
A review of dietary fluorides for caries prevention is presented. The

efficacy and safety of controlled water fluoridation has been scientifically
established. Increasing public acceptance of fluoridation is placing
the burden of proof on those opposing the procedure. Administration
of dietary fluoride to pregnant women to control dental caries in
their infants cannot presently be justified.
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THE role of dietary fluoride in increas-
ing the resistance of teeth to caries is

thoroughly established. Since fluorides
are most effective in preventing dental
decay when they are included in the
diet in proper amounts from early in-
fancy, it is appropriate that a discus-
sion of dietary fluorides and caries pre-
vention has been included in this sym-
posium on changes and trends in infant
feeding.
As the Food and Nutrition Board of

the National Academy of Sciences has
pointed out, "Fluoride is present in
small but widely varying amounts in
practically all soils, water supplies,
plants, and animals, and hence is a
normal constituent of all diets."' In the
sense that fluoride confers maximal re-
sistance to dental caries, the board
states that "fluorine is necessary to opti-
mal health."

While the exact mechanism through
which fluoride exerts its effect on the
teeth is not entirely clear, this is pre-
sumably related to its replacement of
hydroxyl in the hydroxyapatite, the cal-
cium phosphate in the dental enamel
and dentin and in bone. This results in
an increase in hardness and a decrease
in solubility of the dental enamel.

Prenatal Use of Fluoride

Since fluoride must be incorporated
in the crystalline structure of dental
enamel for maximal effect, the possibil-
ity of initiating the process in the
fetus through the diet of the pregnant
woman has been the subject of clinical,
laboratory, and epidemiological investi-
gation. Typical of the studies of pla-
cental transfer of fluoride in experi-
mental animals are those of Maplesden
and his colleagues.2 Using rats and rab-
bits, they found that the fetuses of ani-
mals fed varying amounts of fluoride
showed a very low level of fluoride
compared to the mother. For example,
the level of fluoride in the carcasses of
female rats fed a basal diet supple-
mented with 50 ppm F was 106 ppm F,
in contrast to only 1.0 ppm F in the
fetal carcasses. Even at an increased
fluoride intake of 200 ppm, the level of
fluoride in the fetus was only 1 per cent
of that of the mother.

That fluoride is incorporated in the
bones and teeth of the fetus has been
demonstrated by Gedalia and his co-
workers,3 but the increase in fluoride
content was found to be much smaller
in the teeth than in the bones of fetuses
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when the drinking water of the mother
contained a higher level of fluoride.
The relatively low permeability of the

placenta to fluoride has been confirmed
by Ericsson, in Sweden, through the
use of radioactive F18.4 The radionuclide
was given intravenously to four preg-
nant women prior to therapeutic abor-
tion. The fetal F18 blood level was never
higher than one-quarter of the maternal
level. Similar results were obtained in
rabbits approaching the end of preg-
nancy. In neither human beings nor ex-
perimental animals was there any indi-
cation of concentration of F18 in the
placenta.

In another investigation, Gedalia and
his colleagues5 found that the cord blood
of the fetus was lower than that of the
mother and that the disproportion was
greater when the maternal level was
high. As this group pointed out, "It
is noteworthy that similar results were
obtained with fluoride intake from
drinking water or from supplemental
sodium fluoride tablets."

In a study of the prevalence of caries
in deciduous teeth in children in rela-
tion to maternal ingestion of fluoride,
by Carlos, Gittelsohn, and Haddon,6
no significant differences were found
between groups of six-year-old children,
in a community with water fluoridated
at a level of 1.0 and 1.2 ppm, whose
mothers had lived in this community
throughout the pregnancy involved, and
otherwise comparable children in a
community with fluoride-deficient water
supplies. Similar results have been ob-
tained in experimental animals. Stookey
and his co-workers in Indiana found no
reduction in dental caries in the off-
spring of rats exposed to drinking
water containing fluoride at a level of
25 ppm.7
On the other hand, Blayney and

Hill8 have concluded, from a study of
children in Evanston, Ill., that the pre-
natal consumption of fluoridated water
by the mother contributes added pro-

tection to the deciduous teeth over that
provided by only postnatal use by the
child. However, the justification for this
conclusion, on the basis of the data pre-
sented, has been questioned.9
On balance, then, the administration

of dietary fluoride to pregnant women
for the control of dental caries in their
offspring cannot be justified at the
present time in the light of the inade-
quacy and inconsistency of supporting
evidence.10
The mammary gland does not con-

centrate fluorides. Ericsson, in his work
with radiofluoride in rabbits, found the
level of fluoride markedly lower in the
mammary gland than in the blood.4
Bercovici and his colleagues11 found a
fluoride level a little above 0.1 in the
milk of lactating women who drank
water containing 0.55 ppm F. The
urinary level of fluoride was about three
times as high as the level in milk.
Breast feeding, whatever its other ad-
vantages, therefore cannot alone provide
the optimal amount of fluoride for pre-
vention of dental caries. Cow's milk,
even with adjustment of its fluoride
content to an optimal level, presents
certain disadvantages as a medium for
conveying fluoride, which will be dis-
cussed later.

Use of Controlled Fluoridation
As an American Public Health Asso-

ciation resolution of 1963 states, "The
fluoridation of public water supplies
continues to be the best public health
measure for preventing dental caries.12
The efficacy and safety of water

fluoridation have been demonstrated
through scientific studies using a wide
variety of approaches. Fluoridation has
probably been the subject of more in-
tensive investigation than any other pub-
lic health procedure currently in use.
Despite this, it has been, and continues
to be, the subject of attack in every
community in which its introduction is
proposed. The outlook for the future of
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fluoridation, however, appears brighter
than ever before.

For some years, I have conceived of
three phases in the natural history of
fluoridation acceptance. The first phase,
in the late 1940's and early 1950's, was
one of relatively uncritical enthusiasm.
This phase followed the initial reports
on the lower prevalence of dental caries
in areas served by water supplies con-
taining fluorides at their source, coupled
with preliminary reports from controlled
fluoridation studies. During this period,
controlled fluoridation was introduced
in a number of communities with little
public awareness or understanding.

This was followed by what has
seemed like an endless second phase of
organized reaction against fluoridation
on the part of many dissident groups
throughout the country. These dissident
groups capitalized on the doubts of a
steadily diminishing number of profes-
sional persons who urged a go-slow pol-
icy until a sufficiently large body of
evidence, varying in size according to
the individual's inclinations, could be
accumulated. In this phase, the pro-
ponents of fluoridation have been on the
defensive. Every unsupported charge of
the opposition has had to be answered
at length. Every quotation twisted out
of context has had to be put straight
an infinite number of times. All too
often, the initiative has rested with the
opposition, with fluoridation gains regis-
tered only after heavy investments in
time and energy.
Now, I venture to suggest, we are ap-

proaching the third phase in fluorida-
tion's troubled history, in which wide-
spread professional and public under-
standing and support will place the bur-
dein of the struggle on the opposition-
when it will no longer be necessary to
attempt to prove the negative ad nau-
seam-when the overwhelming mass of
evidence will be accepted as a consistent
whole. There will undoubtedly be many
sharp fights ahead, but these will be,

hopefully, more in the nature of rear-
guard actions by the opposition with
the passage of time.

Let me cite some of the evidence to
support this assertion. The use of con-
trolled fluoridation has grown steadily in
this country. By the end of 1963, there
were 2,612 communities, with a total
population of more than 46,780,000,
served by fluoridated water in the
United States and Puerto Rico.'3 In
addition, 7,580,000 persons used water
with optimal levels of fluoride at their
source. Also apparent is the decline in
the number of communities that dis-
continued fluoridation after it had al-
ready been in operation, and the in-
crease in those reinstating fluoridation
after discontinuance. Contrast the three-
year period of 1954-1956, when 61
communities discontinued fluoridation
and only nine reinstated it, with the
1961-1963 triennium, when 16 commu-
nities stopped fluoridating and 15
started fluoridating again after previ-
ously discontinuing the procedure.
A major stride in dislodging the bar-

riers to fluoridation was taken here in
New York in December, 1963, when,
after a marathon public hearing, the
City Council voted to bring the bene-
fits of fluoridation to the more than
eight million persons served by the
municipal water supply. Since Detroit
has also approved fluoridation recently,
the 12 largest cities in the United States
should shortly have either controlled
fluoridation or protective levels of fluo-
ride from their supply sources. Los An-
geles and Houston, both in a relatively
warm climate, have 0.6 and 0.8 ppm F,
respectively, in their unadjusted sources
of water.

International Developments
Less than a decade age, fluoridatioii

was almost exclusively a United States
affair. By 1963, however, controlled
fluoridation was in operation in 27 coun-
tries, in addition to the United States
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and Puerto Rico, in every continent of
the world.14 Furthermore, the entire
populations of Hong Kong and Puerto
Rico served by public water supplies
have fluoridated water. Chile has a na-
tional fluoridation program under which
65 per cent of the population, pre-
sumably those served by public water
supplies, is said to be receiving fluori-
dated water. The state of Rio Grande
do Sul in Brazil is implementing fluori-
dation on a state-wide basis.

I cannot refrain from referring to a
highly significant recent development
across the Atlantic in the Republic of
Ireland. In a country known for the
individuality of its citizens, legislation
was enacted in 1960 mandating the
fluoridation of all public water supplies.
The constitutionality of the act was
promptly challenged on the ground,
among other things, that fluoridation
failed to respect bodily integrity; in
other words, that it was detrimental to
the health of the individual. Following
the longest civil action in the history of
the Irish Republic, in which I was
privileged to serve as a witness for the
government, the Irish High Court up-
held the constitutionality of the act, and,
on July 3, 1964, the Irish Supreme
Court dismissed the appeal made against
the High Court decision.
The judgment delivered by Justice

Kenny in the High Court action is out-
standing for its balanced summary of
the status of water fluoridation by an
unbiased nonmedical observer, based on
the voluminous testimony of witnesses
on both sides of the question. In his
judgment Justice Kenny concluded: "Let
me say then that I am satisfied beyond
the slightest doubt that the fluoridation
of the public water supplies in this
country at a concentration of 1 p.p.m. will
not cause any damage or injury to the
health of anybody, young, old, healthy
or sick who is living in this country
and that there is no risk or prospect
that it will."15
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One of the major obstacles to the
more rapid spread of fluoridation in the
United States has been the resort by
the opposition to use of the referendum.
In the course of a referendum, the op-
position plays on the groundless fears
of the public with the implication that
it is safer to maintain the status quo
than to try something new which may
have an element of danger. The opposi-
tion throws up a smoke screen and then
cries, "Where there's smoke, there's
fire!"
A recent action suggests that the pro-

motion of water fluoridation may be
starting to move from the community
to the state level. The Connecticut State
Public Health Council recently voted to
publish a notice of intent to adopt a
resolution requiring fluoridation of all
water supplies serving populations of
10,000 or more over a period of time
prior to July 1, 1967.16 That any such
action will undoubtedly be vigorously
contested through the courts does not
detract from the significance of the
proposed approach.

Increased resistance to dental caries
is the most obvious benefit of drinking
water containing the optimal level of
fluoride for the particular geographic
area. Measured in terms of the number
of decayed, missing, or filled permanent
teeth, the incidence of dental caries has
been found to be from 48 to 70 per
cent less among groups of 12-14-year-
old children in various communities on
fluoridated water from birth than among
children of the same ages on fluoride-
deficient water.17 Of even greater sig-
nificance is the decrease in the number
of missing teeth, the decrease ranging
from 65 to 89 per cent among children
in the same age group on fluoridated
versus nonfluoridated water. These bene-
fits are known to be carried over well
into adult life.18
A less obvious benefit of fluoridation

is the reduction in dental malocclusion.
In Newburgh, for example, 35 per cent
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of a group of children on fluoridated
water from birth had normal occlusion,
in contrast to only 12 per cent in
Kingston, where the water was deficient
in fluoride.17 The economic benefits of
fluoridation have been studied by Ast,
Cons, Carlos, and Maiwald.19 Their pre-
liminary findings indicate that the costs
of initial dental care in a group of five-
to six-year-old children are more than
twice as much in a nonfluoridated com-
munity than in a community with
fluoridated water.

Dietary Fluoride Supplements

While fluoridation is the method of
choice, "Dietary fluoride supplements,"
as the 1964 APHA resolution puts it,
"although not as practical, economical,
or as effective as a public health meas-
ure, are being utilized where fluorida-
tion is not available. Rational provision
of such fluoride supplements is depend-
ent upon accurate and current determi-
nations of fluoride levels in both public
and private drinking water services."12

There is no reason, on theoretical
grounds, that fluoride prescribed in tab-
let, lozenge, or liquid form in proper
dosage in well-controlled situations
should not be as effective for individual
children as fluoridated water at the op-
timal concentration.20 One of the prob-
lems is the uncertainty of translating
literally to individual use the experience
gained from water fluoridation, with the
exception of fluoridation of water sup-
plies for the use of individuals or single
households.

At the fluoride levels used in water
fluoridation, the maximum number of
persons receive the desired dental bene-
fits without danger of systemic ef-
fects to any individuals in the commu-
nity. Children drink varying amounts of
fluids and varying proportions of tap
water in total fluid. Walker and his co-
workers21 found that breast-fed infants,
for example, drank an average of only

19 ml of tap water daily in contrast to
about 300 ml in bottle-fed infants. This
hardly provides a solid basis for in-
dividual dosage of fluorides.

In a study by Arnold, McClure, and
White, a group of 221 children of pro-
fessional persons were given tablets con-
taining 1 mg F (corresponding to 1
liter of water with 1 ppm F) daily for
periods up to 15 years.2 The rates of
decayed, missing, and filled teeth cor-
responded to those found among chil-
dren drinking water at 1 ppm F for
comparable periods of time.
Community programs for the admin-

istration of fluoride to individual chil-
dren as a substitute for water fluorida-
tion have been beset by difficulties.
Apart from the greatly increased cost
and personnel time needed, these pro-
grams have not been met with enough
community interest and cooperation,
especially among the population groups
with the greatest need for dental care, to
justify their continuance. This is readily
understood when we reflect on the prob-
lems encountered in maintaining chil-
dren who have a history of rheumatic
fever on prophylactic drugs over a pe-
riod of time even though, in rheumatic
fever, we are dealing with a systemic
disease carrying a major threat to the
individual.

In properly motivated families, indi-
vidual dosage of fluoride-containing
tablets or liquids can be prescribed for
individual children who are denied the
benefits of fluoridation. A daily dosage
of 1 mg (0.5 mg F) of sodium fluoride
is generally recommended for children
under three years of age. For children
of this age, sodium fluoride, in solution
as drops or as a dilute solution in pre-
paring formulas or other foods, is the
most convenient form of administration.
For children who have reached their
third birthday, the sodium fluoride dos-
age is doubled to 2 mg daily, and tab-
lets may be substituted for liquid prepa-
rations if desired.
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The administration of fluoride-vitamin
combinations to children is not justified
by any scientific rationale. The use of
inflexible combinations of nutrients
makes it all but impossible to adjust the
fluoride intake to the needs of the indi-
vidual in relation to the fluoride level
in the community water supply. Cer-
tainly, multiple vitamin preparations
are being widely abused, and the addi-
tion of fluoride to these preparations
only multiplies the abuse. The increased
expense of fluoride supplementation
when linked with vitamins and other
nutrients further increases the difficulty
in fluoride use in poorly motivated
families. In other families with pre-
sumably stronger educational back-
grounds, multiple vitamins are rarely
needed because the family diet would
tend to be adequate in the first instance.

Fluoride is probably absorbed from
milk almost as well as from water. Here
again, apart from the problem of ex-
cessive cost, the administrative difficul-
ties all but preclude serious considera-
tion of this medium for fluoride. Con-
trol would be needed of the many
dairies supplying milk, and some
mechanism would have to be found for
supplying varying levels of fluoride,
since a particular dairy serves house-
holds with different water supplies. In
addition, consumption of milk is far
more variable than that of water.

Brief mention should be made of the
various approaches to the application
of fluoride to the teeth. The topical ap-
plication of fluoride compounds such
as a 2 per cent sodium fluoride solution
or 8 per cent stannous fluoride solu-
tion has a significant caries-inhibiting
effect, but considerably less than that
from community water fluoridation. The
use of a stannous fluoride dentifrice is
another, but less effective, method of
topical application.23'24
An exciting new development now

being field-tested is the topical appli-
cation of acidulated fluoride solution
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with phosphate. Early results suggest a
high order of caries protection.25

Summary
The efficacy and safety of dietary

fluoride, especially in the form of
fluoride at a concentration of 1 ppm in
drinking water, has been thoroughly
established.
The administration of dietary fluoride

to pregnant women for the control of
dental caries in their offspring cannot
be justified at the present time on the
basis of available evidence.

Acceptance of water fluoridation ap-
pears to be entering a new phase in
which broad professional and public
understanding will place the burden of
the struggle on the opposition.
More than 54 million persons in the

United States are in communities served
by water with optimal levels of fluoride,
and the 12 largest cities in the country
should shortly have either controlled
fluoridation or protective levels of fluo-
ride from their supply sources. Con-
trolled fluoridation is in operation in
28 countries, in every continent.
Water fluoridation reduces the preva-

lence of dental malocclusion as well as
of dental caries, and reduces the costs
of dental care for children.

Fluoride in the form of tablets, loz-
enges, or liquid may be used when
fluoridated water is not available. The
use of fluoride-vitamin combinations in
children, however, has no scientific ra-
tionale.

Topical application of fluoride solu-
tions is also of value in the prevention
of dental caries in the absence of water
fluoridation.
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