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Abstract
Objectives This single-centre, randomised, crossover study used a short-term in situ dental erosion remineralisation model to
explore the remineralisation of acid-softened enamel in the 4-h period immediately following brushing with an anti-erosion,
dentin hypersensitivity test dentifrice containing 1150 ppm fluoride (as sodium fluoride [NaF]) or a placebo dentifrice with no
fluoride.
Materials and methods Fifty participants wearing a palatal appliance holding surface-softened bovine enamel specimens
brushed their natural teeth with their assigned dentifrice. Specimens were removed at 5-, 10-, 15-, 30-, 60-, 120- and 240-min
post brushing. Enamel remineralisation effect was evaluated at each timepoint by percent surface microhardness recovery
(%SMHR) and enamel fluoride uptake (EFU). After a second in vitro erosive challenge, the percent relative erosion resistance
(%RER) was calculated.
Results Statistically significant differences in%SMHRwere observed for the test dentifrice compared with the placebo dentifrice
from the 60-min timepoint onwards (all p < 0.02; mean difference of 8.66 [95% CI 3.46, 13.87] at 60 min). At each specimen
removal time, %RER and EFU were statistically significantly higher for the test dentifrice compared with the placebo dentifrice
(p < 0.0001 for all). No treatment-related or serious adverse events were reported.
Conclusions The NaF-containing anti-erosion, dentin hypersensitivity dentifrice improved remineralisation of acid-softened
enamel starting at 60 min of intra-oral exposure. It also improved enamel erosion resistance and fluoride uptake as early as
5 min after exposure to fluoridated dentifrice slurry.
Clinical relevance Brushing with a NaF-containing dentifrice can rapidly improve remineralisation, enamel erosion resistance
and fluoride uptake.
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Introduction

Early dental erosion lesions are characterised by dissolution of
the hydroxyapatite component of enamel, leading to
demineralisation of the tooth surface and formation of a soft-
ened enamel surface zone [1, 2]. At this stage, as the mineral
and organic scaffold remains, the enamel surface can be
repaired through remineralisation. However, if frequent or

aggressive demineralisation continues, wear of the softened
enamel surface can occur and irreversible bulk tissue loss
may be observed [3]. The action of saliva on the softening
and rehardening of tooth enamel was first reported in 1912
[4]. Since then, the dynamic nature of demineralisation–
remineralisation at the enamel surface in the oral environment
has been studied extensively [5]. It is now generally
established that calcium and phosphate, super-saturated in sa-
liva, are deposited on the softened enamel surface during
remineralisation, replacing the mineral structure lost during
enamel dissolution and subsequently rehardening the surface
[6, 7].

Treatment of dental erosion generally involves the use of
fluoride that, when applied topically from a dentifrice, can
reduce the rate of demineralisation and accelerate the tooth’s
natural remineralisation process [8–11]. There is substantial
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evidence that fluoride encourages remineralisation by
adsorbing to enamel to form a fluoridated mineral lower in
solubility than the original enamel. Fluoride will also be
retained in oral reservoirs (e.g. plaque, saliva and soft tissue)
and realised over several hours promoting remineralisation
[8–10]. The net result is that the tooth surface becomes harder
and more resistant to subsequent acid attack [12–14].

Duckworth andMorgan [15] reported that fluoride concen-
tration in the oral environment following application is bi-
phasic in nature. Salivary fluoride concentrations shortly after
brushing are dominated by loosely adhered paste/paste slurry
that is rapidly (< 30 min) cleared from the oral cavity through
swallowing, with desorption from fluoride bound to the oral
(soft) tissues accounting for the presence of longer term sali-
vary fluoride. Feagin et al. [16] investigated the reaction ki-
netics of calcium and phosphate in vitro and reported that
fluoride exerted an enhancement of the rate of reactions on
surface enamel shortly after application. Studies using in situ
models, particularly those employing surface microhardness
(SMH), have shown that fluoride in saliva can reharden acid-
softened enamel and provide resistance toward further
demineralisation to a greater extent than a non-fluoride control
[8–10, 17, 18]. Moreover, the protection and remineralisation
afforded by fluoride has been observed as early as 2 h after
application [18].

The remineralisation potential of fluoride and subsequent
resistance toward further demineralisation immediately post-
brushing has not been investigated clinically and may help
provide information on the relative benefit afforded by fluo-
ride following initial application from that retained in the oral
fluoride reservoirs. The primary objective of this exploratory
study was to use an experimental in situ erosion–
remineralisation model to evaluate and compare the effect of
fluoride on enamel remineralisation in the period immediately
and up to 4 h after brushing with a test dentifrice containing
1150 ppm fluoride as sodium fluoride (NaF) or a matched
placebo dentifrice without fluoride.

Materials and methods

This was a randomised, single-blind (with respect to the lab-
oratory analyst), crossover study conducted at a USA-based
research facility. The protocol was approved by the Indiana
University Institutional Review Board [IRB#1410627001]
and the study conducted in accordance with the Declaration
of Helsinki, the International Conference onHarmonization of
Technical Requirements for Registration of Pharmaceuticals
for Human Use and local laws and regulations. All partici-
pants provided written informed consent prior to screening.
There was one administrative amendment to the protocol,
which did not affect study flow or outcomes.

Participants

Participants previously accepted into the research facility’s
appliance panel (IRB# 1306011538) and for whom a pala-
tal appliance had already been constructed were screened
for this study. All participants were from the Indianapolis
area where community water contains approximately 1 μg/
mL fluoride. Healthy participants aged ≥ 18 years were
eligible for inclusion if they had unstimulated and gum-
based stimulated salivary flow rates of at least 0.2 and
0.8 mL/min, respectively; a maxillary dental arch suitable
for retention of the palatal appliance; and a confirmed pal-
atal appliance fit at the screening visit. Exclusion criteria
included a medical or dental condition that could pose any
unwarranted risk in administration of the study products to
the participant or affect the participant’s ability to under-
stand or follow study procedures or requirements; any sign
of grossly carious active lesions, moderate or severe peri-
odontal conditions, or severe tooth wear; an intolerance or
hypersensitivity to the study materials; use of any investi-
gational products or participation in another clinical trial
within 30 days of the screening visit; pregnancy; or
breastfeeding.

For the duration of the study, participants were not permit-
ted to use products with additional sources of fluoride (e.g.
fluoride mouthwashes, gels, fluoridated dental floss, gum/loz-
enges, tablets or drops) except those occurring naturally in
their diet.

In situ erosion–remineralisation model

This study used a modified experimental version of the in situ
erosion–remineralisation model developed by Zero et al. [8].
As described in full elsewhere, enamel blocks (5 × 5 × 3 mm)
from bovine teeth were ground and polished to provide a flat
surface for microhardness measurements [8]. As a final
cleaning step, the polished blocks were sonicated and rinsed
in deionised water. Specimens were rejected if they had white
spots, or any cracks or other defects. The enamel specimens
were exposed to an acidic challenge by immersion in com-
mercially available grapefruit juice (Kroger frozen grapefruit
juice concentrate, Kroger, USA; 35 mL/specimen; pH 3.17 ±
0.10; 171.9 mmol/l of 0.1 N NaOH to reach pH 7.0) for
25 min. Following sterilisation with ethylene oxide gas, the
demineralised enamel blocks were then fixed to a tailored
intra-oral palatal appliance engineered to hold eight specimens
mounted on two plastic holders. The palatal appliance was
inserted into the participant’s mouth and exposed to the test
or placebo dentifrice. After the appliance was removed at each
timepoint, the enamel specimens were subjected to a second
demineralisation treatment identical to the pre-treatment pro-
cedure [8].
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Clinical procedures

At the screening visit, participants underwent an oral soft tis-
sue (OST) and oral hard tissue examination. An OST exami-
nation was also performed before and after each treatment
visit. Participants were provided with a fluoride-free dentifrice
containing 5% w/w potassium nitrate (KNO3). During the
washout period, participants were required to use their own
toothpaste for at least 1 day and then the non-fluoride denti-
frice provided for the 2 days prior to each treatment visit.

At the baseline visit, eligible participants were
randomised to one of two treatment groups according to a
computer-generated randomisation schedule provided by
the Biostatistics Department of the study sponsor. The
study treatments were as follows: (i) a dentifrice containing
1150 ppm fluoride as NaF (US Sensodyne Pronamel –
Mint Essence; GSK Consumer Healthcare, Weybridge,
UK) (test) and (ii) a placebo dentifrice without fluoride
(placebo). Both dentifrices contained 5% w/w KNO3.
Each participant completed both treatments in random or-
der, one at each of the two treatment visits. To ensure that
the laboratory analysts remained blinded to treatment allo-
cation, the study dentifrices were supplied in over-wrapped
tubes and laboratory staff did not have access to clinical
study records or test products. The products differed slight-
ly by taste so while the participants were blinded to treat-
ment allocation and product (due to over-wrapping), dif-
ferences could be ascertained.

Participants were instructed not to use any dentifrice and
other fluoride-containing products on the morning of each
treatment period and not to eat or drink (except water) for at
least 30min before the treatment period. At the treatment visit,
each participant inserted their palatal appliance for 5 min prior
to treatment. The clinical personnel provided each participant
with a toothbrush loaded with 1.5 g of the assigned dentifrice.
They instructed participants to brush only the buccal surfaces
of their teeth for 25 s to create a dentifrice slurry, then swish
the slurry around the palatal appliance for 1 timed minute to
permit direct contact with the enamel specimens. Participants
expectorated the slurry, then gently rinsed with 15 mL of
deionised water for 10 s and expectorated the rinse.
Participants were instructed to not eat during the entire 4 h
of each treatment period, to not drink water for the first 2 h of
the test period and to refrain from talking for the first hour
when wearing their appliance during the test period.

The palatal appliance was removed at 5-, 10-, 15-, 30-, 60-,
120- and 240-min post treatment (timed from completion of
the water rinse). One enamel specimen was randomly re-
moved at each timepoint; at 240 min, the remaining two spec-
imens were removed.

The same procedure was repeated for the second treatment
after the washout period, only changing the dentifrice provid-
ed to the participant.

Efficacy assessments

Changes in the mineral content of the enamel specimens were
evaluated using the SMH test [8, 10, 19]. This model assesses
how an equivalent force applied to an enamel surface may
produce varying indentation lengths in the enamel under dif-
ferent conditions, with smaller lengths indicating greater mi-
crohardness. Prior to the first erosive challenge, five indenta-
tions 100 μm apart were made in the centre of each enamel
specimen using a Knoop diamond placed under a 50-g load
for 11 s (2100 HT; Wilson Instruments). Indentation lengths
were measured and the mean indent length was calculated (B).
Indentation lengths were also calculated after the first in vitro
erosive challenge (E1), after the in situ remineralisation test
(R) and again after the second in vitro erosive challenge (E2).
Acceptability criteria for specimen inclusion were mean in-
dentation length at baseline of 43 ± 3 μm and an increase of
10–20 μm after the first erosion challenge.

The extent of remineralisation was calculated as the percent
SMH recovery (%SMHR), based on themethod of Gelhard et al.
[12]: %SMHR= [(E1-R)/(E1-B)] × 100. The %SMHR was de-
termined for each specimen at each timepoint. For specimens
assigned to the 240-min remineralisation time, the mean value
was calculated and considered for statistical analysis.

Enamel resistance to a post-remineralisation erosive chal-
lenge was calculated as the percent relative erosion resistance
(%RER) according to the formula: %RER = [(E1-E2)/(E1-
B)] × 100 [20]. The%RERwas determined for each specimen
at each timepoint. For specimens assigned to the 240-min
remineralisation time, the mean value was calculated and con-
sidered for statistical analysis.

Enamel fluoride uptake (EFU) was determined using the
microdrill enamel biopsy technique after %SMHR assessment
and before %RER assessment [21]. Each enamel specimen was
mounted perpendicular to the long axis of a drill bit attached to a
specially designed microdrill and drilled to a depth of ~ 100 μm
through the entire lesion (four cores per specimen). The amount
of fluoride uptake by enamel was calculated based on the amount
of fluoride divided by the area of the enamel cores.

Safety

Adverse events (AEs) and any abnormalities in the OST ex-
amination were recorded from the start of the study period
until 5 days after the last administration of study product.
Clinical judgement was exercised by the investigator to assess
the relationship between the study product and the occurrence
of each AE, with intensity graded as mild, moderate or severe.

Statistical analysis

This study recruited 50 participants to ensure approximately
44 participants completed the two treatment periods. A sample



size of 44 participants was calculated to have approximately
90% power to detect a between-treatment difference in%RER
of approximately 11.5% (with estimated variability of 268.34)
and a between-treatment difference in %SMHR of approxi-
mately 8% (with estimated variability of 127.39) based on two
replicates. The actual estimates of variability (residual mean
square error from the analysis of covariance [ANCOVA]mod-
el) for %RER and %SMHR across the 4-h assessment period
were 508 and 193, respectively.

This was an exploratory study. To consider the study results
valid, the between-treatment difference in %RER at 240 min
was required to be statistically significant (p < 0.05) in favour
of the test dentifrice containing 1150 ppm fluoride. The
%RER and %SMHR were evaluated by time using an
ANCOVA model with fixed effects of treatment and study
period and a random effect of participant. Baseline and pre-
treatment acid challenge values were included as covariates.
An exploratory analysis was also conducted to look at the
effect of time. This was achieved using a repeated measures
ANCOVA. The analyses included fixed effects of treatment,
study period, time of extraction and a time by treatment inter-
action and a random effect of participant. Baseline and pre-
treatment acid challenge values were included as covariates.
In all cases, corresponding 95% confidence intervals (CI) and
differences between least square means are presented.

EFU was evaluated by time primarily using an analysis of
variance (ANOVA)model with treatment and study periods as
fixed effects and participant as random effect. Treatment com-
parisons were derived from the ANOVA model for EFU and
corresponding 95% CI and least square means for treatment
differences are presented.

Correlations between EFU,%RER and%SMHRwere exam-
ined by treatment group over all extraction timepoints using
graphical techniques. Pearson’s correlation coefficients were cal-
culated between EFU, %RER and %SMHR by treatment and
timepoint, over all timepoints and by combined treatments.

The per-protocol (PP) population, defined as all partici-
pants who fully complied with all study procedures and re-
strictions, was the primary population for the efficacy analy-
sis. The safety population included all randomised participants
that were dispensed in the study treatment. The intent-to-treat
(ITT) population included all participants who received at
least one dose of study medication and had at least one post-
baseline efficacy assessment.

Results

Participants

The first participant was enrolled on 12 December 2014 and the
last completed the study on 29 January 2015. Of the 59 partici-
pants screened, five did not meet the study criteria, twowithdrew

consent and two were not randomised for unstated reasons. A
total of 50 were randomised to treatment and 50 completed the
study. Participants had a mean age of 42.3 years (SD ± 10.24);
the majority were female (n= 33; 66%) and were white (n= 40;
64%) or black/African American (n = 15; 28%).

Efficacy

%SMHR At the 5- to 30-min specimen removal times,
%SMHR was numerically higher for the test dentifrice com-
pared with the placebo dentifrice; however, there was no sta-
tistically significant differences between them. At 60, 120 and
240min,%SMHRwas statistically significantly higher for the
test dentifrice versus the placebo dentifrice (Table 1; Fig. 1)
(p < 0.05 for all). Averaged across the 4-h assessment period,
the mean %SMHR was 5.68 units higher in the test dentifrice
group compared with the placebo dentifrice group (95% CI
3.60, 7.76; p < 0.0001). The main effect of time was statisti-
cally significant, indicating that in both groups the %SMHR
changed across the 4-h assessment period (p < 0.0001). The
treatment by time interaction was not statistically significant,
indicating that the %SMHR changed in the same way in both
groups over time.

EFU EFU was statistically significantly higher in the test den-
tifrice group compared with the placebo dentifrice group at
each timepoint (Table 1; Fig. 2) (p < 0.001 for all). Averaged
across the 4-h assessment period, the mean EFU was
0.90 μg F/cm2 higher in the test dentifrice group compared
with the placebo dentifrice group (95% CI 0.83, 0.96;
p < 0.0001). The main effect of time and the treatment by time
interaction were not statistically significant, indicating that the
EFU values did not significantly change across the 4-h assess-
ment period and between the groups.

%RER At each specimen removal time, %RER was statistical-
ly significantly higher for the test dentifrice compared to the
placebo dentifrice (Table 1; Fig. 3) (p < 0.0001). Averaged
across the 4-h assessment period, the %RER was 48.32 units
higher in the test dentifrice group than in the placebo dentifrice
group (95% CI 44.94, 51.70; p < 0.0001). The main effect of
time was statistically significant (p < 0.0001), indicating that
in both groups, the %RER changed across the 4-h assessment
period. The treatment by time interaction was not statistically
significant, indicating that the %RER changed in the same
way in both groups over time.

Correlations between variablesWhen the data were collapsed
across both dentifrice groups, there was evidence of positive
correlations at each specimen removal time between %RER
and %SMHR (correlation coefficient ranging from 0.35 to
0.53) (Table 2, column 3) and between %RER and EFU (cor-
relation coefficient ranging from 0.37 to 0.65) (Table 2,
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column 4). There was no consistent correlation between
%SMHR and EFU (Table 2, column 2). When each dentifrice
was considered separately, a correlation was evident between
%RER and %SMHR (Table 2, columns 6 and 9); however,
this was not as strong as when the dentifrices were evaluated
together. The correlation between %RER and EFU was less
evident (Table 2, columns 7 and 10).

Safety

There were five treatment-emergent AEs in the test dentifrice
group (four of which were oral), reported by four participants.

In the placebo dentifrice group, there were six treatment-
emergent AEs (two of which were oral) reported by five par-
ticipants. No AEs were considered to be related to treatment
and no serious AEs occurred.

Discussion

Fluoride can enhance the rate of mineral deposition, and thereby
enamel surface rehardening, by the formation of various fluori-
dated calcium phosphate minerals [8–11]. Moreover, the fluori-
dated minerals have been shown to reduce the rate of enamel

Table 1 Difference in adjusted means between test dentifrice and placebo dentifrice groups for each efficacy variable versus specimen removal time
(PP population)

Time point %SMHR (n = 50) EFU, μg F/cm2 (n = 50) %RER (n = 50)

Difference in adjusted meansa,b

(95% CI)
p value Difference in adjusted meansb,c

(95% CI)
p value Difference in adjusted meansa,c

(95% CI)
p value

5 min 5.70 (−0.55, 11.94) 0.0735 0.83 (0.64, 1.02) < 0.0001 46.51 (36.83, 56.20) < 0.0001

10 min 5.37 (−0.68, 11.43) 0.0813 0.85 (0.68, 1.03) < 0.0001 53.74 (42.71, 64.78) < 0.0001

15 min 4.11 (−2.20, 10.42) 0.1993 0.83 (0.64, 1.03) < 0.0001 46.85 (35.31, 58.39) < 0.0001

30 min 3.24 (−1.43, 7.91) 0.1695 1.00 (0.80, 1.20) < 0.0001 48.83 (40.64, 57.02) < 0.0001

60 min 8.66 (3.46, 13.87) 0.0016 0.85 (0.65, 1.05) < 0.0001 49.01 (40.91, 57.10) < 0.0001

120 min 6.15 (1.37, 10.92) 0.0122 1.06 (0.86, 1.27) < 0.0001 52.86 (44.32, 61.40) < 0.0001

240 min 6.52 (2.39, 10.65) 0.0027 0.90 (0.75, 1.05) < 0.0001 40.67 (35.91, 45.43) < 0.0001

a From anANCOVAmodel with fixed effects of treatment and study period and a random effect of participant. Baseline and pre-treatment acid challenge
values were included as covariates
b Difference is test dentifrice minus placebo dentifrice, such that a positive difference favours the test dentifrice
c From an ANOVA model with fixed effects of treatment and study period and a random effect of participant

%SMHR, percent surface microhardness recovery; EFU, enamel fluoride uptake; %RER, percent relative erosion resistance

Italicized numbers represent those that achieved predefined significance (<0.05)
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surface dissolution [22, 23] and confer protection against subse-
quent acid challenges [12–14]. While this has been shown in a
number of in vitro and in situ erosion models [7, 8, 10, 17, 18,
24–27], no in situ study to date has investigated the
remineralisation of erosive lesions over time, specifically at very
early timepoints after brushing.

This study explored the time-dependent nature of enamel
rehardening and subsequent protection against an acid challenge
by fluoride in the oral environment using an in situ erosionmodel.
The value of this model has been demonstrated in several clinical
trials that have reported the effectiveness of fluoride dentifrices to
reharden enamel previously softened by erosive challenge follow-
ing a single brushing and 4 or 8 h in situ. These trials concluded

that short-term in situ experimental models are sensitive, repro-
ducible and biologically relevant [8–10, 17, 18].

The study described herein employed the design of Zero
et al. [8], but was modified to permit samples to be collected at
earlier timepoints of 5-, 10-, 15-, 30-, 60- and 120-min post
brushing, in addition to the standard 4-h timepoint. In agree-
ment with previous studies [9, 10], the fluoride dentifrice
employed in this study demonstrated significantly greater re-
sistance to an erosive challenge (%RER) and significantly
greater surface microhardness recovery (%SMHR) compared
with the placebo dentifrice at the 4-h timepoint. As such, the
study was considered valid to permit evaluation at all further
timepoints.



Table 2 Correlation coefficients between efficacy variables (PP population)

Timepoint Test and placebo dentifrices (n = 50) Test dentifrice (n = 50) Placebo dentifrice (n = 50)

%SMHR,
EFU

%RER,
%SMHR

%RER,
EFU

%SMHR,
EFU

%RER,
%SMHR

%RER,
EFU

%SMHR,
EFU

%RER,
%SMHR

%RER,
EFU

5 min 0.112 0.459 0.491 − 0.050 0.454 0.099 0.045 0.471 0.128

10 min 0.031 0.414 0.473 − 0.156 0.401 0.051 − 0.069 0.422 − 0.027
15 min − 0.062 0.525 0.370 − 0.237 0.523 0.034 − 0.097 0.613 − 0.038
30 min 0.074 0.458 0.547 0.011 0.591 0.184 − 0.035 0.476 0.003

60 min 0.250 0.488 0.556 0.110 0.601 0.333 0.004 0.201 − 0.102
120 min 0.250 0.395 0.633 0.147 0.629 0.240 0.021 − 0.013 0.159

240 min 0.112 0.349 0.654 − 0.065 0.455 0.163 − 0.345 − 0.026 0.152

All
timepoints

0.092 0.526 0.488 − 0.021 0.618 0.151 − 0.070 0.498 0.003

%SMHR, percent surface microhardness recovery; EFU, enamel fluoride uptake; %RER, percent relative erosion resistance

Clin Oral Invest (2019) 23:4455–4463 4461

The fluoride dentifrice was significantly more effective
than the placebo dentifrice in terms of%RER at all timepoints.
For %SMHR, there were directional trends in favour of the
fluoride dentifrice observed at all timepoints, with statistically
significant differences from the 60 min of intra-oral exposure
timepoint onwards. These data clearly demonstrate that fluo-
ride acts to enhance the intrinsic rehardening properties of
saliva and inhibit demineralisation of acid-softened enamel
within 60 min of application, with significant differences in
%RER seen as early as 5 min.

While significant differences were observed in favour of
the fluoride treatment, it is interesting that analysis of the
treatment-by-time interaction demonstrated that both %RER
and %SMHR behaved similarly for both treatment groups
over the time period investigated, albeit offset at all timepoints
in favour of the fluoride dentifrice. This observation may sug-
gest that, in this model, fluoride primarily acts to enhance the
remineralisation conferred by saliva by the fast formation of
insoluble calcium fluoride deposits and the subsequent effect
of fluoride incorporated into enamel driving further
remineralisation. Fluoride pharmacokinetics following appli-
cation from fluoride toothpastes have been well characterised,
for example by Duckworth and Morgan [15] and Zero et al.
[28, 29]. Most of the fluoride is cleared from the mouth im-
mediately after application. Concentrations then fall rapidly
for 30 to 60 min because ‘loosely bound’ fluoride is leached
from the oral fluoride reservoirs, reaching a relatively stable
value after 2–3 h. In this model, the role of residual fluoride
has a less pronounced effect on the rate of remineralisation
over the time period used in this study. The enamel fluoride
uptake data are supportive of this supposition. EFU was sta-
tistically significantly higher in the fluoride dentifrice group
compared with the placebo dentifrice group at each timepoint,
but did not significantly change across the 4-h assessment
period, in contrast to %SMHR. A low level of fluoride (from
0.02 to 0.05 ppm) maintained continually in a solution

surrounding the enamel for a prolonged period has been
shown to enhance remineralisation [23]; however, such pro-
cesses are diffusion limited and it is possible that the time
period of this study is insufficient to resolve this effect.
Future studies should explore extending this model beyond
the 240-min timepoint employed in this study.

In situ erosion models facilitate the control of exper-
imental variables to explore the fundamental aspects of
erosion [30]. In the particular short-term erosion model
used, we were able to precisely focus on one episode of
remineralisation of a previously eroded enamel.
However, this approach presents some limitations in that
it misses the cumulative effects involved in the dynamic
development of the erosive lesion, which would include
subsequent erosive, treatment and remineralisation epi-
sodes. In addition, the protection of the specimens’ sur-
faces from abrasion provides a degree of artificiality
since the eroded enamel is naturally vulnerable to abra-
sive forces caused by tooth brushing, contact with oral
soft tissues, and other mechanical insults. Therefore, the
results reflect the remineralising effect of fluoride fol-
lowing one application of dentifrice slurry on enamel
eroded by dietary acid and clinical extrapolations should
be carefully considered.

Clinically, minimising the time elapsed between the
erosive challenge and any significant remineralisation is
critical to limit wear of the surface-softened lesion.
Evidence from in situ studies suggests around 1 h of
waiting time between drinking or eating any acidic food
and brushing [31, 32]. Within the limitations of this model
system, we observed that the fluoride-containing denti-
frice significantly improved remineralisation of acid-
softened enamel, but only starting at 60 min of intra-oral
exposure. However, enamel erosion resistance and fluo-
ride uptake were improved as early as 5 min after expo-
sure to the dentifrice slurry.
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In conclusion, the results of this experimental in situ model
suggest that fluoride toothpastes act rapidly (within 5 min of
application) in providing protection against an acid challenge
(%RER), which has important clinical implications.
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