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Abstract

Dental caries is a chronic infectious
disease that results in the
destruction of tooth tissue. It is
caused by a complex interaction of
oral microorganisms in dental
plaque, diet, and a broad array of
host factors that needs to be present
for tooth decay to occur. It should
thus be clear from figure 1 that if oral
health professionals want to
introduce effective interventions for
preventing tooth decay, they simply
have to control for at least one of the
factors (either related to the tooth,
substrate or flora) involved in the
etiology of tooth decay to achieve
success. Thus, for example, if the
presence of S. mutans is controlled
(reduced to negligible levels), then
one can be fairly certain that no new
carious lesions would occur in that
patient. First published in S Afr
Dent J 2004, 59: 296 - 8.
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Dental caries is a chronic infectious
disease that results in the
destruction of tooth tissue. It is
caused by a complex interaction of
oral microorganisms in  dental
plaque, diet, and a broad array of
host factors that needs to be present
for tooth decay to occur!. It should
thus be clear from figure 1 that if
oral health professionals want to
introduce effective interventions for
preventing tooth decay, they simply
have to control for at least one of the
factors (either related to the tooth,
substrate or flora) involved in the
aetiology of tooth decay to achieve
success. Thus, for example, if the
presence of Streptococcus mutans is
controlled (reduced to negligible
levels), then one can be fairly certain
that no new carious lesions would
occur in that patient.

The efficacy of essential oil
mouthrinses such as Listerine for
plaque and/or gingivitis control has
already been demonstrated in a
number of well-conducted studies®”.
Whilst these studies have
demonstrated the effectiveness of
essential oils against Gram —negative
flora associated with gingivitis, some
studies have also shown them to be
effective against Gram-positive
organisms including S. mutans.
Additionally, Listerine has introduced
a mouthwash that contains fluoride
which, together with its’ ability to

significantly reduce the levels of
cariogenic bacteria in the mouth,
provides an additional rationale

(prevention of tooth decay) for the
use of essential oil mouthwashes as
part of a daily oral hygiene regimen.
The aim of this paper is to review the
evidence for the antimicrobial
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efficacy of essential oils mouth-
washes against cariogenic bacteria
and the effectiveness of essential oils
containing fluoride for  caries
prevention.

Fine and colleagues (2000)8
undertook a single blind crossover
clinical trial to determine the effect of
2x-daily rinsing with an essential oil-
containing  antiseptic mouthrinse
(Listerine Antiseptic) on levels of
recoverable S. mutans and total
streptococci in supragingival inter-
proximal plaque and in saliva.
Additionally, a follow-up in vitro
study was reported which deter-
mined whether a differential
susceptibility to the antiseptic
mouthrinse existed among different
strains of streptococci. The inclusion
criteria were: (1) subjects had to
have a bicuspid and first and second
molar in each maxillary quadrant,
with interproximal contacts allowing
for proximal plaque sampling, (2)
subjects had to meet the criteria for
S. mutans levels in both saliva and
interproximal plaque - for the initial
screening, subjects were required to
have = 1 x 104 colony forming units
(CFUs) of S. mutans/ml in un-
stimulated saliva. Exclusion criteria
included antibiotic or anti-
inflammatory therapy during the
month preceding the microbological
evaluations, significant oral soft
tissue pathology other than
gingivitis, and large, untreated
carious lesions.

Following baseline saliva and
plaque sampling for quantification of
recoverable S. mutans and total
streptococci, 29 qualifying subjects
were randomly assigned either the
essential oil mouthrinse or a sterile
water control. They rinsed with 20 ml
for 30 seconds twice daily for 11
days and once on the 12 day, in
addition to their usual oral hygiene
procedures. On day 12, saliva and
plague samples were again collected
and microbiological quantification
performed. The procedures were
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rinse
period.

repeated with the alternate
after a 1-week washout

Tests were also done in vitro to
determine whether different
streptococcal strains had differing
susceptibilities to the bactericidal
activity of the essential oil
mouthrinse. The streptococcal strains
tested included S. mitis, S. sanguis,
S. gordonii, S. oralis, S. subrinus [2
strains each] and S. mutans [3
strains].

Of the 29 subjects included in
the trial, 27 completed both phases
of the study. For interproximal
plaque, the essential oil mouthrinse
produced  statistically significant
(p<0.001) reductions in  total
recoverable streptococci counts and
total recoverable S. mutans counts of
69.9% and 75.4% respectively. For
saliva, the essential oil mouthrinse
produced a statistically significant
reduction in  total recoverable
streptococci counts and total
recoverable S. mutans counts of
50.8% (p<0.001) and 39.2%
(p=0.012) respectively.

For the susceptibility tests, a
15 second exposure to half-strength
essential oil mouthrinse produced
statistically significant reductions in
CFU/ml of all the strains tested
(p<0.05) with percent reductions
ranging from 85.74 for S. gordonii to
99.77 for S. sobrinus when
compared to the control.
Additionally, there was significantly
more killing (p=0.006) of S. mutans
and S. sobrius than of the other
strains, with respective percentage
reductions for these two organisms
of 99.66 and 99.77.

The authors concluded that
their study provided evidence that
the essential oil mouthwash tested,
significantly reduced the level of S.
mutans, and demonstrated in situ
bactericidal activity, which is an
additional rationale for its daily use
as an adjunct to mechanical oral
hygiene regimens.
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The reduction in bacterial counts in
plaque and saliva has been shown in
several other studies providing
further evidence for the antibacterial
efficacy of essential oil mouthwashes
(Listerine) in reducing levels of a
wide variety of bacterial species
(including cgaﬂogenic bacteria such as

S. mutans) . For example, Depoala
et al.’ undertook a double-blind,
controlled, cross-over study to
evaluate the effect of rinsing with an
essential oil (Listerine) on the level
of viable salivary bacteria for periods
up to 1 hour. Unstimulated Saliva
was collected from 25 subjects,
serially diluted, and cultured on
selective and non-selective media
under  aerobic and anaerobic
conditions. Streptococci, Veillonella
sp., and total aerobic and anaerobic
flora were enumerated just prior to
and 2, 15, 30, and 60 minutes after
rinsing for 30 seconds with either 20
ml of Listerine or a 5% hydroalcohol
control rinse.

After the control rinse, total
flora cultivated on MM10 agar
exhibited a non-significant (P >
0.05) 10%-20% decrease relative to
baseline. In contrast, rinsing with
Listerine resulted in a significant (P <
0.05) 60%-65% decrease from
baseline in all four microbial groups
at 2 minutes and except in the case
of  Veillonella, the significant
decreases were sustained up to 60

minutes. Charles et aI.10 also de-
monstrated a statistically significant
(p < 0.001) 43.8% reduction in
recoverable plaque bacteria from
interproximal spaces following
rinsing with the essential oil
mouthrinse. In this study, 34 healthy
adults, aged 23-64 years, rinsed for
30 seconds with 20 ml of either the
essential oil rinse or a negative
control rinse. Five minutes later,
interproximal plaque was collected
using paper points, and recoverable
bacterial counts were quantified
using both end point dilution and
spectrophotometric methods.
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Pan et aI.12 investigated the in situ
bactericidal activity of an essential oil
mouthrinse using a vital stain
method. The researchers sampled 1-
day-old plaque in 17 subjects at
baseline from the buccal surfaces of
diagonally contralateral maxillary
and mandibular bicuspids and 1st
molars. The patients were then
randomly assigned either an
essential oil mouthrinse or a sterile
saline negative control and rinsed
under supervision with 20 ml for 30
seconds. After 30 min, plaque was
sampled from the remaining
contralateral posterior teeth.
Subjects repeated these procedures
with their respective alternate rinse
after 1 week. Pooled plaque samples
from each subject at each sampling
period were stained with a
commercially-available fluorescent
stain which fluoresces live and dead
bacteria green and red, respectively.
The stained plaque specimens were
analyzed using computerized image
analysis. A separate in vitro study
was conducted to determine the
relationship between the percent red
stain per sample and bacterial
viability. The results indicated that
following rinsing with the essential oil
mouthrinse, 78.7% of bacteria were
dead compared to 27.9% following
rinsing with the negative control
(p<0.001). The in vitro findings
demonstrated that the percentage of
red stain per sample is reflective of
actual bacterial kill. This study
confirmed the findings of previous in

vitro and in vivo studies which
demonstrated that essential oil
mouthrinses to have significant

biocidal activity against oral micro-
organisms.

Most recently, Takarada et al.
(February 2004)* compared the
antibacterial efficacies of essential
oils against the following oral
pathogens: Porphyromonas gingi-
valis, Actinobacillus actinomycetem-
comitans, Fusobacterium nucleatum,
Streptococcus mutans, and Strepto-
coccus sobrinus. The authors tested
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manuka oil, tea tree oil, eucalyptus
oil, lavandula oil, and romarinus oil
and determined their minimum
inhibitory concentration and
minimum bactericidal concentration.
The essential oils inhibited the
growth of the bacteria tested,
manuka oil being the most effective.
Minimum bactericidal concentration
values showed that lavandula oil acts
bacteriostatically, and the remaining
oils, bactericidally. Periodontopathic
bacterial strains tested were killed
completely by exposure for 30
sedonds to 0.2% manuka oil, tea
tree oil or eucalyptus oil. Tea tree oil
and manuka oil showed significant
adhesion-inhibiting activity against P.
gingivalis. All the essential oils tested
inhibited the adhesion of S. mutans.
This study showed that, among the
essential oils tested, manuka oil and
tea tree oil in particular had strong
antibacterial activity against
periodontopathic  and cariogenic
bacteria. From the viewpoint of
safety, the effects of these essential
oils on cultured human umbilical vein
endothelial cells and were tested and
it was found that, at a concentration
of 0.2%, they had little effect on
cultured cells.

Recently an essential oil
mouthwash was introduced with
claims that it was the first antiseptic
mouthwash with fluoride and that
twice daily use of Fluoride Listerine
(product name) helped to re-
mineralize tooth enamel and prevent
cavities and gingivitis. The rationale
for introducing this combination of an
antimicrobial mouthwash that also
contained fluoride was based on the
fact that this method of delivery
(self-administration by patient) was
particularly desirable and appealing
as an adjunct in the treatment of
dental caries and gingivitis, since it
was relatively simple and allowed a

wide margin of variation for safetyls.
Furthermore it has been well-
documented that the addition of 100
to 226 parts per million, or ppm,
fluoride ions (from sodium fluoride,
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or NaF) to mouthrinse can signifi-
cantly reduce or even reverse the
initiation and progression of dental

caries and this, together with its
efficacy for plaque and gingivitis
control provided a more

comprehensive and convenient oral
care package.

Zero and colleagues (2004)15
undertook an observer-blinded,
randomized controlled crossover trial
to determine the remineralizing
effect of an experimental mouthrinse
containing both fluoride and essential
oils in an intraoral caries test model.
This was a 3 x 3 crossover study in
which the patients served as their
own controls. The three test
mouthrinses were: (1) Essential oil
with fluoride (100 ppm F)- Test
group, (2) A neutral NaF mouthrinse
containing 100 ppm fluoride -
Positive Control, and (3) Essential oil
with no fluoride - Negative Control.
Each product was used twice daily
for two weeks by each patient with a
washout period of at least four days
in-between treatments. Initially 153
patients enrolled in the study with
125 patients being available for
evaluation at the study endpoint. For
inclusion, patients had to be healthy,
over the age of 18 years and were

required to have a mandibular
removable partial denture with
sufficient room in the posterior

buccal flange area to accommodate
two enamel specimens.

This study'® used a modification
of the intraoral caries test, or ICT,
where enamel remineralization is
used as an indicator of anticaries
activity. The intraoral model used
was created by grinding a 10 x 6 X
2-millimeter space on the acrylic
area of the partial denture where two
partially demineralized human
enamel specimens mounted on the
buccal flange area of the appliance.
Since subjects used their own partial
dentures, subject compliance was
easily achievable and no excessive
discomfort was recorded. To simulate
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the interproximal areas and pits and
fissures, where plaque accumulation

is present consistently and ion
diffusion is restricted, the
researchers covered the enamel

specimens with gauze. The enamel
specimens were luted in place using
a light-cured dental composite. They
mounted the specimens in such a
manner that the enamel surface of
the specimen was flush with the
surface of the buccal flange of the
denture.

The researchers assessed
specimens for mineral content
change and fluoride uptake using
surface microhardness, or SMH,
testing and enamel fluoride analysis,
respectively. The results after two
weeks showed that percentage of
SMH recovery was 42 percent in the
test group, 36 percent in the positive
control group and 16 percent in the
negative control group. The fluoride
uptake was 19 micrograms per
square centimeter, 16 pyg/cm2 and 3

ug/cm2 for the test mouthrinse,
positive control and negative control
groups, respectively. In terms of
both percentage of SMH and fluoride
uptake, the test mouthrinse and
positive control mouthrinse were
statistically higher than the negative
control mouth-rinse, and the test
mouthrinse was “at least as good as”
the positive control mouthrinse. The
researchers in this trial concluded
that an essential oil mouthrinse with
100 ppm fluoride was effective in
promoting enamel remineralization
and fluoride uptake in incipient
lesions. The clinical implications of
this  trail suggest  that the
combination of fluoride and essential
oils in a mouthrinse may provide
anticaries efficacy, in addition to
essential oils’ previously established
antigingivitis efficacy.

The evidence provided thus far
in this series of papers on the uses of
essential oils in dentistry adds to the
already impressive versatility of
these products for the improvement
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of oral health. It seems that the
addition of Fluoride to essential oil
mouthwashes has further enhanced
its appeal as a “broad-spectrum”
mouthrinse with multiple benefits for
patients combined with an extremely
easy method of delivery via simple
oral rinsing. Finally, the proven

safety19 of essential oil mouthrinses
such as Listerine further enhances its
viability as an adjunct for mechanical
oral hygiene regimens and
interventions for the prevention of

tooth decay.
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Resumen

La caries dental es una enfermedad
cronica infecciosa que resulta en la
destruccion de tejido dental. Es
causada por una compleja
interaccion de microorganismos
orales en la placa dental, por el tipo
de alimentacion, y por una amplia
gama de factores anfitriones que
tienen que estar presentes para que
se presente caries dental. De tal
manera, la figura 1 deberia dejar en
claro que si los profesionales de la
salud desean introducir
intervenciones efectivas para la
prevencion de la caries dental, para
tener éxito deben simplemente
controlar al menos uno de los
factores (ya sea en relacion al diente,
al sustrato o a la flora) involucrados
en la etiologia de la caries dental.
Asi, por ejemplo, si se controla la
presencia de S. mutans (reducida a
niveles insignificantes) entonces uno
puede estar considerablemente
seguro de que no se presentaran
nuevas lesiones cariosas en ese
paciente. Publicado primero en S
Afr Dent J 2004; 59: 296 - 8.
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