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DOES DENTAL FLUORIDE USE HAVE CLINICALLY SIGNIFICANT
EFFECTS ON ORAL BACTERIA?
Carole Clincha
Waterloo, Ontario, Canada

SUMMARY: Dental research conferences in 1990 and 2001 concluded that fluoride (F)
does not produce clinically relevant changes in the number or concentration of
bacteria species found in dental plaque. In vivo evidence with the F concentrations
commonly used in F toothpastes (500–1500 ppm), followed by mouthrinsing with
water, has failed to show any clinically significant effect on the bacteria involved in
cariogenic activity. Two plausible explanations are possible: (a) various strains of
cariogenic oral bacteria have become resistant to F; (b) F never actually had any
significant impact on caries-promoting oral bacteria at clinically relevant
concentrations. If the first scenario is true, a more resistant cariogenic oral bacteria
may have been induced in modern man with the extensive use of F, just as overuse
of penicillin and other antibiotics has resulted in resistance to disease-causing
bacteria. If the second scenario is true, then various agencies and organizations
promoting F use for caries prevention need to re-evaluate their positions based on
findings of current dental research.
Keywords: Cariogenic bacteria; Dental caries; Fermentable carbohydrates; Fluoride resistance;
Oral bacteria; Oral biofilm; Plaque.
INTRODUCTION: ECOLOGICAL PLAQUE HYPOTHESIS

Unlike the classical model of infections, wherein a single microbe species is
found to cause a specific disease, oral pathologies such as dental caries have
multiple origins. A new paradigm based on ecological principles appears to be
leading to a more effective understanding of the enamel biofilm conventionally
called “dental plaque,” which contains more than 500 bacterial species, and
displays a high degree of structural and functional organization.1-6 This new
ecological approach forms the basis for evaluating the relationship between
fluoride (F) and dental pathology.
With the exception of a limited number of pathogens, the majority of indigenous
oral microorganisms are benign or beneficial.1,4 “Dental plaque forms naturally on
teeth and is of benefit to the host by helping to prevent colonization by exogenous,
and often pathogenic, species.”4 Plaque also is a reservoir of key tooth minerals
such as calcium and phosphorus, thus enhancing the duration of the
remineralization period. It is now known that disruption of the homeostasis in the
dental plaque ecosystem is due to changes in influencing factors, such as nutrition,
the amount, type, and frequency of fermentable carbohydrates in the diet, immune
defense of the host, salivary flow, and oral hygiene (use of antimicrobials and
mechanical removal of sugar residues and bacteria).4,5 Interactions of genetic,
socio-economic, nutritional, and even political factors are additional factors. These
disruptions lead to changes in the proportions, numbers, and interactions of
acidogenic (acid-producing) and aciduric (acid-tolerant) bacteria that are at the
core of dental caries activity.4-6 In the development of caries, bacteria species
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associated with pathological outcomes are increased, while species that normally
prevail in good health are reduced.
A decrease in dental plaque pH triggered by the ingestion of fermentable
carbohydrates is a “necessary cause” in the increased solubility of calcium
hydroxyapatite in the dental hard tissues, leading to a loss of calcium, phosphorus
and hydroxyapatite from the tooth surface.2 Chronically low pH shifts the
dynamic balance between demineralization and remineralization in favor of
demineralization.2,4-10 The Stephan curve shows a critical level for
demineralization at a pH of approximately 5.5, although the critical pH level
varies significantly between low caries groups and high caries groups,
demonstrating that factors other than pH are also important.9
This multifactorial nature of dental caries makes it evident that simplistic
explanations based on mediation of oral pathologies to F use are not valid. The
present review critically examines currently available research relating to the
clinical significance of the effects on oral bacteria of F in toothpastes,
mouthwashes, and topical applications. By extension, the effects of lower levels of
F in drinking water, beverages, and foods, on these microbiota are also scrutinized.
FLUORIDE IN THE ORAL CAVITY

At a dental conference in 1990, a participant reported: “To date, studies indicate
that fluoride at prophylactic levels in the environment does not influence the
composition of dental plaque.”11 Another researcher at this conference observed
that after a single application of topical F to plaque, “The effects of [the]
treatments were only of short duration and may not be relevant to caries
prevention in vivo.”12 At a 1992 symposium it was stated that, “Fluoride can also
inhibit bacterial growth, but usually at concentrations much higher than those
found in dental plaque. The anticaries properties of fluoride, therefore, have not
generally been considered to involve its antimicrobial activity.”4 A consensus
statement from another dental conference in 2001 stated that there was “sparse
evidence of the possibilities of antimicrobial caries prevention” with the use of
topical F.13
Earlier views that F needs to be ingested (systemic use) for the prevention of
dental caries, by changing the tooth structure, have been refuted by newer
findings.14 Many sources of systemic F exposure are simultaneously available,
including F dental products, which can rapidly deliver systemic F, owing to its
quick uptake in the richly vascularized tissues of the mouth, and to its accidental
ingestion; F in foods due in part to the widespread use of phosphate fertilizers,
which often contain appreciable amounts of F; as well as F-containing pesticides
and post-harvest fumigants such as sulphuryl F; and even F in air pollution. In
France, systemic F is officially restricted to only one source in an effort to control
F intake and minimize harm to health.15 The most significant study that has
examined caries experience in relation to individual F intakes at various ages
during childhood (the Iowa F study) found no association between F intake and
caries experience.16 One study which examined how the removal of one source of
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systemic F (fluoridated water) affected oral bacteria, found no significant change
in either the F concentration in plaque or the level of S. mutans in the biofilm.17
SALIVA FLUORIDE

Salivary flow is one of the many factors influencing caries because of the ability
of this biological compartment to bathe the teeth and the oral biofilm.18 When
fluoridated water is ingested and the F is excreted back out through the salivary
ducts, F levels in saliva barely increase above baseline.19,20 A comparison of F
uptake from water and dentifrice showed that a F concentration of 0.85 mg/L in
drinking water barely elevates salivary F.19 The consumption of fluoridated water
leads to a F concentration of about 0.02 ppm in resting saliva, compared to 0.01
ppm that is normally the baseline.21 According to the US Centers for Disease
Control and Prevention, “This concentration of fluoride is not likely to affect
cariogenic activity.”21
When 1000-ppm F toothpaste is used, F saliva levels start at 1000 ppm (as soon
as the dentifrice touches the teeth) and then become diluted as saliva mixes with
the toothpaste. After brushing for approximately 2 min, F saliva levels are diluted
further. If not all the toothpaste is held in the mouth for 2 min, F saliva levels
decrease even more. After expectoration, F saliva levels are as low as fluoridated
drinking water (1 ppm).22 Rinsing with water after toothbrushing also reduces F in
saliva from topical F toothpaste to clinically insignificant values.23-28 “Postbrushing water rinsing may reduce the risk of fluoride ingestion from dentifrice,
however the decreased salivary fluoride bioavailability may compromise any
consequent anticaries benefits.”28
Fluoridated toothpicks delivered approximately the same F concentration in
saliva as the proximal brush dipped in 905 mg/L F gel or rinse, but the F
concentrations remained elevated for 1 hr.29 A study using fluoridated salt30
showed that salivary F concentrations peaked 1 or 2 min after eating but returned
to baseline after 20 min.
PLAQUE COMPOSITION

A number of studies have examined the effects of topical F applications on
plaque and bacterial composition. F levels in plaque after brushing with 1000-ppm
F toothpaste returned to baseline values after 30 min.18,31 In earlier work, bacterial
recovery in plaque was apparent after only 30 min following a single exposure to
F.32 When plaque and saliva composition were analysed after a F rinse and
subsequent sucrose application, no correlation between F levels in plaque and
formation of lactic acid was found.33 A comparison of the concentration of acidsoluble F ions in the plaque of caries-free and high caries groups of subjects found
no significant differences.34 A study using 1500 ppm F in a toothpaste was found
to be insufficient to interfere with bacterial growth and metabolism.35 In a crossover study, researchers found that “fluoride varnish with or without preceding
dental prophylaxis had no significant effect on the plaque and salivary levels of S.
mutans.”36
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At this point, the content and complex interactions of the various components of
plaque are not completely understood, making any simplistic conclusions
regarding effects of F based on in vitro tests unreliable for several reasons. Firstly,
in a plaque ecosystem where interactions of the various components in the
ecosystem are important, in vitro research results do not accurately reflect the
complexity of in vivo events because the experimental techniques actually disrupt
the integrity and function of this ecosystem.37 “Organization of micro-organisms
within biofilms confers, on the component species, properties that are not evident
with the individual species grown independently or as planktonic populations in
liquid media.”38 Secondly, although in vitro experiments have demonstrated an
impact of F on some pathogenic bacteria such as S. mutans, other pathogenic
bacteria such as lactobacillus and actinomyces species are resistant to any effects
(see below). In vitro studies that selectively omit bacteria such as lactobacillus,
which is known to be resistant to F, in an attempt to induce an antibacterial effect,
cannot be said to be clinically relevant.7
Recent research has tested the hypothesis, in a double-blind, crossover clinical
study, that NaF in a toothpaste exerts a demonstrable effect on the composition of
dental plaque, and on the bacterial component in particular.39 It was found that the
pathogenic bacteria numbers and proportions associated with caries were not
significantly reduced in plaque between teeth (interproximal surfaces) after using
F toothpaste.39
Clinically significant effects of any agent used to protect teeth requires the levels
be high enough in the site of action within plaque.40 “Estimates of fluoride
concentrations required to inhibit bacterial acidogenesis vary from 10 mg/L to
1900 mg/L.”40 However, this research failed to measure the extent to which F
penetrates the plaque biofilm to the enamel tooth surface where demineralization
occurs. The degree to which F penetrates plaque is related to the concentration of
F, the duration of F exposure, and other factors.40 Although in vitro investigations
demonstrate the potential for F to penetrate the biofilm if F concentrations are high
enough, and if sufficient time is allowed, such investigations have little relevance
to the average “tooth-brushing” event. The first researchers to examine the
penetration of F toothpaste (NaF at 1000 ppm F) into natural plaque biofilms
generated in vivo, on natural enamel surfaces, for 30 or 120 sec, deemed to be the
equivalent to normal toothbrushing behaviour, found the plaque F concentrations
that are inhibitory of acidogenesis were “attained only in the outermost plaque
layers and decrease when exogenous NaF is removed.”40 The F concentrations
near the enamel surface, where demineralization occurs, were low, leaving many
bacteria unexposed to F.40
Research has therefore failed to demonstrate that clinical applications of F
significantly affect oral bacterial. If high F concentrations, used directly on the
teeth are unable to control microbial activity, it seems unlikely that the low F
concentrations in fluoridated drinking water can limit microbial growth or
metabolism in any clinically relevant manner.

209 Research review

Fluoride 43(4)205–214
October-December 2010

Does dental fluoride significantly affect oral bacteria?
Clinch

209

BACTERIAL RESISTANCE TO FLUORIDE

Chlorhexidine and iodides are broad-spectrum antimicrobials. It is now
generally accepted that “fluoride is not generally bactericidal.”8 Many bacterial
strains are resistant to F, including: lactobacilli, actinomyces spp, and some
streptococci.6,41 No bactericidal activity of F against S. mutans aggregates, even at
the saturated concentration of 34,000 mg/L at pH 3.5, were reported.41 A study
comparing chlorhexidine and F toothpastes showed that only chlorhexidine
showed significant efficacy against oral bacteria 1 to 6 hr after use.42 The use of
iodide constitutes “a valuable adjunct to current periodontal therapy because of its
broad-spectrum antimicrobial activity, low potential for developing resistance and
adverse reactions, wide availability, ease of use, and low financial cost.”43
Human dental plaque may be colonized by F-resistant bacterial strains in
response to F pressure.8,12 This exposure to F may provide an ecological
advantage to F-resistant bacteria to colonize the dental plaque. Although it has
been postulated to occur under normal physiological conditions, this is unlikely.7
What is unknown, is whether the bacteria in our mouths have always been
resistant to F or whether they have adapted to the ubiquitous presence of F. After
countless generations of bacteria whose ancestors might have initially been
affected by F, the question remains as to whether these same bacteria have now
adapted to ubiquitous low levels of F.
HEALTH RISKS FROM DENTAL FLUORIDE

A current hypothesis suggests that high concentration topical F applications may
have an impact on caries through the formation of calcium fluoride (CaF2) stored
locally in plaque and on the surface enamel, which acts as a short-lived reservoir
of substrates for remineralization.44 As a result, many researchers are now
recommending 5000 ppm F in toothpaste.45-49 From a comprehensive analysis by
Akiniwa, these increased F concentrations definitely increase the possibility of
acute or chronic F toxicity to the general population.50 Several case reports have
been published demonstrating chronic F toxicity from the use of F toothpaste.51
Flavoring toothpastes to make them taste “yummy” may also encourage
individuals, especially children, to swallow F toothpastes. It is well-known that
young children have not fully developed the reflex to expectorate.52 This
developmental limitation increases the likelihood that children will inadvertently
swallow F toothpaste.
F ions are known to interfere with many enzymes throughout the body, therefore
it was hypothesized that F anti-microbial action involves the direct inhibition of
enzymes in oral bacteria.8 One enzyme system that helps micro-organisms survive
the acid they produce during the consumption of fermentable carbohydrates is the
arginine deiminase enzyme system (ADS). The ADS involves generation of
ammonia and carbon dioxide which effectively neutralize acids.8,53,54 Although
earlier research53 seemed to indicate that F suppresses the ADS system, more
recent research by the same team demonstrated that NaF was a poor inhibitor of
the ADS of oral bacteria using clinically relevant F concentrations.54
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When combined with aluminum, F is a potent inhibitor of another enzyme called
ATPase.55 ATPase enables micro-organisms to protect themselves against acid
challenges by maintaining an intracellular pH which is 0.5 to 1 unit higher than the
extracellular environment.8 It has been suggested that this F mechanism is
important in the protection of acidogenic bacteria such as lactobacilli,8 yet
lactobacilli are known to be resistant to F.2,6,7,41
In teeth, the low pH environments created by fermentable carbohydrates cause
aciduric and acidogenic bacteria to take up F as hydrogen fluoride (HF), which
dissociates intracellularly, acidifying the cytoplasm.8 Recent evidence
demonstrates that these weak-acid effects by F also create a more toxic
environment for ameloblasts by interfering with various pathways and molecular
processes.56A low pH environment also facilitates the entry of more F into these
tooth cells, causing increased cell stress that compromises ameloblast function and
viability.56 Of concern is whether F similarly causes cell stress in bone
(osteoblasts and osteoclasts) or in other F-accumulating tissues. Other research
found that F entry into ameloblasts and osteoblasts adversely affects crystal
formation in tooth and bone respectively at all levels of F intake.57
ALTERNATIVE PERSPECTIVES

Poor nutrition, coupled with frequent, daily consumption of processed
carbohydrates, results in high rates of oral pathologies, including tooth decay, as
well as the malformation of the dental arch and craniofacial development.58-61 In
the USA, 1% of children under 5 years old have frank malnutrition, 10% of
households report food insecurity, and 3.3–21% of children are underweight and
stunted due to inadequate nutrition for various US regions and populations.61
Primitive cultures which had adequate nutrition, with minimal exposure to
fermentable carbohydrates, had negligible oral diseases, without the use of
toothbrushes, toothpaste, or specialized dental care, such as the removal of dental
plaque.58,61
A recent publication provides an extensive list of traditional medicinal plant
extracts and natural products with activity against oral bacteria.3 Two recent
reviews consider various non-invasive, calcium-phosphate-based oral delivery
systems.62,63 Maintenance of saliva supersaturated in calcium and phosphate
provides the substrate needed for dental remineralization. Many of these products
are safe to ingest, unlike F, which poses a safety risk if significant amounts are
swallowed.64
It has been known for over 40 years that the use of sugar-free chewing gum is
effective in the prevention of caries due to the stimulation of salivary flow.65,66
The results of six controlled clinical studies have indicated that chewing such
sugar-free gum after meals results in a significant reduction in the formation of
dental caries.66 The increased rate of saliva increases the concentration of
bicarbonate which neutralizes the acids, leading to an increase in plaque pH that
favors remineralization of the tooth.61 Additional evidence also indicates that
carbohydrate alcohols such as xylitol and sorbitol have significant noncariogenic
and even anticariogenic properties.67
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CONCLUSIONS

Although recent epidemiological studies periodically report that F intake via
water fluoridation helps prevent dental caries, these claims remain unconvincing,
primarily due to the failure to control for the more than 100 factors known to
influence caries,68 including the ability of F to delay the eruption of teeth.69 Delay
in the eruption of teeth decreases the exposure time to cariogenic conditions, thus
confounding any age-specific analyses of caries rates. For epidemiological
evidence to be convincing, there must be adequate control for the many variables
that influence caries.
Although in vitro studies suggest that F may have subtle anti-microbial effects,
the in vivo evidence using F concentrations commonly used in toothpastes (500–
1500 ppm), with subsequent mouth-rinsing with water, fails to demonstrate any
clinically significant antagonistic effect on the bacteria involved in cariogenic
activity. In fact, no available research has shown that F at 1 ppm in water
significantly alters plaque metabolism or plaque growth (bactericidal effects).
To this reviewer, two plausible explanations are possible: a) the various oral
bacteria have become resistant to F; b) F never had any significant impact on oral
bacteria. If oral bacteria are becoming more resistant to F, a more cariogenic flora
has been induced in modern man with the use of F, just as overuse of antibiotics
has resulted in bacteria becoming resistant to many of them, including penicillin.
Therefore, if F never actually had any significant impact on oral bacteria, then Fpromoting agencies and organizations clearly must re-examine the best available
dental research using the ecological paradigm as a basis for the evaluation of any
relationship between F and dental pathology.
At a minimum, future dental research will need to address the follow questions.
Firstly, if it is accepted that disease is defined as a destructive process with a
specific etiology, is dental caries, which is caused by multiple and complex
influencing factors, best characterized as a disease? According to one researcher,
“Caries lesions are often confused for the disease process” and “fluoride may have
little or no effect on the disease process per se.”9 Secondly, what is the relative
efficacy of F products in optimizing plaque ecosystems for oral health when
compared with other proposed modalities such as sugarless gum, and calciumphosphate delivery systems? Thirdly, in regard to caries prevention to counteract
and mitigate the effects of the increased use of cariogenic food items like refined
sugar and white flour,58 what role have the following had: (a) better health and
dental care education, (b) improved living standards and nutrition for the growing
middle class, (c) introduction of dental floss and dental sealants, (d) increased
breast feeding countering commercial promotion of infant formula, which
enhances baby bottle tooth decay, and (e) education showing that a third set of
teeth (i.e., dentures) is not inevitable? Finally, do the benefits of high
concentration topical F in dental products outweigh the risks of acute and chronic
toxicity?50,51

212 Research review

Fluoride 43(4)205–214
October-December 2010

Does dental fluoride significantly affect oral bacteria?
Clinch

212

ACKNOWLEDGEMENT

I am deeply grateful for invaluable assistance from Professor Hardy Limeback,
DDS, PhD, Head of Preventive Dentistry, University of Toronto, Ontario, Canada.
REFERENCES
1 He X, Lux R, Kuramitsu HK, Anderson MH, Shi W. Achieving probiotic effects via
modulating oral microbial ecology. Adv Dent Res 2009;21(1):53-6.
2 Marsh PD. Are dental diseases examples of ecological catastrophes? Microbiology
2003;149(Pt 2):279-94.
3 Palombo EA. Traditional medicinal plant extracts and natural products with activity against
oral bacteria: potential application in the prevention and treatment of oral diseases. Evid
Based Complement Alternat Med. Epub 2009 Jul 13. Available from: http://
ecam.oxfordjournals.org/cgi/content/full/nep067v1?view=long&pmid=19596745
4 Marsh PD. Microbial ecology of dental plaque and its significance in health and disease.
Adv Dent Res 1994;8(2):263-71.
5 Marsh PD. Dental plaque as a biofilm and a microbial community: implications for health
and disease. BMC Oral Health. 2006;6(S1):S14.
6 Bowden GH, Odlum O, Nolette N, Hamilton IR. Microbial populations growing in the
presence of fluoride at low pH isolated from dental plaque of children living in an area with
fluoridated water. Infect Immun. 1982;36(1):247-54.
7 Bradshaw DJ, Marsh PD, Hodgson RJ, Visser JM: Effects of glucose and fluoride on
competition and metabolism within in vitro dental bacterial communities and biofilms. Caries
Res 2002;36:81-6.
8 Marquis RE, Clock SA, Mota-Meira M. Fluoride and organic weak acids as modulators of
microbial physiology. FEMS Microbiol Rev 2003;26(5):493-510.
9 Bowen WH. Do we need to be concerned about dental caries in the coming millennium?
CROBM 2002;13(2):126-31.
10 Marsh PD: Microbiologic aspects of dental plaque and dental caries. Dent Clin North Amer
1999;43:599-614.
11 Bowden GHW. Effects of fluoride on the microbial ecology of dental plaque. J Dent Res
1990;69(S):653-9.
12 Van Louveren C. The antimicrobial action of fluoride and its role in caries inhibition. J Dent
Res 1990;69:676-81.
13 ten Cate JM. Consensus statements on fluoride usage and associated research questions.
Caries Res 2001;35(S1):71–3.
14 Featherstone JDB. The science and practice of caries prevention. JADA 2000;131:887-99.
15 AFSSAPS (Agence francaise de securite sanitaire des produits de santes) Octobre 2008
Mise au point sur l’utilisation du fluor dans la prévention de la carie dentaire avant l’âge de
18 ans. “restreindre l'utilisation de fluorures systemiques a une seule source.” Available
from: www.afssaps.sante.fr
16 Warren JJ, Levy SM, Broffitt B, Cavanaugh JE, Kanellis MJ, Weber-Gasparoni K.
Considerations on optimal fluoride intake using dental fluorosis and dental caries outcomes:
a longitudinal study. J Public Health Dent 2009;69(2):111-5. “These findings suggest that
achieving a caries-free status may have relatively little to do with fluoride intake, while
fluorosis is clearly more dependent on fluoride intake.” (emphasis in original).
17 Seppa L, Hausen H, Karkkainen S. Plaque fluoride and mutans streptococci in plaque and
saliva before and after discontinuation of water fluoridation. Eur J Oral Sci 1996;104:353-8.
18 Zero DT, Fu J, Espeland MA, Featherstone JD. Comparison of fluoride concentrations in
unstimulated whole saliva following the use of a fluoride dentifrice and a fluoride rinse. J
Dent Res 1988;67(10):1257-62. “The F concentration found in saliva at any given time
following F application is the result of a complex interaction between factors which influence
F clearance (salivary flow rate, swallowing frequency, oral muscular movements, eating and
drinking, and absorption by oral mucosa) and factors which influence F retention (recycling
of F via salivary secretions, residual volume of saliva, and binding of F to enamel, plaque,
and soft tissue).”
19 Ekstrand J, Oliveby A. Fluoride in the oral environment. Acta Odontol Scand 1999;57:3303. Ingested fluoride from fluoridation barely increases salivary fluoride above baselinefluoridated toothpastes and rinses elevate salivary fluoride to very high levels - temporarily.
20 Pessan JP, Silva SMB, Lauris JRP, Sampaio FC, Whitford GM, Buzalaf MAR. Fluoride
uptake by plaque from water and from dentifrice. J Dent Res 2008;87(5):461-5.
21 Centers for Disease Control and Prevention, August 17, 2001. Recommendations for using
fluoride to prevent and control dental caries in the United States. Fluoride
Recommendations Work group. MMWR 50 (RR14); 1-42. “Saliva is a major carrier of
topical fluoride. The concentration of fluoride in ductal saliva, as it is secreted from salivary
glands, is low…approximately 0.016 parts per million in areas where drinking water is

213 Research review

Fluoride 43(4)205–214
October-December 2010

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

Does dental fluoride significantly affect oral bacteria?
Clinch

213

fluoridated and 0.006ppm in non-fluoridated areas. This concentration of fluoride is not
likely to affect cariogenic activity.”
Duckworth RM, Horay C, Huntington E, Mehta V. Effects of flossing and rinsing with a
fluoridated mouthwash after brushing with a fluoridated toothpaste on salivary fluoride
clearance. Caries Res 2009;43:387-90.
Attin T, Hellwig E. Salivary fluoride content after toothbrushing with a sodium fluoride and
an amine fluoride dentifrice followed by different mouthrinsing procedures. J Clin Dent
1996;7(1):6-8.
Issa AI, Toumba KJ. Oral fluoride retention in saliva following toothbrushing with child and
adult dentifrices with and without water rinsing. Caries Res 2004;38(1):15-9.
Kaczmarek U, Pregiel B, Wrzyszcz-Kowalczyk A, Grzesiak I, Fita K. [Fluoride levels in
saliva after tooth-brushing using fluoride toothpastes with and without rinsing of oral cavity]
Ann Acad Med Stetin 2006;52(S1):45-9. [in Polish].
Nordström A, Birkhed D. Fluoride retention in proximal plaque and saliva using two NaF
dentifrices containing 5,000 and 1,450 ppm F with and without water rinsing. Caries Res
2009;43(1):64-9.
Sjögren 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.
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(2):90-3.
Sarner B, Lingstrom P, Birkhed D. Fluoride release from NaF- and AmF-impregnated
toothpicks and dental flosses in vitro and in vivo. Acta Odontol Scand 2003;61:289-96.
Macpherson LMD, Steph KW. The effect on human salivary fluoride concentration of
consuming fluoridated salt-containing baked food items. Arch Oral Biol 2001;46:983-8.
Duckworth, R.M., Morgan, S.N. and Murray, A.M. Fluoride in saliva and plaque following
use of fluoride-containing mouthwashes. J Dent Res 1987;59:1187-91.
Dong YM, Pearce EI, Yue L, Larsen MJ, Gao XJ, Wang JD. Plaque pH and associated
parameters in relation to caries. Caries Res 1999;3:428–36.
Vogel GL, Zhang Z, Chow LC, Schumacher GE: Changes in lactate and other ions in
plaque and saliva after a fluoride rinse and subsequent sucrose administration. Caries Res
2002;36: 44–52.
Jenkins S, Addy M, Newcombe R. The effect of triclosan, stannous fluoride and
chlorhexidine products on: (II) Salivary bacterial counts. J Clin Periodontol
1990;17(10):698-701.
Lynch RJ, Navada R, Walia R. Low levels of fluoride in plaque and saliva and their effects
on demineralisation and remineralisation of enamel; role of fluoride toothpastes. Int Dent J
2004; 54:304–9.
Zickert I, Emilson CG. Effect of a fluoride-containing varnish on Streptococci mutans in
plaque and saliva. Scand J Dent Res 1982;90:423-8.
Robinson C, Kirkham J, Percival R, Shore RC, Bonass WA, Brookes SJ, et.al. A method for
the quantitative site-specific study of the biochemistry within dental plaque biofilms formed
in vivo. Caries Res 1997;31:194-200.
Gilbert P, Das J, Foley I. Biofilm susceptibility to antimicrobials. Adv Dent Res 1997;11:160–
7.
Brailsford SR, Kidd EA, Gilbert SC, Clark DT, Beighton D. Effect of withdrawal of fluoridecontaining toothpaste on the interproximal plaque microflora. Caries Res 2005;39(3):231-5.
Watson PS, Pontefract HA, Devine DA, Shore PC, Nattress BR, Kirkham J, et al.
Penetration of fluoride into natural plaque biofilm. J Dent Res 2005;84:451–5.
Caufield PW, Wannemuehler YM. In vitro susceptibility of streptococcus mutans 6715 to
iodine and sodium fluoride, singly and in combination, at various pH values. Antimicrob
Agents Chemother 1982;22(1):115-9.
van der Mei HC, White DJ, Atema-Smit J, van de Belt-Gritter E, Busscher HJ. A method to
study sustained antimicrobial activity of rinse and dentifrice components on biofilm viability
in vivo. J Clin Periodontol 2006;33(1):14-20.
Hoang T, Jorgensen MG, Keim RG, Pattison AM, Slots J. Povidone-iodine as a periodontal
pocket disinfectant. J Periodontal Res 2003;38(3):311-7.
Hellwig E, Polydorou O, Lussi A, Kielbassa AM, Altenburger MJ. The influence of saliva on
the dissolution of calcium fluoride after application of different fluoride gels in vitro.
Quintessence Int 2010;41(9):773-7.
Baysan A, Lynch E, Ellwood R, Davies R, Petersson L, Borsboom P. Reversal of primary
root caries using dentifrices containing 5000 and 1100 ppm fluoride. Caries Res
2001;35:141–6.
Ekstrand K, Martignon S, Holm-Pedersen P. Development and evaluation of two root caries
controlling programmes for home-based frail people older than 75 years. Gerodontology
2008;25:67-75.

214 Research review

Fluoride 43(4)205–214
October-December 2010

Does dental fluoride significantly affect oral bacteria?
Clinch

214

47 Featherstone JBD. Caries Management and Prevention. IADR 2008. Available from: http://
www.youroralhealth.ca/content/view/150/212/#IADR_resources
48 ten Cate JM, Buijs MJ, Chaussain Miller C, Exterkate RAM Elevated fluoride products
enhance remineralization of advanced enamel lesions. J Dent Res 2008;87(10):943-7.
49 Nordström A, Birkhed D. Fluoride retention in proximal plaque and saliva using two NaF
dentifrices containing 5,000 and 1,450 ppm F with and without water rinsing. Caries Res
2009;43(1):64-9.
50 Akiniwa K. Re-examination of acute toxicity of fluoride. Fluoride 1997;30(2):89-104.
51 Joshi S, Hlaing T, Whitford GM, Compston JE. Skeletal fluorosis due to excessive tea and
toothpaste consumption. Osteoporos Int. 2010 Oct 9. Kurland ES, Schulman RC, Zerwekh
JE, Reinus WR, Dempster DD, Whyte MP Case report. Recovery from skeletal fluorosis (an
enigmatic American case). J Bone Miner Res 2007;22:163–70. Eichmiller FC, Eidelman N,
Carey CM. Case Report: Controlling the fluoride dosage in a patient with compromised
salivary function. J Am Dent Assoc 2005;136(1):67-70. Roos J, Dumolard A, Bourget S,
Grange L, Rousseau A, Gaudin P, Calop J, Juvin R. Osteofluorosis caused by excess use
of toothpaste. Presse Méd 2005;34:1518–20.
52 Plaisier M, Associate Commissioner for Legislation, FDA, Department of Health and Human
Services letter to Honorable Ken Calvert, Chairman, Subcommittee on Energy and
Environment, Committee on Science, House of Representatives, Dec 21, 2000. “Children
under two years of age do not have control of their swallowing reflex and do not have the
skills to expectorate toothpaste properly.”
53 Barboza-Silva E, Castro AC, Marquis RE. Mechanisms of inhibition by fluoride of urease
activities of cell suspensions and biofilms of Staphylococcus epidermidis, Streptococcus
salivarius, Actinomyces naeslundii and of dental plaque.Oral Microbiol Immunol
2005;20(6):323-32.
54 Barboza-Silva E, Castro AC, Marquis RE. Fluoride, triclosan and organic weak acids as
modulators of the arginine deiminase system in biofilms and suspension cells of oral
streptococci. Oral Microbiol Immunol 2009;24(4):265-71.
55 Strunecka A, Patocka J, Blaylock RL, Chinoy N. Fluoride Interactions: from molecules to
disease. Current Signal Transduction Therapy 2007;2:190-213.
56 Bronckers ALJJ, Lyaruu DM, DenBesten PK. The impact of fluoride on ameloblasts and the
mechanisms of enamel fluorosis. J Dent Res 2009;88(10):877-93.
57 Kakei M, Sakaeb T, Yoshikawac M, Tamurad N. Effect of fluoride ions on apatite crystal
formation in rat hard tissues. Ann Anat 2007;189:175-81.
58 Price WA. Nutrition and physical degeneration: a comparison of primitive and modern diets
and their effects. New York: Paul B. Hoeber Inc., Medical Book Department of Harper &
Brothers; 1939. Available from: http://journeytoforever.org/farm_library/price/pricetoc.html
59 Psoter WJ, Reid BC, Katz RV. Malnutrition and dental caries: a review of the literature.
Caries Res 2005;39(6):441-7.
60 Moynihan P, Petersen PE. Diet, nutrition and prevention of dental diseases. Pub Health
Nutr 2004; 7(1A):201-26.
61 Holloway PJ, editor. The role of sugar in the aetiology of dental caries. J Dent
1983;11(3):189-213.
62 Cochrane NJ, Cai F, Huq NL, Burrow MF, Reynolds EC. New Approaches to Enhanced
Remineralization of Tooth Enamel. J Dent Res. Epub 2010 Aug 25.
63 Azarpazhooh A, Limeback H. Clinical efficacy of casein derivatives: a systematic review of
the literature. J Am Dent Assoc 2008;139(7):915-24.
64 National Research Council of the National Academies (NRC). 2006. Fluoride in drinking
water: a scientific review of EPA’s standards. Committee on Fluoride in Drinking Water,
Board on Environmental Studies and Toxicology, Division on Earth and Life Studies. The
National
Academies
Press,
Washington,
DC.
http://books.nap.edu/
openbook.php?record_id=11571
65 Van Loveren C. Sugar alcohols: what is the evidence for caries-preventive and cariestherapeutic effects? [review]. Caries Res. 2004;38(3):286-93.
66 Stookey GK. The effect of saliva on dental caries. JADA 2008;139 (5 suppl):11S-17S.
67 Burt BA. The use of sorbitol- and xylitol-sweetened chewing gum in caries control [review].
J Am Dent Assoc. 2006;137(2):190-6. Erratum in: J Am Dent Assoc 2006;137(4):447.
68 Harris R, Nicoli AD, Adair PM, Pine CM. Risk Factors for dental caries in young children: a
systematic review of the literature. Community Dent Health 2004;21(S):71-85.
69 Komärek A, Lesaffre E, Härkänen T, Declerck D, Virtanen JI. A Bayesian analysis of
multivariate doubly-interval-censored dental data. Biostatistics 2005;6:145-55.
Copyright © 2010 The International Society for Fluoride Research Inc.
www.fluorideresearch.org
www.fluorideresearch.com
www.fluorideresearch.net
Editorial Office: 727 Brighton Road, Ocean View, Dunedin 9035, New Zealand.

