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ABSTRACT

Objective: The objective of this study was to compare the remineralizing effect of sodium fluoride
(NaF) mouth rinse or NaF gel as an adjunct to NaF dentifrice on incipient caries-like lesions in an
in situ cross-over design study, with three sessions of 30 days each.

Materials and methods: Orthodontic brackets with artificial demineralized enamel slabs were
attached to the upper first molars of 12 participants. A set of 3 test specimens from the same tooth
was randomly assigned to each participant and allocated into three 30-day sessions: 1) brushing with
0.22% NaF dentifrice 2 times/day (F dentifrice), 2) brushing with 0.22% NaF dentifrice 2 times/day
+rinsing with 0.05% NaF before bedtime (F mouth rinse), 3) brushing with 0.22% NaF dentifrice
2 times/day + brushing with 1.1% NaF gel before bedtime (F brush-on gel). The mineral gain and
lesion depth of the specimens were evaluated by micro-computed tomography.

Results: The mean mineral gain from the NaF mouth rinse and the NaF brush-on gel was similar, but
greater than that from the NaF dentifrice (p <.05). The NaF brush-on gel yielded the greatest mean
depth of remineralization (168 um), followed by the NaF mouth rinse (144 pm). Both depths were
significantly greater than that of the NaF dentifrice (84 um) (p < .05).

Conclusions: Both 0.05% NaF mouth rinse and 1.1% NaF brush-on gel, used at bedtime, increased
incipient caries-like lesion remineralization in situ in combination with brushing with NaF dentifrice
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twice a day.

Introduction

Dental caries continues to be a major health concern world-
wide [1-4] and is the most wide-spread disease in the world
[5]. However, the prevalence of caries has declined in most
industrialized countries since the mid-60s, mainly because of
the widespread use of fluoride (F) toothpaste [6,7]. Other F
products, such as mouth rinse solutions, gels, and varnishes,
may have contributed to this decline [8]. Moreover, oral
hygiene (e.g. tooth brushing habits) and dietary factors (e.g.
sugar intake frequency) play an important role in caries
development [9].

It has been found around the world, including in
European [10] and Asian countries [11] that for both children
and adults with low/moderate caries risk, brushing with F
toothpaste twice a day reduces caries. An example of the
proper technique is found in the recommendations by the
Swedish National Board of Health and Welfare [12]. Although
tooth brushing frequency has increased in most European
countries during 2004-2010 [10], in Asia, tooth brushing with
F toothpaste remains the most effective public health

preventive measure for reducing the burden of oral disease,
according to Anggraeni [13].

For patients with an increased risk of developing caries, or
having signs of active caries, it is important to recommend
the use of other F products in addition to the twice daily
use of toothpaste. There are also indications that tooth
brushing with F toothpaste 3 times/day or using a high F
toothpaste (5000 ppm F) may have an additional effect on F
availability in the oral cavity [14,15]. For these patients, self-
applied F products, such as F mouth rinse solutions and F
gel may play an important role in caries reduction. However,
according to these authors, there is a scientific knowledge
gap on the benefit and optimal use of these F adjuncts in
combination with daily tooth brushing with F tooth-
paste [16].

There have been three extensive Cochrane reviews on: i)
‘combinations of topical fluoride (toothpastes, mouth rinses,
gels, varnishes) versus single topical fluoride for preventing
dental caries in children and adolescents’ [17], ii) ‘fluoride
gels for preventing dental caries in children and adolescents’
[18] and iii) ‘fluoride mouth rinses for preventing dental
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caries in children and adolescents’ [19]. The main conclusions
from these three reviews are that: i) The preventive fraction
increases from fluoride gel or mouth rinse combined with
toothpaste versus toothpaste alone were higher in the com-
bined regimens, however, the differences were not statistic-
ally significant [17], ii) there is moderate quality evidence of
a large caries-inhibiting effect of fluoride gel in the perman-
ent dentition compared with placebo gel, non-placebo con-
trol and no treatment group [18] and iii) supervised regular
use of fluoride mouth rinse by children and adolescents is
associated with a large reduction in caries increment in per-
manent teeth [19].

Mouth rinse solution and brush-on gel, two home care F
products for high-caries risk patients, are recommended to
be used as an adjunct to F toothpaste [20]. Fluoride mouth
rinse solutions are available over-the-counter for daily or
weekly rinsing in many countries as 0.05% NaF (225 ppm F)
or 0.2% NaF (900 ppm F). From 35 trials (15,305 participants),
the pooled prevented fraction (PF) of F mouth rinsing was
27% [19]. Due to its high flowability, a F solution can easily
penetrate into the inaccessible areas of the dentition, such
as the interproximal space [21].

Self-applied topical F gels, containing 1-2% NaF
(4500-9000 ppm F), used either in individual trays or as a
brush-on gel, have similar indications as F mouth rinse.
However, the F gel may be more difficult for patients to
acquire, because it must be prescribed by a dentist. It is also
more time consuming to use the gel in a tray than to brush
with the gel as a toothpaste. From 25 trials (8479 partici-
pants), the pooled PF of NaF gel was 28%, similar to using
NaF mouth rinse solutions [18]. An advantage of the gel is,
however, its high viscosity, which provides longer F oral
retention compared with a mouth rinse [22,23].

Various in situ interproximal models have been used for
studying the effect of F products on enamel remineralization
[24,25]. The mineral changes are often determined using
transverse microradiography (TMR), which is considered the
best method for determining enamel mineral density (MD) in
vitro. Recently, we have developed an in situ model and ana-
lyzed the MD with micro-computed tomography (Micro-CT;
pCT), which has the advantage of non-destructively measur-
ing enamel sample MD [26]. A methodological study of white
spot lesions found that there is a close correlation between
Micro-CT and TMR evaluation of enamel lesion parameters

[27]. TMR requires sample embedding, drying and precise
sectioning, followed by development and digitization of the
micrographs, while pCT can provide 3D images and MD pro-
files without these time-consuming procedures.

The objective of this study was to compare the spatial
and quantitative remineralizing effects of NaF mouth rinse or
NaF brush-on gel used as an adjunct to NaF dentifrice in an
in situ model by analysing the MD using Micro-CT. We
hypothesized that these two NaF products would increase
enamel remineralization compared with NaF toothpaste
alone and the remineralizing ability of these two fluoride
products would be significantly different.

Materials and methods
Design, ethical approval and sample size

The design of this investigation was similar to our prior study
[26]. The present randomized, cross-over, single-blinded in
situ study was approved by the Human Research Ethics
Committee of the Faculty of Dentistry, Chulalongkorn
University, Thailand (HREC-DCU 2014-011).

Fifteen post-orthodontic treatment volunteers, aged
20-23 years, in good general and oral health, were recruited.
They had normal salivary flow rate, no active caries and
moderate oral hygiene. The volunteers were considered to
have high caries risk because they consumed sugary snacks
or beverage more than 3 times/day. After they had been
given verbal and written explanations of the experimental
protocol, informed consent was obtained.

Specimen preparation and lesion formation

The enamel specimens were prepared from the proximal sur-
faces of 15 sound human premolars extracted for orthodon-
tic purposes (without white spot lesions or other defects).
Each surface was polished using an automatic polishing
machine (DPS 3200, IMPTECH, Boksburg, South Africa) at
100 rpm for 45s with water lubrication to remove the outer
F-rich layer. Three specimens (3x2 x 1mm; length-
x width x height) were obtained from each proximal surface
with a low-speed precision sectioning saw (ISOMET 1000,
Buehler, Lake BIuff, IL). All specimen surfaces were covered
with nail varnish (L0O4, Sephora Nail Lacquer, San Francisco,
CA), except for a middle 1 x 1 mm window (Figure 1).

The specimens were then immersed in a demineralizing
solution containing 0.1 M lactic acid (Sigma-Aldrich, Saint
Louis, MO), 0.2% (g/100 ml) polyacrylic acid (Carbopol® €907,
BF Goodrich, Cleveland, OH), and 50% saturated with
hydroxyapatite (Sigma-Aldrich, Saint Louis, MO), pH 4.8 [28],
at 37°C for 7d to create artificial caries-like lesions that were
=150 um in depth. The demineralizing solution was replaced
every day. An indented reference line was made on the lat-
eral surface above the window margin of each slab. This ref-
erence mark was used for the subsequent Micro-CT
evaluations.
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Figure 2. Experimental protocol.

Intraoral appliance preparation

Each specimen was attached to an orthodontic bracket with
flowable composite resin (Filtek, 3M-ESPE, ST. Paul, MN)
(Figure 1). The lesion was placed against the mesial wing of
the bracket to simulate proximal caries. The specimens were
then sterilized with ethylene oxide for 12h and stored in
deionized water. A set of 3 specimens from the same prox-
imal surface of a tooth was randomly assigned to each vol-
unteer, who was allocated into 3 experimental sessions by
simple randomization. The brackets were bonded using
Transbond XT (3M Unitek, Monrovia, CA) to the buccal sur-
face of the right upper first molars of the volunteers.

Experimental protocol and test products

The study was conducted in 3 sessions of 30 days each, A, B
and C (Figure 2). At each phase, one specimen was randomly
assigned to one of the 3 sessions. During session A, the vol-
unteers were instructed to brush their teeth for 2 min with
1.5cm (x1g) 0.22% NaF toothpaste (1000 ppm F) (Colgate
Total 12 Advanced Fresh Gel, Colgate-Palmolive Company,
Bangkok, Thailand), 2 times/day, after breakfast and before
bedtime, as a control group. After brushing, the subjects
were not allowed to eat, drink or rinse for 30 min. Session B
was the same as A +rinsing for 1 min with 10 ml 0.05% NaF
mouth rinse (225 ppm F; Oral-B Pro-Health Tooth and Gum
Care Mouth Rinse, Procter & Gamble, Thailand); the rinsing
was performed 30min after brushing with the toothpaste,
just before bedtime. The subjects were advised to expector-
ate the solution after use, and not to eat, drink or rinse for
30 min. Session C was the same as A+ brushing with a thin
ribbon (<0.59g) 1.1% NaF brush-on gel (5000ppm F;
Prevident Gel, Colgate-Palmolive Company, New York, NY)
for 2min; the brushing with the gel was done 30 min after
brushing with the toothpaste, just before bedtime. The sub-
jects were, as per the manufacturer’s instructions, advised to

expectorate the brush-on gel after use, and not to eat, drink
or rinse for 30 min.

One week before the first phase (pre-treatment phase)
and during the 2-week washout periods between each
phase, the volunteers brushed their teeth with the 0.22%
NaF toothpaste as used in the 3 sessions (Figure 2). After
each phase, the orthodontic brackets were removed, and the
enamel samples were analyzed by Micro-CT again. A new
bracket with another specimen from the same tooth was
attached following the washout period. Throughout all ses-
sions, the volunteers were instructed to maintain their nor-
mal dietary habits and write daily diet records. Daily diet
records would help the volunteers in maintaining a similar
frequency and amount of food or snack intake during
each session.

Two of the test products contained antimicrobial agents;
Colgate Total toothpaste contains triclosan and Oral-B Pro-
Health contains cetylpyridinium chloride (CPC), the dentifrice
and fluoride mouth rinse were bought from a supermarket.
The fluoride brush-on gel was ordered from a supplier
because it is not available to the public, only through den-
tists under their instruction.

Mineral density measurement

The MD of the 1x 1mm window of each specimen was
measured using a desktop cone-beam Micro-CT system (uCT
35, Scanco Medical AG, Bassersdorf, Switzerland). The sam-
ples were scanned at 70 kVp, 114 pA, and under standard
resolution (1024 x 1024). The samples were rotated at 180°
with an integration time of 407 milliseconds and an isomet-
ric voxel size of 12pum. A 0.5-mm thick aluminium filter was
placed in the beam path to reduce beam-hardening effects.
A 1200mg HA/cm?® hydroxyapatite phantom was used to
calibrate the beam hardening correction. To calibrate the
mineral density, a series of hydroxyapatite phantom
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Figure 3. Mean mineral density (mgHA/cm3) through the depth of the lesion (1um) of the experimental groups.

standards with densities of 0, 100, 200, 400 and 800 mg HA/
cm® were scanned. All Micro-CT measurements were ana-
lyzed by the same blinded investigator (PB).

Data analysis

The grey scale value of the Micro-CT scan was converted to
MD (mgua/cm?). Mean values were calculated from each spe-
cimen every 12 pm depth through the entire lesion. To cal-
culate the lesion depth and MD, a mineral density profile
was created by plotting MD against lesion depth. The mean
MD gain was calculated by subtracting the pre-treatment
area under the curve (AUC) with the post-treatment AUC of
each control and experimental group. The lesion depth was
marked at the depth where the MD was equivalent to 95%
of the maximum density [29]. The percent remineralization
(%R) indicated the ratio of the MD gain and the MD of the
original lesion, which was obtained from the equation:

%R = (AUCpost — AUCpre /AUCpre) x 100)

The percent increased MD compared with dentifrice was
calculated from the equation [30]:

% increased MD compared with dentifrice
= [(AZd—AZr)/AZd] x 100

(AZr = the difference in AUC between pre- and post-treat-
ment of the brush-on gel or fluoride mouth rinse phase.
AZd =the difference in AUC between pre- and post-treat-
ment of the dentifrice phase).

Statistical analysis

Prior to the study, and based on Songsiripradubboon et al,
[26], a sample size calculation determined that 12 samples
were required to demonstrate an absolute difference of 5%
in mean MD change between the two F products (mouth
rinse and gel) with 90% power (o=.05, f=.10).

The SPSS program version 17.0 (SPSS, Chicago, IL) was
used to analyze the data. The difference between the min-
eral gain within each experimental treatment was evaluated
by the paired t-test with a p level of .01. The difference in
initial MD, initial lesion depth, mineral gain, decrease in
lesion depth and depth of remineralization between the
three treatments (dentifrice, mouth rinse and brush-on gel)
were analyzed using one-way ANOVA with Bonferroni correc-
tion, at p value of .05.

Results

Twelve out of the 15 volunteers completed all three experi-
mental phases. This is because three specimens from three
volunteers broke during orthodontic bracket removal. Thus,
36 (12 x 3) out of 45 (15 x 3) specimens (80%) were included
in the final analyses.

MD increased through the entire lesion depth after all
three treatments and became constant when approaching
the maximum density, which was assumed to be sound
enamel (Figure 3). A significant difference between the pre-
and post-treatment MD was observed from 0 to 168 microns
in depth for the F brush-on gel, 0 to 144 microns for the F
mouth rinse and 0 to 84 microns for the F dentifrice (p < .01,
Figure 3).

The mean MD gain between the brush-on gel and mouth
rinse was not significantly different. However, both experi-
mental sessions gained significantly more MD compared
with F dentifrice alone (p <.05) (Table 1).

In addition to the mean MD gain, the remineralizing effect
of the two F products was evaluated by % remineralization
(%R) (Table 1). The mean MD and %R showed the same
trend. The adjunctive use of brush-on F gel and F mouth
rinse showed an additional remineralizing effect of approxi-
mately 78% and 41%, respectively, compared with using F
dentifrice alone.
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Table 1. Mineral density, mineral gain, % remineralization, and % increased mineral density (Mean +S.D.).

Mineral density (mgya/cm?)

% Increase

MD gain® compared to Baseline lesion Decrease in lesion
Treatment Pre Post (mgya/cm?) %RE dentifrice® depth (um) depth (um)
Dentifrice 1367.8+£60.7 1480.6 +102.5 112.8£65.9° 6.9+4.0° 0 128.37 +18.83° 30.76 +£21.39¢
Dentifrice + Gel 1323.9+100.1 1514.4+128.1 190.5 +50.3° 12.0+3.0° 78 138.87 +19.28¢ 48.06 +23.86°
Dentifrice + Mouth 1380.3+£80.3 15455+112.7 165.3 +74.4° 10.0 +4.6° 4 128.93 +23.82° 46.04+24.17°

rinse

AMD Gain: Mineral gain.
B96R: % Remineralization.

9% Increase compared to dentifrice: % increase mineral density compared to dentifrice.

Different letters indicate significant difference (p >.05) in the same column.

The brush-on gel treatment yielded the greatest mean
depth of remineralization (168 um), followed by the rinse
(144 pm), and the dentifrice (84 um) treatments. Although
the mean depth of remineralization between brush-on gel
and rinse treatment was not significantly different, both add-
itional F products yielded a significant difference in depth
of remineralization compared with F dentifrice treat-
ment (p <.05).

Discussion

The present study found that the use of the two topical F
agents, 1.1% NaF brush-on gel and 0.05% NaF mouth rinse,
as an adjunct to 0.22% NaF dentifrice resulted in increased
incipient caries-like enamel lesion mineralization. Although
the brush-on gel had a somewhat greater effect compared
with the mouth rinse solution, the difference was not
significant.

In the present study, we used Micro-CT to evaluate the
remineralization effect of the F agents on demineralized
enamel. This method is as a non-destructive alternative to
TMR, which is considered as the optimum technique for eval-
uating enamel lesions [27].

The reason we used a dentifrice containing triclosan in
our study is that this toothpaste is widely available in
Thailand. Triclosan does not increase or reduce the anticaries
efficacy of sodium fluoride toothpaste [31]. The mouth rinse
used contained CPC because there is no pure sodium fluor-
ide mouth rinse commercially available. Moi et al. demon-
strated that a NaF mouth rinse containing CPC had a similar
effect on enamel remineralization to that of NaF mouth rinse
alone [32]. Thus, these substances in the two products tested
presumably had no confounding effects on the results in
our study.

Topical F efficacy can be evaluated by the amount of
available F ions and their accessibility to cariogenic sites [33].
Fluoride bioavailability is influenced by many so-called indi-
vidual-related factors (e.g. oral clearance and plague amount)
and product-related factors (e.g. F concentration and formu-
lation). The individual-related factors played only a minimal
role in the present investigation because the study was per-
formed using a cross-over design. An important factor to
take into consideration is how well the subjects followed the
instructions given. To monitor the compliance of the volun-
teers, we tracked the product amount used and replenished
to the volunteers according to the estimated 30-day use.

Fluoride bioavailability is also influenced by many prod-
uct-related factors, such as the F dose, product formulation
and the F concentration. The total F dose was approximately
the same for the two regimens, 0.5g of 5000 ppm gel =
25mg F and 10ml of 225ppm solution = 2.25mg F. The
two products formulations differ in many respects, including
contact time (1 vs. 2min), viscosity, taste, product handling.
The mouth rinse is highly flowable and can easily access a
proximal lesion, bringing more F ions to the lesion compared
with a brush-on gel. However, as a liquid, it is not well
retained in areas it reaches. Thus, the F ions rapidly wash
out before reaching the inner part of the caries lesion. The
product use is easy, with 10 ml swished around in the mouth
for 1 min.

In contrast to mouth rinse solutions, fluoride gels have a
high viscosity and thereby a longer salivary retention time
[22,23]. Thus, the brush-on gel used in the present investiga-
tion may be retained in the dental plaque, on the oral
mucosa and on the tooth surfaces. The brush-on gel then
gradually dissolves into the saliva, releasing F ions, which
can penetrate into the enamel, resulting in a cariostatic
effect. Thus, the brush-on gel acts as an F reservoir, main-
taining sufficient amounts of F ions to penetrate into the
deeper lesion area. A brush-on gel is somewhat more com-
plicated to handle compared with a rinsing solution, because
it is applied on a toothbrush and used for 2 min.

For an F containing product to have a cariostatic effect, F
has to dissolve in the saliva and other oral fluids, and then
diffuse into the enamel [34]. The difference between the pre-
and post-treatment MD values (Figure 3) may partly result
from the respective penetrating ability of the three products
evaluated in the present study. The greater difference
between the pre- and post-treatment MDs at the superficial
lesion depths compared with the deeper lesion depths of
the fluoride mouth rinse group indicate a greater mineral
gain was achieved in the superficial lesion layer. However,
progressing further through the lesion, the mineral gain of
the fluoride brush-on gel group was higher than that of the
mouth rinse group. These results indicate that at the deeper
lesion layer, fluoride brush-on gel was more effective.

Topical agents with higher F concentrations result in a
greater increase in salivary F levels immediately after applica-
tion and are retained longer in the saliva compared with the
lower F concentration agents [35,36]. Because the brush-on
gel has a high F concentration (5000 ppm), it will result in a
high initial oral F ion retention, which provides a greater
driving force and F ion penetration through the dental
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plaque and into the enamel fluids compared with the F rinse.
Based on this condition, a brush-on gel is likely to produce a
more favourable outcome compared with a mouth rinse
solution with lower (225 ppm) F concentration [22,23]. For a
900-ppm F rinse, which is used for daily rinsing in the Nordic
countries including Sweden [12,35,36], the results may
be different.

The overall results of our study indicate a similar reminer-
alizing ability of the brush-on F gel and the F mouth rinse
with a trend to more remineralization for the gel. In the pre-
sent study, we focussed on interproximal caries lesions and
the results may have been different if we used buccal
lesions. The F concentration in the plaque at the proximal
area is approximately 50% of that at the smooth surface area
[37]. The gel viscosity may account for limited accessibility to
the proximal lesion site [21]. However, in the present study,
we used the brush-on gel according to the instructions given
by the manufacturer; thus, it was applied by a toothbrush. If
the gel had been applied directly to the interproximal lesion
with a finger, a higher MD gain might occur. This hypothesis
is supported by a study by Nordstrom & Birkhed [14], show-
ing that a 5000- or 1450-ppm F toothpaste applied as a
‘lotion’ and massaged into the buccal surfaces with a finger-
tip increased F retention in the plaque and saliva. To
extrapolate these data into the clinical situation and to caries
risk patients, it is important to perform further clinical studies
by extending the experimental period and using subtraction
bitewing radiography to evaluate lesion remineralization.

According to the experimental protocol, these two fluor-
ide products could be used as adjunct to fluoride toothpaste
in daily routine. However, our results may represent only
short-term efficacy of these products, owing to the limited
experimental time. Therefore, long-term clinical trial on the
practicality and ease of use should be further studied.

In conclusion, both the 226-ppm F mouth rinse solution
and the 5000-ppm F brush-on gel resulted in increased MD
throughout the lesions and deeper remineralization com-
pared with those of the 1000-ppm F dentifrice. Thus, using
these two topical F agents for 30 d resulted in a significantly
greater remineralizing effect on artificial caries lesion lesions
in enamel compared with the F dentifrice alone.
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