














health professionals to “consider the fluoride level in the
community drinking water, other sources of fluoride,
and factors likely to affect susceptibility to dental caries
when weighing the risk and benefits of using FTP (before
age 2 years).” (34) Given the difficult task of accurately
determining how much daily fluoride a child consumes
or ascertaining a child’s susceptibility to caries, it is a poten-
tially formidable challenge for pediatricians to advise pa-
rents about when a child should begin using FTP. To

make matters more confusing, com-
mercial messaging about the safety
of fluoride-free training toothpastes
implies that FTP is unsafe for young
children. Suchmessages may lead pa-
rents to inaccurately attribute greater
hazard to swallowing toothpaste
than actually exists (C. Lewis, un-
published data, 2011) and, as a con-
sequence, may potentially limit
parents’ use of and the beneficial ef-
fects of FTP. The Maternal and
Child Health Bureau convened an
expert panel in 2007, which recom-
mended, based on some research
evidence and consensus, that children
younger than 2 years at high risk for
caries should use a “smear” of FTP
twice daily; however data (90)(91)
mentioned in the previous paragraph
have also suggested that all children
could potentially benefit from start-
ing FTP use before age 1 year.

Empirically, using a small amount
of FTP means less is swallowed and
thus there is a lower fluorosis risk.
Two-year-olds ingest an average
of approximately two-thirds of the
toothpaste used in brushing. (92)
Given this, if a child uses a rice-
grain-size amount (approximately
50 mg of paste) of FTP (Figure 5)
during twice-daily brushing, he/she
gains the beneficial effect of topical
fluoride and ingests only approxi-
mately 0.08 mg of fluoride, which is
much less than is swallowedwhen tak-
ing fluoride drops (0.25-1.0 mg per 1
mL) and is substantially below the
threshold for increased fluorosis risk
of 0.05 to 0.07 mg/kg daily (in the
above scenario a 10-kg child would

consume 0.008 mg/kg of fluoride). Rinsing after brushing
is contraindicated based on strong research evidence. For
young children who do not know how to spit, rinsing causes
more FTP to be swallowed. (92) Among older children,
rinsing and spitting out the residue reduce the beneficial ef-
fect of the fluoride and result in more caries. (93)(94)

How the balance of risks and benefits of early FTP is
perceived has led countries to adopt different recommen-
dations, based on some research evidence and consensus,

Figure 5. Using an analytic laboratory scale (Mettler Toledo, Columbus, OH), a rice-grain-
size and pea-size amount of fluoride toothpaste (FTP) were weighed. A rice-grain-size
amount of 1,100-ppm FTP weighed 50 mg and contained 0.055 mg of fluoride. A pea-
size amount of 1,100-ppm FTP weighed 250 mg and contained 0.27 mg of fluoride
(photographs courtesy of Katherine Lewis, PhD).
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about what age to start use of FTP. One approach, cur-
rently used in the United States, Australia, and Canada, is
based on risk stratification—with children at high risk of
caries advised to begin use of FTP at first tooth eruption,
(95) whereas children at low risk of caries should wait un-
til 2 years of age (or 18 months in Australia (81) and 3
years in Canada (79)) before using FTP. The other ap-
proach, used in England, recommends that all children,
beginning in infancy, have their teeth brushed twice daily
with a “smear” of at least 1,000 ppm of FTP. Further-
more, in England, the recommended amount of FTP
per brushing increases to pea-size (approximately 250
mg of paste), and the recommended fluoride concentra-
tion in the FTP increases to 1,350 to 1,500 ppm for chil-
dren 3 years and older. (80)

There is need for high-quality studies focused on rel-
ative risks and benefits of early FTP use. In the mean-
while, there are reasons to consider adopting England’s
strategy of universal and early FTP initiation in the
United States: (1) young children at low risk of caries also
experience caries at not inconsequential levels (2); (2)
caries prevalence among young children is unacceptably

high and has increased (2); (3) even if a child does not spit
after brushing with a rice-grain-size amount of FTP, fluo-
ride intake from FTP use 2 times per day is well below the
fluorosis-risk level; (4) it establishes a good habit early; and
(5) it places appropriate emphasis on disease prevention.

OTHER FLUORIDE-CONTAINING DENTAL PRODUCTS.

Dental professionals rely on a variety of fluoride-containing
products, including foam, gel varnish, prescription-strength
toothpaste, and mouthrinse, for caries prevention and
treatment. The most thoroughly evaluated for pediatric
use are fluoride gels and varnish. Applying these highly
concentrated fluoride products to teeth, using a dual
arch tray for gel or brush to paint on varnish, leaves a
fluoride-calcium compound on tooth enamel that releases
fluoride whenever biofilm (ie, plaque) pH decreases. (96)
Both fluoride gel (97) and varnish (98) are effective in pre-
venting caries, based on strong research evidence, but
FV has a number of advantages over gels, including that
FV can be used on infants and toddlers (gel is too easily
swallowed), adheres better to the tooth’s enamel surface,
and allows for longer sustained levels of fluoride in the

Table 2. Useful Information for Pediatricians About Fluoride in Water
and Other Beverages

1. The EPA oversees regulations for drinking water provided by public water systems. Naturally occurring fluoride levels in
community water supply are not allowed to exceed 4 ppm, and water suppliers are required to notify consumers if the
fluoride concentration of the water exceeds 2 ppm. (106)

2. The FDA has oversight of FTP and bottled water. It does not require the label of bottled water to list the presence of fluoride
unless fluoride has been added. (107) Some bottled water companies sell optimally fluoridated water
(http://www.bottledwater.org/fluoride).

3. Well water contains variable amounts of fluoride, ranging from 0 to 7.22 ppm in one study. (108) The only way to know the
fluoride content of well water is to have it tested. Most state health departments have lists of local certified water testing
labs. Some state universities will conduct fluoride testing on water samples for about $15–20. National Testing Labs offers
residential water testing for fluoride for about $50 (www.watercheck.com).

4. Reverse osmosis and distillation remove virtually all fluoride from water. (109) UV light exposure and water softeners do not
change the fluoride content of the water. (110)

5. Under-the-sink, faucet-mount, or pitcher-type activated charcoal filtration units do not affect the fluoride concentration
of tap water. (30)

6. Minimal fluoride is present in breast milk or cow’s milk. (111)
7. There is negligible fluoride in powdered infant formula. The fluoride content of infant formula made from powder reflects

the fluoride in the water used to prepare it. Preparing infant formula with fluoridated water has been associated with higher
risk of fluorosis. (112) The ADA states that formula can be prepared with optimally fluoridated water and that providers
need to be “cognizant of the potential risks of enamel fluorosis development,” (113) which is advice that may be difficult to
implement on a practical level. There is a lower fluoride intake and theoretically less risk of fluorosis with CWF at 0.7 ppm.
(114)
• For example, a 10-kg infant who drank 28 oz of formula prepared with 0.7 ppm of fluoridated water would consume 0.54
mg of fluoride or 0.054 mg/kg of fluoride, which is approximately the recommended intake.

• If the water contained 1 ppm, then the infant would consume 0.078 mg/kg of fluoride, in excess of the recommended
intake.

ADA¼American Dental Association; CWF¼community water fluoridation; EPA¼Environmental Protection Agency; FDA¼Food and Drug Administration;
FTP¼fluoride toothpaste.
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enamel crystal matrix. Furthermore, FV does not require
special preparation of teeth, requires only brief training
to become adept at its application, is generally acceptable
to patients, is portable, and requires little storage space—
all of whichmake it easy to use in nondental settings (eg, in
schools, public health clinics, and medical offices). In most
states, pediatricians can bill for FV application to low-
income children insured by Medicaid.

FV is effective in preventing caries in both primary and
permanent teeth. The FDA approves FV as a cavity liner and
desensitizing agent. FV is used “off-label” for preventing den-
tal caries. Systematic reviews indicate that FV prevents 46% of
permanent tooth caries and 33% of primary tooth caries. (99)
(100) FV’s effect differs, depending on a population’s caries
prevalence. The number needed to treat to prevent one car-
ious surface in primary dentition ranged from 3.7 children
in low-caries communities to 1.6 children in high-caries

communities. Children at high risk of caries should be prior-
itized for at least twice-yearly FV beginning in infancy to op-
timize ECC prevention. A well-designed randomized
controlled trial in San Francisco, California, demonstrated
a preventive fraction of 58% in decayed lesions in children
who were enrolled in the study at approximately age 20
months and followed up for 2 years, providing a strong re-
search basis for recommending twice-yearly FV in US chil-
dren at high risk for caries. (101) In England, guidelines
specify that all children receive FV 2 times per year, based
on some research evidence and consensus, and children at
high risk for caries receive FV 3 to 4 times per year. (80)

Community-Level Fluoride Interventions
Among fluoride-based, community-level strategies, there
is strong research evidence of the caries preventive

Table 3. Recommendations and Evidence Type for Fluoride-Based Caries
Preventiona

FTP Use
On the basis of strong research evidence, it is recommended that children brush with at least 1,000 ppm of FTP (A) (76)(77)
and do not rinse after brushing (A). (84) Other recommendations, based on some research evidence and consensus, include
the following:
• Initiate twice daily brushing with a smear of FTP at first tooth eruption in all low-income children (<200% FPL) (B). (95)
• Consider initiation of FTP before age 1 year in all children (C). (78)(79)

Children at High Caries Risk
Low-income families and communities experience more caries. Infants living in low-income households should be considered
at high risk for caries (A) (1)
• Low-income children and communities should be prioritized for intensive fluoride-based prevention. It is recommended,
based on strong research evidence, that low-income children:
B On an individual level, receive at least twice-yearly FV application beginning by age 1 year to prevent ECC (A). (92)
B On a community-level, supervised and classroom-based toothbrushing with FTP (94) should be provided in preschool
and elementary school (A) and fluoride mouthrinse programs (93) for older children (>6 years) (A). (92)(116)

• Other recommendations pertaining to low-income children, based on some research evidence and consensus, include the
following:
B Low-income children should receive early and regular professional dental care for caries screening and implementation
of primary, secondary, and tertiary prevention (C). (114)

B Caries risk status should be regularly reevaluated and children reassigned to intensive primary prevention if other caries
risk factors are identified (D).

Caries Prevention Anticipatory Guidance
It is recommended that education about caries prevention include the following:
• Frequently consuming sugar-sweetened foods and drinks (including 100% juice) increases caries (A). (117)(118)(119)
(120)(121)
B Taking a bottle/sippy cup with any kind of juice or sugar-sweetened beverage to bed increases caries (C). (122)

• Regularly drinking optimally fluoridated water reduces caries (A). (33)(61)(123)
• Using FTP of at least 1,000 ppm twice daily reduces caries (A). (76)(77)

Research Needs
Longitudinal studies and RCTs are needed to monitor trends and refine fluoride-based preventive recommendations (D).

ECC¼early childhood caries; FPL¼federal poverty level; FTP¼fluoride toothpaste; FV¼fluoride varnish; RCT¼randomized controlled trial.
aA: Recommendation based on well-designed RCT, diagnostic studies on relevant population, high-quality meta-analysis, or systematic review.
B: Recommendation based on RCT with minor limitations or overwhelmingly consistent evidence from observational studies. C: Recommendation based on
observational studies (case-control and cohort). D: Recommendation based on expert opinion, case reports, reasoning from first principles.
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effectiveness of school fluoride mouthrinse programs,
particularly in high-caries populations. (102) However,
fluoride mouthrinse should not be used until a child is
at least 7 years old because younger children may swallow
large amounts. Although supervised toothbrushing with
FTP takes place at US Head Start programs, no informa-
tion could be found about classroom-based toothbrush-
ing programs in US grade schools despite strong research
evidence from Europe that such programs are effective.
On systematic review, supervised FTP toothbrushing
programs in school resulted in a caries preventive fraction
of 23%. (103)

Other community-level strategies for caries prevention
in young children, also more common in Europe, include
free or reduced cost FTP distribution. An English ran-
domized controlled trial that evaluated a free FTP mail
distribution program, which was targeted at infants and
children living in low-income communities, resulted in sig-
nificantly fewer carious teeth at ages 5 to 6 years. (105) In
the United States, free FTP distribution could be added
to the purview of the Supplemental Nutrition Program
for Women, Infants, and Children (WIC), which targets
low-income families and already provides oral health pre-
ventive education at a number of sites. (105)

Conclusions
This article provides an evidence-based overview of fluo-
ride modalities and their preventive properties that will
allow pediatricians to effectively promote the appropriate
use of fluoride for prevention of dental caries in their pa-
tients and communities. Table 2 provides additional in-
formation about fluoride in water and other beverages
to help answer questions that commonly arise in pediatri-
cians’ offices.

Widespread availability of fluoride has decreased the
prevalence of caries in the United States. Nevertheless,
almost all US adults have caries, and like other chronic
diseases, dental decay has its substantive origins in child-
hood behaviors and environment. Table 3 presents spe-
cific recommendations for fluoride-based prevention of
caries.

On the basis of strong research evidence, CWF and
FTP remain the most effective tools to promote optimal
oral health for US children and adults. These 2 modalities
should form the cornerstones of caries prevention. Ongo-
ing expansion of CWF will require well-funded media
campaigns and other organized efforts to counter misin-
formation perpetuated by antifluoridation groups.

Although additional studies are needed to clarify how
to best deliver FTP to very young children, consideration

should be given to initiating FTP use at first tooth erup-
tion as standard caries primary prevention for all US chil-
dren. On the basis of strong research evidence about the
relative advantages of FTP, a number of countries (but
not the United States) no longer recommend FSs. Be-
cause low-income children experience more caries, they
should receive an additional intensive caries primary pre-
vention program composed of, in addition to twice-daily
FTP use, at least twice-yearly FV, prioritization for
early and regular professional dental care, and targeted
community- and school-based caries interventions. A
dual-track (standard vs intensive) primary prevention ap-
proach emphasizes the importance of caries prevention
for all children while also addressing the substantial oral
health disparities that adversely affect the health and well-
being of millions of US children. (8)

Summary

• On the basis of strong research evidence, fluoride
reduces demineralization, enhances remineralization,
and strengthens tooth enamel, thus decreasing
susceptibility of the tooth to decay from acidic by
products of bacterial carbohydrate metabolism.

• On the basis of strong research evidence, community
water fluoridation has markedly decreased rates of
dental decay in the United States and around the
world since it was first implemented in the mid-20th
century.

• On the basis of strong research evidence, fluoride’s
effects on preventing caries are primarily topical.
However, drinking fluoridated water exposes the teeth
to topical fluoride as does twice daily brushing with
fluoride toothpaste and periodic application of
fluoride varnish.

• On the basis of strong research evidence, twice daily
use of at least 1,000 ppm of fluoride toothpaste
reduces dental caries.

• On the basis of strong research evidence, fluoride
varnish has important caries prevention properties and
should be applied to the teeth of low-income children
twice yearly, beginning in the first year of life.

• On the basis of some research evidence, fluoride drops
are associated with more dental fluorosis, and because
they are swallowed their routine use is inconsistent
with the primarily topical mechanism of fluoride’s
action in preventing caries. A number of countries
have reexamined the evidence surrounding fluoride
drops and no longer recommend them, in favor of
early initiation of fluoride toothpaste instead.

• On the basis of strong evidence, fluoride, like all other
micronutrients, has a recommended level of intake at
which caries prevention is optimized. At lower levels
of intake, more dental caries occur. At high levels of
intake, fluorosis and other adverse effects occur.
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PIR Quiz Requirements
To successfully complete 2014 Pediatrics in Review articles for AMA PRA Category 1 CreditTM, learners must demonstrate a minimum performance
level of 60% or higher on this assessment, which measures achievement of the educational purpose and/or objectives of this activity. If you score
less than 60% on the assessment, you will be given additional opportunities to answer questions until an overall 60% or greater score is achieved.
NOTE: Learners can take Pediatrics in Review quizzes and claim credit online only at: http://pedsinreview.org.

1. As part of your office’s orientation process for new patients, you review with a parent the benefits of fluoride
varnish application for their 3-year-old. After determining that the child is at high risk for caries, you
recommend that fluoride varnish be applied

A. At age 6 years.
B. Every other year.
C. Once a year.
D. Twice a year.
E. When the first cavity appears.

2. Your community is considering adding fluoride to the community water system. There are very strong opinions
both for and against this proposal. You are asked to write an editorial for the local newspaper. On the basis of
the available evidence, which of the following statements is true?

A. Community fluoridated water (CFW) does not help equalize the risk of dental caries across socioeconomic
groups.

B. CFW is a secondary prevention method for dental caries.
C. Oral fluoride supplementation is more effective than CWF in the prevention of dental caries.
D. There has been no change in population exposure to fluoride sources other than CWF since 1950.
E. There is an optimal range of fluoride intake at which the effects are beneficial.

3. The most effective tools to promote optimal oral health for US children and adults are community water
fluoridation and

A. Fluoride mouthrinse use.
B. Fluoride toothpaste use.
C. Fluoride varnish application.
D. Oral fluoride supplements.
E. Salt fluoridation intake.
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4. Caries disproportionately affects certain individuals and groups. This increased risk is primarily determined by

A. Age of the individual.
B. Frequency of sugary drink consumption.
C. Frequency of tooth brushing.
D. Poverty.
E. Types of oral bacteria present.

5. Research has clarified the mechanism responsible for the decay inhibitory effects of fluoride. Because of this,
fluoride supplementation is beneficial

A. Across the lifespan.
B. Before the first tooth erupts.
C. When permanent dentition is complete.
D. When primary dentition is complete.
E. When puberty begins.

Parent Resources From the AAP at HealthyChildren.org

• English: http://www.healthychildren.org/English/healthy-living/oral-health/Pages/FAQ-Fluoride-and-Children.aspx
• Spanish: http://www.healthychildren.org/spanish/healthy-living/oral-health/paginas/faq-fluoride-and-children.aspx
• English: http://www.healthychildren.org/English/ages-stages/baby/feeding-nutrition/Pages/Fluoride-Supplements.aspx
• Spanish: http://www.healthychildren.org/spanish/ages-stages/baby/feeding-nutrition/paginas/fluoride-supplements.aspx
• English: http://www.healthychildren.org/English/healthy-living/oral-health/Pages/Water-Fluoridation.aspx
• Spanish: http://www.healthychildren.org/spanish/healthy-living/oral-health/paginas/water-fluoridation.aspx

oral health fluoride

Pediatrics in Review Vol.35 No.1 January 2014 15

 at UCSF Library & CKM on April 3, 2015http://pedsinreview.aappublications.org/Downloaded from 

http://pedsinreview.aappublications.org/


DOI: 10.1542/pir.35-1-3
2014;35;3Pediatrics in Review 

Charlotte W. Lewis
Fluoride and Dental Caries Prevention in Children

Services
Updated Information &

http://pedsinreview.aappublications.org/content/35/1/3
including high resolution figures, can be found at: 

References
http://pedsinreview.aappublications.org/content/35/1/3#BIBL
This article cites 6 articles, 2 of which you can access for free at: 

Subspecialty Collections

medicine_sub
http://pedsinreview.aappublications.org/cgi/collection/preventative_
Preventative Medicine
health_sub
http://pedsinreview.aappublications.org/cgi/collection/dentistry:oral_
Dentistry/Oral Health
following collection(s): 
This article, along with others on similar topics, appears in the

Permissions & Licensing

http://pedsinreview.aappublications.org/site/misc/Permissions.xhtml
in its entirety can be found online at: 
Information about reproducing this article in parts (figures, tables) or

Reprints
http://pedsinreview.aappublications.org/site/misc/reprints.xhtml
Information about ordering reprints can be found online: 

 at UCSF Library & CKM on April 3, 2015http://pedsinreview.aappublications.org/Downloaded from 

http://http://pedsinreview.aappublications.org/content/35/1/3
http://pedsinreview.aappublications.org/content/35/1/3#BIBL
http://pedsinreview.aappublications.org/cgi/collection/dentistry:oral_health_sub
http://pedsinreview.aappublications.org/cgi/collection/dentistry:oral_health_sub
http://pedsinreview.aappublications.org/cgi/collection/preventative_medicine_sub
http://pedsinreview.aappublications.org/cgi/collection/preventative_medicine_sub
http://pedsinreview.aappublications.org/site/misc/Permissions.xhtml
http://pedsinreview.aappublications.org/site/misc/reprints.xhtml
http://pedsinreview.aappublications.org/


DOI: 10.1542/pir.35-1-3
2014;35;3Pediatrics in Review 

Charlotte W. Lewis
Fluoride and Dental Caries Prevention in Children

 http://pedsinreview.aappublications.org/content/35/1/3
located on the World Wide Web at: 

The online version of this article, along with updated information and services, is

http://pedsinreview.aappublications.org/content/suppl/2013/12/26/35.1.3.DCSupplementary_Data.html
Data Supplement at: 

Pediatrics. All rights reserved. Print ISSN: 0191-9601. 
Boulevard, Elk Grove Village, Illinois, 60007. Copyright © 2014 by the American Academy of 
published, and trademarked by the American Academy of Pediatrics, 141 Northwest Point
publication, it has been published continuously since 1979. Pediatrics in Review is owned, 
Pediatrics in Review is the official journal of the American Academy of Pediatrics. A monthly

 at UCSF Library & CKM on April 3, 2015http://pedsinreview.aappublications.org/Downloaded from 

http://pedsinreview.aappublications.org/content/35/1/3
http://pedsinreview.aappublications.org/content/suppl/2013/12/26/35.1.3.DCSupplementary_Data.html
http://pedsinreview.aappublications.org/

