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THE CARIES-INHIBITING effect pro¬
duced in children who drink water with

optimal levels of fluoride has been well docu-
mented by numerous clinical investigations
{1-3). Moreover, there is general agreement
that waterborne fluorides afford greatest pro¬
tection against decay Avhen exposure begins
during the period of tooth development and
calcification. There is some disagreement, how¬
ever, as to when during the period of tooth
formation exposure must begin in order to pro¬
duce maximum benefits.
Some data suggest that ultimate inhibition

of caries occurs only when teeth receive fluoride
during the entire calcification period, and that
generally a steady decline in protection is re¬

lated to the time when the developing tooth is
initially exposed to fluoride {3-5). Other
findings indicate that maximum benefits can

be attained if the consumption of fluoride is
started during the last stage of tooth calcifica¬
tion (pre-eruptive maturation) (6-8). Backer
Dirks and co-authors (9) have taken an inter¬
mediate position concerning the critical time to
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begin exposure to fluorides. Their clata indicate
that almost full protection is provided the
smooth surfaces of teeth when exposure to sys¬
temic fluorides is started 2 to 3 years before
eruption, but for maximum benefits to pit and
fissure surfaces, fluorides must be introduced
during the earliest stages of tooth calcification.

Because of these discrepant findings, it is
difficult to formulate a sound scientific opinion
on when fluoride ingestion should be started to
produce the greatest decay preventive benefits.
For deciduous teeth, which calcify both pre-
natally and postnatally, formulating an opin¬
ion becomes even more difficult because the ques¬
tion concerning placental transfer of fluoride
is superimposed on the conflicting data. It has
not been shown unequivocally that fluoride at
optimum levels passes the placental barrier in
sufficient amounts to impart resistance to caries
in the developing deciduous teeth (10-12).
Most calcification of deciduous teeth occurs

after birth (13). Therefore, if exposure to
fluoride during the last stage of tooth mineral-
ization is sufficient to produce maximum inhibi¬
tion of caries, whether or not fluoride crosses
the placental barrier has only theoretical impli-
cations. On the other hand, if the mechanism
for greatest protection necessitates exposure to
fluoride before birth, the question of maternal
transfer of fluoride is of more than academic
interest. The answer would provide some basis
for either recommending or discouraging the
use of dietary supplements of fluoride by preg-
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nant women to protect the deciduous teeth of
their offspring.

Clinical data on the efficacy of prenatal ex¬

posure to fluoridated water are limited. Some
inferences can be made from data of surveys
made before and after fluoridation. For ex¬

ample, data from Grand Rapids (lli) showed
that 6-year-old children who drank fluoridated
water from birth had 42.0 percent fewer de-
cayed, extraction indicated, and filled (def)
teeth than 6-year-old children examined before
fluoridation was initiated, whereas children
aged 6 years with both prenatal and postnatal
exposure to fluorides had 53.7 percent fewer
def teeth than the same controls.
As part of the evaluation of fluoridation in

Evanston, 111. (15), selected age groups were

examined specifically to determine the value of
prenatal exposure to fluoride (16). Children
who were 6 years old in 1955, who had not yet
been conceived when fluoridation was initiated
in 1947, demonstrated a 36 percent lower preva¬
lence of caries in deciduous teeth than children
the same age examined during the baseline sur¬

vey. Children born in 1947, about half of
whom had no prenatal exposure to fluoridated
water, when examined at age 6 showed only
about 10 percent fewer def teeth than the con¬

trols. The investigators, Blayney and Hill
(16), concluded that prenatal exposure to fluo¬
ridated water at 1 ppm gave greater protection
to deciduous teeth than that provided by only
postnatal exposure.

Carlos and associates (17) compared the prev¬
alence of caries in deciduous teeth of 6-year-old
Newburgh children, born in the 3-month period
immediately before fluoridation was introduced
(no prenatal exposure), with the prevalence of
caries in deciduous teeth of children age 6 born
1 and 2 years later. The children born 1 and 2
years later were exposed to fluorides during the
entire gestation period. The authors reported
little difference between the children who were

exposed and those who were not exposed to
fluorides prenatally in average number of de-
cayed and filled teeth or percentage of children
free of caries. However, the three study
groups comprised a total of only 178 children.
Tank and Storvick (18) investigated the

prevalence of caries in children 1 through 6
years of age, who were exposed to fluoridated

water. They reported that youngsters who be¬
gan consuming the fluoridated water from 1 to
11 months postnatally had a higher prevalence
of dental caries than those who were exposed to
fluoridated water both prenatally and post¬
natally. Although just 42 children comprised
the group with postnatal exposure only, and
the difference in caries experience between the
two groups was not statistically significant,
their results are similar to those reported in the
Evanston study (16).
Our investigation was undertaken to help re-

solve the conflict in existing evidence on the
benefits of maternal ingestion of fluoride. The
specific purpose was to determine if additional
dental benefits accrue to children exposed both
prenatally and postnatally to optimally fluori¬
dated water compared with children exposed
only postnatally. Also, if benefits accrue, the
study was designed to pinpoint the trimester
of pregnancy during which it is best for a preg¬
nant woman to begin consuming fluoridated
water in order to reduce significantly her child's
dental caries.

Methods
Minneapolis, Minn., was selected as the site

for the project. The city began to fluoridate
its water supply August 6, 1957 (19), and has
maintained a fairly uniform fluoride content,
ranging from 1.0 to 1.2 ppm, considered optimal
for a community in its geographic location
(20,21). In September 1964, when the project
was started, the community had been fluoridat-
ing its water for approximately 7 years. The
city is large, and many children were available
who were lifelong residents and whose primary
teeth were at a developmental stage considered
appropriate for the study purpose.
Based on the large size and stability of the

school population, we requested administrative
school personnel to prepare a roster of elemen-
tary and parochial schools with kindergarten
classes. From this roster, we selected for par¬
ticipation in the study 39 elementary schools
and 3 parochial schools that had students
primarily from middle-class socioeconomic
backgrounds. Residence history forms were

distributed in May 1964 to approximately 8,100
children in the kindergarten and first grades of
these schools. A total of 6,593 forms were
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completed and returned by parents. From
these forms, it was determined that 3,010 chil¬
dren were eligible to participate in the project,
because they met the following criteria:

1. They were born May 6,1957 through Au¬
gust 5, 1958, from 3 months preceding to 12
months following the date fluoridation was

initiated.
2. They had always lived within the city

limits of Minneapolis.
3. Their mothers had lived within the city

limits of Minneapolis for at least a full year
before the children were born.
According to date of birth, the child was

classified in one of five groups designated by
the letters A through E (table 1). The chil¬
dren in group A were born during the 3-month
period preceding the addition of fluoride to the
city's water supply, and thus they were not ex¬

posed prenatally to fluoridated water. The
children in group B were born in the first, sec¬

ond, or third month following the start of
fluoridation and therefore were first exposed to
the fluoridated water during their mothers' last
trimester of pregnancy. The children in group
C were born 3 to 6 months after the initiation
of fluoridation, and thus their mothers were in
the second trimester of pregnancy when fluori¬
dation began. Group D children were born 6 to
9 months after fluoridation was started, and
therefore their mothers began drinking fluori¬
dated water during the first trimester of preg¬
nancy. All the children in group E were born
9 to 12 months after fluoridation was initiated,

and thus they had been exposed to fluoridated
water for the full term of their mothers' preg¬
nancies. This schedule of prenatal exposure to
fluoridated water is based on pregnancies of
exactly 9 months. Administrative considera¬
tions prevented us from obtaining an exact
history of duration of pregnancy from each
mother.

Because caries prevalence is a function of age,
and the ages of the children in the five cohorts
would differ if all clinical examinations were
made at the same time, a series of five examina¬
tions was scheduled at trimonthly intervals to
obtain near perfect comparability in the mean
age of each cohort. At the time of examination,
the children were 7 years and 2 through 4
months old (table 1). By controlling age at the
time of examination, postnatal exposure to
fluorides was controlled, except for cohort A;
and thus the sole study variable was the differ-
ential period of prenatal exposure to fluoride.
Each survey in the series was scheduled to

begin on or as close as possible to the sixth day
of the following months: September 1964,
December 1964, March 1965, June 1965, and
September 1965. These dates were selected
within the framework of the school-teaching
schedule and relate to the date fluoridation was
started (August 6, 1957) in such a way as to
provide children with appropriate differential
patterns of exposure to prenatal fluorides for
study. None of the actual starting dates for ex¬

aminations deviated from the ideal time by
more than 8 days.

Table 1. Examination schedule based on varying patterns of prenatal exposure to fluoridated
water

1 All children were 7 years, 2 through 4 months of age as of the 6th day of the month of examination.
2 Date fluoridation was initiated in Minneapolis.
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The children, seated under good artificial
light from a portable dental lamp, were ex¬

amined wTith a plane mouth mirror and sharp
explorer. Examinations were made by two ex-

perienced Public Health Service dentists. For
each survey in the series, the examiners visited
the same schools. Each dentist examined ap¬
proximately equal numbers of children in each
of the five cohorts. The criteria for carious
teeth were the same as in other studies con¬

ducted by this research unit (22, 23).
Examiners often have difficulty, because of

individual variation in the time that teeth are

shed, in determining whether some deciduous
teeth have been extracted or have exfoliated
naturally, and thus they may have difficulty in
accurately assessing caries experience in the pri¬
mary dentition. Because of the age of the
children in this study, therefore, only deciduous
cuspids and molars were examined. Data ob¬
tained from studies of the Division of Dental
Health and others (24-26) indicated that these
teeth, if missing, could safely be considered as

extracted. (The examiners found several
children without mandibular deciduous
cuspids; they gave no history of extractions
and their other deciduous teeth were relatively
free of caries. The missing cuspids, therefore,
were not included in the score for decayed,
missing, or filled teeth. It was the impres-
sion of the examiners that these teeth had
exfoliated when the adjacent permanent lateral
incisors had erupted.)

Spaces for 12 deciduous teeth were examined
in each child. A count was made of the de¬
cayed, missing due to extraction, and filled
(dmf) deciduous teeth and surfaces, identical

to the DMF index used for permanent teeth.
Eliminating deciduous incisors from the exami¬
nation made the scoring of extracted teeth more
reliable and concentrated the findings on the
more functional areas of the mouth where
maintenance of space is important.

Traditionally, it has been accepted that initial
calcification of first permanent molars begins at
birth or just before birth. More recent studies,
however, suggest that calcification of these teeth
may begin as early as 28 weeks in utero (27,28).
Even if development of first permanent molars
begins prenatally, these teeth would receive lit¬
tle benefit, if any, from a few weeks of prenatal
exposure to fluorides.

It has been hypothesized, but not yet demon¬
strated however, that the developing bones of
the fetus may serve as a repository for fluoride,
which may subsequently be mobilized and en-

ter tooth enamel that develops postnatally (29).
If this phenomenon occurs, first permanent
molars could receive protection from fluoride
that was incorporated in the developing bones
before birth. To measure this possible effect,
first permanent molars were included in the
clinical examination.

Findings
A total of 2,509 children were examined, or

approximately 83 percent of those who met the
requirements for participation. Absence of the
child on the day of examination, movement of
the family out of the school district, or transfer
of the child to a public or parochial school not
included in the study constituted the major rea¬

sons for the loss of study subjects. The partic¬
ipants were well distributed among the five

Table 2. Distribution of children in each group according to sex
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Table 3. Average caries prevalence of
deciduous teeth according to group

1 Spaces for 12 deciduous teeth were examined in
each child.

cohorts according to sex and total numbers
(table 2). Each cohort contained more than
425 children.
The average prevalence of caries per child for

12 deciduous tooth spaces, according to cohort,
is shown in table 3. Despite some fluctuation
in the mean rates, the tabular data indicate that
the children in the five cohorts experienced only
slight differences in caries experience. Mean
rates of dmf teeth in the various groups
ranged between 3 and Sy2 "attacked" teeth.
Differences in the rates of dmf surface caries
did not exceed one per child. Although the
prevalence rates are similar, a very slight down-
ward trend in dental caries is suggested as the
length of prenatal exposure to fluoride
increases.
A breakdown of the average rates of dmf

teeth, according to type of tooth for each group,
is shown in table 4. For all cohorts, second de¬
ciduous molars exhibited the greatest decay,
averaging more than 1 /2 teeth per child. Decay
rates for cuspids were low.less than 0.25 teeth
per child in each group.
A comparison of tooth-specific rates (table 4)

reveals essentially the same pattern of results as

found on all deciduous teeth. Only small dif¬
ferences existed between the groups in the aver¬

age number of affected teeth. Again, there may
be a slight downward trend in prevalence rates
of caries as prenatal exposure to fluoride
increases.
From a visual inspection of the findings on

dmf teeth and surfaces, it appears that the

relation, if any, between prenatal exposure to
fluorides and resistance of deciduous teeth to

decay is minimal. To assess the relation statis-
tically, however, correlation coefficients (r)
were calculated between individual dmf tooth
and surface seores and length of prenatal
exposure to fluoride. The rationale for using
this method of analysis was based on the
assumption that the relations were essentially
linear. For the correlation analysis, the mean

length of prenatal exposure to fluoride, by
group, was measured according to number
of half trimesters of pregnancy, as follows:
A=0, B= l, C=3, D=5, and E=6. For these
data the calculated correlation coefficients were

0.04 for both deciduous teeth and surfaces,
indicating extremely low inverse relations be¬
tween caries experience in deciduous teeth and
prenatal exposure to fluoridated water. More
than 99 percent of the variance in experience
in both dmf teeth and surfaces is left "unex-
plained" by prenatal exposure to fluorides.
Data on prevalence of caries in first perma-

Table 4. Average tooth-specific dmf rates

according to group

Table 5. Average caries prevalence of first

permanent molars according to group
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nent molars, according to cohort, are presented
in table 5. Similar to the findings for decidu¬
ous teeth, only small differences in average
number of DMF teeth or surfaces were found
between cohorts. The average seores for DMF
surfaces were only slightly higher than the
corresponding mean seores for DMF teeth,
indicating that most first permanent molars
experiencing decay had only one affected sur¬

face. As for deciduous teeth, there may be a

slight downward trend in mean seores for DMF
teeth and surfaces with longer prenatal ex¬

posure to fluorides.
We calculated a coefficient of .0.05 as the

correlation between average number of DMF
teeth and length of prenatal exposure to fluori¬
dated water. For DMF surfaces, r equaled

0.04. These values are of the same magni-
tude as for deciduous teeth.
From these data, it can be concluded that the

relation, if any, between prenatal exposure to
fluoride and prevalence of caries in deciduous
cuspids and molars and permanent first molars
is of very low degree and has no practical
significance in the prevention of decay.
Discussion

Except for the children in group A, who were

born during the 3 months preceding fluoridation
of the water in Minneapolis, all children in this
study had consumed optimally fluoridated
water since birth. The findings of this investi¬
gation, therefore, do not provide information
on the caries-inhibiting effect of exposure to
fluorides only prenatally. It is conceivable
that the developing teeth were protected by
prenatal exposure to fluorides but that the
effect was masked by the subsequent postnatal
use of fluoridated water. If there were a

masked prenatal effect, it would have little
practical significance and be only of academic
interest.
The findings of the Minneapolis study con¬

cerning deciduous teeth are essentially in agree-
ment with those of Carlos and co-workers (17)
in Newburgh, N.Y. The similarity in study
designs may account, in part, for the consistent
findings. In both studies, a relatively short
period of time elapsed between serial examina¬
tions, virtually eliminating the potential uncon-

trolled variables that can be introduced when
several years intervene between two compara-
tive examinations.

%
In the latter situation,

changes in diet, oral hygiene practices, profes¬
sional preventive care, and use of therapeutic
dentifrices can influence the measured variable
(dental caries experience) and thus confound
interpretation of the results.
Aside from one equivocal report by Feltman

and Kosel (30), no studies have been reported
on the efficacy of dietary supplements of fluoride
for pregnant women. The recommendation for
their use during pregnancy has been based on

the lack of evidence indicating harmful effects
to the mother or the developing fetus and the
prospect that benefits may accrue to the child's
deciduous teeth. This rationalization constitutes
a weak justification for the use of dietary sup¬
plements of minerals. The few clinical studies
that report dental benefits to children whose
mothers consumed fluoridated water during
pregnancy had served as a basis for the wide-
scale promotion by the pharmaceutical industry
of prescribing dietary fluorides for pregnant
women. The Minneapolis data do not support
this practice.

Dietary supplements of fluoride taken once a

day are rapidly cleared from the body (31, 32).
There is reason to believe, therefore, that they
would be less effective than fluoridated water,
which is consumed throughout the day and thus
maintains a more constant blood-fluoride level.
Certainly, more proof of efficacy is needed be¬
fore dietary supplements of fluoride can be rec¬

ommended for gravid women as a sound public
health procedure. The Food and Drug Admin¬
istration, recognizing that insufficient evidence
existed to support claims for benefits from pre¬
natal use of preparations containing fluorides,
recently banned the marketing by manufac¬
turers of these products offered for prenatal
decay prevention (33).
Summary and Conclusions
Five cohorts totaling 2,509 children of the

same age (7 years, 2 through 4 months), all
with essentially the same postnatal exposure to

optimally fluoridated water but with different
patterns of prenatal exposure, were compared
for prevalence of dental caries in their decidu-
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ous cuspids and molars and first permanent
molars.
The data indicate that there were no mean-

ingful additional benefits from the maternal in-
gestion of fluoridated water if the offspring also
ingested the water from birth. The results cast
serious doubts on the benefits to be derived from
dietary supplements of fluoride to pregnant
women.
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