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Kinetics of fluoride after brushing with the no- @
rinse method
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Abstract

Background Fluoride plays a vital role in preventing dental caries, with its addition to oral care products significantly
promoting oral hygiene. A no-rinse brushing method aims to increase fluoride retention in the oral cavity, as rinsing
with water decreases fluoride levels in saliva, which could affect remineralization. While the no-rinse brushing method
holds promise for improving fluoride retention in the oral cavity, critical inquiries persist regarding its safety. This study
investigated the kinetics of oral fluoride and potential risks to fully assess its effectiveness and implications for oral
health.

Methods Ten healthy adults participated in a crossover study comparing the no-rinse with the rinse method. All
subjects followed American Dental Association (ADA) brushing guidelines. Levels of fluoride in saliva (supernatant
and sediment) and urine were measured over time, and plasma fluoride was measured one hour after brushing.
Pharmacokinetic parameters were also calculated from the data.

Results Participants using the no-rinse method had higher fluoride levels in supernatant immediately and up to

30 min post-brushing compared to the rinse method. Fluoride levels in sediment were higher only immediately after
brushing. The total fluoride concentration in saliva remained elevated for up to 5 min with the no-rinse method.
Systemic fluoride absorption showed no significant difference between the two methods based on blood and urine
analysis.

Conclusion This research indicates that the no-rinse method can enhance fluoride retention in the oral cavity for up
to 30 min after a single brushing. In addition, our findings suggest that this method does not significantly influence
systemic fluoride levels or toxicity.

Registry Thai Clinical Trials Registry, TCTR (http://thaiclinicaltrials.org). Clinical trial registration number:
TCTR20231104001 (4/11/2023).
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Introduction

Fluoride is widely recognized as a key in preventing
dental caries and maintaining oral health. Toothpaste
containing fluoride at 1,000 to 1,500 ppm has effectively
prevented tooth decay [1]. Fluoride in the oral cavity can
be absorbed by tooth enamel, forming fluorapatite, which
strengthens enamel and reduces its susceptibility to acid
erosion [2]. This process, known as remineralization, is
crucial for preventing dental caries.

Fluoride is typically ingested and absorbed in the gas-
trointestinal tract with an absorption half-life of 30 min
and peak levels in plasma at approximately 1 h [3-6].
Once absorbed, fluoride primarily distributes in plasma
and accumulates in mineralized tissues, particularly
bones. It can be slowly released from deposit sites when
plasma fluoride levels decrease. While fluoride metabo-
lism in the liver is minimal, renal excretion is the primary
elimination route, with excretion rates associated with
urine pH, glomerular filtration rate (GFR), plasma fluo-
ride levels, and urine flow rate.

The Australian Dental Association has recommended
teeth brushing with a no-rinse method twice daily to
retain higher fluoride concentration in the oral cavity for
extended periods [7]. Public Health England, the Depart-
ment of Health and Social Care, NHS England, and NHS
Improvement also advise spitting out excess toothpaste
rather than rinsing as a guidance to promote better oral
health [8]. A prior study revealed a correlation between
water rinsing, saliva fluoride concentration, and dental
caries with individuals who rinsed less having higher sali-
vary fluoride levels and lower incidences of dental car-
ies [9]. Another study found that individuals who often
rinsed with water after brushing exhibited a higher inci-
dence of caries than those who did not rinse or only occa-
sionally rinsed during the 3-year observation period [10].

Additionally, researchers have demonstrated that water
rinsing decreases the fluoride availability in saliva by 2.5
times [11], and brushing with fluoride toothpaste with-
out rinsing significantly increases fluoride concentration
in saliva up to 15 min post-brushing [12]. These find-
ings highlight the importance of the no-rinse method in
increasing salivary fluoride levels and prolonging rem-
ineralization in the oral cavity. However, the evidence
supporting the recommendation of the no-rinse method
remains limited, primarily focusing on the impact of fluo-
ride quantity on salivary concentration rather than the
effects and safety of this post-rinsing method.

Despite the potential benefits of the no-rinse method,
concerns exist regarding fluoride toxicity and accumula-
tion, especially considering the prolonged contact time
with fluoride-containing toothpaste. Children and ado-
lescents are particularly sensitive to fluoride toxicity, but
adults can also experience symptoms such as skeletal
fluorosis and other systemic effects [13, 14]. Long-term
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fluoride ingestion reported symptoms such as abdomi-
nal pain, vomiting, and nausea in 70% of subjects [15].
Abnormalities of histological samples collected from the
gastrointestinal tract were also observed. Therefore, it is
crucial to consider the potential impact of high fluoride
concentration when using the no-rinse method.

Nowadays, concerns about potential fluoride toxicity
due to accumulation when people don’t rinse after brush-
ing have emerged. This recent study aimed to assess the
kinetics of fluoride retention within the oral cavity, its
absorption into the systemic circulation, and its urinary
excretion after brushing with the no-rinse method. This
research aims to contribute to evidence-based guidelines
for the clinical application of fluoride to ensure its effec-
tive delivery while prioritizing safety.

Materials and methods

Subjects

This study is a crossover design. The study was approved
by the Committee on Human Rights Related to Human
Experimentation, Mahidol University, Thailand (COA.
No. MU-DT/PY-IRB 2023/063.2609). The trial proto-
col was registered with the Thai Clinical Trials Registry
(TCTR) (TCTR20231104001). Sample size calculations
were performed using raw data from a prior study [16]
with the G*Power program (version 3.1.9.4). The type I
error was set at 0.05 with 95% power. From the power
analysis, subjects of at least 9 participants were required
to participate in the study. We decided to include 10 par-
ticipants in this study by considering a 10% dropout rate.
The participants who reached the following criteria, age
between 20 and 35, resting salivary flow rate above
0.3 ml/min, having healthy teeth and gums, no history
of liver and kidney disease, and did not take medications
that might have affected their salivary flow rate were
included in this study. Those who were unable to col-
lect urine every 2 h were excluded. Each participant was
conducted both no-rinse and rinse post brushing with at
least 7 days of washing period between the rinsing tech-
niques. The washing period refers to the interval between
the experiments of the two different rinsing methods,
allowing for a clear distinction in the effects of each tech-
nique. We selected a 7-day washout period in accordance
with guidance from the US FDA on studying bioavail-
ability and bioequivalence that an adequate washout
period for cross-over study should be approximately ten
times the elimination half-life of the drug [17]. During
the washout period, we provided each participant with
instructions on maintaining their oral hygiene. Partici-
pants were advised to brush their teeth using the Modi-
fied Bass technique, as recommended by the ADA, and
to avoid any medications that could affect the salivary
flow rate throughout the study. To ensure compliance,
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we contacted participants on day 3 or 4 of the washout
period for a follow-up check.

Brushing and rinsing procedure

To participate in the study, all participants needed to
avoid high-fluoride foods for 12 h before attending each
experimental visit. During the first visit, urine samples
were collected to measure baseline fluoride levels, ensur-
ing the controlled intake of low-fluoride foods didn't
affect urinary fluoride. Participants were then randomly
assigned to two groups (group A underwent the rinse
method on the second visit and switched to the no-rinse
method after a 7-day washout period for the third visit,
while Group B started with the no-rinse method on
the second visit, had a 7-day washout period, and then
switched to the rinse method in the third visit) (Fig. 1).
On the days of the second and third visits, fluoride-
containing toothpaste was not used in the morning.
Participants were instructed to consume only the food
(breakfast, lunch) and drink (low fluoride-containing
water) provided during the experimental procedure. The
experiments were started at least 2 h after breakfast. Each
group used either no-rinse method or rinsed with 10 ml
of deionized water for 10 s, applying 1 g of pre-weighed
toothpaste of the no-rinse toothpaste containing 1500
ppm fluoride (Dentiste Anticavity Max Fluoride Tooth-
paste, Bangkok, Thailand). Our staff instructed them to
follow the American Dental Association (ADA) recom-
mended brushing method, briefly using a modified bass
technique with 1 g of pre-weighed toothpaste for 2 min,
covering all tooth surfaces.

Samples collection

Our staff instructed participants to collect unstimulated
saliva in a 50 ml sterile tube for 2 min before and imme-
diately, 5, 10, 15, 30, 60, and 90 min after brushing. Urine
was collected before, and intervals of 30-60 min, 1-2 h,
2—-4 h, and 4-6 h after brushing. Total urine was collected

Visit 1

Avoid high-fluoride foods for 12 hrs. before visit

Avoid high-fluoride foods for 12 hrs. before visit

Used non-fluoride-containing toothpaste in the morning
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in a 600 ml container at each collection time point to cal-
culate cumulative fluoride excretion. Additionally, 5 ml of
blood was collected in a heparinized tube by a registered
nurse at 1 h after using the no-rinse method to analyze
plasma fluoride. The salivary flow rate of each individ-
ual was also determined before brushing by collecting
unstimulated saliva in a 50 ml sterile tube for 2 min. The
salivary flow rate was measured by calculating the total
volume of saliva collected at baseline before brushing
with no-rinse formula toothpaste divided by the time of
collection.

Fluoride measurement

All samples including saliva, blood, and urine were pro-
cessed differently before evaluating fluoride concen-
tration. Saliva was centrifuged at 3024 g for 10 min to
separate supernatant and sediment. The blood sample
underwent centrifugation at 240 g for 5 min to obtain
plasma. Urine sample volumes were recorded before flu-
oride measurement. All samples were kept at -20 °C until
fluoride analysis using a calibrated ion-specific sensitive
electrode (Orion™ Model 9609BN'WP, Thermo Fisher Sci-
entific Cambridgeshire, UK). The flow charts below show
the complete experimental protocol (Fig. 2).

Pharmacokinetic of fluoride

The area under the curve (AUC) of total fluoride levels in
saliva collected from the no-rinse and rinse groups was
calculated from the graph illustrating fluoride levels over
time using Prism°® version 9 (Prism Software Inc., San
Diego, CA, USA). This was done to assess fluoride bio-
availability in the oral cavity.

We measured the total urine volume at each collection
point to determine the fluoride levels in urine samples.
The fluoride quantity was calculated using the following
equation.

Visit 2 Visit 3

Avoid high-fluoride foods for 12 hrs. before visit

Used non-fluoride-containing toothpaste in the morning

- Saliva, urine, blood collection

- No-rinse method

=

1-week

- Saliva, urine, blood collection

Avoid high-fluoride foods for 12 hrs. before visit

Used non-fluoride-containing toothpaste in the morning

washout period

Avoid high-fluoride foods for 12 hrs. before visit
Used non-fluoride-containing toothpaste in the morning

Urine collection for baseline of food and - Rinse method
Group A -

water affecting fluoride levels in urine
5 subjects

1-week
washout period
Avoid high-flucride foods for 12 frs. before visit

Urine collection for baseline of food and - No-rinse method

Group B »

water affecting fluoride levels in urine
1-week

5 subjects

- Saliva, urine, blood collection

- Rinse method

=

1-week

- Saliva, urine, blood collection

washout period

washout period

Fig. 1 Group allocation and processes from the first visit to the third visit for group A and group B
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Fig. 2 Timeline for sample collection and the process of sample preparation for fluoride measurement

Amount of fluoride = Fluoride concentration

x Volume of urine collected at each time point

The cumulative fluoride amount was calculated and plot-
ted against the time of urine collection. Additionally, the
excretion rate (fluoride amount/ time) was computed and
plotted on a semi-log scale against the collection time.
The slope of this graph yielded the elimination rate con-
stant (k,).

The plasma fluoride concentration at a single time
point was utilized to calculate renal clearance using the
following equation.

Renal clearance (ml/min) =

Urinary fluoride concentration x Urine flow rate

Plasma fluoride concentration

Additionally, the volume of distribution (V4 ) and half-life
(t;) were calculated using the following equation.

Renal clearance = K, x Vy

Ty)y = 0.693/K,

Statistical analysis

Statistical analysis was done using IBM SPSS Statis-
tics version 28.0 (IBM Corporation, Armonk, NY) and
Prism® version 9 (Prism Software Inc., San Diego, CA,
USA). Data are represented as mean=standard error of
the mean (SEM). Histogram and Shapiro-Wilk Test were
used for the normality test. A Generalized Estimating
Equation (GEE) was used for salivary and urine fluoride
analysis. A Paired t-test was used for plasma fluoride
analysis, the AUC of fluoride in whole saliva, and the
comparison of fluoride in supernatant and sediment after
tooth brushing.

Results

Demographic profile of study subjects

The study included 4 males (40%) and 6 females (60%).
The mean age, height, weight, and body mass index
(BMI) of the study population were 22+1.16 years,
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Table 1 The demographic profile of the subjects

Characteristics Mean = SD

Age (year) 22+1.16

Sex 4 (Male), 6 (Female)
Height (cm) 166 +9.2

Weight (kg) 60.5+ 1791

BMI (kg/m?) 2191 +448
Salivary flow rate (ml/ min) 058+02

166£9.26 cm, 60.5+17.91 kg, and 21.91+4.48 kg/m?
respectively. The salivary flow rate of all subjects is in the
normal range (average salivary flow rate is 0.58+0.2 ml/
min). All characteristics of the study subjects and the
mean salivary flow rate are shown in Table 1.
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Fluoride concentration in the oral cavity

Fluoride concentrations were determined in two com-
partments of saliva, including supernatant and sediment.
Fluoride concentrations in supernatant after brush-
ing following the no-rinse method showed significantly
higher than those in supernatant from the rinse method
immediately (p=0.02), and 5 min (p<0.001), 10 min
(p=0.002), 15 min (p=0.002) and 30 min (p=0.006),
respectively after brushing (Fig. 3A). In the sediment
compartment, fluoride concentrations in the no-rinse
group displayed a significantly higher level than those in
the rinse group at only the immediate time point after
brushing (p=0.007) (Fig. 3B). When calculated for fluo-
ride in the whole saliva, the no-rinse method exhibited
significantly higher levels than those in the rinse group

Sediment

351
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Time

Fig. 3 The salivary fluoride concentration of various time points after tooth brushing with no-rinse and rinse method. Fluoride concentrations in saliva
were determined in supernatant (A), sediment (B), and whole saliva (C). Data are mean +SEM (n=10). Statistical significance was determined using a

Generalized Estimating Equation (ESS) represented by **P<0.01, ***P <0.001
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E=a Norinse
Rinse

AUC (ppm x min)

Rinse

No rinse

Fig. 4 AUC of fluoride in whole saliva after tooth brushing with no-rinse
and rinse method. Data are mean+SEM (n=10). Statistical significance
was determined using a Paired t-test represented by *P < 0.05

immediately after brushing (p=0.03), and this differ-
ence remained statistically significant at 5 min (p=0.01)
(Fig. 3C). In addition, the AUC calculated from fluoride
in saliva was more critical in the no-rinse than in the
rinse technique (p=0.0185) (Fig. 4). Furthermore, we
observed that after 60 min following toothbrushing, the
sediment had a higher fluoride content than the super-
natant in both methods. This pattern of fluoride distri-
bution between the 2 compartments of saliva was also
observed at the baseline (Fig. 5).

Fluoride concentration in plasma

Analysis revealed that the no-rinse method resulted in a
systemic circulation fluoride concentration at 1 h after
brushing of 0.02601+0.12 ppm, while the rinse method
exhibited a similar concentration of 0.0234+0.09 ppm
(Fig. 6). The statistical analysis revealed no significant
disparity between 2 groups (p-value=0.52).

Renal fluoride excretion
The cumulative amount of fluoride was calculated and
plotted against the time of urine collection (Fig. 7A).
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Fig. 6 Fluoride concentration in plasma between no rinse and rinse
methods at 1 h after brushing. Data are mean + SEM. N= 10 in both groups.
Statistical significance was determined using a Paired t-test

At all time points, no statistically significant differences
were observed between the groups (p-value>0.05). Fur-
thermore, the rate of excretion (amount of fluoride/time)
was computed and plotted on a semi-log scale against
the time of collection. The slope of this graph provided
the elimination rate constant (k,), which was 0.19 h™! for
the no-rinse method and 0.23 h™! (Fig. 7B) for the rinse
method.

Pharmacokinetic of fluoride

From the K, value obtained from the semi-logarithmic
graph, we determined the half-life of fluoride after brush-
ing using the no-rinse method to be approximately 3 h
and 38 min. This value closely aligns with the half-life cal-
culated from the rinse method, which was approximately
3 h. The renal clearance, estimated from urinary fluoride
concentration, urine flow rate, and plasma concentration
at 1 h after brushing in the no-rinse group, was 14.36 ml/
min. In contrast, the rinse method yielded an 11.85 ml/
min renal clearance. Furthermore, the volume of distri-
bution (V,) estimated from both methods was similar.

B Rinse

3 Supernatant
Bl Secdiment

Baselime 0 5 10 15 30 60 90
Time

Fig. 5 The fluoride concentrations in supernatant and sediment at various time points after tooth brushing with no-rinse (A) and rinse (B) method. Data
are mean+SEM (n=10). Statistical significance was determined using a Paired t-test represented by *P<0.05, **P <0.01
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Rate of excretion (ug/ hr)
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Time (hr)

Fig. 7 The cumulative amount of fluoride and rate of fluoride excretion of no-rinse and rinse method after brushing. Data are shown as mean + SEM.
N=10in both groups. Statistical significance was determined using a Generalized Estimating Equation (ESS) for the cumulative amount of fluoride (A).
The slopes were calculated to obtain the k, for fluoride in both experimental groups (B)

Specifically, it was determined to be 4.53 L with the no-
rinse method and 3.09 L with the rinse method.

Discussion

This study investigated the kinetics of fluoride in healthy
adults following the use of 1500 ppm sodium fluoride
toothpaste, specifically employing the no-rinse method
after brushing. The research aligned with the recom-
mendations of several dental associations, including
the Australian Dental Association, British Dental Asso-
ciation, Nation Health Service (NHS.UK), and Canadian
Dental Association, all of which advise against rinsing
after brushing. However, there is currently limited data
available regarding its efficacy and safety. To bridge this
gap, this study compared the no-rinse and rinse meth-
ods to assess their impact on fluoride concentrations in
supernatant, sediment, and whole saliva. Blood and urine
samples were collected at various time points to compre-
hensively evaluate fluoride absorption to the systemic
circulation and excretion. Our findings showed that the
no-rinse method resulted in higher levels of fluoride in
saliva than the rinse method, particularly immediately
after brushing and up to 5 min afterward. Examining
saliva components, we found that fluoride concentra-
tion peaked in the supernatant immediately after brush-
ing and gradually moved to the sediment. Despite higher
salivary fluoride, fluoride levels in plasma and urine are
below those observed in patients with fluorosis, sug-
gesting the safety of the no-rinse method after a single
brushing.

The no-rinse method consistently resulted in higher
fluoride concentrations in both the supernatant and
sediment immediately after brushing, and in the super-
natant at subsequent time points, compared to the rinse
method. A prior study indicated that no-rinsing after
brushing with sodium fluoride resulted in higher sali-
vary fluoride levels than the rinse method until 1 min
[16]. In contrast, our study showed that using the no-
rinse method with sodium fluoride toothpaste sustained

greater fluoride levels in the whole saliva for up to 5 min,
longer than previously reported. The duration of fluo-
ride exposure in the oral cavity directly influences its
effectiveness in promoting remineralization of enamel
or dentin. Longer exposure allows fluoride to exert its
protective and strengthening effects, contributing to oral
health and reducing the risk of tooth decay [18, 19]. If
the no-rinse method consistently extended the level of
fluoride over 5 min over a period of time, it might show
significant remineralization and reduce the incidence of
caries. Furthermore, we found that fluoride levels in the
supernatant after using the no-rinse method reached the
concentrations required to inhibit 50% demineralization
(0.3 to 0.4 ppm) [20] for up to 30 min, whereas the rinse
method maintained these fluoride levels for up to 15 min
after brushing. Our findings align with previous studies,
which demonstrated that the no-rinse method main-
tained salivary fluoride retention in the oral cavity better
than the rinse method [21]. Additionally, increased rins-
ing water decreases fluoride retention in the oral cavity,
leading to lower salivary fluoride levels and potentially
higher dental caries incidence [9, 12]. Thus, minimizing
rinsing after brushing may enhance fluoride efficacy.

This study separated whole saliva into supernatant and
sediment components to examine how the rinsing meth-
ods (no-rinse Vs. rinse) impact fluoride’s kinetics in both
saliva compartments. This approach is crucial as these
compartments may influence the bioavailability of fluo-
ride differently within the oral cavity. The cell-free super-
natant saliva represents a complex secretion originating
from the salivary glands. At the same time, the sediment
comprises the bulk of the human oral microbiome, cel-
lular constituents, proteins, and food particles [22]. At
baseline (before brushing), fluoride accumulated more in
the sediment. Immediately after brushing, fluoride was
initially distributed in the supernatant in both methods.
However, fluoride levels became more prominent in the
sediment after 60 min post brushing. This pattern was
observed with the no-rinse and rinse methods at 60 min,
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but only the no-rinse method maintained elevated fluo-
ride levels in the sediment for up to 90 min, indicating
that this effect might be more noticeable with the no-
rinse method. Our findings align with previous research
showing a biphasic clearance pattern, with rapid fluo-
ride declines in the first 40—60 min followed by a slower
decrease [23, 24]. The gradual decline after 60 min may
result from sustained fluoride release from the sediment
reservoir, suggesting it acts as a fluoride reservoir in the
oral cavity that could help prevent demineralization [22,
25].

Besides the fluoride reservoir in the sediment, fluoride
retention in the saliva is also influenced by other factors,
including fluoride levels in the mouth, salivary flow rates,
toothpaste fluoride content, rinse method, and fluoride
clearance rates [16, 21, 26—-29]. Salivary flow rate affects
fluoride concentration in the oral cavity because a high
salivary flow rate increases fluoride clearance and may
reduce its concentration in the oral cavity [26]. In our
study, the calculated salivary flow rate was 0.58+0.20 ml/
min, slightly higher than the typical unstimulated rate
of 0.3-0.4 ml/min [30]. This higher rate could be a fac-
tor to consider, but our crossover design helps mitigate
its impact.

We also determined a kinetic parameter, the AUC of
salivary fluoride, for both post-brushing methods since
AUC measures fluoride’s oral bioavailability. Our find-
ings revealed a notably higher AUC in the no-rinse group
compared to the rinse groups. A clinical study demon-
strated the impact of water rinsing on salivary fluoride
AUC, showing that the AUC of salivary fluoride was 2.5
times lower when water rinsing was used [11]. Therefore,
our findings suggest that the no-rinse brushing method
increases fluoride retention in the oral cavity and poten-
tially lowers the risk of caries.

Absorption of high fluoride intake into the plasma is
associated with the risk of dental and skeletal fluorosis.
Fluoride toxicity poses serious health risks, leading to
dental issues and cognitive impairment in children [13,
14, 31-33]. Dental fluorosis has been reported in individ-
uals aged 1 to 23 years, with younger people being more
susceptible [34—41]. While dental fluorosis is less com-
mon in adults, fluoride absorption can lead to skeletal
fluorosis in adults [14, 40, 42, 43]. In addition, children
aged 6 to 13 years have been diagnosed with this condi-
tion [44]. These conditions arise due to the absorption of
high fluoride levels into the plasma.

Preventive measures and monitoring of fluoride expo-
sure are crucial. Despite advocacy for the “spit, no-rinse”
brushing method to preserve fluoride levels in the oral
cavity, concerns about fluoride accumulation and the
risk of fluorosis remain. Our study aims to assess fluo-
ride concentration in plasma to validate the safety of the
no-rinse method. Measuring plasma fluoride reflects
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systemic absorption, while urine fluoride indicates elimi-
nation. Previous studies have focused on sodium lauryl
sulfate (SLS) toxicity to oral tissues [45, 46] and assumed
low SLS content in toothpaste is safe with the no-rinse
method [47, 48]. However, there is no evidence docu-
menting systemic fluoride absorption with this approach.
Our study aims to provide concrete data on fluoride
absorption by including urine and blood evaluations for a
comprehensive safety profile of the no-rinse method.

As fluoride toxicity arises from high fluoride absorp-
tion into plasma, analyzing plasma fluoride levels is an
approach to assess the safety of the no-rinse method.
To minimize intrusion, we collected blood samples at a
single time point, 1 h after brushing, based on fluoride’s
absorption half-life of 30 min [49]. This timing allowed us
to estimate peak fluoride absorption. Our study observed
similar mean blood fluoride levels of approximately 0.02
ppm for both the no-rinse and rinse methods. These lev-
els are below those reported in patients with dental and
skeletal fluorosis (0.16—1.25 ppm) [13, 50]. A study dem-
onstrated that less water use for rinsing leads to higher
fluoride absorption into the plasma [51], as well as The
United States Environmental Protection Agency (EPA)
states that a higher amount of fluoride exposure is linked
to the severity of fluorosis [52, 53]. Our results showed
that even though the no-rinse method leads to higher
fluoride exposure, the plasma fluoride levels remained
within the safety limit (0.02 ppm) [50] and were similar
to those observed with the rinse method. This data pro-
vides insights into the safety of the no-rinse method after
a single brushing. However, further long-term studies are
needed to assess the effects of repeated use of no-rinse
toothpaste formulas compared to rinsing methods.

Since urinary fluoride directly reflects fluoride excre-
tion after absorption into the plasma, our study assesses
fluoride levels in urine at various time points after brush-
ing with either the no-rinse or rinse method. Our study
found no significant difference in the amount of fluoride
(ug) in urine samples between the no-rinse and rinse
groups. In addition, the amount of fluoride in urine from
1 to 6 h after no-rinse brushing is comparable to the
amount of baseline urine fluoride (32.54+24.11 pg). This
indicates minimal fluoride entered the bloodstream after
brushing with the no-rinse method in this study. Accord-
ing to previous studies, patients with dental or skeletal
fluorosis had urine fluoride levels ranging from 0.7 to
11.4 ppm, which tend to be higher in adults than in chil-
dren [53, 54]. In contrast to the previous study, the urine
fluoride concentrations after no-rinse brushing at all time
points in our study ranged from 0.23 to 0.29 ppm, which
is far below the urine levels reported from the previous
studies. These findings suggest that the single using of the
no-rinse method has minimal impact on overall fluoride
exposure in the body.
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The calculated half-life of fluoride in the no-rinse for-
mula toothpaste was approximately 3 h and 19 min
from the no-rinse method and 2 h and 54 min from the
rinse method. This is similar to the recorded half-life
reported previously in animal studies: fluoride half-life
is generally 3-10 h [6]. The renal clearance of fluoride
was measured at 14.36 ml/min and 11.85 ml/min in the
no-rinse and rinse groups, respectively. These findings
align closely with a previous study of renal fluoride clear-
ance in healthy adults, which typically ranges from 12.4
to 71.4 ml/min [55]. Notably, renal clearances calculated
from our study were lower than previous findings in chil-
dren and adolescents which was 30—40 ml/min [56]. The
differences in renal clearance observed between our study
and previous research may be due to the underlying renal
diseases present in the subjects of the prior study. In con-
trast, our research focused exclusively on healthy young
adults. In addition, factors such as urinary pH, urine
flow rate, and glomerular filtration rate variance between
individuals can also influence the renal clearance of fluo-
ride [56, 57]. In terms of volume of distribution, it was
determined to be 4.53 L with the no-rinse method and
3.09 L with the rinse method. The low volume of fluoride
distribution suggests minimal distribution into other tis-
sues or fat compartments [58]. However, fluoride remains
concentrated within the bloodstream and is cleared effec-
tively by the kidneys. This implies that urine can reflect
systemic fluoride levels. Since approximately 50% of
fluoride from the bloodstream can be transferred to cal-
cified tissues [6, 59-61], our study acknowledges the lim-
itation of providing a partial representation of systemic
absorption.

We selected the no-rinse toothpaste to use in this
study for its convenience and reduced toxicity to oral tis-
sues. Unlike conventional toothpaste, this formulation
excludes sodium lauryl sulfate (SLS), paraben, sugar, plas-
tic microbeads, and alcohol. The absence of SLS, known
to be toxic to human gingival fibroblasts [46], makes it
more suitable for sensitive oral tissues. SLS in toothpaste
can influence fluoride pharmacokinetics by decreasing
fluoride uptake to the enamel, disrupting plaque biofilm,
and increasing fluoride release from oral reservoirs into
saliva [62, 63]. By using the same toothpaste for both
methods, we ensured that differences in fluoride absorp-
tion were due to the rinsing method alone. For future
studies, including a conventional toothpaste with 1000—
1500 ppm fluoride as a positive control could help vali-
date our findings.

We acknowledge some confounding variables in our
study, such as baseline oral health status and hygiene
practices, which could not be fully controlled. While we
screened participants for baseline oral health conditions,
variability still exists. Additionally, using other dental
products such as mouthwash containing fluoride during
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the study could influence the no-rinse method’s effects.
Future research should control for these variables for
more precise data.

We also recognize the limitation that our safety data is
based on a single brushing with a specific no-rinse tooth-
paste. Further investigations are needed to evaluate the
long-term use of the no-rinse method, compare differ-
ent toothpaste formulations with conventional ones, and
assess the safety of other ingredients in the toothpaste.
Our fluoride data may not apply to all age groups, as fluo-
ride accumulation and excretion vary with age [60]. Chil-
dren’s ability to control fluoride ingestion post-brushing
is also our concern, which could increase their risk of
dental fluorosis with the no-rinse method. Therefore, fur-
ther studies involving more diverse populations and vari-
ous oral conditions, such as periodontitis, are necessary
to generalize our safety results. Despite these limitations,
our study provides valuable insights into optimizing fluo-
ride toothpaste usage to maximize benefits while mini-
mizing risks.

Overall, our study investigates the safety profile of flu-
oride, specifically addressing concerns about systemic
absorption when brushing without rinsing. This research
provides critical information for clinical recommen-
dations and guidelines to enhance oral health benefits
while minimizing the risk of fluorosis. To ensure inter-
nal validity, we randomly assigned participants into two
groups and used a cross-over design, allowing the same
participants to test the no-rinse and rinse methods. We
standardized variables by starting the experiment 2 h
after breakfast, using the same amount (1 g) and type
of fluoride toothpaste, and providing low-fluoride food
and drinking water to minimize fluoride intake from
other sources [64, 65]. These controls strengthened our
study’s internal validity. Although our findings from
young adults may not apply to all age groups, however,
the methodology we developed and validated for assess-
ing fluoride toxicity can be applied to future studies
involving children and other populations. Additionally,
the brushing technique used in our study follows guide-
lines recommended by the ADA and BDA, making it
relevant to various aspects of oral hygiene care. In sum-
mary, minimal fluoride entered the plasma after brushing
without rinsing, indicating potential safety in a controlled
experiment.

Conclusions

1. The no-rinse tooth brushing method demonstrated
higher efficacy than the rinse method by preserving
fluoride concentrations above levels necessary to
prevent demineralization until 30 min after a single

brushing.
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2. Sediment, particularly from the no-rinse method,
acts as a reservoir for salivary fluoride, which
effectively retains fluoride levels over an extended
period.

3. Analysis of fluoride levels in plasma and urine
following no-rinse and rinse methods revealed no
significant difference in single exposure to fluoride
toothpaste formulated for no-rinse use.

4. Within the limitation of this study, we provide
information on the safety profile of fluoride after
a single brushing of no-rinse formula toothpaste,
particularly addressing concerns regarding potential
systemic absorption when brushing without
subsequent rinsing.

Abbreviations

ADA  American Dental Association
AUC  Areaunder the curve

BMI Body mass index

EPA Environmental Protection Agency
GEE Generalized Estimating Equation
GFR Glomerular filtration rate

ke Elimination rate constant
t Half-life
Vy Volume of distribution

Acknowledgements

The authors acknowledge the Faculty of Dentistry, Mahidol University, for
their generous support, which made this research possible. We would like to
express our deepest appreciation to all participants who dedicated their time
and effort to this study, as their valuable contributions significantly enriched
our research and advanced our understanding in this field. Additionally,

we wish to acknowledge the invaluable contributions of the reviewers and
editors whose insightful comments and suggestions greatly enhanced the
quality and clarity of this manuscript.

Author contributions

TP contributed to the study design, conducted experiments, collected

and analyzed data, interpreted the findings, and was a major contributor

to manuscript writing and preparation. SS provided guidance during the
experiments, assisted with data interpretation, and critically reviewed the
manuscript. PD participated in subject recruitment, prepared materials, and
collected data. NR contributed to the study design, provided guidance during
the experiments, interpreted data, critically reviewed the manuscript, and
offered revisions and advice on the manuscript. All authors have read and
approved the final manuscript.

Funding
This research is funded by the Faculty of Dentistry, Mahidol University.
Open access funding provided by Mahidol University

Data availability
The datasets supporting the conclusions of this article are included within the
article. Further enquiries can be directed to the corresponding author.

Declarations

Ethics approval and consent to participate

The study was approved by the Committee on Human Rights Related to
Human Experimentation, Mahidol University, Thailand (COA. No. MU-DT/
PY-IRB 2023/063.2609). The written informed consent was obtained from all
the study participants.

Consent for publication
Not applicable.

Page 10 of 11

Competing interests
The authors declare no competing interests.

Received: 15 May 2024 / Accepted: 23 August 2024
Published online: 08 September 2024

References

1. Expert Committee on Selection and Use of Essential Medicines Applica-
tion Review, Fluoride toothpaste — dental caries, World Health Organiza-
tion (WHO)https://cdn.who.int/media/docs/default-source/essential-
medicines/2021-eml-expert-committee/expert-reviews/a14_fluoridetp_rev2.
pdf?sfyrsn=c35d4123_7 (2021) Accessed 14 Feb 2024.

2. Ten Cate JM, Buzalaf MAR. Fluoride Mode of Action: once there
was an observant dentist. J Dent Res. 2019;98:725-30. https://doi.
org/10.1177/0022034519831604.

3. Ullah R, Zafar MS, Shahani N. Potential fluoride toxicity from oral medi-
caments: a review. Iran J Basic Med Sci. 2017;20:841-8. https://doi.
0rg/10.22038/ijbms.2017.9104.

4. Martinez-Mier EA. Fluoride:its metabolism, toxicity, and role in Dental Health.
J Evidence-Based Complement Altern Med. 2012;17:28-32. https://doi.
org/10.1177/2156587211428076.

5. National Research Council, Fluoride in Drinking Water: A Scientific Review of
EPA's Standards. (The National Academies Press, 2006).

6. Appendix NTP. U, Pharmacokinetics and Concentrations of Fluoride Mea-
sured in Tissue, Blood, Urine, or Bone, NTP Research Report on Systematic
Literature Review on the Effects of Fluoride on Learning and Memory in
Animal Studies: Research Report 1 [Internet], https.//www.ncbi.nlm.nih.gov/
books/NBK552757/ (2016) Accessed 12 Feb 2024.

7. Do LG. Guidelines for use of fluorides in Australia: update 2019, Australian
Research Centre for Population oral, Health. Aust Dent J. 2020;65:30-8.
https://doi.org/10.1111/adj.12742.

8. England PH, Department of Health and Social Care, NHS England, NHS
Improvement, Delivering better oral health: an evidence-based toolkit for
prevention, https://www.gov.uk/government/publications/delivering-better-
oral-health-an-evidence-based-toolkit-for-prevention (2021) Accessed 14
July 2023.

9. Sjogren K, Birkhed D. Factors related to fluoride retention after toothbrushing
and possible connection to caries activity. Caries Res. 1993;27:474-7. https://
doi.org/10.1159/000261583.

10. Chestnutt IG, Schéfer F, Jacobson AP, Stephen KW. The influence of tooth-
brushing frequency and post-brushing rinsing on caries experience in a
caries clinical trial. Community Dent Oral Epidemiol. 1998,26:406-11. https://
doi.org/10.1111/j.1600-0528.1998.tb01979.x.

11. Zamataro CB, Tenuta LM, Cury JA. Low-fluoride dentifrice and the effect of
postbrushing rinsing on fluoride availability in saliva. Eur Arch Paediatr Dent.
2008;9:90-3. https://doi.org/10.1007/bf03262616.

12. Pornsri Patimanukaseam TT, Reeponmaha T. Fluoride content in saliva fol-
lowing tooth brushing with and without rinsing. Thai Dent Public Health J.
2012;17(2):109-16.

13. Usman M, et al. Evaluation of the chronic intoxication of fluoride on
human serum metabolome using untargeted metabolomics. Arab J Chem.
2022;15:103928. https://doi.org/10.1016/j.arabjc.2022.103928. https://doi.org:.

14. Mohammadi AA, Yousefi M, Yaseri M, Jalilzadeh M, Mahvi AH. Skeletal fluoro-
sis in relation to drinking water in rural areas of West Azerbaijan, Iran. Sci Rep.
2017;7:17300. https://doi.org/10.1038/541598-017-17328-8.

15. DasTK, Susheela AK, Gupta IP, Dasarathy S, Tandon RK. Toxic effects of chronic
fluoride ingestion on the upper gastrointestinal tract. J Clin Gastroenterol.
1994;18:194-9. https://doi.org/10.1097/00004836- 199404000-00004.

16.  Albahrani MM, Alyahya A, Qudeimat MA, Toumba KJ. Salivary fluoride con-
centration following toothbrushing with and without rinsing: a randomised
controlled trial. BMC Oral Health. 2022,22:53. https://doi.org/10.1186/
$12903-022-02086-5.

17. Guidance for Industry BIOEQUIVALENCE GUIDANCE. U.S. Department of
Health and Human Services, Food and Drug Administration. Cent Veterinary
Med (CVYM) 15 (2006).

18. Giacaman R, Ferndndez C, Mufioz-Sandoval C, Fuentes N. Longer Retention
Time of Fluoridated Varnishes enhances Enamel Remineralisation in Vitro.
Oral Health Prev Dent. 2017;15:1-5. https://doi.org/10.3290/j.0hpd.a38778.

19.  Watson PS, et al. Penetration of fluoride into natural plaque biofilms. J Dent
Res. 2005;84:451-5. https://doi.org/10.1177/154405910508400510.


https://cdn.who.int/media/docs/default-source/essential-medicines/2021-eml-expert-committee/expert-reviews/a14_fluoridetp_rev2.pdf?sfvrsn=c35d4123_7
https://cdn.who.int/media/docs/default-source/essential-medicines/2021-eml-expert-committee/expert-reviews/a14_fluoridetp_rev2.pdf?sfvrsn=c35d4123_7
https://cdn.who.int/media/docs/default-source/essential-medicines/2021-eml-expert-committee/expert-reviews/a14_fluoridetp_rev2.pdf?sfvrsn=c35d4123_7
https://doi.org/10.1177/0022034519831604
https://doi.org/10.1177/0022034519831604
https://doi.org/10.22038/ijbms.2017.9104
https://doi.org/10.22038/ijbms.2017.9104
https://doi.org/10.1177/2156587211428076
https://doi.org/10.1177/2156587211428076
https://www.ncbi.nlm.nih.gov/books/NBK552757
https://www.ncbi.nlm.nih.gov/books/NBK552757
https://doi.org/10.1111/adj.12742
https://www.gov.uk/government/publications/delivering-better-oral-health-an-evidence-based-toolkit-for-prevention
https://www.gov.uk/government/publications/delivering-better-oral-health-an-evidence-based-toolkit-for-prevention
https://doi.org/10.1159/000261583
https://doi.org/10.1159/000261583
https://doi.org/10.1111/j.1600-0528.1998.tb01979.x
https://doi.org/10.1111/j.1600-0528.1998.tb01979.x
https://doi.org/10.1007/bf03262616
https://doi.org/10.1016/j.arabjc.2022.103928
https://doi.org/10.1038/s41598-017-17328-8
https://doi.org/10.1097/00004836-199404000-00004
https://doi.org/10.1186/s12903-022-02086-5
https://doi.org/10.1186/s12903-022-02086-5
https://doi.org/10.3290/j.ohpd.a38778
https://doi.org/10.1177/154405910508400510

Parakaw et al. BMC Oral Health

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

(2024) 24:1050

Lynch RJ, Navada R, Walia R. Low-levels of fluoride in plague and saliva and
their effects on the demineralisation and remineralisation of enamel; role

of fluoride toothpastes. Int Dent J. 2004;54:304-9. https://doi.org/10.1111/
j.1875-595x.2004.tb00003 x.

Sotthipoka K, Thanomsuk P, Prasopsuk R, Trairatvorakul C, Kasevayuth K. The
effects of toothpaste amounts and post-brushing rinsing methods on sali-
vary fluoride retention. J Health Res. 2018;32:421-31. https://doi.org/10.1108/
JHR-11-2018-082.

Naumova EA, et al. Kinetics of fluoride bioavailability in supernatant

saliva and salivary sediment. Arch Oral Biol. 2012,57:870-6. https://doi.
0rg/10.1016/j.archoralbio.2012.01.011.

Talwar M, Tewari A, Chawla HS, Sachdev V, Sharma S. Fluoride concentration
in Saliva following Professional Topical Application of 2% Sodium Fluoride
Solution. Contemp Clin Dent. 2019;10:423-7. https://doi.org/10.4103/ccd.
ccd_681_18.

Duckworth RM, Morgan SN. Oral fluoride retention after use of fluoride
dentifrices. Caries Res. 1991,25:123-9. https://doi.org/10.1159/000261354.
Zero DT, et al. Studies of fluoride retention by oral soft tissues after the appli-
cation of home-use topical fluorides. J Dent Res. 1992;71:1546-52. https://
doi.org/10.1177/00220345920710090101.

Oliveby A, Ekstrand J, Lagerlof F. Effect of salivary flow rate on salivary fluoride
clearance after use of a fluoride-containing chewing gum. Caries Res.
1987,21:393-401. https://doi.org/10.1159/000261045.

Naumova EA, Gaengler P, Zimmer S, Arnold WH. Influence of individual saliva
secretion on fluoride bioavailability. Open Dent J. 2010;4:185-90. https://doi.
0rg/10.2174/1874210601004010185.

Duckworth RM, Stewart D. Effect of mouthwashes of variable NaF con-
centration but constant NaF content on oral fluoride retention. Caries Res.
1994,28:43-7. https://doi.org/10.1159/000261619.

Opydo-Szymaczek J, Pawlaczyk-Kamieriska T, Borysewicz-Lewicka M. Fluoride
Intake and Salivary Fluoride Retention after using high-fluoride toothpaste
followed by Post-brushing Water Rinsing and Conventional (1400-1450 ppm)
fluoride toothpastes used without rinsing. Int J Environ Res Public Health.
2022;19. https://doi.org/10.3390/ijerph192013235.

lorgulescu G. Saliva between normal and pathological. Important factors in
determining systemic and oral health. J Med Life. 2009,2:303-7.

Bronckers AL, Lyaruu DM, DenBesten PK. The impact of fluoride on amelo-
blasts and the mechanisms of enamel fluorosis. J Dent Res. 2009;88:877-93.
https://doi.org/10.1177/0022034509343280.

Fejerskov O, Manji F, Baelum V. The nature and mechanisms of dental fluoro-
sis in man. J Dent Res. 1990,69(Spec No):692-700. https://doi.org/10.1177/00
220345900690s135. discussion 721.

Gopu BP, et al. The relationship between Fluoride exposure and cognitive
outcomes from Gestation to Adulthood-A systematic review. Int J Environ
Res Public Health. 2022;20. https://doi.org/10.3390/ijerph20010022.

Ramesh M et al. The prevalence of dental fluorosis and its associated factors
in Salem district. Contemp Clin Dent 7 (2016).

Marques RB, et al. Fluoridated water impact on tooth decay and fluorosis

in 17-20-year-olds exposed to fluoride toothpaste. J Public Health Dent.
2022;82:385-94. https://doi.org/10.1111/jphd.12472.

Curtis AM, et al. Decline in Dental Fluorosis Severity during Ado-

lescence: a Cohort Study. J Dent Res. 2020;99:388-94. https://doi.
0rg/10.1177/0022034520906089.

Bardsen A, Bjorvatn K. Risk periods in the development of dental fluorosis.
Clin Oral Investig. 1998;2:155-60. https://doi.org/10.1007/5007840050063.
Nakornchai S, Hopattaraput P, Vichayanrat T, Prevalence, severity and factors
associated with dental. Fluorosis among children aged 8-10 years in Bang-
kok, Thailand. Southeast Asian J Trop Med Public Health. 2016;47:1105-11.
Bhagavatula P, Levy SM, Broffitt B, Weber-Gasparoni K, Warren JJ. Timing

of fluoride intake and dental fluorosis on late-erupting permanent teeth.
Community Dent Oral Epidemiol. 2016;44:32-45. https://doi.org/10.1111/
cdoe.12187.

Choubisa SL, Choubisa L, Choubisa D. Osteo-dental fluorosis in relation

to age and sex in tribal districts of Rajasthan, India. J Environ Sci Eng.
2010;52:199-204.

Franzman MR, Levy SM, Warren JJ, Broffitt B. Fluoride dentifrice ingestion
and fluorosis of the permanent incisors. J Am Dent Assoc. 2006;137:645-52.
https://doi.org/10.14219/jada.archive.2006.0261.

Gebretsadik HG, Skeletal Fluorosis. A risk factor of bone fractures among
adults in Ethiopia: a case-control study. J Orthop Sports Med (2023).

Farid H, Khan FR. Clinical management of severe fluorosis in an adult. BMJ
Case Rep 2012 (2012). https://doi.org/10.1136/bcr-2012-007138

45.

46.

47.
48.

49.

50.

5T

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Page 11 of 11

Tefera N, et al. Association between Dietary Fluoride and Calcium Intake

of School-Age children with symptoms of Dental and skeletal fluorosis in
Halaba, Southern Ethiopia. Front Oral Health. 2022;3. https://doi.org/10.3389/
froh.2022.853719.

Chuang AH, Bordlemay J, Goodin JL, McPherson JC. Effect of Sodium Lauryl
Sulfate (SLS) on primary human gingival fibroblasts in an in Vitro Wound
Healing Model. Mil Med. 2019;184:97-101. https://doi.org/10.1093/milmed/
usy332.

Tabatabaei MH, Mahounak FS, Asgari N, Moradi Z. Cytotoxicity of the
ingredients of commonly used toothpastes and mouthwashes on human
gingival fibroblasts. Front Dent. 2019;16:450-7. https://doi.org/10.18502/fid.
v16i6.3444.

Krisdapong S. Spit don't rinse -. J Health Sci Thail. 2017;26:5348-59.

7 Final Report on the Safety Assessment of Sodium Lauryl Sulfate and
Ammonium Lauryl Sulfate. J Am Coll Toxicol. 1983,2:127-81. https://doi.
0rg/10.3109/10915818309142005.

Committee on Fluoride in Drinking Water, Fluoride in Drinking Water: A Sci-
entific Review of EPA's Standards, National Academy of Sciences, Engineering,
and Medicine, https://nap.nationalacademies.org/catalog/11571/fluoride-in-
drinking-water-a-scientific-review-of-epas-standards (2006) Accessed.
Susheela AK, Bhatnagar M. Reversal of fluoride induced cell injury through
elimination of fluoride and consumption of diet rich in essential nutrients
and antioxidants. Mol Cell Biochem. 2002;234-235:335-40.

Sjogren K, Ekstrand J, Birkhed D. Effect of water rinsing after toothbrushing
on fluoride ingestion and absorption. Caries Res. 1994,28:455-9. https://doi.
0rg/10.1159/000262020.

The United States Environmental Protection Agency (EPA), Safe Drinking
Water Act, Fluoride Risk Assessment and Relative Source Contribution,
https://www.epa.gov/sdwa/fluoride-risk-assessment-and-relative-source-
contribution (2010) Accessed 5 April 2024.

Nayak B, et al. Health effects of groundwater fluoride contamination. Clin
Toxicol (Phila). 2009;47:292-5. https://doi.org/10.1080/15563650802660349.
Patcharaporn Gavila SC. and Thantrira Porntaveetus. in Urinary and Water
Fluoride Concentrations in Dental Fluorosis Patients in Thailand. The 19th
International Scientific Conference of the Dental Faculty Consortium of
Thailand (DFCT 2022). 204-209.

Schiffl H, Binswanger U. Renal handling of Fluoride in Healthy Man. Ren
Physiol. 2008;5:192-6. https://doi.org/10.1159/000172857.

Spak CJ, Berg U, Ekstrand J. Renal clearance of fluoride in children and adoles-
cents. Pediatrics. 1985;75:575-9.

Whitford GM, Pashley DH, Stringer Gl. Fluoride renal clearance: a pH-depen-
dent event. Am J Physiology-Legacy Content. 1976;230:527-32. https://doi.
org/10.1152/ajplegacy.1976.230.2.527.

Mahabadi AMN. Volume Distribution, July 24, 2023) Accessed 31 March 2024.
Thompson LJ. In: Gupta RC, editor. Veterinary toxicology (Third Edition).
Academic; 2018. pp. 429-31.

Institute of Medicine (US) Standing Committee on the Scientific Evaluation of
Dietary Reference Intakes, Dietary Reference Intakes for Calcium, Phosphorus,
Magnesium, Vitamin D, and Fluoride, https://www.ncbi.nlm.nih.gov/books/
NBK109832/ (1997) Accessed 23 Jan 2024.

Marilia AR, Buzalafa GMW. Fluoride metabolism. Monogr Oral Sci.
2011;22:20-36.

Fowler CE, et al. The effect of dentifrice ingredients on enamel erosion
prevention and repair. Surf Interface Anal. 2021;53:528-39. https://doi.
0rg/10.1002/sia.6940.

Vogel GL, Schumacher GE, Chow LC, Tenuta LM. Oral fluoride levels 1 h after
use of a sodium fluoride rinse: effect of sodium lauryl sulfate. Caries Res.
2015;49:291-6. https://doi.org/10.1159/000381192.

Bureau of Dental Health, Ministry of Public Health, Thailand, Report the fluo-
ride content in bottled drinking water and mineral water as reference data
for dispensing fluoride supplements for children, Survey on bottled drinking
water and mineral water readily available in convenient stores in Bangkok,
September - November 2016, https://dental.anamai.moph.go.th/ (2016)
Accessed 1 Feb 2024.

Carwile JL, Ahrens KA, Seshasayee SM, Lanphear B, Fleisch AF. Predictors of
plasma fluoride concentrations in children and adolescents. Int J Environ Res
Public Health. 2020;17. https://doi.org/10.3390/ijerph17249205.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1111/j.1875-595x.2004.tb00003.x
https://doi.org/10.1111/j.1875-595x.2004.tb00003.x
https://doi.org/10.1108/JHR-11-2018-082
https://doi.org/10.1108/JHR-11-2018-082
https://doi.org/10.1016/j.archoralbio.2012.01.011
https://doi.org/10.1016/j.archoralbio.2012.01.011
https://doi.org/10.4103/ccd.ccd_681_18
https://doi.org/10.4103/ccd.ccd_681_18
https://doi.org/10.1159/000261354
https://doi.org/10.1177/00220345920710090101
https://doi.org/10.1177/00220345920710090101
https://doi.org/10.1159/000261045
https://doi.org/10.2174/1874210601004010185
https://doi.org/10.2174/1874210601004010185
https://doi.org/10.1159/000261619
https://doi.org/10.3390/ijerph192013235
https://doi.org/10.1177/0022034509343280
https://doi.org/10.1177/00220345900690s135
https://doi.org/10.1177/00220345900690s135
https://doi.org/10.3390/ijerph20010022
https://doi.org/10.1111/jphd.12472
https://doi.org/10.1177/0022034520906089
https://doi.org/10.1177/0022034520906089
https://doi.org/10.1007/s007840050063
https://doi.org/10.1111/cdoe.12187
https://doi.org/10.1111/cdoe.12187
https://doi.org/10.14219/jada.archive.2006.0261
https://doi.org/10.1136/bcr-2012-007138
https://doi.org/10.3389/froh.2022.853719
https://doi.org/10.3389/froh.2022.853719
https://doi.org/10.1093/milmed/usy332
https://doi.org/10.1093/milmed/usy332
https://doi.org/10.18502/fid.v16i6.3444
https://doi.org/10.18502/fid.v16i6.3444
https://doi.org/10.3109/10915818309142005
https://doi.org/10.3109/10915818309142005
https://nap.nationalacademies.org/catalog/11571/fluoride-in-drinking-water-a-scientific-review-of-epas-standards
https://nap.nationalacademies.org/catalog/11571/fluoride-in-drinking-water-a-scientific-review-of-epas-standards
https://doi.org/10.1159/000262020
https://doi.org/10.1159/000262020
https://www.epa.gov/sdwa/fluoride-risk-assessment-and-relative-source-contribution
https://www.epa.gov/sdwa/fluoride-risk-assessment-and-relative-source-contribution
https://doi.org/10.1080/15563650802660349
https://doi.org/10.1159/000172857
https://doi.org/10.1152/ajplegacy.1976.230.2.527
https://doi.org/10.1152/ajplegacy.1976.230.2.527
https://www.ncbi.nlm.nih.gov/books/NBK109832/
https://www.ncbi.nlm.nih.gov/books/NBK109832/
https://doi.org/10.1002/sia.6940
https://doi.org/10.1002/sia.6940
https://doi.org/10.1159/000381192
https://dental.anamai.moph.go.th/
https://doi.org/10.3390/ijerph17249205

	﻿Kinetics of fluoride after brushing with the no-rinse method
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Subjects
	﻿Brushing and rinsing procedure
	﻿Samples collection
	﻿Fluoride measurement
	﻿Pharmacokinetic of fluoride
	﻿Statistical analysis

	﻿Results
	﻿Demographic profile of study subjects
	﻿Fluoride concentration in the oral cavity
	﻿Fluoride concentration in plasma
	﻿Renal fluoride excretion



