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AIM

To give an update on the fluoride guidelines around the world, 

and present  the evidence of anticaries effectiveness for the different 

fluoride modalities. 
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Outline

• Fluoride Caries Protective  Mechanisms

• Fluoride Modalities,  Efficacy & Global  Guidelines 

• Systemic Fluorides

• Topical Fluorides

• F as therapeutic agents in non-restorative 
caries treatment  - Silver Diamine Fluoride
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Fluoride Caries Protective  Mechanisms

 Fluoride effects on enamel

 Antimicrobial effect

Fluoride Caries Protective  Mechanisms
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• Low levels of F in plaque and saliva inhibit the demineralization of sound enamel 

and enhance the re-mineralization of demineralized enamel

• Strong affinity between F and apatite, based on the ease of chemical 

substitution of the hydroxyl component of    calcium hydroxyapatite by fluoride

• The apatite /fluorhydroxyapatite remains chemically stable until the tissue is 

resorbed, remodelled, or otherwise metabolized

Buzalaf et al., 2011

Fluoride effect on enamel
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Smooth surface lesions ICDASII

F to Remineralize early Enamel  Lesions

1

2
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Outer Enamel Fluoride Rich Zone

Weatherell Caries Res 17:118-124, 1983
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• Fluoride is released from CaF2 when the pH drops in response to acid production and 

F becomes available to remineralize enamel or affect bacterial metabolism. 

During carious attack fluoride reservoirs in enamel, CaF2 and fluoridated hydroxyapatite, 

liberate F

Fluoride caries-protective mechanisms 

Exposure of enamel to fluorides leads to precipitation of CaF2

Semiquantitative energy-dispersive X-ray analysis , Scholtz et al 2019
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• Calcium fluoride nanoparticles 

induced suppression 

of Streptococcus mutans biofilm, 

CaF2-NPs may be used as a 

potential antibiofilm applicant 

against S. mutans

• CaF2 may be applied as a topical 

agent to reduce dental caries.

Calcium Fluoride nanoparticles

Electron 
Microscopy

SEM

Shatavari et al, 2016
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F Systemic  Effect  vs. Topical

Berg JH, Slayton RL. 2014. Early Childhood Oral Health. Ames IA: Wiley Blackwell

topical

topical

topical

Systemic , later topical



L O U I S V I L L E . E D U

Fluoride inhibits dental caries by affecting 

the metabolic activity of cariogenic bacteria.
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Fluoride’s Effect on Cell Metabolism
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• Systemic Fluorides
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• F as therapeutic agents in non-restorative 

caries treatment  - Silver Diamine Fluoride
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Systemic Fluorides

Systemic Fluorides
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Water Fluoridation  Facts - WF

• Water fluoridation is the controlled adjustment of the natural fluoride concentration in 

community water supplies to the concentration recommended to achieve optimal 

prevention of dental caries  (Centers of Disease Control and Prevention 2016)

• The recommended concentration for fluoride in the water ranges from 0.5- 1.1mg/L

• In the USA, Australia and New Zealand  the level is 0.7mg/L. This level effectively 

reduces tooth decay while minimizing dental fluorosis.

• Sodium fluoride, sodium fluorosilicate and fluorosilicic acid are the three additives 

approved for use in community water fluoridation in the United States.
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Water Fluoridation  Anticaries effect - WF

• WF reduces tooth decay by 35% in the primary and 26% in the 

permanent dentition. 

• Access to fluoridated water from an early age is associated with 

less tooth decay in adults.

Cochrane review by Ileozor –Ejiofor et al. 2015
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WF around the world

• 435 million drink F water

• 57 million naturally F

Pollick et al 2015
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Fluoridation Facts. ADA 2018

WF in USA
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Health monitoring report for England 2018

• Hospital admissions for caries-related tooth extractions, were 59% lower in

areas with fluoride of ≥0.7mg/l, compared to areas with <0.1mg/L.

• Fluorosis of a level corresponding to at least mild aesthetic concern, was

10.3% in the 2 fluoridated cities and 2.2% in the non-fluoridated cities.

Water Fluoridation

Hospital admissions of children
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2017

Cost of water fluoridation

While fluoridating reticulated water supplies for large communities is cost-effective, it
is unlikely to be so with populations smaller than 500.
The health benefits—while (on average) small per person—add up to a substantial
reduction in the national disease burden across all ethnic and socioeconomic groups.
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Fluoride toxicity facts

• Fluoride optimal dose 0.05mg/Kg/day

Institute of   Medicine 1997 
• Fluoride Probable Toxic Dose 5 mg/F-/Kg    

• The highest risk of fluorosis is when F exposure takes place in 
both the secretory and  the  maturation phase of the enamel 

• The susceptibility period for risk for fluorosis   of permanent 
incisors and molars  is when above optimal ingestion  of F 
occurs between the age of 15-30 months 

EAPD  F guidelines 2009, 2019
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Mild Fluorosis
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Fluoride Halo effect

Carey 2014
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Health claims against water Fluoridation

Despite statistical evidence of 

associations between exposure to 

fluoridation and certain health 

effects in this report, the overall 

analysis and weight of evidence 

means causal associations are 

unlikely. 

Water Fluoridation: Health 

monitoring report for England 2018 

Fluoridation 
facts. ADA, 2018
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Water Fluoridation around the world

Optimum F levels Total F intake/day

AAPD 2018 0.7 mg/L

Australian Research 

Center for Population 

Oral   Health 2019

0.6-1.1mg/L 0.05 mg /kg

Canadian 2012 1.5mg/L 0.05 mg /kg

EAPD  2019 0.5-1.1 mg/L 0.07mg/kg

New Zealand  2017 0.7 mg/L 0.05 mg /kg

Public Health England 

Sign 2018

0.7 mg/L

WHO 2016 0.5mg/L to 1.0mg/L
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IAPD 2020 Optimal fluoride levels in water supplies for the prevention and 
control of caries is both safe and effective in reducing dental caries 
prevalence. 

WHO 2016 Adequate exposure to fluoride is an essential factor in the 
prevention of dental caries.
An optimal level of fluoride can be obtained from different 
sources such as fluoridated drinking water, salt, milk and 
toothpaste
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• Milk Fluoride concentration from 2.5 to 7.5 mg/L

• Suboptimal fluoride concentration in drinking 

water 

• Caries experience in children is significant 

• There is an existing school milk program

• Commence before the children are 4 years of 

age. 

Milk fluoridation 

as a community preventive measure

Pollick et al 2015
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• N=75.000, children aged 6 to 12-years, duration of study for 6 years

• After 6 years, in the milk-fluoridation program had a significant (34%) reduction in 

dental caries experience (DMFS: 1.06 vs. 1.60).

• Cost-effectiveness 

• In areas where communities are at higher risk of dental caries would provide a 

more cost-effective result.
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Systematic reviews

• The consumption of Fluoridated milk is an effective measure to prevent caries in 

primary teeth and there is a low level of evidence for permanent teeth.  

Cagetti et al 2013

• There is low-quality evidence to suggest fluoridated milk may be beneficial to 

schoolchildren, contributing to a substantial reduction in dental caries in primary teeth.                                                                                                                            

Yeung et al, 2015

Fluoridated milk

EAPD 2019 Conditional Recommendation

WHO 2016 Encouraging but further research needed
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Salt fluoridation 

as a community-based alternative to water

• Introduced in Switzerland in the 1950s

• Owing to the risk of increased fluoride intake from both fluoridated water 

and fluoridated salt, it is recommended that one or the other be used in 

individual countries

• Planning new salt fluoridation programs requires mapping of the natural 

fluoride content of water, and necessary measures to keep fluoridated salt 

away from regions with more than 0.7 ppm F in water.

• Promoting salt fluoridation could be contraindicated from the  perspective of 

general public health, because greater salt consumption is linked to 

hypertension. 

Yengopal V, 2010                                                                                                                         
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• Put into salt for 250mgF/Kg

• There is a wide margin of safety 

regarding fluoride intake from 

fluoridated salt.

• It is estimated that fluoride intake 

from fluoridated salt is 0.5–0.75 mg 

per day.

Salt fluoridation

Pollick et al 2015
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Fluoridated Salt

EAPD 2019 Conditional Recommendation

WHO 2016 To be considered when WF is not feasible,  economical
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Fluoride supplements
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• Effective in reducing prevalence of dental caries and should be considered 

for children at high caries risk who drink fluoride-deficient (less than 0.6 

ppm F) water .                 AAPD 2018

• Determination of dietary fluoride before prescribing supplements can help 

reduce intake of excess fluoride.           

AAPD 2018

•There is no evidence that fluoride supplements taken by women during 

pregnancy are effective in preventing dental caries in their  offspring.  

Systematic Review Takahashi et al, 2017

Fluoride supplements
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Guidelines on dietary fluoride supplements 

<0.3 ppm F 0.3 to 0.6 ppm F

AAPD 2018

F level in drinking water >0.6 

ppmF- no supplements

Birth to 6 months 0 0

6 mo to 3 years 0.25 mg 0

3 to 6 years 0.50 mg 0.25 mg

6 to at least 16 years 1.00 mg 0.50 mg

Australian Research Center for 

Population Oral   Health 2019

Not to use  Supplements

Canadian 2012 Total daily fluoride intake from all sources not to exceed 0.05-0.07 mgF/Kg body weight

EAPD  2009 

(F level <0.3 mg F/L in drinking 

water) 

0 – 24 month 0

2-6 years 0.25 mg 

7-18 years 0.50 mg 

New Zealand  GG 2009 3-5 years 0.25 mg fluoride/day

6-8 years 0.5 mg 

9 years and over 1 mg 

Public health England Sign 

2017

In favor of using fluoride toothpaste rather than supplements
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IAPD Consensus Recommendations 2020

IAPD 2020 Dietary fluoride supplements are effective in reducing dental 
caries and should be considered for children at caries risk who 
drink fluoride-deficient water. 
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Topical  Fluorides

At Home In Office

Toothpastes Professionally applied 

Mouthrinses

Prescription strength F products Silver Diamine Fluoride
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Fluoride Toothpastes



L O U I S V I L L E . E D U

• 96 randomised controlled trials published between 1955 and 2014, 13 were new
• GRADE methodology (GRADE 2004)
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Walsh et al, 2019

Network Meta Analysis Diagram
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Walsh et al, 2019

F toothpastes  of different  concentrations 

for preventing dental caries 
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Primary dentition

•    1500 ppm F toothpaste reduces dfs when compared with placebo. 

•    550 ppm with 1055 ppm F toothpaste similar 

• 1450 ppm F slightly reduces deft when compared with 440 ppm F toothpaste.

Immature permanent dentition

• 1000 to 1250 ppm or 1450 to 1500 ppm preventive benefit  when compared with non-

fluoride toothpaste 

• 1450 to 1500 ppm slightly reduces DMFS compared to 1000 to 1250 ppm 

• DMFS similar for 1700 to 2200 ppm and 2400 to 2800 ppm toothpaste when 

compared to 1450 to 1500 ppm

Mature permanent dentition 

•   Toothbrushing with 1000 or 1100 ppm fluoride toothpaste reduces DMFS compared 

with non- fluoride toothpaste

Moderate certainty of evidence Walsh et al 2019
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Marinho 2009, EAPD Guidelines 2019

Caries preventive effect of F toothpaste
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Stannous Fluoride Toothpastes
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Stannous Fluoride Antimibacterial
Effect 

Stannous Fluoride Effects on Growth and Viability of Selected oral Bacteria   E 

Kavvadia, University of Connecticut Digital Commons@UConn, 1988
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F Toothpaste Guidelines around the World

Age group Fluoride ppm F- Daily

use

Amount daily

AAPD 2018 <3 yrs 1000 twice Smear/Rice size

3-6 1000 twice Pea size

Australian 2019 18months-5yrs 500-550 twice Small Pea size

6 > 1000-1450 twice

Teenagers at high risk 5000

EAPD 2019 1st tooth -2 yrs 1000 twice Grain of rice- 0.125g

>2-6 yrs 1000 (+) twice Pea size- 0.25g

>6 yrs 1450 twice 1-2cm- 0.5-1.0g

NZ <6 1000 Smear layer

>6 1000 Pea size

Public  Health 
England Sign  2017

<3 1000 twice Smear layer

3-6 1000 twice Pea size

0-6 at high risk 1350-1500 twice

7> 1350-1500 twice

10-16 t high risk 2800 twice

>16 at high risk 5000 twice
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IAPD Consensus Recommendations 2020

IAPD 2020 Fluoridated toothpaste is effective in reducing dental caries in 
children.  Using measured amounts in children under 6 years of 
age may decrease risk of fluorosis
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Modality

Grade of the 

Evidence Recommendations Good practice points and clinical advice

Mouthrinse

Daily: 0.05% 

NaF (225ppm

F)

Weekly :  

0.2% NaF

(900 ppm F)

Primary  teeth

No evidence

NOT to  be used 

under 6 years of age 

due to risk of 

swallowing

 Supervised use more efficacious that 

unsupervised

 10 ml of solution should be kept in the 

mouth for 1 '

 No food and liquid consumption for

20’-30’

Permanent 

teeth

Moderate

Conditional

The Evidence,  recommendations and good practice points for the 
use of fluoride mouthrinses

AAPD 2018,  EAPD 2019, Australian 2020
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IAPD 2020 0.09 percent fluoride mouthrinse are effective in reducing 
dental caries

WHO 2016 School mouthrinse programs  in communities with low F  
exposure based on the cost and caries status of the community
Concerns for the ethanol content

• Evidence for adults to prevent root caries (Twetman et l 2004)

• Caries reduction 26%  (Marinho et al, 2003)
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Home use of 0.5 percent fluoride gels & pastes
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Outcome Measures

Number and 

type of 

studies

Number of 

participants

Standardized Mean Difference

[95% Confidence Interval]

(negative favors intervention)

0.5% fluoride paste, permanent teeth

DMFT prevalence 1 CCT 236 -0.43 [-0.69, -0.17]

0.5% fluoride gel applied professionally or supervised at school, primary teeth

dmfs increment 1 RCT 676 -0.16 [-0.31, -0.01]

0.5% fluoride gel applied professionally or supervised at school, permanent teeth

DMFS increment 6 RCT 2,653 35.6 % reduction from 6 trials

Effect of 0.5% Fluoride Pastes and Gels 

on Caries Prevalence or Increment

Weyant et al 2014
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Fluoridation Facts. ADA 2018

IAPD 2020 Home use of 0.5 percent fluoride gels and pastes; and 
prescription-strength, are effective in reducing dental caries. 



L O U I S V I L L E . E D U

Professionally applied F gels
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• Permanent dentition :  moderate quality evidence of a large caries-inhibiting effect 

• Primary dentition:   shows a large effect based on low quality evidence

2015
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Results Meta-analysis primary  teeth

Marinho et al 2015
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Results Meta-analysis permanent  teeth

Marinho et al 2015
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Modality

Grade of 

Evidence

Recommendations

Good practice points and clinical advice

Gel

(5000-

12500 ppm F)

Primary  teeth

None

Not recommended 

in children < 6   

Australia 10

Risk of swallowing

 Application 2-4 times per year , 

depending on patient’s caries risk

 Dental plaque removal before the 

application

 Caution to prevent toxicity ( 5 mg/kg)

 No food and liquid consumption for

20’-30’

Permanent 

teeth

Moderate

Conditional 

The Evidence,  recommendations and good practice points for the 
use of fluoride Gels

Australia 2019, AAPD 2019,  EAPD 2019
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Prophylaxis before APF gel 

application

• No benefit was found for performing prophylaxis before the 

application of 1.23 percent fluoride (APF) gel for the primary 

and permanent dentition of children.

Weyant et al 2014
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Professionally applied F varnishes
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Fluoride Varnish

5.6 mgF,  0.25ml

5% NaF= 50mg NaF/ml, 
2.26% F= 22.6mgF/ml
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Fluoride Release from Varnishes

ADA Professional Product Review, 2017
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5% NaF varnish on permanent teeth [DMFS]  
PF=40%

Moderate certainty for a benefit of 5% NaF FV application at least x2/year for 

caries prevention in the permanent teeth

Weyant et al 2014
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5% NaF varnish on primary teeth demfs
PF=17%

Moderate certainty for a small benefit of 2.26% fluoride varnish application 

x2/year for caries prevention in the primary teeth

Weyant et al 2014
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FV and Reversal of Early carious lesions
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• There was a significant trend of effectiveness of fluoride varnish on the reversal of 
incipient enamel carious lesions (P < .05). 

• Both, 4 applications at weekly intervals  or 2 applications of fluoride varnish over 4 
months  were effective in reversing active enamel caries lesions in primary dentition.
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Modality

Grade of 

Evidence

Recommendations

Good practice points and clinical advice

Varnish

(22600 ppm F)

Primary and 

Permanent 

teeth

Moderate

Conditional  for both  

primary and 

permanent dentition

< 6 years old 

Australia 10 years 

old

 Application 2-4 times per year , 

depending on patient’s caries risk

 Dental plaque removal before the 

application

 Apply a thin film on caries predilection 

tooth sites 

 No food and liquid consumption for

20’-30’

The Evidence,  recommendations and good practice points for the 
use of fluoride Varnishes

Australia 2020, AAPD  2018, EAPD, 2019
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IAPD 2020 • Professionally applied topical fluoride treatments as 2.26 percent 
NaFV and 1.23 percent F gel preparations are efficacious in 
reducing caries in children at caries risk.  

• Fluoride varnish, because of unit dosing, is the approach 
recommended for children younger than age six.
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Outline

• Fluoride Caries Protective  Mechanisms

• Fluoride Modality,  Efficacy & Guidelines 

• Systemic Fluorides

• Topical Fluorides

• F as therapeutic agents in non-restorative 

caries treatment  
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FDA Approval in USA   2014 as a Class II device for treating  tooth 

sensitivity in patients over the age of 21
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SDF anticaries mechanisms

• Effects of SDF on Bacteria

• Effects of SDF on Enamel and Dentin  
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SDF application 

• Remove gross debris form cavity

• Excavation of caries optional

• Protective coat of Vaseline on lips to avoid tatoo

• Isolate teeth with cotton rolls

• Gently dry lesion

• Apply with microbrush SDF in lesion for 1 min, only one drop 

• Remove excess, try to keep dry for  3 min to dry

• Follow up 2-4 weeks for caries arrest

• If not restored continue with semi annual application

• Restore with  GI or adhesives
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O Crystal & Niederman, 2016

• One drop (0.05ml) enough to treat six teeth

• One drop (0.05ml) =9.5 mg Silver Diamine Fluoride
• 2.24mg F

• Silver Diamine Fluoride LD50=520mg/Kg oral 
380mg/Kg subcutaneous
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Gao et al,   JDR Clinical and Translational Research, 2016

• 16 RCT  on primary teeth,   3 RCT on permanent teeth
• 14 38%, 3 30%, 2 10% 



L O U I S V I L L E . E D UGao et al,  JDR Clinical & Translational Res. 2016; 1: 201-210.

Systematic Review SDF Clinical Trials 

All studies rated as low-quality of evidence; high heterogeneity.

From the 24 month data, the carious lesion arrests in the treatment group was 72% and the 
control group arrests was 50%   

SDF at 80% arrest
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Fung et al,  J. Dent Res. 2018, 97:171-178
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SDF Side  Effects 
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Horst et al 2016, AAPD 2017

• Silver allergy

• Disquamative mucositis or gingivitis

• Pregnant women and during the first 6 months of 

breastfeeding ( for SSKI)

SDF Contra indications
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SDF Recommendations around the globe

IAPD 2020 Use of 38% silver diamine fluoride is effective for the arrest of 
cavitated caries lesions. 

AAPD 2017 The use of 38 % SDF for the arrest of cavitated caries 

lesions in primary teeth is supported as part of a 

comprehensive caries management program.  

Conditional recommendation  due to low-quality evidence

Australian 2019 SDF might be used for people with caries in situations where 
traditional treatment approaches to caries management might 
not be possible

EAPD 2019 Conditional recommendation 
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Community based  Fluoridation

• WF is a safe and effective community measure at concentrations of 0.5-1.mg/L

• F milk or salt are alternatives to community WF that merit further research

• Fluoride supplements have limited use for high risk patients when other topical sources 

non available

• Be aware of the F halo effect, regular monitoring of community  enamel fluorosis 

• Topical Fluorides

• Effective in reducing caries for home use : F toothpastes >1000ppm, F concentration 

toothpastes, gels rinses  effective in reducing caries

• Effective in reducing caries for Professional use:  Topical F gels children > 6years old, FV

Conclusions

F as therapeutic agents in non-restorative caries treatment  - SDF 
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