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Abstract: Purpose: This project was conducted to determine

the effectiveness of chlorhexidine-coated toothbrush filaments

in reducing quantities of bacteria. Materials and methods:

An Institutional Review Board (IRB)-approved, two-group,

double-blind, randomized, post-test only study was

conducted. Sixty-four individuals utilized control and

experimental toothbrushes, for 30 days. At the end of the study

toothbrushes were returned and transported to the laboratory

for analysis. Microorganisms were detached from the filaments

by sonification and vortexing then plated on Mitis Salivarius

(MS) (selective) and trypticase soy agar (TSA) 5% Sheep

Blood (non-selective) media. Inoculated plates were incubated

aerobically for 24 h at 37�C. After incubation, bacterial colony-

forming units (CFU) were determined. Data were analysed

using Wilcoxon and Kruskal–Wallis tests. Results: Fifty-nine

toothbrushes were returned for analysis; experimental (n = 31)

and control (n = 28). Data from TSA media revealed a mean

CFU for the control group of 5.41 · 105 compared with

6.28 · 105 for the experimental group. Data from MS agar

resulted in a mean CFU for the control group of 4.32 · 105

compared with 4.20 · 105 for the experimental group.

Conclusion: Results revealed no statistically significant

difference in the quantity of bacteria surviving on toothbrush

filaments between control and experimental groups, on both

selective and non-selective media, after 30 days.
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Introduction

The paradigm shift from restorative-based dentistry to a model

of prevention has generated research interests in the treatment
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and prevention of oral disease through the use of adjunctive

antimicrobial therapeutics. Research has substantiated the

effectiveness of chemotherapeutic agents such as chlorhexi-

dine, povidone iodine, stannous fluoride and topical antibiotics

on the destruction of pathogenic oral bacteria (1–7). Incorporat-

ing antimicrobial agents into oral care products such as rinses

and dentifrices may be a means to reduce the risk of infection.

The purpose of the present study was to examine the effec-

tiveness of chlorhexidine coated toothbrush filaments in reduc-

ing the quantity of bacteria remaining on toothbrush filaments

after 30 days of use.

Toothbrushes have the potential to serve as a reservoir for

oral microbial flora (8), including pathogenic organisms, which

creates a nidus for the spread of disease (1, 7, 9, 10). Variations

in toothbrush design, care, and storage, as well as environmen-

tal factors such as splashing and aerosol droplets from both toi-

lets and sinks creates a potential for cross-contamination to

uncovered toothbrushes (11). On the other hand, covering a

toothbrush during storage has been found to prolong drying

time thus extending the proliferation of organisms (4, 12).

Researchers have identified specific bacteria found on con-

taminated toothbrushes, their lifespan, and the ease with

which they are spread to other brushes and objects such as the

orifice of the toothpaste tube (1, 13, 14). Oral bacteria such as

Streptococcus mutans and other opportunistic microorganisms,

coupled with variation in toothbrush design, can create an

environment where bacteria can proliferate, contaminate other

objects and spread to humans.

Numerous studies explored the susceptibility of certain oral

bacteria such as S. Mutans to chlorhexidine (3, 6, 15–17) with

varying levels of success. S. mutans, a caries-causing organism,

is cited frequently as a key pathogen spread by toothbrush con-

tamination (1, 18), and has been recovered from contaminated

filaments even after 6 h drying time (19). The spread of

S. mutans, as well as other pathogenic oral bacteria such as

Lactobacilli, Streptococcus sobrinis and periodontal pathogens

creates a potential health risk especially in those individuals

whose health is already compromised. After studying tooth-

brush rinsing habits and residual bacteria on filaments, Kozai

et al., concluded that although rinsing and drying times affected

bacterial quantity, most individuals did not rinse long enough

to sufficiently remove bacteria from toothbrushes. Therefore,

results of this study suggested a supplemental method of dis-

infection, such as immersion in an antimicrobial rinse.

In an effort to control bacterial proliferation on toothbrushes

researchers have been challenged to develop a cost-effective,

convenient method of reducing this threat. Over the years,

numerous methods of toothbrush sanitization have been put

forward, such as exposure to ultraviolet light and microwaves,

disinfectant tablets, and immersion in solutions such as Clorox

and antimicrobial agents, all with varying levels of effective-

ness (1, 5). Therefore, the present study tested the effective-

ness of chlorhexidine-coated toothbrush filaments in

controlling bacterial quantity.

Studies have shown that contaminated toothbrushes not only

harbour, but also transmit, both viruses and bacteria that can

cause localized, systemic and oral infections (1, 11). The

American Dental Association (ADA) position statement on

toothbrush care supports the theory that bacteria proliferate on

toothbrushes occurs. Furthermore, the ADA recommends that

family toothbrushes be kept separately in an effort to prevent

cross-contamination, as many oral and environmental micro-

organisms establish themselves on brushes. Similarly, the Cen-

ters for Disease Control (CDC) published a fact sheet on the

use and handling of toothbrushes (20). This information sug-

gests that people who are immunosuppressed ‘may need to

seek alternative means of oral hygiene’, because even after

rinsing toothbrushes thoroughly with tap water, they ‘can

remain contaminated with potentially pathogenic organisms.’

Consequently, the CDC suggests that the likelihood of tooth-

brush cross-contamination in group and school settings is par-

ticularly high, perhaps because of lack of proper handling and

storage.

The bathroom is considered by many to be the most con-

taminated room in the house. Toothbrushes that are placed

in close proximity to the toilet and ⁄ or sink, shared or stored

in a cluster may become a breeding ground for pathogenic

microorganisms. Researchers postulate that contaminated

toothbrushes have the potential to compromise the health of

immunosuppressed individuals, re-infect people with chronic

periodontal disease, and may also re-introduce bacteria into

the mouths of healthy individuals. Researchers have pro-

posed links between lingering colds, sore throats and the flu

and contaminated toothbrushes. Considering the evidence

that suggests oral bacteria may play a role in heart attacks,

diabetes and premature births, it is prudent to consider ways

to reduce or prevent organisms from establishing and prolif-

erating on toothbrushes.

Study population and methodology

The experimental toothbrush evaluated in this study was

designed to reduce the bacterial load on toothbrush filaments,

thereby minimizing the opportunity for the spread of patho-

genic microorganisms. According to the manufacturer, the

amount of chlorhexidine released into the oral cavity while
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brushing remains limited, thus providing no systemic effect

(21). The total aerobic bacterial count and the number of oral

streptococci present were evaluated in order to determine

whether the chlorhexidine-coated toothbrush filaments were

effective at decreasing oral and other aerobic bacteria.

An IRB-approved, two-group, double-blind, randomized

design was utilized. The experimental group used tooth-

brushes with chlorhexidine-coated nylon filaments, whereas

the control group used identical brushes, provided by the man-

ufacturer, without chlorhexidine coated filaments (21).

Toothbrushes with chlorhexidine-coated filaments served as

the experimental variable. The nylon filaments on the

brushes were coated and dried with a bactericidal coating

during manufacturing. The coating consisted of a polymer

with cation exchange capacity and a cationic bactericide, one

part chlorhexidine to 100 parts polymer by weight. The coat-

ing ranged from 0.1 to 10.0 l thick. The insolubility of this

coating in water accounts for the 30-day length of antibacte-

rial ability suggested (21).

Participants were recruited via flyers posted throughout the

university and through campus-wide email announcements

sent to faculty, students and staff. At screening, an oral

examination was conducted to determine eligibility. Individu-

als were excluded if they: (i) used any antibiotic or antiseptic

mouthrinse in the last 30 days, (ii) were pregnant, (iii) pre-

sented with severe periodontal disease or caries, (iv) had a

systemic disease such as diabetes or (v) were immunocompro-

mised. A convenience sample of 64 adults (48 females and 16

males) were enrolled. Five female participants withdrew from

the study for various reasons (four control and one experimen-

tal) resulting in a final sample size of 59.

At baseline, participants were randomly assigned to one of

two equal groups, the experimental (n = 32) or the control

(n = 32). Both groups were provided with a study toothbrush, a

ventilated toothbrush cover designed for the study brushes,

and Crest Regular Mint dentifrice (Procter & Gamble, Cin-

cinnati, OH, USA). Individuals were supplied with the same

dentifrice to control for ingredients that may have affected

the bacterial growth on the brushes (22). Each toothbrush was

colour-coded for identification by the participants and

by researchers. Toothbrushes were not sterilized prior to study

initiation; however, brushes remained in the original unopened

package until distributed to participants. Individuals were pro-

vided with both written and verbal instructions and were

advised to follow their normal oral hygiene procedures. Partici-

pants were advised to only use the toothbrush and toothpaste

provided and to refrain from using other products such as

mouthrinses and antigingivitis toothpaste, which could affect

the survival rate of bacteria. Individuals were instructed

to rinse their toothbrush with tap water for 30 s and to cover

the brush with the ventilated cap provided when not in use.

Participants conducted their unsupervised portion of the trial

at home.

Although research suggests that covering toothbrushes

extends drying time and encourages proliferation of bacteria,

the covers were used in this study to protect the toothbrushes

from environmental bacterial contamination, in addition to

control for cross-contamination from other toothbrushes stored

in close proximity (4, 9, 12).

Laboratory methods

Prior to the start of the study, a pilot test was conducted to

validate laboratory methods and determine appropriate dilu-

tions. Serial dilutions were plated on trypticase soy agar (TSA)

and Mitis Salivarius (MS) agar and incubated for 24 h at 37�C.

Plates which yielded colonies of approximately 30–300 colony-

forming units (CFU) were deemed to be accurately quantifi-

able.

On the last day of the study, participants used their tooth-

brush in the morning prior to delivering them to the research-

ers in sealed packages. Samples were transported to the

laboratory for analysis within 4 h. Fifty-nine of the 64 tooth-

brushes distributed at the inception of the trial were collected

and analysed (28 control and 31 experimental).

In the laboratory, each toothbrush was placed in a vial, sub-

merged in sterile saline, capped, vortexed for 30 s, and then

sonicated in an ultrasonic bath. Dilutions were plated onto

TSA and MS agar. Samples were then incubated in aerobic

conditions at 37�C for 24 h.

Mitis Salivarius agar was chosen because this selective med-

ium isolates streptococci, and to prevent these microorganisms

from being inhibited by other fastidious organisms (23). TSA

5% sheep blood, which has also been shown to grow strepto-

cocci, was selected as the non-selective medium to enumerate

total aerobic bacteria. After incubation, CFU were counted by

means of visual inspection under magnification by the primary

researcher and one research assistant.

Plates which contained between 30 and 300 colonies easily

identifiable colonies, were selected for analysis. If plates grew

colonies too numerous to count, the result was recorded as

such and was included in the analysis in rank order represent-

ing the highest ranked value. Results reported reflect the sam-

ples analysed from dilution 10)3 (n = 78), which represented

the majority of the samples quantified (TSA = 42 and

MS = 36) (Table 1).

Turner et al. Bacterial contamination on toothbrushes

Int J Dent Hygiene 7, 2009; 241–245 243



Results

A total of 59 toothbrushes (28 control and 31 experimental)

were returned and analysed. Nineteen toothbrushes were

included from the control group and 23 from the experi-

mental group, yielding a total of 42 TSA plates.

Results expressed in Fig. 1 indicate a larger number of

bacteria found on the experimental toothbrushes. However,

data analysis using both Kruskal–Wallis and Wilcoxon tests

revealed no statistically significant difference in the total

quantity of bacteria present on the experimental tooth-

brushes when compared with the control brushes after

30 days use.

Thirteen toothbrushes from the control group and 23 from

the experimental group yielded a total of 36 MS agar plates.

Results revealed in Fig. 1 indicate slightly more bacteria found

on the control toothbrushes. Data revealed no statistically sig-

nificant difference in the quantity of oral streptococci present

on the experimental toothbrushes when compared with the

control brushes after 30 days use.

Discussion

Toothbrush sanitization is by no means a new idea and the

premise has been researched for many years. The debate lin-

gers concerning the necessity and effectiveness of various

toothbrush disinfection methods, suggesting that there is more

research that needs to be accomplished. Manufacturers con-

tinue to develop new products and introduce toothbrush sani-

tizers and disinfection methods into the marketplace, leaving

dental professionals and consumers to ponder their merits.

The present study was designed to test the effectiveness of a

toothbrush with chlorhexidine-coated filaments, aimed at con-

trolling bacterial growth.

The intent of this novel product design is to reduce the

pathogenic bacterial load present on the toothbrush filaments,

thereby decreasing the possibility of reinfection and cross-con-

tamination. The manufacturer of the experimental toothbrush

suggests that the effectiveness of the chlorhexidine-coated

filaments extends over a 30-day period, after which time the

toothbrush should be replaced. Researchers postulate that the

effects of the antimicrobial filaments occur at higher levels at

the inception of its use, and diminish over time. Therefore,

the experimental toothbrush may be more effective at prevent-

ing bacteria from multiplying on the filaments, at day 7 or 14.

Laboratory results from the present study indicate no statisti-

cally significant difference between control and experimental

brushes after 30 days use. However, additional research is

needed to substantiate effectiveness of the chlorhexidine coat-

ing at various time points.

Current literature supports the theory that bacterial contami-

nation of toothbrushes is certain (1, 5, 9, 19, 24), and that a

means to disinfect brushes is recommended to prevent cross-

contamination, as well as growth and translocation of bacteria

(5, 19). Likewise, the susceptibility of oral bacteria to chlor-

hexidine is well documented (3, 6, 15, 16). The amount of

chlorhexidine incorporated into the filaments of the experi-

mental toothbrush provides antibacterial activity only on the

filaments and offers no systemic effect. The amount of chlor-

hexidine released into the oral environment, as a result of

using the antimicrobial toothbrush, does not impact pathogenic

oral microorganisms; therefore, the concept of antimicrobial fil-

aments presents a plausible premise.

In this study, researchers kept the protocol as close to ‘real-

world’ conditions as possible. During previous laboratory trials

conducted, the activity of the coating was substantiated during

small-scale trials with and without the use of toothpaste (21).

During this study, a larger sample was enrolled (64 partici-

pants), and participants were provided with a widely used,

Table 1. Total samples analysed for TSA (sheep blood) and Mitis

Salivarius

Media Control Treatment Samples analysed

TSA blood agar 19 23 42 plates
MS agar 13 23 36 plates
Total 32 46 78 plates

TSA, trypticase soy agar; MS, Mitis Salivarius.
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Fig. 1. Comparison of mean CFU values for TSA and MS agar using

Kruskal–Wallis test (P = 0.05).
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over-the-counter, mint flavoured fluoride toothpaste. No added

ingredients with antimicrobial activity were present. The

toothpaste contained sodium lauryl sulphate (SLS) (approxi-

mately 1%), a common inactive ingredient found in toothpaste,

which acts to disperse the ingredients in the toothpaste.

Previous unrelated studies have demonstrated an interaction

between SLS and chlorhexidine. As an anionic compound,

SLS has the ability to inactivate the positively charged chlor-

hexidine for a limited time period. Whether an interaction

occurred between SLS and the chlorhexidine-coated tooth-

brush filaments remains to be tested. Future studies may

consider using an SLS-free toothpaste in order to achieve the

full activity of the chlorhexidine coating.

Further contemplation should be given to vulnerable people

like those who are immunosuppressed or who reside in group

environments. A toothbrush harbouring fewer bacteria may

prove beneficial to populations at risk for contracting illnesses

and could decrease the possibility of bacteremias associated

with using a contaminated toothbrush (25–27). In addition to

reducing the quantity of S. mutans surviving on the toothbrush,

the antimicrobial activity of the filaments may also decrease

the overall number of other bacteria present.
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