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Fluoride retention in saliva and in 
dental biofilm after different home-use 
fluoride treatments

Abstract: This single-blind, randomized, crossover study aimed at as-
sessing the long-term fluoride concentrations in saliva and in dental 
biofilm after different home-use fluoride treatments. The study volun-
teers (n = 38) were residents of an area with fluoridated drinking water. 
They were administered four treatments, each of which lasted for one 
week: twice-daily placebo dentifrice, twice-daily fluoride dentifrice, 
twice-daily fluoride dentifrice and once-daily fluoride mouthrinse, and 
thrice-daily fluoride dentifrice. At the end of each treatment period, 
samples of unstimulated saliva and dental biofilm were collected 8 h 
after the last oral hygiene procedure. Fluoride concentrations in saliva 
and dental biofilm were analyzed using a specific electrode. The fluo-
ride concentrations in saliva and dental biofilm 8 h after the last use of 
fluoride products did not differ among treatments. The results of this 
study suggest that treatments with home-use fluoride products have no 
long-term effect on fluoride concentrations in saliva and in dental bio-
film of residents of an area with a fluoridated water supply.

Keywords: Fluorine; Toothpastes; Mouthwashes; Saliva; Biofilms.

Introduction
Fluoride is thought to exert anti-caries effects predominantly by ele-

vating the fluoride concentrations in saliva and dental biofilm.1 Fluoride 
inhibits acid-mediated dissolution of tooth mineral and promotes rem-
ineralization of the crystal surface.1

The greatest advantage of fluoride dentifrices, compared to other forms 
of topical application, is the regularity with which fluoride is delivered, 
which increases the availability of fluoride in the oral cavity during the 
caries process.2 Regular use of fluoride dentifrices is thought to be a ben-
eficial preventive measure, regardless of the caries experience or other oral 
healthcare measures.3 However, for patients with active caries, a greater 
frequency of topical fluoride administration is needed.4 Mouthrinsing is 
a simple method of self-application of fluoride,5 usually recommended 
for patients with active caries in addition to the normal use of a fluoride 
dentifrice.5 However, because a mouthrinse is usually applied immedi-
ately after the toothbrush procedure, it does not increase the frequency 
of fluoride exposure.6

Some studies have suggested that the daily, regular use of home-use 
topical fluoride products, e.g., dentifrices and mouthrinses, results in 
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dental exposure to low and steady fluoride concen-
trations via oral fluids.7,8 An increase in the fluoride 
concentration in saliva from 0.01 to 0.1 ppm, i.e., a 
5- to 10-fold increase, for prolonged periods may be 
very effective for caries control.9

The concentration of fluoride in dental biofilm 
increases with the use of fluoride dentifrices,10 fluo-
ride mouthrinses,11 and fluoridated drinking water.12 
The fluoride concentration present in oral fluids at 
any given time following fluoride application is 
influenced by the initial concentration of the fluoride 
applied, by the elapsed time since the last exposure, 
by the method of delivery, and by a complex interac-
tion among factors that influence fluoride clearance 
and retention.13 Duckworth and Morgan14 stated that 
after a single brushing with a fluoride dentifrice, the 
salivary fluoride content decreases in two distinct 
phases: an initial, rapid phase that lasts for 40–80 min 
depending on the individual; and a second, slower 
phase that lasts for several hours because fluoride is 
released from an oral fluoride reservoir.

A majority of studies that have evaluated fluoride 
concentrations in saliva after treatment with topi-
cal fluoride have observed that the concentrations 
decreased shortly after a single application.15,16,17,18,19 
Numerous studies have determined fluoride con-
centrations in saliva and in dental biofilm over long 
periods in areas with fluoridated water supply; how-
ever, they yielded contradictory results.13,20,21,22,23,24

Since the literature remains inconclusive in regard 
to this aspect, the aim of this study was to determine 
the fluoride retention in saliva and in dental biofilm 
after different home-use fluoride treatments in volun-
teers living in an area with a fluoridated water supply.

Methodology
Dental students (23.4 ± 3.6 years old) residing 

in an area with a fluoridated water supply (mean: 
0.7 ppm F, range: 0.6–0.8 ppm F) were recruited 
at the Faculty of Dentistry of Universidade Federal 
do Rio Grande do Sul (UFRGS), Brazil. The sam-
ple size calculation was performed using dental 
biofilm fluoride concentration data from a previ-
ous study by Heijnsbroek et al.25 Using a similar 
experimental protocol, incorporating 20% beta 
and 5% alpha errors with a statistic power of 0.8, 

the required sample size was calculated to be 31 
volunteers. Assuming a dropout rate of 30%, 40 
volunteers were enrolled. The inclusion crite-
ria were the following: good general and den-
tal health, no use of antibiotics at least 2 months 
prior to the study, at least 24 natural teeth, and 
an unstimulated salivary flow rate of 0.25–0.35 
mL/min.20 The study was approved by the Eth-
ics Committee of the Faculty of Dentistry, UFRGS 
(protocol number 53/06), and the volunteers pro-
vided informed consent.

This study used a single-blind, randomized, 
crossover design. Volunteers were assigned ran-
domization numbers using a computer-generated 
allocation schedule. Professional dental prophy-
laxis was performed before and during the experi-
mental periods in order to avoid a carryover effect 
from previous treatments. The volunteers were 
instructed to use a fluoride-free dentifrice (silica-
based, Dentics®, DentalPrev Ind. e Com. Ltda., 
São Paulo, Brazil) for 1 week prior to the study 
and during the washout periods. The volunteers 
were administered four different treatments, each 
lasting 1 week: T I: twice-daily placebo dentifrice, 
T II: twice-daily fluoride dentifrice, T III: twice-
daily fluoride dentifrice and once-daily fluoride 
mouthrinse, and T IV: thrice-daily fluoride den-
tifrice. Each treatment was followed by a 1-week 
washout period. The volunteers brushed their teeth 
with the dentifrice (placebo or 1100 ppm F as NaF, 
silica-based, Dentics®) for 1 min and then rinsed 
the mouth with 10 mL of tap water for 10 s. The 
rinsing procedure with the fluoride solution (225 
ppm F as NaF, Dentics®) was performed with 10 mL 
solution for 1 min. The volunteers brushed their 
teeth in the morning and at bedtime. In treatment 
IV, the volunteers brushed their teeth at lunchtime 
as well. The rinsing procedure was performed 
immediately after bedtime toothbrushing. The 
volunteers received oral and written information 
about the procedures and were asked to refrain 
from using any antibacterial or other fluoridated 
agents during the experimental period. Owing to 
the crossover design, the volunteers did not receive 
any instructions regarding their daily diet. In an 
attempt to optimize compliance, all volunteers 
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received a phone call before the sampling proce-
dures to remind them of their scheduled time for 
their last oral hygiene procedure.

Eight hours after the last oral hygiene pro-
cedure, in the morning (before breakfast), den-
tal biofilm samples were collected with a sterile 
curette from the supragingival margins of molar 
and pre-molar buccal surfaces. The samples were 
placed in Eppendorf tubes that were codified and 
pre-weighted on an analytical balance (Sartorius, 
Goettingen, Germany). A pilot study previously 
determined the minimum amount of dental bio-
film required for fluoride analysis. At least 2 mg 
of dental biofilm was collected in each phase 
from each volunteer. The collected dental bio-
film samples were immediately centrifuged for 
2 min at 11,000 × g (Eppendorf, Hamburg, Ger-
many).25 The volunteers were instructed to drool 
for 5 min in a plastic cup to obtain unstimulated 
whole saliva samples. The saliva samples were 
placed in Eppendorf tubes, centrifuged for 15 min 
at 11,000 × g, and the supernatants were frozen 
for subsequent fluoride analysis.25

In order to determine the fluoride content, cali-
bration curves for saliva and dental biofilm were 
drawn from standardized solutions containing 
known amounts of fluoride, ranging from 0.02–0.4 
ppm F and 0.1–16 ppm F, respectively. All the sam-
ples were analyzed using an ion-specific electrode 
(Orion Research Inc., Beverly, USA) connected to an 
ion analyzer (Procyon, São Paulo, Brazil). Sample 
readings were recorded in millivolts (mV) and trans-
formed by linear regression of the calibration curve 

into fluoride concentrations of µmol/L and mmol/kg 
(saliva and dental biofilm, respectively).18,26

Before analyses, the dental biofilm samples were 
dehydrated for 24 h in a vacuum dryer over P2O5.

27 
For fluoride extraction, 0.5 M HCl was added to the 
microtube at 0.1 mL HCl per mg biofilm (dry weight). 
After extraction for 3 h at room temperature under 
constant agitation, an equal volume of Total Ionic 
Strength Adjustment Buffer (TISAB) II, pH 5.0, modi-
fied with 20 g NaOH/L, was added to the microtube. 
The samples were centrifuged for 10 min at 11,000 × 
g and the supernatant was collected for determina-
tion of the fluoride concentration.27,28,29

Saliva samples were thawed and mixed with 
TISAB III (Thermo Electron Corp., Beverly, USA) at a 
10:1 ratio for determination of the fluoride content.11

The non-parametric Friedman’s test was used to com-
pare the fluoride concentrations in saliva and in dental 
biofilm after the different treatments. Because the trial 
had a crossover design, each volunteer was considered 
as an experimental unit. All of statistical analyses were 
performed using SAS version 9.1 (SAS Institute Inc., Cary, 
USA). The level of significance was set at 5%.

Results
Two volunteers were excluded because they failed 

to attend one or more appointments and their saliva 
and dental biofilm samples were not included in the 
data analysis. Table 1 shows the fluoride concentra-
tions of saliva and dental biofilm samples at 8 h after 
the end of each treatment. No differences in the fluo-
ride concentrations in saliva or in dental biofilm were 
observed among the different treatments (p > 0.05).

Table 1. Fluoride concentrations in saliva and in dental biofilm after different treatments

Saliva (µmol F/L) Dental biofilm (mmol F/kg) 

Percentiles Percentiles
Treatments* n Mean (SD) 25th 50th 75th Mean (SD) 25th 50th 75th

T I 38 1.02 (0.53) 0.75 0.84 1.08 13.88 (15.65) 2.81 5.30 22.46
T II 38 0.99 (0.27) 0.79 0.95 1.21 16.81 (27.70) 3.92 7.26 19.07
T III 38 1.08 (0.43) 0.79 1.00 1.34 18.53 (21.42) 3.63 10.65 25.06
T IV 38 1.11 (0.53) 0.84 0.95 1.24 18.80 (18.88) 4.31 10.98 30.70

p=0.49** p=0.26**

*T I: twice-daily placebo dentifrice; T II: twice-daily fluoride dentifrice; T III: twice-daily fluoride dentifrice and once-daily fluoride mouthrinse; T 
IV: thrice-daily fluoride dentifrice
** Friedman test
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Discussion
In this study, we evaluated whether fluoride concen-

trations in saliva and dental biofilm remained signifi-
cantly elevated at 8 h after four different oral hygiene 
procedures in volunteers living in an area with fluo-
ridated water supply. The fluoride concentrations in 
saliva and in dental biofilm were not significantly dif-
ferent among the treatments. The frequency of brush-
ing with a fluoride dentifrice and additional use of fluo-
ride mouthrinse followed by brushing with a fluoride 
dentifrice did not affect the fluoride concentrations in 
biofilm and saliva at 8 h after the last procedure.

Our results did not confirm those of others studies, 
which evaluated fluoride retention after use of fluoride 
products.7,8,14,15,25,26,30 In these studies, fluoride measure-
ments were taken on saliva samples collected 6–24 h 
after the regular daily use of fluoride products, brush-
ing with a fluoride dentifrice, and/or using fluoride 
mouthrinsing. Most of these studies reported that the 
fluoride concentrations in saliva remained significantly 
elevated, over a period of 12–24 h, compared with the 
baseline. One possible explanation for the results of 
the present study could be that previous studies were 
performed in areas without fluoridated drinking water. 
This could have resulted in greater fluoride concentra-
tions in saliva and in dental biofilm at 12 h or more after 
the last use of fluoride products, as compared with a 
relatively low baseline concentration.30

The results of this study are in agreement with the 
findings of most of the studies conducted in areas with 
a fluoridated water supply.13,20,21,22 These studies also 
did not show a long-term effect on the fluoride con-
centration in saliva and in dental biofilm compared to 
baseline values. A possible explanation for these is that 
plaque-binding sites for long-term fluoride retention 
are occupied by fluoride ions largely in communities 
with fluoridated water, but not where the water con-
tains only traces of this ion.30 However, two studies 
carried out by the same authors and conducted in an 
area with a fluoridated water supply yielded contra-
dictory results.22,24 The results of the study conducted 
in 200622 are in agreement with our findings; no dif-
ferences in the fluoride concentrations in saliva and 
in dental biofilm were noted at 12 hours after the use 
of fluoridated toothpaste when compared to baseline 
values. However, in the study carried out in 2010,24 

the authors found that the fluoride concentrations in 
saliva and in dental biofilm remained elevated at 12 
h after the last use of a fluoride dentifrice. A possible 
explanation for these contradictory results could be the 
different fluoride concentrations in the water supply 
of the city where the studies were conducted. In the 
study from 2006, the mean fluoride concentration in 
the water supply was 0.85 ppm, whereas in the study 
from 2010, the mean fluoride concentration was 0.72 
ppm. This small difference between the fluoride con-
centrations in water observed in the two studies may 
have had an impact on having or not having the oral 
binding sites for fluoride occupied by fluoride ions.

Limitations of this study could be the time of mea-
surement of the fluoride concentrations in biofilm and 
saliva for the different treatments, since this study was 
conducted in an area with fluoridated water supply. 
Nevertheless, analyzing the medians and 25th–75th per-
centile values for dental biofilm obtained from the  the 
different treatments, the treatment with twice-daily 
placebo dentifrice (T I) showed the lowest median 
and 25th–75th percentile values followed by the treat-
ment with twice-daily fluoride dentifrice (T II). The 
treatments with greater frequency and higher dose of 
fluoride products (T III: twice-daily fluoride dentifrice 
and once-daily fluoride mouthrinse and T IV: thrice-
daily fluoride dentifrice) showed higher median and 
25th–75th percentile values. A shorter measurement 
time interval (less than 8 h) may reveal significant 
differences among the treatments.

Conclusion
The results of this study suggest that treatments with 

home-use fluoride products have no long-term effect on 
fluoride concentrations in saliva and in dental biofilm 
of residents of an area with a fluoridated water supply.

Acknowledgments
The authors thank the volunteers at the Faculty 

of Dentistry of Universidade Federal do Rio Grande do 
Sul (UFRGS) for their valuable participation in this 
study; DentalPrev Ind. e Com. Ltda., Brazil, for denti-
frice and mouthrinse preparation and donation; and 
Coordenação de Aperfeiçoamento de Pessoal de Nível Supe-
rior (CAPES) and Pró-Reitoria de Pesquisa of UFRGS 
for the financial support.

4 Braz Oral Res., (São Paulo) 2014;28(1):1-5



Souza DCC, Maltz M, Hashizume LN

1. ten Cate JM. Current concepts on the theories of the mech-
anism of action of fluoride. Acta Odontol Scand. 1999 
Dec;57(6):325-9.

2. Mellberg JR, Chomicki WG. Effect of soluble calcium on 
fluoride uptake by artificial caries lesions in vivo. Caries 
Res. 1985;19(2):122-5.

3. Delbem ACB, Carvalho LPR, Morihisa RKU, Cury JA. In 
vitro comparison of the cariostatic effect between topical 
application of fluoride gels and fluoride toothpaste. J Appl 
Oral Sci. 2004 Jun;12(2):121-6.

4. Marinho VC, Higgins JP, Sheiham A, Logan S. Fluoride tooth-
pastes for preventing dental caries in children and adoles-
cents. Cochrane Database Syst Rev. 2003;(1):CD002278.

5. Marinho VC, Higgins JP, Logan S, Sheiham A. Fluoride 
mouthrinses for preventing dental caries in children and 
adolescents. Cochrane Database Syst Rev. 2003;(3):CD002284.

6. Marinho VC, Higgins JP, Sheiham A, Logan S. Combinations 
of topical fluoride (toothpastes, mouthrinses, gels, varnishes) 
versus single topical fluoride for preventing dental caries 
in children and adolescents. Cochrane Database Syst Rev. 
2004;(1):CD002781.

7. Duckworth RM, Gilbert RJ. Intra-oral models to assess cario-
genicity: evaluation of oral fluoride and pH. J Dent Res. 1992 
Apr;71 Spec No:934-44.

8. Duckworth RM, Morgan SN, Gilbert RJ. Oral fluoride mea-
surements for estimation of the anti-caries efficacy of fluo-
ride treatments. J Dent Res. 1992 Apr;71 Spec No:836-40.

9. Featherstone JD, Zero DT. An in situ model for simulta-
neous assessment of inhibition of demineralization and 
enhancement of remineralization. J Dent Res. 1992 Apr;71 
Spec No:804-10.

10. Duckworth RM, Morgan SN, Burchell CK. Fluoride in plaque 
following use of dentifrices containing sodium monofluoro-
phosphate. J Dent Res. 1989 Feb;68(2):130-3.

11. 11.Duckworth RM, Morgan SN, Murray AM. Fluoride in sa-
liva and plaque following use of fluoride-containing mouth-
washes. J Dent Res. 1987 Dec;66(12):1730-4.

12. Santos MN, Cury JA. Dental plaque fluoride is lower 
after discontinuation of water fluoridation. Caries Res. 
1988;22(5):316-7.

13. Zero DT, Fu J, Espeland MA, Featherstone JD. Comparison 
of fluoride concentrations in unstimulated whole saliva fol-
lowing the use of a fluoride dentifrice and a fluoride rinse. 
J Dent Res. 1988 Oct;67(10):1257-62.

14. Duckworth RM, Morgan SN. Oral fluoride retention after use 
of fluoride dentifrices. Caries Res. 1991;25(2):123-9.

15. Duckworth RM, Knoop DT, Stephen KW. Effect of mouth-
rinsing after toothbrushing with a fluoride dentifrice on 
human salivary fluoride levels. Caries Res. 1991;25(4):287-91.

16. Seppa L, Salmenkivi S, Hausen H. Salivary fluoride concen-
tration in adults after different fluoride procedures. Acta 
Odontol Scand. 1997 Apr;55(2):84-7.

17. Sjogren K, Birkhed D. Effect of various post-brushing activities 
on salivary fluoride concentration after toothbrushing with a 
sodium fluoride dentifrice. Caries Res. 1994;28(2):127-31.

18. Issa AI, Toumba KJ. Oral fluoride retention in saliva follow-
ing toothbrushing with child and adult dentifrices with and 
without water rinsing. Caries Res. 2004 Jan-Feb;38(1):15-9.

19. Sjogren K, Melin NH. The influence of rinsing routines on 
fluoride retention after toothbrushing. Gerodontology. 2001 
Jul;18(1):15-20.

20. Zero DT, Raubertas RF, Fu J, Pedersen AM, Hayes AL, Feath-
erstone JD. Fluoride concentrations in plaque, whole saliva, 
and ductal saliva after application of home-use topical 
fluorides [published eerratum appears in J Dent Res 1993 
Jan;72(1):87]. J Dent Res. 1992 Nov;71(11):1768-75.

21. Whitford GM, Wasdin JL, Schafer TE, Adair SM. Plaque 
fluoride concentrations are dependent on plaque calcium 
concentrations. Caries Res. 2002 Jul-Aug;36(4):256-65.

22. Pessan JP, Sicca CM, de Souza TS, da Silva SM, Whitford 
GM, Buzalaf MA. Fluoride concentrations in dental plaque 
and saliva after the use of a fluoride dentifrice preceded by 
a calcium lactate rinse. Eur J Oral Sci. 2006 Dec;114(6):489-93.

23. Pessan JP, Silva SM, Lauris JR, Sampaio FC, Whitford GM, 
Buzalaf MA. Fluoride uptake by plaque from water and from 
dentifrice. J Dent Res. 2008 May;87(5):461-5.

24. Pessan JP, Alves KM, Ramires I, Taga MF, Sampaio FC, 
Whitford GM, Buzalaf MA. Effects of regular and low-
fluoride dentifrices on plaque fluoride. J Dent Res. 2010 
Oct;89(10):1106-10.

25. Heijnsbroek M, Gerardu VA, Buijs MJ, van Loveren C, ten 
Cate JM, Timmerman MF, et al. Increased salivary fluoride 
concentrations after post-brush fluoride rinsing not reflected 
in dental plaque. Caries Res. 2006;40(5):444-8.

26. Campus G, Lallai MR, Carboni R. Fluoride concentration in 
saliva after use of oral hygiene products. Caries Res. 2003 
Jan-Feb;37(1):66-70.

27. Pearce EI, Hancock EM, Gallagher IH. The effect of fluor-
hydroxyapatite in experimental human dental plaque on 
its pH, acid production and soluble calcium, phosphate and 
fluoride levels following glucose challenge. Arch Oral Biol. 
1984;29(7):521-7.

28. Cury JA, Rebelo MA, Del Bel Cury AA, Derbyshire MT, Tab-
choury CP. Biochemical composition and cariogenicity of 
dental plaque formed in the presence of sucrose or glucose 
and fructose. Caries Res. 2000 Nov-Dec;34(6):491-7.

29. Tatevossian A. Fluoride in dental plaque and its effects. J Dent 
Res. 1990 Feb;69 Spec No:645-52; discussion 82-3.

30. Whitford GM, Buzalaf MA, Bijella MF, Waller JL. Plaque 
fluoride concentrations in a community without water fluo-
ridation: effects of calcium and use of a fluoride or placebo 
dentifrice. Caries Res. 2005 Mar-Apr;39(2):100-7.

References

5Braz Oral Res., (São Paulo) 2014;28(1):1-5

http://www.ncbi.nlm.nih.gov/pubmed/17184230
http://www.ncbi.nlm.nih.gov/pubmed/17184230
http://www.ncbi.nlm.nih.gov/pubmed/17184230
http://www.ncbi.nlm.nih.gov/pubmed/18434577
http://www.ncbi.nlm.nih.gov/pubmed/18434577
http://www.ncbi.nlm.nih.gov/pubmed/20651094
http://www.ncbi.nlm.nih.gov/pubmed/20651094

