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Studies have reported that tooth-
brushes become contaminated with 
microorganisms during use, and the 
amount of these organisms increas-
es with repeated use.1-4 The micro-
organisms which survive on tooth-
brushes can be transmitted back to 
the user during subsequent brush-
ings with the potential for causing 
further infections.1,2,5,6 In one study, 
70% of toothbrushes were found 
to be heavily contaminated with 
pathogenic microorganisms after 
use.7 Most microbial contamination 
was reported to be within the tufts 
of bristles/filaments of the multi-
tufted toothbrushes tested. Bacte-
rial survival was dependent upon 
the type of bacteria (aerobic versus 
anaerobic) as well as the tooth-
brush design and bristle/filament 
type.8,9 Multi-tufted toothbrushes 
that had the anti-microbial ingredi-
ent, Triclosan, added to the heads 
were not shown to reduce residual 
contamination, but use of a denti-
frice containing Triclosan did reduce 
it significantly.10-12 Mehta et al found 
that retention of moisture and oral 
debris in the bristles, as well as the 
use of a cap on the brush, increased 
microbe survival and retention.7

While no studies to date have demonstrated 
that bacterial growth on toothbrushes can lead to 
systemic health effects, several microorganisms 
have been associated with systemic diseases.4,5 
For instance, Fusobacterium nucleatum frequently 
serves as a “bridge bacterium,” promoting plaque 
formation with other oral pathogens, especially 
between early and late colonizing bacteria in the 
oral cavity.13 It has been found in colorectal tumor 
samples and is being studied for its role in car-
cinoma, inflammatory bowel disease and early-
stage adenomatous polyp lesions, precursors of 
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Abstract
Purpose: Microbial contamination of manual toothbrushes relative 
to their design has been documented for decades, citing concern 
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Research

Introduction

colorectal cancer.14 Studies have also looked at 
this organism’s role in pre-term birth and stillbirth 
since it has been found in the amniotic fluids of 
pregnant women who have miscarried.15,16 Can-
dida species can cause mild to severe infections of 
the mouth, throat, esophagus and even the brain. 
In immunocompromised individuals, this infection 
can even be fatal.17 Streptococcus sanguis and 
Porphyromonas gingivalis have been shown to in-
duce platelet aggregation, which leads to throm-
bus formation and the potential for a heart attack 
or stroke due to an embolus.18 Quantification of 
oral bacteria has been demonstrated through the 
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use of rapid adenosine triphosphate (ATP) driven 
bioluminenscence.19

No studies were found to-date reporting on re-
sidual microbial contamination of various types of 
power toothbrushes with different head designs. 
The purpose of this in-vitro study was to compare 
the residual microbial contamination of a power 
toothbrush designed with a solid head with 2 pow-
er toothbrushes designed with hollow heads.

Methods and Materials
Approval to conduct this study was obtained 

from the Committee for the Protection of Human 
Subjects at the University of Texas Health Science 
Center at Houston. A convenience sample of 40 
subject volunteers were recruited from the dental 
clinics at the University of Texas School of Den-
tistry at Houston, were enrolled in the pilot study 
and agreed to participate by signing the consent 
form. All participants met inclusion criteria and 
were stratified by ATP scores and systematically 
assigned to brush with 1 of the 3 test power tooth-
brushes shown in Figure 1: 2 hollow-head tooth-
brushes, Sonicare® DiamondClean (H1) (Philips 
Electronics, Andover, MA) and Oral-B® Profession-
alCare Smart Series 5000 (H2) (Procter and Gam-
ble, Cincinnati, Ohio) or the solid-head toothbrush, 
Broxo® Orabrush™ (S) (Advance Response Corp, 
NY). Due to limits in laboratory resources, the 
brushes of the first 10 subjects assigned to each 
group, representing an equal distribution of brush 
types, were ultimately cultured and included in the 
final analysis resulting in a sample size of 30.

Inclusion Criteria

• Had received an oral prophylaxis within the 
previous 12 months, but not within the last 4 
months

• Had not taken a systemic antimicrobial com-
pound for the past 6 months

• Had not used a prescription antibacterial mouth 
rinse in the last 6 months and agreed to abstain 
from using any mouth rinses during the study

• Agreed to brush twice daily with 1 designated 
toothpaste

• Had an ATP driven bioluminescence meter 
score in the range of 800 to 1000 (CariScreen® 
Oral BioTech, Albany, Ore)

• Was between the ages of 25 to 70 years
• Had a minimum of 6 teeth in each quadrant

Protocol

Participants agreed to brush for 2 minutes, twice 
a day, for a period of 3 weeks. All subjects were 

instructed to use the assigned toothbrush with 
designated toothpaste (Crest Cavity Protection®, 
Procter and Gamble, Cincinnati, Ohio) and to re-
frain from using any other dental products, such 
as toothpastes or mouth rinses, for the study du-
ration. No further oral hygiene instructions were 
offered. Participants were also advised to contact 
the primary investigator in the event they were 
prescribed an antibiotic for a medical condition as 
this would eliminate their results from the study. 
One participant was withdrawn due the use of an 
antibiotic nasal spray. All participants were al-
lowed to keep the power brush at the end of the 
study after submitting the 1 used toothbrush head 
for testing.

Toothbrush heads were placed in numbered 
sterile tubes by the participants at the conclusion 
of 3 weeks and transported to the lab for testing. 
Participants from each brush group were tested 
independently at the beginning and end of the 3 
week brushing period using a sterile swab and an 
ATP driven bioluminescence meter (CariScreen®, 
Oral BioTech, Albany, Ore) for the purpose of 
balancing groups for oral hygiene levels. Intact 
toothbrush heads from each of the 3 brush groups 
were cultured independently after collection at set 
times to avoid cross contamination by a research 
technician blind to study design. The tubes con-
taining the brush heads were allowed to air-dry 
(250C) for 4 hours prior to processing to simulate 
regular home use. Ten ml of sterile peptone-saline 
buffer solution (1% peptone, 7.5% saline, pH 7.0) 
were added to each of these tubes which were 
thoroughly agitated for 2 minutes at high speed 
using a Vortex mixer (Troemner-Henery, Thoro-
fare, NJ). Serial 10-fold dilutions were made in 
PBS and specimens were plated and incubated in 

Figure 1: Power Toothbrush Heads

Sonicare® DiamondClean, Oral-B® ProfessionalCare 
Smart Series 5000 and Broxo®Orabrush™
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Brewer jars at appropriate temperatures and at-
mospheres (AnaeroGen Saachets: Fishe-Thermo 
Scientific that lower oxygen content to no less 
than 1% within 30 minutes and add 7 to 9% CO2) 
on 5 different solid microbiological medium:

• Brain Heart Infusion agar (Difco, Becton Dick-
inson and Co., Sparks, MD), a general, non-
selective microbial medium for anaerobes and 
facultative microorganisms (A/FA); 

• Yeast Mold agar (Difco, Becton Dickinson and 
Co., Sparks, MD), a selective medium for yeast 
and mold (Y/M)

• Mitis-Salivarius agar (Difco, Becton Dickinson 
and Co., Sparks, MD), a selective medium for 
oral anaerobic streptococci and oral entero-
cocci anaerobes (S/EC)

• PGING AS 6422 (Anaerobe systems, INC, Mor-
gan Hill, Cali) a selective medium for Porphy-
romonas gingivalis (PGING)

• FSA AS 6427 (Anaerobe Systems, Inc, Morgan 
Hill, Cali), a selective medium for anaerobic 
Fusobacterium species. (Fuso)

Because a general count was desired, a selective 
media was chosen for fastidious anaerobes. Media 
were checked for quality control with the desig-
nated microorganisms. If deemed necessary, 0.1 
ml was plated directly from the specimen tubes for 
PGING and aerobes. Petri plates were appropri-
ately incubated until colonies were large enough 
to be easily counted. All bacterial media were 
incubated at 350C and the yeast/mold media at 
300C. Plates containing 100 to 300 colony form-
ing units (CFU) were selected for counting. Values 
of 0 for the microbial counts were converted to 
1 prior to log10 transformation. This resulted in 
transformed values of 0 for those with no recover-
able colonies. On occasion, Gram-stained slides 
of organisms from colonies were observed. After 
use, all experimental materials were disposed of 
according to the University Infection Control pol-
icy.

Statistical Analysis. Prior to statistical analysis, 
total microbial counts (in the 10 ml specimen) 
were converted to log10 to approximate a normal 
distribution for the data. Descriptive statistics in 
the form of means and standard deviations were 
calculated for the transformed data. Comparisons 
of the 3 brush groups for demographic charac-
teristics were conducted with one-way analysis 
of variance (ANOVA) for continuous variables and 
Fisher’s exact test for categorical variables. Anal-
ysis of covariance was used to compare the brush 
groups for transformed microbial counts after ad-
justing for any demographic variables that may 
confound the results.

Discussion

Results
Comparisons of the 3 groups by age and base-

line ATP measure using ANOVA, as shown in Table 
I, indicated that there were no significant differ-
ences between the groups with regard to age and 
baseline ATP measure (p=0.78 and 0.74, respec-
tively). Group comparisons by gender and race 
using Fisher’s Exact Test found there was no sig-
nificant difference by gender (p=0.66), but there 
was a significant difference between groups by 
race (p=0.045). Because of this, further between 
groups comparisons included race as an indepen-
dent variable to account for its possible effect as 
a confounder.

Table II shows group means and standard de-
viations (in log10) for the microorganisms studied 
in the 3 brush groups (10 brushes each). Mean 
microbial counts were lower in the S group than in 
the H1 or H2 groups in 9 out of 10 comparisons. 
Microbial levels were higher in the H2 group than 
in the H1 group in 4 out of 5 comparisons.

Table III shows results of a statistical compari-
son of the 3 brush head groups for each of the 5 
microbial groups. Counts in the S group were sig-
nificantly lower than in the 2 H groups in 8 out of 
10 comparisons (p<0.05). The mean value for the 
Y/M microbe group was significantly lower for the 
H1 brush group than in the H2 and S groups. The 
findings are as follows:

• A/FA: Group S significantly lower than H1(13x) 
and H2 (115x)

• S/EC: Group S was significantly lower than H1 
(48x) and H2(138x)

• Fuso: Group S was significantly lower than H1 
(3162x) and H2 (550x)

• PGING: Group S was significantly lower than 
H2 (50x)

• YM: all 3 groups were significantly different 
from each other, with H1 the lowest, S in the 
middle, and H2 the highest

Data are reported as the total number of microor-
ganisms found in the initial 10 ml tube containing 
the toothbrush head after vortexing. Statistical 
significance was set at p<0.05 for the intergroup 
comparisons.

The results of the study indicate that the solid-
head power brush had fewer residual microorgan-
isms in general than the brushes with hollow heads. 
Perhaps the hollow heads provided more surface 
area for the microorganisms to form biofilms. Less 
microbial growth on the solid-head power tooth-
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Age/Sex/Race SONICARE (H1) ORAL B (H2) BROXO (S)
Mean Age (SD) 41.64 (8.98) 38.85 (11.07) 41.62 (14.61)
Mean ATP (SD) 3,855.79 (2515.07) 3,111.77 (3121.70) 3,241.77 (2421.03)
Female (%) 12 (85.71) 10 (76.92) 12 (92.31)
Male (%) 2 (14.29) 3 (23.08) 1 (7.69)
Asian (%) 1 (7.14) 2 (15.38) 2 (15.38)
African-American (%) 6 (42.86) 3 (23.08) 3 (23.08)
Other (%) 1 (7.14) 0 (0.00) 0 (0.00)
Hispanic (%) 2 (14.29) 6 (46.15) 0 (0.00)
White (%) 4 (28.57) 2 (15.38) 8 (61.54)

Table I: Demographic Group Comparisons For Mean Age, ATP, Sex And Race

Brush Group Microbe* n Mean Standard Deviation

Sonicare (H1)

A/F 
S/EC 
Fuso 

PGING 
Y/M

10 
10 
10 
10 
10

8.11 
7.45 
5.28 
5.70 
2.60

0.60 
0.71 
2.22 
2.22 
2.61

Oral B (H2)

A/F 
S/EC 
Fuso 

PGING 
Y/M

10 
10 
10 
10 
10

9.06 
7.91 
4.52 
6.22 
8.52

1.06 
1.36 
1.83 
1.58 
0.73

Broxo (S)

A/F 
S/EC 
Fuso 

PGING 
Y/M

10 
10 
10 
10 
10

7.00 
5.77 
1.78 
4.52 
4.11

0.97 
1.40 
2.13 
1.12 
1.03

Table II: Group Means and Standard Deviations (Log10) For Microbial Counts

*A/F=Anaerobes and Facultative microbes
S/EC=Streptococci and Enterococci
Fuso=Fusobacterium species
PGING=Porphyromonas Gingivalis
Y/M=Yeast/Mold

brush could offer a simple solution to the residual 
microbial contamination problem cited in previous 
studies.7-9 This information could be especially im-
portant for immunosuppressed patients who are 
extremely vulnerable to pathogenic microorgan-
isms such as Fusobacterium nucleatum that have 
been shown to contaminate toothbrushes.13

Additionally, even though the results did not in-
dicate a statistically significant difference between 
H1 and S with regard to Porphyromonas gingivalis 
levels (p=0.051, reflected in the 95% confidence 
interval, -0.004, 3.47, where 0 is contained within 
the interval), the data indicate a “borderline sig-
nificance” with a trend for S to be lower than H1 
for Porphyromonas gingivalis.

The limitations of this study include the fact 
that the convenience sample size was small, par-
ticipant compliance may have been an issue and 
toothbrush head design factors could have had ef-
fects on the outcomes as stated in previous stud-
ies.8,9 Participants were advised and given written 
instructions to avoid the use of other dental prod-
ucts and to brush twice a day, but as with most 
clinical studies, compliance could only be moni-
tored through self-reports. The toothbrush head 
design factors which could have contributed to the 
results may have included the overall number of 
filaments and number per tuft, the filament con-
struction and material, the size of the head, the 
storage of the toothbrush and the use of a cap on 
the brush after brushing.  Another factor may have 
been the total plaque actually removed by each 
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Table III: Statistical Comparison of Microbial Counts For the 3 Toothbrush Heads In 
Each of the 5 Microbial Groups

Microbe Brush Group Compari-
son* p–Value 95% CI For Mean Differ-

ence (Log10)

Anaerobes and Faculta-
tive microbes

H1 vs. S 
H2 vs. S 
H1 vs.H2

0.014 
0.001 
0.097

0.27, 2.16 
0.96, 2.98 
-1.66, 0.15

Streptococci/Enterococci
H1 vs. S 
H2 vs. S 
H1 vs. H2

0.011 
0.003 
0.454

0.44, 3.07 
0.81, 3.62 
-1.72, 0.79

Fusobacterium species
H1 vs. S 
H2 vs. S 
H1 vs. H2

0.001 
0.009 
0.447

1.54, 5.23 
0.75, 4.70 
-1.11, 2.43

Porphyromonas Gingi-
valis

H1 vs. S 
H2 vs. S 
H1 vs. H2

0.051 
0.007 
0.254

-0.004, 3.47 
0.81, 4.53 
-2.60, 0.72

Yeast/Mold
H1 vs. S 
H2 vs. S 
H1 vs. H2

0.015 
<0.0001 
<0.0001

-3.70, -0.44 
2.59, 6.09 

-7.97, -4.84

*H1: Sonicare
H2: Oral B
S: Broxo

Conclusion
The solid-head power toothbrush studied had 

significantly less residual microbial contamination 
than the 2 hollow-head power toothbrushes after 
3 weeks of bi-daily brushing with non-antimicro-
bial toothpaste.
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