Post-brushing rinsing for

the control of dental caries:
exploration of the available
evidence to establish what advice
we should give our patients
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IN BRIEF

® Raises awareness of the potential for
post-tooth brushing rinsing behaviours
to either reduce or enhance the
effectiveness of fluoride toothpaste.

® Highlights the lack of high-quality
evidence to support guidance for post-
tooth brushing rinsing behaviours.

® Provides recommendations for post-tooth
brushing rinsing behaviour based on
consensus views of dental experts.

Post-tooth brushing rinsing behaviours have the potential to either reduce or enhance the effectiveness of fluoride
toothpaste and show wide variation in the general population. There is a lack of high-quality evidence to support definitive
guidance in this area. However, the currently available international guidelines provide consistent recommendations
despite the limited evidence. To explore the available evidence base and recommendations on optimal post-brushing
rinsing behaviour relating to the use of both water and mouth rinses, a meeting was held between the authors and other
experts. This paper reports the consensus views of those present at the meeting concerning what advice we should give
our patients. A full list of meeting attendees is provided at the end of this article.

INTRODUCTION

Oral care products for home-use play an

important part in the prevention and con-
trol of oral diseases such as caries and
periodontal disease. Fluoride toothpaste
is the most widely used topical fluoride
modality for caries prevention and control
worldwide. There is a body of high-quality
evidence regarding the optimal concen-
tration of fluoride in toothpaste for caries
prevention, the frequency of brushing and,
to a lesser extent, the amount of tooth-
paste to be used (particularly in young
children). Rinsing with water or a mouth
rinse after tooth brushing is also a com-
mon practice. Ideally oral hygiene proce-
dures should complement each other, yet
the method of rinsing and the product used
for rinsing (for example, water, fluoride
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mouth rinse or antimicrobial mouth rinse)
could potentially either reduce or enhance
the effectiveness of fluoride toothpaste.
Despite this important interaction, this is
an area in which there is little guidance for
the patient or the dental practitioner. The
consensus recommendations described in
this paper are based on an exploration of
the different types of evidence currently
available and the knowledge gaps that
exist. Although the range and quality of
evidence on optimal post-brushing rins-
ing behaviour relating to the use of both
water and mouth rinses is variable, recom-
mendations from professional organisa-
tions on post-brushing rinsing appear to
be consistent.

The goal of oral health maintenance is to
prevent and control caries and other oral
diseases through a multifaceted approach,
which for dental caries takes into account
tooth resistance, biofilm, diet and rate of
disease progression.

Plaque biofilms develop in a structured
way over time. The developing biofilm
synthesises extracellular polymers that
form a functional matrix, which can mod-
ify the movement of molecules within the
biofilm. Mature plaque is more difficult to
remove than a newly formed biofilm and
may contain more pathogenic bacteria.'

Strategies to control caries include
effective oral hygiene practices to reduce
biofilm development, reduction in sugar

consumption and frequency to restrict
periods of acidic challenge to teeth, as
well as a range of interventions to increase
tooth resistance. Furthermore, oral disease
can be prevented not only by directly
inhibiting the putative pathogens, but
also by interfering with the environmental
factors driving the selection and enrich-
ment of these bacteria. Several traits of
cariogenic bacteria make good targets for
components of mouth rinses that aim to
control plaque or tooth demineralisation.
These targets include: inhibition of sugar
transport, inhibition of rapid production of
acid, interference with the acid tolerance
of the bacteria and blocking synthesis of
intracellular and extracellular polysac-
charides. Clearly any agent in a mouth
rinse must be active against the selected
target; capable of penetrating and then
being retained within the biofilm; must not
adversely affect oral microbial ecology and
must not generate resistance or select for
exogenous pathogens.'

Antiplaque agents can reduce bio-
film formation by altering the proper-
ties of the surface at risk of colonisation
and/or removing established biofilm.
Antimicrobial agents may kill target
organisms, but they can also be effective
if they slow bacterial growth and/or inhibit
cariogenic traits. For example, effective
agents may slow plaque growth/regrowth
or they may prevent development of a
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damaging pH within the biofilm, thereby
reducing the acidic challenge to the tooth
and eliminating the acidic environment
that selects for cariogenic bacteria. Mouth
rinses are effective vehicles for deliver-
ing antimicrobial or antiplaque agents,
although the pharmacokinetics and mode
of action of any active ingredient must be
consistent with this delivery route.

Historically, the anticaries benefits of
fluoride have been proven for toothpastes,
mouth rinses, gels and drinking water, etc.
Fluoride works in a range of ways includ-
ing acidification of the bacterial cell inte-
rior, which disrupts enzyme systems and
inhibits growth of the organism.?

A group of experts gathered to examine
and document the available evidence and
the gaps in this field through a series of
presentations given by the authors. The
experts then formulated consensus state-
ments relating to rinsing behaviour and
the prevention of dental caries. The evi-
dence for these statements and the con-
sensus statements themselves are provided
in this publication.

SALIVARY FLUORIDE CLEARANCE
AND MOUTH RINSES

Oral hygiene procedures should ideally

complement one another. Mouth rinses
are well accepted and widely used in
combination with brushing and flossing.
Many ingredients in mouth rinses have
been evaluated for their plaque-reducing
effectiveness and their ability to eliminate
mutans streptococci. Apart from fluoride,
such ingredients include chlorhexidine,
essential oils, triclosan, cetylpyridinium
chloride, sanguinarine, sodium dodecyl
sulphate and metal ions (tin, zinc, copper).
Mouth rinses containing fluoride have the
largest body of scientific evidence sup-
porting their anticaries efficacy and health
benefits and this knowledge is discussed
here. Evidence from a pilot study also sug-
gests that a fluoride rinse may even be a
more effective way of delivering topical
fluoride than fluoride dentifrice, based on
fluoride retention in saliva.?

Fluoride is bound in plaque biofilms
and is released when the bacteria start to
make acid and the pH within the biofilm
falls. Fluoride has two modes of antimi-
crobial action. It prevents enrichment of
organisms such as Streptococcus mutans
by inhibiting critical metabolic processes

(direct effect). In addition, by reducing
environmental acidification in biofilms,
fluoride removes the conditions that
give S. mutans a competitive advantage
(indirect effect).

Salivary fluoride clearance is a com-
mon surrogate used to assess the poten-
tial anticaries efficacy of fluoridated oral
care treatments. A typical mean salivary
fluoride clearance curve is formed by plot-
ting salivary fluoride clearance on a loga-
rithmic scale against time. The resultant
curve is typically biphasic, with an initial
rapid drop in fluoride concentration over
the first 30 min followed by a slow decline.
The initial fall reflects salivary wash-out of
unbound fluoride. During the latter phase,
it is believed that fluoride is released from
an oral fluoride reservoir. Labile fluoride,
stored in oral fluoride reservoirs at the
time of topical treatment application, may
maintain a prolonged protective effect
against dental caries.®

Use of a fluoride mouth rinse affects oral
retention of fluoride.® Duckworth and col-
leagues demonstrated that the inclusion of
100 ppm fluoride in a mouth rinse com-
pensated for the loss of oral fluoride after
an oral hygiene regimen that combined
brushing with fluoridated toothpaste fol-
lowed by rinsing with a non-fluoridated
mouth rinse.® This study further showed
that rinsing with a fluoridated mouth rinse
could contribute more effectively to inhi-
bition of caries if used between brushings.
The authors concluded that rinsing with a
100 ppm fluoride mouth rinse soon after
brushing with a standard fluoride tooth-
paste should not interfere with the tooth-
paste’s anticaries protection. However,
rinsing with a non-fluoride mouth rinse
soon after brushing with standard fluo-
ride toothpaste may reduce the anticaries
protection provided by brushing with a
fluoride toothpaste alone.®

To maintain the anticaries benefit of a
standard fluoride toothpaste, a mouth rinse
should therefore contain at least 100 ppm
fluoride if it is to be used at any time,
including soon after brushing. A non-
fluoride mouth rinse should preferably be
applied at different times of the day to a
standard fluoride toothpaste so as to avoid
the ‘wash-out phenomenon’ that impacts
on the benefit of the fluoride toothpaste.

If oral fluoride levels increase with
increasing applied fluoride dose for both

mouth rinses and dentifrices, a further
question concerns whether this depend-
ence is related to applied fluoride con-
centration or applied fluoride amount. A
study by Duckworth and colleagues dem-
onstrated that fluoride concentration in
mouth rinses appears to be a more impor-
tant factor than applied fluoride volume
in determining the elevation of oral
fluoride levels following topical fluoride
use.” Therefore, application of a fluoride
dose in a smaller volume and at a higher
concentration than the current norm,
may increase efficacy without increasing
adverse effects.’

Rinsing habits also play an important
role in the oral retention of fluoride from
dentifrices and may, in turn, affect their
clinical efficacy.® Approximal sites benefit
significantly more from fluoridated rinses
than the more exposed buccal sites in chil-
dren and adults, but this is affected by the
rinsing technique used.>'®

THE ROLE OF FLUORIDE
IN MOUTH RINSES

Several systematic reviews have evalu-
ated the effectiveness and safety of flu-
oride mouth rinses in the prevention of
dental caries. A review by Marinho and
colleagues' of 34 studies involving 14,600
children and adolescents concluded that

the regular and supervised use of fluo-
ride mouth rinse by children is associated
with a clear reduction in caries increment.
Studies in older children have shown
similar outcomes, although the benefit is
less marked in children who already use a
fluoridated dentifrice daily. Twetman and
colleagues'? found that fluoride mouth
rinses may have a caries-protective effect
in children with limited exposure to other
sources of fluoride, but any additional
effect is questionable in children who
already use a fluoridated dentifrice daily.
Consequently, when considering both effi-
cacy and cost-effectiveness, it has been
recommended that fluoride mouth rinsing
is targeted at individuals at high risk of
caries.'™®

A variety of fluoride compounds are
used in mouth-rinse formulations includ-
ing sodium fluoride (NaF), stannous fluo-
ride (SnF ), sodium monofluorophosphate
(Na,FPO,) and amine fluoride. These are
available at a range of concentrations, for
example, 0.2% NaF (909 ppm F), 0.05%
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NaF (226 ppm F), and 0.02% NaF (100 ppm
F). Products may be acidulated or neutral.
Other ingredients include surfactants,
humectants, flavouring, sweetener, colour-
ing and preservatives.

Many fluoride mouth rinses contain
other agents, such as essential oils. A
two week in situ trial (a large study for
investigations of this type, but still pro-
viding a lower level of evidence than
from in vivo randomised controlled tri-
als) evaluated the remineralising effect
of an essential oil fluoride mouth rinse
versus a non-essential oil fluoride
mouth rinse (the positive control) or an
essential oil non-fluoride mouth rinse
(the negative control). This concluded
that an essential oil mouth rinse with
100 ppm fluoride is effective at promot-
ing enamel remineralisation and fluoride
uptake.'® Furthermore, the combination
of fluoride and essential oils in a mouth
rinse may provide anticaries efficacy in
addition to the previously established
antigingivitis efficacy of essential oils.
Overall, the essential oil mouth rinse with
100 ppm fluoride used in a twice-daily
20 ml, 30 s rinsing regimen demonstrated
effects comparable with those of the NaF
mouth rinse regimens currently approved
for caries protection by the US food and
drug administration."”

There are many factors that influence
the effectiveness of mouth rinses and these
are summarised in Table 1.

Studies show that for mouth rinses,
higher fluoride concentrations are more
effective than lower concentrations in
enhancing remineralisation of white spot
lesions, although there is some debate
about the lowest concentration with
anti-caries efficacy.'®"

REVIEW OF FLUORIDE
PRODUCT USE AND ASSOCIATED
SCIENTIFIC SUPPORT

Tooth brushing habits among the general
population are far from optimal. For exam-
ple, a survey of children’s toothbrushing
habits in 41 countries® found variations
in the proportion of boys brushing more
than once a day: 52% in Ireland; 63-67%
in England, Wales and Scotland and 39%
in Finland.

The effectiveness of fluoride toothpaste
depends on many factors, but the two
that can most easily be controlled are the

fluoride toothpaste formulation and user
behaviour. With respect to user behaviour,
a systematic review by Marinho and col-
leagues?' found that frequency of use was
important. There was a 14% reduction
in caries increment when moving from
once- to twice-daily brushing,.

A wide variation is also observed in
post-brushing rinsing behaviours in clini-
cal and real-life settings.®*** The four most
common methods of post-brushing rins-
ing appear to be using a beaker, sipping
directly from the tap, sipping from cupped
hands and using a toothbrush to convey
water to the mouth. There also appear to
be cultural differences in rinsing hab-
its.”® Overall, rinsing after tooth brushing
appears to be the norm, with rinsing with
water being most popular.

A specific search conducted in PubMed,
combining terms for tooth brushing and
rinsing, found four studies that reported
the caries increment to be higher in people
who reported rinsing with large volumes of
water after brushing compared with those
who used little or no water.?>4-26

The difference in caries increment across
these studies ranged from 6% to 16%.
Three studies reported the difference in
effect was statistically significant - the
more thorough the rinse, the greater the
caries increment.

Chesters and colleagues* concluded
that rinsing methods may have a direct
effect on caries increment and to gain
optimum benefit from toothpaste, rinsing
with an excessive volume of water should
be avoided. Ashley and colleagues®® simi-
larly concluded that the preferred practice
was to rinse with a small volume of water
after brushing.?

A modified tooth brushing technique
with fluoride toothpaste rinsing has
shown further benefits in both children
and adults in terms of reductions in car-
ies increment.”'® The technique involves
spreading the toothpaste evenly on the
teeth and then brushing for two minutes
and not expectorating more than nec-
essary during brushing. A sip of water
may be taken (10 ml) to create a slurry of
toothpaste that is actively swished around
the dentition by active cheek movements
for one minute before expectorating.
There should be no further water rinsing,
and no eating or drinking for two hours
after brushing.

Table 1 Factors that influence the
effectiveness of fluoride mouth rinses

Fluoride concentration®32-3*

Fluoride compound - NaF, Na,FPO,, SnF,
amine F35-3¢

Mouth rinse pH’

Rinsing volume”®

Rinsing time'638

Rinsing frequency - once daily, twice daily,
weekly, or every two weeks®9-4

Timing of fluoride mouth rinse use:’*'=*3

Before or after meals
Morning versus bedtime
After fluoride dentifrice use

Oral physiology:>'7:4144

Salivary flow rate
Oral architecture

Prior dental plaque removal*®

Post-fluoride mouth rinsing behaviour:
Eating and drinking
Talking

A Cochrane systematic review® of the
effect of combinations of topical fluorides
versus a single topical fluoride included
five clinical trials that compared the caries-
preventive effect of the combined use of
fluoride toothpaste and fluoride mouth
rinse with that of fluoride toothpaste and
placebo rinse. Although the pooled result
favoured the combined regimen, the
difference was not statistically significant
(prevented fraction 0.07, 95%; CI 0.00 -
0.13, p = 0.06).

Fluoridated rinses have shown benefits
for caries reduction over non-fluoridated
rinses. Petersson and colleagues?®
compared the clinical effect on primary
root caries of daily use of a toothpaste
and mouth rinse with fluoride (amine
fluoride and potassium fluoride 250 ppm
F) versus a placebo mouth rinse in an adult
population at risk of caries. The results
showed significantly more reversals of root
caries with the fluoride mouth rinse than
the placebo.

CLINICAL GUIDELINES

Currently, there is a lack of recommen-

dations regarding optimal use of mouth
rinses after tooth brushing. The experts
identified several relevant guidelines
from different countries, some of which
have considered post-brushing rinsing
behaviour. Differences were found in the
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recommendations and in the evidence
level or grade given to the same recom-
mendation (due to variations in the way
guidelines are developed in different
countries). However, there appears to be
agreement across a number of evidence-
based guidance documents on general
recommendations for post-brushing rins-
ing behaviour, even if the methods used
to grade the evidence and the evidence

levels vary (Table 2).

The consistent message emerging from
the guidelines in Table 2 is to spit and
avoid excessive rinsing with water. The
main supporting evidence for these rec-
ommendations comes from four clinical
studies discussed earlier.2242¢

Specific recommendations regarding the
use of fluoride rinses include:

e Department of Health and British
Association for the Study of
Community Dentistry:* daily rinse
with 0.05% NaF at a different time to
brushing

e Australian Research Centre for
Population Oral Health:* use the rinse
at a different time to toothpaste

e New Zealand Guidelines Group:*' after
rinsing, mouth rinse should be spat out
not swallowed. This guideline differs
from the others as the expert advisory
group developing the guideline decided
that ‘if people are using mouth rinse,
then there is no harm in using it at the
same time as brushing’.

In conclusion, post-brushing rinsing is
the norm, with some evidence that the rins-
ing method, especially the volume of water,
may impact on the caries-preventive effect
of fluoride toothpaste. Guideline recom-
mendations are consistent on post-brush-
ing rinsing (spit, avoid rinsing with water/
excessive rinsing with water), however, the
evidence base is limited. Recommendations
that a fluoride mouth rinse be used for
individuals at high risk of caries and at
a different time to tooth brushing are
generally consistent, but once again the
evidence base is limited.

CONSENSUS REVIEW
AND CONCLUSIONS

Whilst there was not complete consensus
on comprehensive clinical recommenda-
tions, given the variable range and levels of

evidence on optimal post-brushing rinsing

Table 2 Common recommendations across guidelines to spit and avoid rinsing/
excessive rinsing with water

SIGN 47 (2000)* High caries risk 10 Scotland | A
aged 6-16 years
SIGN 83 (2005)* Pre-school children | 1++ and 1-" Scotland | A"
IOHSGI (2009)*® Children aged 1+ and 3* Ireland Bf
0-15 years
EAPD (2009)* Children ‘Insufficient’ Europe Not given
DoH and BASCD Children and adults | IVt UK None used
(2009)%
SDCEP (2010)*° Children aged None given Scotland | None used
0-16 years
AAPD (2009)°" Children None used USA None used
ARCPOH (2006) All ages None used Australia | None used
(Australia)®®

Key: AAPD, American Academy of Pediatric Dentistry; ARCPOH, Australian Research Centre for Population Oral Health; BASCD, British Association
for the Study of Community Dentistry; DoH, Department of Health; EAPD, European Academy of Paediatric Dentistry; IOHSGI, Irish Oral Health
Services Guideline Initiative; SDCEP, Scottish Dental Clinical Effectiveness Programme; SIGN, Scottish Intercollegiate Guidelines Network. The
search period was 2000-2010 for all the guidelines. *Grade A = at least one randomised controlled trial as part of a body of literature of overall
good quality and consistency addressing the specific recommendation; 1b = evidence obtained from at least one randomised controlled trial.

**Grade A = at least one meta-analysis, systematic review of RCTs, or RCT rated as 1++ and directly applicable to the target population; 1- for
meta-analyses, systematic reviews of RCTs, or RCTs with a high risk of bias. 'Grade B = studies rated as 2++, directly applicable to the target
population, and demonstrating overall consistency of results or extrapolated evidence from studies rated as 1++ or 1+. 1+ = Well-conducted
meta-analyses, systematic reviews or RCTs with a low risk of bias; 3 = Non-analytic studies e.g. case reports, case series. fIV = evidence from
well-designed, non-experimental studies from more than one centre or research group.

Table 3 Consensus statements on post-brushing rinsing behaviour

Rinsing with water after brushing with fluoride toothpaste can reduce the benefit of fluoride toothpaste.

There is a theoretical benefit in keeping the intra-oral levels of fluoride elevated by replacing a post-brushing
water rinse with a fluoride rinse.

Non-fluoride rinses should preferably be used before brushing or at a different time to brushing with fluoride toothpaste.

Mouth rinses containing fluoride can be used after brushing with fluoride toothpaste.

The panel endorsed the promotion of the positive messages from the research by Sjégren et al**
concerning use of a slurry of fluoride toothpaste.

All three documented methods of increasing post-brushing fluoride retention - (a) 'spit don't rinse’, (b) rinsing
with a slurry of fluoride toothpaste and saliva and (c) rinsing with a mouth rinse containing fluoride - could be
beneficial for caries control at the individual level.

There is a need to tackle the risk profile for dental caries in populations. To this aim, the panel supported Sir
Michael Marmot's strategy of ‘proportionate universalism'®? This approach advocates improving the oral health
of all by flattening the social gradient of disease, with a focus on seeking the greatest improvement in those with
highest need while still achieving improvements in other population groups.

On the basis of balancing risks and benefits, the panel recommended:

For children at high risk of caries:

e Rinsing should be supervised until an age where parents/carers are confident that children will not drink the
rinse

e Mouth rinses should not be used before the age of 6 years. (However, studies in Japan have indicated that
4-5-year-olds can rinse under supervision. In addition, children with newly erupting teeth may gain a long-
term benefit from using mouth rinses)*

e Use 10 ml twice daily of mouth rinse up to 100 ppm fluoride, or 10 ml once daily of mouth rinse up to 226 ppm fluoride

* Avoid the risk of approaching the lethal dose of fluoride by using an appropriate bottle size.

For the general population, including children aged 12 years and above:

® Brush twice daily with a fluoride toothpaste; do not rinse excessively with water; use one of the three recog-
nised post-brushing approaches to enhance fluoride retention.

The panel also encouraged future research with a range of mouth rinse products to explore the effects of the
interplay between the frequency of use of mouth rinse agents and fluoride concentration.

behaviour relating to the use of both water
and mouth rinses, the meeting participants
developed consensus statements, which are
summarised in Table 3. Because of the lack

of the highest quality evidence in this area,
the participants noted that these statements
constitute expert opinion and should be
recognised as such.
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There are many gaps in the evidence
available for review and research should
be prioritised in these areas. For instance,
there is a paucity of information on post-
brushing rinsing habits of children and
adults in different cultures. In addition,
little is known about the comparative effi-
cacy of brush/avoid rinsing versus brush/
use fluoride mouth rinse strategies. More
data are also required on the optimal con-
centration of the fluoride mouth rinse and
timing of its use. Further research needs
to be conducted on the mouth’s ‘fluo-
ride reservoir’ and the effect of fluoride
products on this reservoir over a period of
weeks. The assembled group also felt that
it is now accepted that there is a need for
biofilm ‘control’ rather than eradication,
that is, the aim is reduction/disturbance
of the biofilm rather than elimination of
all biofilm/plaque. There is still a require-
ment to brush technically well to ensure
plaque removal and ensure that the bio-
film quality remains benign. There is also
a need for greater understanding of what
the dental profession thinks and says and
does in this area.
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