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Simple tooth brushing can reduce oral bacteria by 95%. Effective toothbrushing represents a
simple but beneficial method for influencing intra-oral bacterial levels, which can dramatically
impact health and drive down the costs at many levels of oral and general health problems.

INTRODUCTION

Recently, scientific literature has been linking intra-oral bacteria to a number of systemic
diseases [1,2,3], including cardiovascular disease [4,5] stroke [37,38,39,40,41], preterm birth
[9], diabetes [18], and respiratory diseases [6,7,8]. Tooth brushing can reduce, control and/or
maintain a better intra-oral bacterial environment, potentially improving self-induced, chronic
disease states, such as periodontal disease. Periodontal disease accounts for inordinate intra-
oral bacterial activity has found itself intimately involved with the above somatic disease states.
These somatic disease states account for a great majority of health care treatment and costs.
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Any improvement in physical health is in itself beneficial, but there are other benefits. With
improved health an individual spends less time with the physician and hospital, thereby saving
thousands and potentially millions of dollars. The financial savings not only mean less medical
costs but also savings made with an improved work force.

When an individual is not doing their job, then the product/service is not being delivered. Often
times, it takes another individual to make up for that medically compromised worker. Often
times, the remaining healthy individuals will be tasked to make up for that dental compromised
individual that can not be at work.

Therefore, if an individual can better maintain their intra-oral bacteria while using a good,
simple toothbrush, then the quality of life can be improved with a stronger work force, financial
savings and noticeably improved individual social skills.

In recent years, it has been scientifically substantiated that intra-oral bacteria can cause or
contribute to general somatic health problems involving the heart, the kidneys, liver,
pregnancies and respiratory disorders [1,3,5,6,7,8, 9,10]. Chronic poor oral hygiene that
contributes to an inordinate amount of intra-oral bacteria can then contribute to any of the
above somatic health problems and will become a serious issue. The physical toll on the
patient is but the enormous financial toll is often overlooked in comparison to the solution with
an good toothbrush. Treating general somatic diseases can cost thousands, if not millions, of
dollars. The years of cost to treat a myocardial infarction, heart attack patients can be several
hundreds of thousands of dollars with a questionable outcome [42,43]. The cost of an average
OTC toothbrush can range from $2.00 to $20.00 [11] with a very predictable positive outcome.
The positive of aspects of a good toothbrush and oral hygiene is self-evident.

The benefits of improved tooth brushing and oral hygiene can be easily observed by the
dentist both visibly and other diagnostic techniques. That is good for the dentist who will see
the patient every six months but what technique is available for the patient? The patient would
benefit from some type of positive reinforcement that is easy to observe. Generally this would
be through objective means, ie, the senses, visual and olfactory. What the patient can see and
smell are enormous positive reinforcement techniques.

The implications of improved oral hygiene, along with a simple technique for a patient to

observe and reinforce oral hygiene improvements can improve chronic health issues and
ultimately general somatic health. This, in turn, can save significant financial assets and

productive work hours that can be better utilized in other budgeted areas.



The aim of this study is to observe the effects of regular tooth brushing on the intra-oral
bacterial environment. Intra-oral bacterial samples were taken from the tongue prior to tooth
brushing (pre-brush) and after tooth brushing (post-brush) utilizing a sterile tongue swab.
Tooth brushing was accomplished without toothpaste, rinsing with regular sink water from a
faucet. The oral areas brushed included the teeth, surrounding soft tissue, palate and the
tongue. The Modified Bass method [12] tooth brushing technique was utilized taking
approximately 3 minutes to perform.

Identification of bacterial types and counts were observed in simple, real scenario, pre-brush
and post-brush analysis. This was accomplished using culture techniques, PCR products
followed with DNA sequencing.

MATERIALS AND METHODS

Intra-oral Sampling

This simplified study utilized a healthy individual with an uneventful health history with no
prescriptive or OTC drug history. Normal eating habits were maintained with breakfast, lunch,
dinner and occasional snacks.

Multiple bacterial samples were taken consistently at the same time and same intra-oral
location. Sample collections were taken at noon after lunch. Normal tooth brushing was
maintained after breakfast, lunch, dinner, and prior to going to sleep. The noon brushing was
utilized during the sampling for this study.

Each tooth brushing sampling utilized a_new toothbrush that is commercially available [44].
Each toothbrush had been pre-sterilized (ethylene oxide treatment). Pre-brush and post-brush
intra-oral bacterial samples were taken from the tongue dorsum utilizing the sterile tongue
swab. The tongue swabbing technique used was accomplished by rotating the swab head and
then by swabbing the head side to side for one minute over the entire tongue dorsum area.
Tooth brushing was accomplished with no toothpaste and only rinsing with regular sink water.
The intra-oral areas brushed included the teeth, surrounding soft tissue, palate and the tongue.
The Modified Bass method [12] tooth brushing technique was utilized taking approximately 3
minutes to perform.

Bacterial Culture Methods

Pre and post-brushing sample swabs were washed in 1ml 1x PBS. The inoculated PBS was
serially diluted and plated onto three types of agar; Luria Bertani (LB), Todd Hewitt (THA;
Becton-Dickinson), and Trypticase Soy (TSA; Becton-Dickinson). 3




Colony counts were obtained from these plates and used to determine total colony forming
units per ml, or per sample. The % difference of bacteria from pre and post-brushing samples
was then determined.

The same sample swabs were then used to streak swab onto LB, THA and TSA plates to
visualize bacterial numbers in an undiluted sample and for isolation of different colony types.
All plates were incubated overnight at 37° in 5% CO2.

Chromosomal Extraction

Unknowns were grown overnight at 37° in a shaker incubator. Gram staining was performed
prior to extracting DNA for each colony type. Genomic extraction for gram-negative bacteria
was done using DNeasy Blood & Tissue Kit (Qiagen Sciences, Maryland). Gram-positive
genomic DNA extraction was performed using Wizard Genomic DNA Purification Kit (Promega
Corp, Madison, WI).

16S rRNA Gene Amplification and Sequencing

Identification of bacterial species was done by PCR amplification of the 16S rRNA gene to
obtain DNA sequencing data for each colony type. Gene amplification was carried out using
the universal primers 27F (5’-AGAGTTTGATCCTGGCTCAG-3’) and 1492R (5-
GGTTACCTTGTTACGACTT-3’). PCR conditions included a preheat step of 95°C for 5 min,
followed by thirty cycles of amplification with the following conditions: denaturation at 95°C for
15 s, annealing at 60°C for 15 s, and elongation at 68°C for 2 min, followed by a final
elongation step at 72°C for 15 minutes.

x Fraction of PCR reaction was electrophoresed on a 1% Agarose gel for 1.5 hrs at 100V to
verify presence of 16S rRNA gene and the specificity of the PCR. PCR products were then
purified using Wizard SV Gel and PCR Clean-Up System (Promega Corp, Madison, WI) and
sent out for sequencing using the same primers to SDSU Microchemical Core Facility (San
Diego, CA).

DNA sequencing data was analyzed using the BLASTN database of NCBI (http:/
www.ncbi.nlm.nih.gov) [35].
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RESULTS

A total of 12 sets of data that included pre and post-tooth brushing were obtained over 4 days.
Great care was taken to maintain consistency in this study by keeping a similar diet, timing and
method for all samples used, mimicking an average tooth brushing individual. Each trio of
media is representative of one sample in order to appreciate any variability in species selection
between media.

Even while samples plated using the streak swab technique gave lawns of bacteria, an overall
decrease could be seen when comparing pre and post-tooth brushing plates (Fig 1).
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Figure 1. Decrease in bacterial abundance after brushing is evident on all plates.

Quantitative data was obtained from colony counts on the dilution plates. As expected, most of
the plates showed a decrease of 85 to 99% when comparing pre and post- brushing cultures
(with the exception of two sets that showed a 60 and 68% decrease). The average decrease in
bacterial colonies, when including all samples, was of 88.8% (Figure 3). The decrease in
bacterial numbers was not selective for a media type; THA, TSA and LB showed an average
decrease of 87.3%, 92.8%, and 86.2% respectively (Figure 2).
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Figure 2. Efficacy of bacterial decrease. All media types show a significant decline in colonies
counted. 6
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Figure 3. (linear bar & dot plot) Average of twelve samples taken over four days.
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Figure 4. (linear bar & dot plot)Average of ten samples taken over four days.
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Figure 5. Verification of 16S rRNA was performed using 1% Agarose gel. 5ul of DNA
combined with 1 ul of 6X loading dye were loaded onto each well.

Potentially different strains were isolated from streak-swab and dilution plates based on
morphology. Their respective morphologies are listed on Table 1. Unknowns 3, 8, 9 and 10 did
not give dense overnight cultures and resulted in a small yield of DNA. When these unknowns
were used in PCR, their DNA was only minimally amplified, as can be seen by the faint bands
on the Agarose (Figure 3).

Unknowns 1, 2, and 5 on the other hand gave dense cultures when grown overnight and
chromosomal extraction gave a visible pellet, but also failed to give enough amplification upon
PCR. Two PCR reactions were run on DNA from samples 8, 9, and 10 in order to obtain
sufficient DNA for sequencing. Samples 8 and 5, which did not give a visible 16s rRNA product
band on the gel, were not included in the sequencing part of this study. Remaining PCR tubes
were all purified before Duplicates for samples 9 and 10 were combined before they were
purified for sequencing.



Analysis of sequencing data showed that the prevalent species in these samples included
Nisseria subflava, Staphylococcus aureus, Streptococcus salivarius, Neisseria sp., Uncultured
Streptococcus sp., Streptococcus vestibularis, Streptococcus genomosp., Staphylococcus
warneri, Acinetobacter sp. (Table 1).

Unknown Morphlogy Gram Stain Sequencing analysis (NCBI) Max
e value ident
1 frosty-white + no results
2 frosty-white + no results
3 yellow, small - Nisseria subflava 6E-131 97%
4 whiteish-yellow + Staphylococcus aureus 087% *
5 frosty-white, large + no results *
6 frosty, brownish, large + Streptococcus salivarius 8E-166 82%
7 orange-yellow, large + Staphylococcus aureus 097%
8 light brown, glossy, large + no results
9 light brown, glossy, white center + no results
10 light brown, rough edges + no results
11 light brown, small, cubic shine - Streptococcus salivarius 095%
12 yellow, target look - Neisseria sp. 096%
13 white, small - Uncultured Streptococcus sp. 1E-163 83%
2nd hit Streptococcus vestibularis 7E-161 82%
14 translucent, small + Streptococcus genomosp. 091%
15 yellow, smooth + Staphylococcus warneri 096%
16 white, smooth + Acinetobacter sp. 095%

Table 1. DNA sequencing analysis.

Within these bacteria several can cause significant health issues from Neisseria subflava
influencing opportunistic infections, such as meningitis, septicemia, and endocarditis [55], with
acute bacterial endocarditis caused by Staphylococcus aureus [56], systemic bacteremias
caused by Staphylococcus warneri [57] and Acinetobacter sp as a significant antibiotic
resistance pathogen involved in pneumonia patients with cystic fibrosis, neutropenia,
advanced AIDS, and bronchiectasis. [58].
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DISCUSSION

This study indicates that bacteria are ever present in the intra-oral environment utilizing the
tongue dorsum as the reference site and how a good toothbrush helps reduce and control
intra-oral bacteria. The intra-oral environment (entire mouth cavity) includes the teeth, the
palate, surrounding soft tissue and tongue.

The average decrease in bacterial colonies as a result of brushing was an 88.78% decrease,
indicating a proper toothbrush can effectively lower potential disease and halitosis causing
bacteria.

Even though water was used in this study to rinse the mouth after brushing, it is our belief that
water alone, without the toothbrush, would not play a large role in bacterial reduction and that
the data presented here is representative of the benefits of a proper toothbrush.

It is estimated that over 100 different types of bacteria are present in the mouth [13,14] making
up a total of several billion present [15]. Several of these intra-oral bacteria types have been
isolated as a potential causative/contributory factor in cases of myocardial infarctions,
respiratory disorders, liver & kidney illnesses and pregnancy complications [1,3,4,5,6,7,8,9,10].

Normal intra-oral bacterial flora [54] is necessary for microscopic homeostasis [16] but it can
become a health issue when these bacteria levels become excessively present allowing for a
broader bacterial spectrum. It is within this broad spectrum of bacteria where some of the
more aggressive bacteria types can create the above health issues.

One of the most basic characteristics of a disease process is a malodor [17, 47]. Malodors or
fetid odors can be found in cases of infections (periodontal, halitosis/bad breath, gangrenous,
respiratory) [16,19,20,21] and liver/kidney disorders [18,25].

Therefore, anytime an individual can sense a reduction and/or have no oral malodor issues
then there is a greater assumption of improving health. Malodors from intra-oral bacteria is a
long-standing and well known social problem called “bad breath” or “halitosis” [22, 23, 24, 26].

Halitosis can be utilized as one potential reference of excessive intra-oral bacterial activity [26,
27]. Studies have indicated that the cause for halitosis is due to gram-negative bacteria
[46,48], but other studies also indicate that halitosis is caused by gram-positive bacteria
[22,45]. 11



Therefore, an easy, field halitosis detection technique has beneficial effects to help reinforce
the tooth brushing individual’s motivation for a healthy oral environment with a good
toothbrush.

One easy technique to detect bad breath is to lick the back of your hand, allow the saliva to dry
and then smell [28,29]. If this area does not pass the “smell test” demonstrated with a bad
odor, then one aspect of an unhealthy mouth can be assumed. A strong mouth malodor is
indicative that excessive, deleterious bacterial activity is present [26,27]. This easy, field
technique can help assist an individual as to how well they are doing in their oral hygiene tooth
brushing technique.

The end result of reduced intra-oral bacteria will not only improve the quality of life with better
breath and teeth but also potentially reduce general somatic health problems. An improved
physical quality of life can also be interpreted as an improvement of financial conditions related
to health care. A good toothbrush can cost less than $20. The average treatment cost of a
myocardial infarction can be over several hundred thousand dollars [30,31]. The cost of a
complicated pregnancy and compromised child can be a lifetime of hardships and potentially
millions of dollars [33,34]. Ignoring such facts can result in great personal and societal loss.

CONCLUSION

In today’s economic and financial climate cost savings are critical. If a good toothbrush can
improve oral hygiene potentially saving $100,000 or more, then this toothbrush should be
pivotal part of every individual’s daily regiment.

The World Health Organization estimates that chronic, self-induced diseases such as 80% of
heart disease, type 2 diabetes and more than 40% of cancer could be prevented if Americans
stopped smoking, ate healthier and exercised more [49]. Chronic diseases are the #1 cause of
death and disability in the United States [50]. Treating chronic disease accounts for 75% of the
nation’s health care costs [51] and accounts for two-thirds of health care cost increases  [53].
When the potential for intra-oral bacteria causing or adding to these chronic diseases exists
and when a good toothbrush can reduce these disease states, then this simple cost-benefit
toothbrush should be a part of all health care planning.
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When these chronic diseases disable a working individual then society, as a whole, is greatly
affected. Typically a health compromised individual will not only take them away from their
mission but they will also take several others away from their job/mission to support that lost
unhealthy individual, both directly and indirectly. The loss of the unhealthy individual from the
workforce leaves a personnel “vacuum” that has to be filled by one or more individuals. Aside
from the personal loss, enormous amounts of money are also lost that take away from every
level of the socio-economic scale.

Chronic disease, health issues reduce economic productivity by contributing to increased
absenteeism and poor performance. A Milken Institute Study [52] determined that treatment
costs of the seven most common chronic diseases, along with productivity losses, cost the
U.S. economy in excess of $1 trillion dollars annually. The same study estimates that just
modest reductions in unhealthy behavior patterns could prevent or slow 40 million cases of
chronic illness per year. Utilizing a good toothbrush is one simple improvement in healthy
behavior.

A hospital can easily be treating a dozen or more patients with serious somatic diseases that
were chronically, self-induced. It would not be unusual for the medical costs to then reach in
excess of a million dollars per patient. Duplicate this scenario, patient after patient, hospital
after hospital, year after year and tens of millions of dollars could easily be spent on these self-
induced health compromised patients. If these conditions could be intercepted, even by a
mere fraction, before they became a health issue then these millions of dollars saved could be
diverted back to the economy and other services.

This simple, cost effective toothbrush, can potentially avoid greater somatic health problems by
removing or reducing host intra-oral bacteria that can cause cardiac, respiratory, brain, liver
and kidney problems. When almost 90% reductions of intra-oral, malodor, bacteria occur with
the toothbrush then its regular use should be a part of everyone’s daily health care. The
potential savings that are in the millions of dollars are self-evident, especially in light of such
enormous “toothbrush vs illness” cost-to-benefit savings ratio.

Additional study and analysis of this subject should be encouraged.
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