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Timing of fluoride toothpaste use and 
enamel-dentin demineralization

Abstract: It is well established that fluoride (F) prevents caries develop-
ment by inhibiting demineralization and enhancing remineralization pro-
cesses. However, it is not known which of these protective mechanisms is 
more important. In this double-blind, crossover in situ study conducted 
in three phases of 14 days each, 12 volunteers wore palatal appliances 
containing enamel and root dentin slabs, on which biofilm was allowed to 
accumulate under exposure to 20% sucrose solution 8×/day. F toothpaste 
was used once a day, either before the daily demineralizing episodes (in 
the morning) or after them (at night). Non-F placebo toothpaste was used 
in the control group. F toothpaste significantly reduced enamel and dentin 
demineralization compared with the control (p < 0.05). F toothpaste was 
more effective when used after the demineralization episodes than before, 
and this difference was statistically significant for dentin (p < 0.05). The 
results suggest that brushing with F dentifrice at night to remineralize dai-
ly mineral losses may be preferable to brushing in the morning to inhibit 
the demineralizing episodes of the day.

Descriptors: Demineralization; Dentifrice; Fluorides; Dental Enamel; 
Dentin.

Introduction
It is well established that the presence of fluoride (F) ions in the oral 

environment interferes with dental mineral loss by inhibiting deminer-
alization and enhancing remineralization during the dynamics of caries 
process.1,2,3 However, the extent to which each of these effects influences 
caries development is unknown, because they are difficult to isolate. Al-
though F toothpaste is able to provide F ions to the oral cavity to inter-
fere with both phenomena,4,5 its effect when used before or after demin-
eralizing challenges has only been studied in vitro.1

In this in vitro study,1 no difference was observed between F tooth-
paste used to inhibit the demineralization process or to enhance the min-
eral repair that occurs during the subsequent remineralization. However, 
the effect of the timing of brushing with F toothpaste has not been stud-
ied under conditions that simulate clinical F use, and the effect of this 
timing on root dentin demineralization is completely unknown. 

Therefore, the aim of this study was to evaluate in situ the effects of 
the timing of F toothpaste use (i.e., before or after daily cariogenic chal-
lenges) on enamel and root dentin mineral loss, under conditions of bio-
film accumulation and frequent sucrose exposure.
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Methodology
A crossover, double-blind in situ study of three 

phases of 14 days each was conducted after ethi-
cal requirements were met (Ethics Committee, Pi-
racicaba Dental School, protocol 104/2009). During 
each phase, 12 volunteers wore a palatal appliance 
containing three slabs of bovine enamel and three 
of root dentin.6 The surface hardnesses (SH) of the 
dentin and enamel slabs were determined previously. 

Dental biofilm was allowed to accumulate on the 
slabs. At eight times each day (at 8:00, 9:00, 10:00, 
11:00, 14:00, 15:30, 17:00, and 19:00 h), the slabs 
were extraorally treated with a 20% sucrose solu-
tion as a cariogenic challenge.7 In the first phase, 
volunteers were randomly allocated to one of the 
following group of treatments: 
•	G1 = brushing 3 times/day (after main meals) 

with a placebo, non-F toothpaste; 
•	G2 = brushing 1 time/day with a F toothpaste 

(1,100 µg F/g as NaF, silica-based) in the morn-
ing, before the first sucrose exposure (at approxi-
mately 7:30 h), and after lunch and dinner with 
non-F toothpaste; or 

•	G3 = brushing 1 time/day with F toothpaste at 
night, after the last sucrose exposure (between 
20:00 and 21:00  h), and after breakfast and 
lunch with non-F toothpaste.

The sequence of treatments used in the next two 
phases was also randomized and, after the three 
phases, all volunteers had undergone all treatments.

On the 15th day of each phase, the slabs were re-
moved, SH was determined, and the percentage of 
loss (%SHL) was calculated as an indicator of de-
mineralization.7,8 The F uptake by enamel and dentin 
was also determined.

Seven-day lead-in periods were allowed before 
each phase, when volunteers used the treatment 
assigned for the next phase. Volunteers lived in an 
optimally fluoridated city (0.6-0.8  mg F/L for the 
region), and drank and consumed foods prepared 
with this water. In general, no restriction was made 
with regard to the diet of the volunteers, except that 
they were instructed to avoid F-rich foods contain-
ing bioavailable F, such as tea. Volunteers also re-
ceived oral and written instruction to refrain from 

using any antibacterial substance.

Enamel demineralization assessment
Enamel and dentin slabs obtained from bovine 

incisors had the center of their surfaces polished flat. 

The baseline SH was determined by making three 
indentations, spaced 100 µm from each other, with a 
Future-Tech FM hardness tester coupled to FM-ARS 
900 software. Knoop loads of 50 and 5 g were used 
for enamel and dentin, respectively. Before dentin 
hardness measurements, the slabs were allowed to 
dry for at least 30 min to minimize the interference 
of dentin dehydration on the measurements.8

At the end of each experimental phase, SH was 
again measured in all the slabs. Three adjacent in-
dentations were made at 100 µm from the baseline 
measurements, and the values were averaged. The 
%SHL was calculated as (baseline SH – SH after in 
situ test) × 100/baseline SH. The results of the three 
enamel and dentin slabs for each volunteer subjected 
to each treatment were averaged and analyzed sta-
tistically (n = 12).

Determination of F in enamel and dentin
The surface area of each slab was measured with 

a digital caliper (± 0.01 mm). All other surfaces were 
protected with a layer of wax. Each slab was im-
mersed in 0.5 M HCl (3.75 mL/cm²) for 30 s under 
constant agitation.9 The extract was buffered with 
an equal volume of TISAB II (pH  5.0), modified 
with 20 g NaOH/L.9 The F concentration was deter-
mined with an ion-selective electrode (F 3005; Weiss 
Research, Houston, USA) and an ion analyzer (Ori-
on EA-940; Orion Research), which was previously 
calibrated with standard F solutions prepared simi-
larly to the samples. Because of the compositional 
difference between sound and carious enamel and 
dentin, the data were expressed in µg F/cm² rather 
than ppm.10 The results for each volunteer subjected 
to each treatment were averaged and analyzed sta-
tistically (n = 12).

Statistical analysis
Data for enamel and dentin were analyzed inde-

pendently. Analysis of variance (ANOVA) was used 
to determine the effect of treatment on all variables. 
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To reduce unknown variability from error, volun-
teers were included as a source of variation (statis-
tical blocks). Assumptions of equality of variances 
and normal distribution of errors were checked for 
all response variables tested, and variables that did 
not satisfy these assumptions were transformed. The 
SAS system was used in all analyses, and the signifi-
cance level was prefixed at 5%.

Results
The loss of the dentin or enamel SH was signifi-

cantly less for the groups treated with F toothpaste 
compared with the control (p < 0.05, Table 1). For 
dentin, a significantly lower %SHL was observed 
for the group using F toothpaste at night compared 
to those using F toothpaste in the morning (p < 0.05, 
Table 1).

In enamel slabs, the F concentration was not 
significantly different between the groups using F 
toothpaste (p > 0.05); however, the F concentration 
was significantly higher in groups treated with F 
toothpaste at night compared to those treated with 
non-F toothpaste (p < 0.05). The difference between 
slabs treated with F toothpaste in the morning and 
those treated with non-F toothpaste did not reach 
statistical significance (p  =  0.06, Table 1). In den-
tin slabs, both groups treated with F toothpaste 
presented significantly higher F concentrations than 
those treated with non-F toothpaste (p < 0.05), with 
no significant difference between the F toothpaste-
treated groups (p > 0.05, Table 1).

Discussion
Based on various evidences,11,12 it is recommend-

ed that adults toothbrush with F toothpaste at least 
twice a day.12,13 However, our data show that using 
F toothpaste once a day significantly reduces enamel 
and dentin demineralization compared with control. 
These findings were obtained under a high cariogen-
ic challenge, i.e., undisturbed biofilm accumulation 
for 14 days and exposure to sucrose 8×/day.

Although the in situ model used may have limi-
tations when compared to in vivo studies, our ex-
perimental data using it agree with the conclusions 
of systematic reviews of the literature. For instance, 
the relative importance of combinations of meth-
ods of topical F use, compared to F toothpaste used 
alone, to reduce enamel demineralization14 was 
studied using this model and the results were later 
supported by a systematic review.15 Also, our exper-
imental data using this model to evaluate the anti-
caries efficacy of low-F toothpaste compared with 
that containing 1,100  ppm F16 are consistent with 
a recent systematic review showing that toothpaste 
should have at least 1,000 ppm F to reduce caries ef-
fectively.17 Therefore, this in situ model may be con-
sidered as a surrogate for in vivo studies to evaluate 
the anticaries effect of F dentifrice.

Considering that the actual frequency of tooth-
brushing is not expected to be high, especially in 
children,11,12 our findings support the relevance of F 
toothpaste use to explain the decrease in caries inci-
dence reported in developed18 and developing coun-
tries.19 The higher F concentration in enamel and 
dentin slabs when F toothpaste was used is consis-
tent with the F-mediated inhibition of mineral loss 
under cariogenic conditions, which results from the 
enhanced precipitation of calcium phosphates on 

Timing of F toothpaste use
%SHL F in enamel/dentin § (µg F/cm²) 

Enamel Dentin Enamel Dentin

None (control,  
placebo toothpaste)

72.0 ± 20.8 a 76.5 ± 9.3 a 1.3 ± 0.6 a 1.8 ± 0.9 a

In the morning, before 
daily cariogenic challenges

41.6 ± 21.5 b 61.8 ± 11.8 b  2.0 ± 1.1 ab 3.7 ± 2.0 b

At night, after daily 
cariogenic challenges

30.0 ± 15.8 b 48.4 ± 19.1 c 2.4 ± 1.3 b 3.8 ± 2.2 b

%SHL = Percentage of surface hardness loss. § Transformed to the log10 to fit the assumptions of analysis of 
variance. Groups with means followed by distinct letters differ from each other at p < 0.05 (comparisons 
within columns).

Table 1 - Demineralization (%SHL) 
and F concentration (µg F/cm²) 
in enamel and dentin relative to 

the timing of F toothpaste use 
(mean ± SD, n = 12).
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tooth mineral in the presence of F.2,3

Our findings also showed that F toothpaste may 
be more effective if used every day at night (to rem-
ineralize the mineral loss induced by acids produced 
by biofilm sugar metabolism) than in the morn-
ing (to reduce the future demineralization to occur 
during the day). Lower %SHL was observed when 
F toothpaste was used at night than in the morn-
ing (Table 1), but statistical significance at 5% was 
found only for dentin. The use of SH loss to evaluate 
enamel-dentin demineralization is supported by the 
available literature.8,20 Although our results contra-
dict those found by ten Cate et al.,1 these authors 
used an in vitro design, which may account for the 
observed differences compared to our in situ study.

Although we did not evaluate if the timing of F 
toothpaste use would result in differences in F reten-
tion in the biofilm, it is possible that use at night may 
reduce F clearance and increase its availability,21 
causing lower mineral loss. This possibility should 
be studied in detail. Nevertheless, caries lesions are 
formed under cyclic events of de- and remineraliza-
tion. The higher efficacy of F toothpaste used after 
daily demineralizing challenges suggests that the 
effect of F in reducing demineralization might be 
limited under a high cariogenic challenge, whereas 
its effect in enhancing remineralization might be 
improved under conditions favoring mineral pre-
cipitation. The high cariogenic challenge used in the 
present study is clinically relevant, considering the 
importance of F toothpaste use for caries control. 
However, the extrapolation of these results to other 

conditions should be done with caution.
Although the present study did not aim to com-

pare enamel and dentin directly, the results suggest 
that F available from 1,100 ppm F toothpastes has 
a more pronounced effect on reducing mineral loss 
in enamel (42% and 58% for brushing in the morn-
ing and at night, respectively) than in dentin (19% 
and 37% for brushing in the morning and at night, 
respectively). This finding is consistent with studies 
showing that a higher F concentration or frequen-
cy of F application is needed to reverse dentin car-
ies.22,23

Conclusion
Brushing with F dentifrice at night to remineral-

ize daily mineral losses appears to be more effective 
than brushing in the morning to inhibit the demin-
eralizing episodes of the day. To explain these re-
sults, future research should be conducted compar-
ing the kinetics of F in dental biofilm after brushing 
teeth in the morning or at night. 
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