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Abstract

Pediatric dental caries is a preventable oral disease affecting both hard and
soft tissues. Children’s positive oral health outcomes start with parental educa-
tion prior to birth. After birth, without proper education, poor diet and home
care could result in high levels of Streptococcus mutans, the bacteria com-
monly found in caries. These circumstances, along with residing in a nonflu-
oridated community, can compromise the oral and overall health of children
and adolescents. Fluoride can set children up with a promising dental future.
Clinicians must provide a strong foundation of patient education during and
after pregnancy with multiple fluoride treatment options that will prevent
disease and maintain healthy deciduous, mixed, and permanent dentition.

Educational objectives

1. Identify pediatric patients who are at high risk for caries based on past
and present circumstances and their need for fluoride to aid in caries
prevention and maintenance.

2. Perform proper fluoride treatments on pediatric patients.

. Identify the many available options for fluoride implementation.

4. Summarize systemic and supplemental fluoride methods along with
their effects anatomically.
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Pediatric dental caries is a preventable
oral disease. After birth, poor diet and
poor home care could result in higher lev-
els of the bacteria Streptococcus mutans.
Residingin a nonfluoridated community
and lacking access to dental care can com-
promise the oral and overall health of chil-
dren and adolescents. According to the
World Health Organization (WHO), it is
estimated that 2.4 billion people globally
suffer from caries of permanent teeth,
and 486 million children suffer from car-
ies of primary teeth.! Educating pregnant
patients about fluoride (F) and applica-
tion postnatally as early as three months
could change the trajectory of this ongo-
ing cycle. During pregnancy, nearly half of
women do not seek dental care for them-
selves.” Nationally, a staggering 43% of
pregnant women do not have regular den-
tal checkups, even though 76% of those
surveyed admitted to some sort of oral
discomfort.? Diagnostic, prophylactic, and
restorative dental treatment is safe and
has been proven effective in improving
and maintaining oral health during preg-
nancy, with emphasis on the healthy, non-
complicated pregnant patient. Oral health
is part of overall health, and it starts at
the beginning.

Fluoride inhibits dental caries by affect-
ing the metabolic activity of cariogenic bac-
teria while also being capable of enhancing
remineralization, and this occurs continu-
ously in the oral fluids.*® According to the
Environmental Protection Agency (EPA),
the definition of drinking water “includes
tap water ingested alone or with bever-
ages and certain foods reconstituted in the
home.”™ Among children ages 6 months to
14 years, drinking water accounts for 40%-
70% of total fluoride intake.* Toothpaste
that has been swallowed inadvertently is
estimated to account for about 20% of total
fluoride intake in children 1 to 3 years old.?
We are mostly aware of our common every-
day habits of fluoride ingestion such as our
drinking water, food consumption, denti-
frices, tablets, mouthrinses, and drops.®
Once fluoride is absorbed into the body,
approximately 99% of the total amount
retained is in the bones and teeth, with the
remaining amount being distributed to the
highly vascularized soft tissues.® Fluoride s

gxcreted from the body primarily through

the kidneys, followed by the milk of lactat-
ing mothers, saliva, sweat, and feces.®Bio-
logically, plasma fluid is the only means
of fluoride distribution through the body.®
Further studies are yet to be conducted on
the relationship between greater amounts
of fluoride given to pregnant women and
passage to the fetus.

Stages of tooth development
Understanding fluoride and its involve-
ment in tooth development—or odonto-
genesis—is imperative. Odontogenesis
refers to a certain physiological process in
the embryonic period when the teeth and
associated orofacial structures develop
until the teeth are fully mineralized and
in mature form. Odontogenesis begins
during the early weeks of fetal develop-
ment and is separated into six stages:
initiation, bud, cap, bell, apposition, and
maturation.”

Initiation is the first stage, and occurs
in weeks six through seven of pregnancy
during the embryonic period. During this
developmental period, the physiological
process of induction occurs, which gives
rise to the oral epithelium.

At week eight of gestation, the bud
stage begins, and proliferation occurs.
During this period, growth of the dental
lamina into the bud stage penetrates the
growing ectomesenchyme.

Weeks nine through 10 are referred
to as the cap stage; the main processes
occurring are proliferation, differentia-
tion, and morphogenesis. During these
weeks, formation of the tooth germ occurs
as the enamel organ forms into a cap
shape that surrounds the inside mass of
the dental papilla, with an outside mass
of the dental sac; both form from the
ectomesenchyme.

The fourth stage, occurring during
weeks 11 through 12 and part of the pri-
mary dentition’s development, is the bell
stage. Differentiation of the enamel organ
occurs into what appears to resemble a
bell with four cell types, and the dental
papilla into two cell types.’

The final stages, apposition and mat-
uration, happen at various time periods
depending on tooth development. Dur-
ing apposition, induction and prolifer-
ation occur, and the individual dental

tissues are secreted in sequential order
as amatrix. This matrix serves as a frame-
work for later full mineralization to the
tissues’ expected mature state. Enamel is
the hardest, followed by dentin; the least
dense is cementum.” During enamel for-
mation, fluoride is incorporated into the
crystallattice and binds to calcium, which
is contained within the protein matrix. As
aresult, the fluoride alters crystal forma-
tionin the enamel matrix and strengthens
the properties of the enamel crystals. The
last stage is maturation, which extends
from the embryonic period into the fetal
period. It is during this stage that excess
systemic fluoride consumption could
cause enamel dysplasia by interfering
with the metabolic process of the amelo-
blasts (enamel-forming cells), resulting in
dental fluorosis.”

As stated, apposition and maturation
occur at various time periods because of
the multiple teeth in formation and their
different eruption patterns. Primary tooth
enamel and some of the permanent tooth
enamel will start forming and will con-
tinue to grow in utero, while most of the
permanent teeth will start to grow and
fully remineralize after birth until age 25

Systemic fluoride sources

Access to care and cost may be a bur-
den to many. There are multiple sources
of systemic fluoride that make it easy to
incorporateit into our everyday diet, such
asfoods, drinks, and natural sources. Flu-
oride occurs naturally on earth and is
released from rocks into the soil, water,
and air.Itis already present in all water in
varying amounts depending on location,
such as some groundwater and natural
springs, which can have naturally high
levels of fluoride.

In lesser fluoridated areas, where the
amount of fluoride is usually inadequate
for preventing tooth decay, obtaining pre-
scription vitamins containing fluoride is
a good option. Community water fluo-
ridation is “the process of adjusting the
amount of fluoride in drinking water to
alevel recommended for preventing tooth
decay.”In 1945, after extensive scientific
research, the city of Grand Rapids, Mich-
igan, was the first to add fluoride to its
city water system. With consistent wateg
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fluoridation, there has been a decline in
dental decay in the past 77 years, with
a national goal for 77% of Americans to
have water with enough fluoride to pre-
vent dental decay by 2030.° Community
water fluoridation has been identified as
the most cost-effective method to deliver
fluoride and reduce dental decay by 25%
in children and adults. The optimal level
offluoride in wateris 0.7 parts per million
(ppm), or 0.7 milligrams of fluoride per
liter of water (mg/L).? For infants through
age 8,0.10 mg/kg per day is an appropri-
ate concentration, and the upper limit for
older children and adults is set at 10 mg
per day regardless of weight.! These stan-
dards have been set for caries prevention
and reducing the risk of fluorosis.

During gestation, fluoride can be trans-
ported from maternal serum to the fetus
and prenatal deciduous enamel. The
mechanism of transmission has been
reported to be through the placenta,
which allows passive diffusion of fluo-
ride from mother to fetus when fluoride
intake is low. The placenta has the ability
toactas a selective barrier when fluoride
intake exceeds a particular level.*

Fluoride is found in the air and in the
soil in which crops are grown.® There are
areas with higher levels of fluoride in the
water used for crop irrigation (such as rice
farms), which should be monitored and
taken into consideration when consuming
other sources of fluoride.! Tea plants could
potentially absorb fluoride from the soil
in great amounts, especially “brick” tea,
which is popular in certain parts of Asia.
In many parts of the world, food is the pri-
mary source of fluoride intake.! Most foods
contain trace amounts of fluoride, with
higher amounts found in canned fish with
bones, such as salmon and sardines. Meat,
fruit, and vegetables tend to have the least
trace amounts. It is common practicein the
Caribbean and Latin America to add fluo-
ride to table salt or cooking salt because
drinking water fluoridation is not feasible.
Fluoride is also added to milk for caries pre-
vention in other parts of the world.! Fertil-
izers, wind, and volcanic emissions are all
ways that fluoride is transmitted into the
environment organically.!

Postnatally, breast milk and infant for-
mula are a means of fluoride transmission
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and may be more impactful in strength-
ening the primary dentition.® Breast milk
and formula are the major dietary needs
in the beginning stages of infants’ lives
and play a valuable role as a fluoride sup-
plement. Regarding breast milk, fluoride
is transferred and distributed in limited
amounts utilizing the biological fluid,
plasma.® According to the WHO, breast
milk fluoride levels range from less than
0.002 ppm to about 0.1 ppm, with most
values being between 0.005 and 0.010 ppm.
These amounts are less than infant for-
mula, which ranges from 1.95 to 7.45 ppm,
and cow’s milk, which is 0.12 ppm.®As the
infant continues to grow into adolescence,
with daily consumption of fluoridated
water, beverages, and food prepared or
processed with fluoridated water, remin-
eralization is enhanced and maintained
in low concentrations through the saliva
and biofilm.?

Topical fluoride sources

Less than 0.6 ppm fluoride is considered
fluoride-deficient water,” and in this case,
supplements should be recommended,
such as over-the-counter and prescrip-
tion dentifrices, mouthrinses, chewing
gum, tablets, and professionally applied
treatments such as gels, foam, or varnish.
Every infant or child is categorized on
their caries risk: low, medium, or high.
Riskindicators include presence of carious
lesions, low salivary flow, visible plaque on
teeth, high sugar consumption, presence
ofan appliance in the mouth, health chal-
lenges, sociodemographic factors, access
to care, and cariogenic microflora. Mul-
tiple variables should be evaluated when
determining follow-through of a particu-
lar treatment. Dietary interventions may
also need to be implemented for food and
drinks high in sugar.”

The most-used professionally applied
fluoride agent is 5% sodium fluoride var-
nish (NaFV) at 2.26% fluoride (22,600
ppm F). It is normally an insurance-
covered service until the age of 13.
Proper education should be given to the
patient and caregiver on the importance
of fluoride when insurance coverage is
not feasible.

Additionally, 1.23% acidulated phos-
phate fluoride (APF) can be used in the

prevention of decay.® At 12,300 ppm F
and a low pH of 3.5,° APF can enhance
fluoride uptake but should be used with
caution because of its ability to etch
restorative materials such as porcelain
and composite.

Gel is another means of supplemental
fluoride, and according to a meta-analysis,
once eruption has commenced, applying
fluoride gel as young as 6 months to 1 year
has been proven efficacious in reducing
caries in developing permanent teeth.*

Another in-office option for supplemen-
tal fluoride is in the form of foam; how-
ever, there islimited evidence that topical
fluoride foams are effective in children.

Mouthrinses have a tremendous ben-
efit for pediatric patients because of their
fluidity, but they should be supervised and
onlyimplemented once the child is able to
rinse and expectorate appropriately. Deep
pits and grooves of newly erupted teeth
are at higher risk for dental decay because
of the difficulty they pose with brushing
and flossing. A 0.05% (0.02% weight per
volume [w/v] fluoride ion) mouthrinse
can be beneficial for the deeper pits and
grooves where access is troublesome.

Toothpaste with fluoride was first
introduced in 1955, and since then, con-
sistent use of fluoridated toothpaste has
reduced dental caries prevalence in pri-
mary and permanent dentitions.’ For chil-
drenless than 3 years old, a smear amount
of toothpaste should be used, and a pea-
size amount for children ages 3 through
6.71° Following these guidelines—assum-
ing other means of fluoride absorption are
kept at a normal limit—will reduce the
chance of fluorosis in the developing teeth.

Over-the-counter toothpastes come in
avariety of fluoride concentrations, most
commonly sodium monofluorophosphate
at 0.76% fluoride (0.15 w/v fluoride ion) and
sodium fluoride (NaF) at 0.243% (0.15%
w/v fluoride ion). Other over-the-counter
dentifrices may also contain stannous
fluoride (SnF,), which has antimicrobial
properties with 0.454% fluoride (0.15% w/v
fluoride ion) and should be used by chil-
dren 6 years and older.” Stannous fluoride
has been proven to kill bacteria found in
biofilm that causes gum disease and tooth
decay and acts as a desensitizing agent
by forming a coating over open dentinal

DentalAcademyofCE.com
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tubules. For those children 6 years and
older who are at high risk for dental decay,
prescription-strength options for home
use are available, such as 0.5% gels and
pastes, as well as 0.09% fluoride mouth-
rinse. High levels of fluoride from prescrip-
tion and in-office alternatives produce a
temporary layer of calcium fluoride-like
material on the enamel surface, strength-
ening the teeth. Fluoride is then released
when the pH drops in response to the
acidic oral environment and becomes
available to remineralize, strengthen-
ing the enamel that affects the bacterial
metabolism.’®

Caries management

Proven safe and beneficial, 38% silver
diamine fluoride (SDF) is part of a com-
prehensive caries management program
in primary teeth for the high-risk patient."
Some studies show caries arrest greater
than 80%.° The mechanism of action is
through the antibacterial effects of sil-
ver and remineralization of enamel and
dentin.® SDF is 5% fluoride (44,800 ppm)
and is considered a class Il medical device
that can also be used in the treatment of
dentinal hypersensitivity. It has approxi-
mately two to three times more fluoride
retained than delivered by sodium flu-
oride, stannous fluoride, or acidulated
phosphate fluoride commonly found in
foams, gels, and varnishes, and it is safe for
both children and adults. Less than a drop
is needed for several carious lesions, and
the only negative side effect is black stain

where the caries has been arrested.>!!*?

Maternal fluoride consumption
during pregnancy

Some studies have been conducted on the
potential impact of fluoride consump-
tion prenatally. A study by Takahashi et
al. reviewed the effects of women taking
fluoride supplements (tablets, drops, loz-
enges, or chewing gum) compared with
no fluoride supplementation during preg-
nancy to prevent caries in the primary
teeth of their children.’ The selection cri-
teria were done by a randomized control
trial in southern Maine. A daily dose of
1 mg sodium fluoride tablets or placebo
tablets was given to a total of 1,400 preg-
nant women from their fourth month of

DentalAcademyofCE.com

pregnancy until they gave birth.

Primary teeth decay measured in chil-
dren ages 3 and 5 was very low in both
the fluoride supplement group and the
placebo group. At 5 years old, 92% of chil-
dren remained caries-free in the fluoride
supplement group and 91% remained car-
ies-free in the placebo group, ultimately
indicating that fluoride supplements
taken by women during pregnancy were
not effective in preventing dental decayin
their offspring. Further studies are needed
to assess the efficacy of increased mater-
nal fluoride uptake for caries reduction
in the offspring; however, current data
suggests that it does not provide a mea-
surable effect.

Fluoride concerns

Fluoride recommendations are frequently
met with resistance because of potential
side effects. Fluorosis is excessive fluo-
ride ingestion while the teeth are devel-
oping and is detected visually by changes
in the tooth enamel. These changes range
from slightly visible lacy white markings
in most mild cases to pitting of the teeth
in rare, severe cases. Excessive fluoride
uptake from the period between birth and
8 years old will put permanent teeth at
risk, since preeruptive maturation of tooth
enamelis in the stage of completion. Risk
of severity depends on the amount, tim-
ing, frequency, and duration of exposure.®
Since the 1980s, fluorosis has increased,
mostlyin mild forms. As previously stated,
the fluoride concentration of 0.7 mg/L in
water has been proven to maintain car-
ies prevention while reducing the risk
of dental fluorosis.® It is the clinician’s
responsibility to have an open discussion
about the possible elevated fluoride lev-
els the patient may incur in addition to
drinking water.

Another concern is negative cognitive
outcomes in children. One study mea-
sured mothers’ urinary fluoride levels and
compared it to the child’s IQ. This study
suggested a negative association when lev-
els were greater than those recommended
in the US for water fluoridation.”” Another
study in New Zealand did not support
the association between the two." Cur-
rently, there is not enough evidence to
conclude whether fluoride in drinking

water at concentrations used for com-
munity water fluoridation might impair
the IQ of children.*

Patient education
Often patients do not truly understand
the real impact of fluoride. Using litera-
ture, photos, videos, models, reference
guides, and taking intraoral photos can
teach patients how fluoride and proactive
oral hygiene can be impactful. Unfortu-
nately, those who are pain-free often believe
thereisnot a problem. Taking a photo and
showing the patient firsthand the break-
down that is occurring in their mouth or
the mouths of their children can turn an
opinion around quickly. When a patient or
caregiver can see what the lesion looks like,
they become much more proactive in pre-
vention. Radiographs are useful as well, but
tend not to be as impactful because often
what is seen on a radiograph is too clini-
cal for the patient to understand. Finally,
providing the patient or caregiver with a
consent form stating that they are aware
of their oral-health situation, with all the
lesions and areas to monitor noted, will
put the responsibility on the patient and
hopefully prompt them to follow through
on their treatment and prevention.
Patient education is by far the most
important piece to this puzzle, and hav-
ing a clinician patients trust is crucial.
Many patients suffer from odontopho-
bia, which is defined as “an overwhelming
andirrational fear of dentistry associated
with devastating feelings of hypertension,
terror, trepidation, and unease.”® Positive
reinforcement and constant reassurance
will help the patient understand that they
can take on certain dental fears. Once
trust is given, the clinician can openly dis-
cuss all the preventive measures that can
be taken. Understanding dental anxietyis
vital, and being prepared for it sets up the
patient, caregiver, and clinician for a suc-
cessful appointment and follow-through.

Conclusion

In summary, we can continue to help
dental disease decline by understand-
ing that pediatric dental caries is a
preventable oral disease and imple-
mentation of fluoride is crucial. Early
intervention and education during tooth
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development will set children up for a
more promising dental future and an
overall healthier life. Without continu-
ous water fluoridation, this would not
be possible in areas where access to care
is limited or nonexistent.

Water fluoridation is the most cost-
effective way to reach the greatest popu-
lation. Evaluating diet, home care, and
access to fluoride can help clinicians cre-
ate a treatment plan utilizing professional
and over-the-counter resources to aid in
the reduction of pediatric dental caries.
Additionally, clinicians should reassure

patients that seeking dental care during
pregnancy is imperative and safe. Topi-
calfluoride is an effective means of caries
prevention and is safe during pregnancy
and in children beginning at 3 months of
age. This will lay the groundwork for all
future pediatric appointments as well as
set a strong positive example. Collaborate
with the patient’s prenatal care team so
that the circle of dental care and prenatal
health care can become one. Oral health
isavital part of overall health, and estab-
lishing patient/clinician trust is where
it all begins.
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QUESTIONS

1. How many children suffer from
caries of primary teeth?

A. 4.6 billion
B. 486 million
C. 2.4 billion
D. 99 million

2. In children age 6—14 years,
drinking water accounts
for what percentage of
total fluoride intake?

A. 40%—60%
B. 20%-99%
C. 40%-70%
D. 20%-40%

3. What percentage of total
fluoride is inadvertently
swallowed from toothpaste
in children age 1-3 years?
A. 20%

B. 30%
C. 28%
D. 40%

4. What percentage of fluoride is
retained in the bone and teeth?

A. 90%
B. 60%
C. 40%
D. 99%

5. By which route is fluoride
excreted from the body?

A. Saliva

B. Milk of lactating mothers
C. Sweat

D. All of the above

6. What is the primary source of
fluoride excretion in the body?

A. Sweat

B. Kidneys

C. Saliva

D. All of the above

7. Which term means “the process
of tooth development”?

A. Odontophobia
B. Odontogenesis
C. Apposition
D. Maturation

8. Ameloblasts form which
kind of dental cell?

A. Enamel

B. Dentin

C. Cementum

D. None of the above

9. Which stage in tooth
development occurs at
different time periods?

A. Initiation stage
B. Maturation stage
C. Bud stage

D. All of the above

10. Odontogenesis is composed
of how many stages?

A1
B. 2
C. 4
D. 6

11. The cap stage occurs in
which weeks of gestation?

A. 6-7
B. 8-9
C. 9-10
D. Various weeks

12. Fluoride is released
naturally from rock into:

A. Soil

B. Water

C. Air

D. All of the above

13. What year was fluoride first
added to a city water system?

A. 1943
B. 1955
C. 1945
D. 1991

14. What is considered the
optimal level of fluoride for
community water fluoridation?

A. 0.12 mg/L
B. 0.7 mg/L
C. 0.5 mg/L
D. 1.0 mg/L

15. What is the appropriate daily
concentration of fluoride for
older children and adults?

A. 010 mg/kg
B. 0.5 mg/kg
C. 0.12 mg/kg
D. 0.6 mg/kg

16. Where is it common practice
to add fluoride to table salt?

A. United States

B. The Caribbean

C. Europe

D. None of the above
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QUESTIONS

17. What is the most common
means of fluoride
transmission to the infant?

A. Breast milk

B. Brushing gums with a smear
of fluoride toothpaste

C. Infant formula
D. AandC

18. During the formation of
enamel, into what is fluoride
directly incorporated?

A. Protein matrix

B. Crystal lattice

C. AandB

D. None of the above

19. At what age is the permanent
dentition fully mineralized?

A. 28
B. 18
C. 21
D. 25
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20. What is the most cost-effective

way to deliver fluoride and
reduce dental decay?

A. Toothpaste

B. Foods grown in
fluoride-rich soil

C. Community water fluoridation
D. Infant formula

21. By which mode of transmission

is fluoride released into
the environment?

A. Fertilizers

B. Wind

C. Volcanic emissions
D. All of the above

22. The average fluoride

level in cow’s milk is:
A. 1.95 ppm

B. 0.005 ppm

C. 012 ppm

D. 7.45 ppm

23. Remineralization of the teeth
is enhanced and maintained
in low concentrations through

27. What is the most commonly
used professionally
applied fluoride agent?

which mode of transmission? A. SDF
A. Saliva B. NaFV
B. Biofilm C. NaF
C. Toothpaste D. APF
D. Aand B

28. What year was toothpaste with

24. Which food has the least fluoride first introduced?

trace amounts of fluoride? A. 1945
A. Fruit B. 1996
B. Rice C. 1955
C. Salmon D. 1980
D. Sardines

29. Which fluoride requires
less than a drop to arrest
several carious lesions?

25. Water is considered fluoride
deficient when it is less

than how many ppm F? A. SDF
A. >012 B. APF
B. >0.005 C. SnF2
C. >0.6 D. NaFv
D. >07

30. Risk of fluorosis severity

26. Which fluoride can etch depends on which factor?

restorative materials such as A. Timing
porcelain and composite? B. Frequency

A. SnF2 C. Amount

B. NaF D. All of the above
C. NaFv

D. APF
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