sunny place. This method is recommended as an
excellent method of inhibiting bacterial growth and decreasing
the bacteria in the toothbrush.
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