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Abstract

The nearly 50-year history of community water fluori-
dation is reviewed with the major emphasis on the bene-
fits and safety of fluoridation. Other aspects of water
fluoridation also described include the apparent reduction
in measurable fluoridation benefits because of the abun-
dance of other fluoride sources, the diffusion of fluorida-
tion effects into fluoride-deficient communities, preerup-
tive and posteruptive effects, technical and cost aspects,
sociopolitical and legal issues that affect the successful
fluoridation of communities, and alternatives to commu-
nity water fluoridation. The majority of studies have eval-
vated the effectiveness of water fluoridation on the per-
manent teeth of children, while there are fewer studies on
deciduous teeth and in adults; the relationship between
fluoride ingestion and bone health needs further clarifica-
tion; the sociopolitical issues of fluoridation need to be
better understood.
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This paper was prepared at therequest of the Executive
Council and the Oral Health Committee of the American
Association of Public Health Dentistry. It is a review of
the published scientific literature concerning the benefits
and risks of community water fluoridation, as well as
other aspects of fluoridation that have been recognized
during the nearly 50 years of use of this public health
method of caries prevention. This review is meant to be
a retrospective of fluoridation’s past and to serve as a
resource for charting fluoridation’s future.

Normally, this type of work is referenced principally
with primary sources. However, there have been many
excellent reviews of the early and later history of commu-
nity water fluoridation, and it would be imprudent not
to take advantage of them (Table 1). Therefore, while the
accompanying reference list demonstrates that primary
sources are adequately represented, secondary sources
have been cited when appropriate, and readers will need
to consult them if they wish to be referred to other pri-
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mary works. Although this is a review of community
water fluoridation in the United States, reports from
other countries are also cited.

History of Community Water Fluoridation

The history of community water fluoridation lies
within three distinct periods (1). The first (ca. 1901-33)
was concerned with the cause of a developmental enamel
defect, described in the United States initially by Freder-
ick McKay, and called “Colorado brown stain.” This
defect was identified as mottled enamel, or, more specif-
ically, chronic endemic enamel fluorosis. The second
period (ca. 1933-45), encompassing the classical epidemi-
ologic studies of H. Trendley Dean, focused on the rela-
tionshipsamong the naturally occurring fluoride concen-
tration in the drinking water, enamel fluorosis, and den-
tal caries. Later, by balancing the caries-preventive
benefit achieved by fluoride and the risk of fluorosis, the
limits of optimal fluoridation were set between 0.7 and
1.2 ppm F, based on the average of maximum daily air
temperature (2). The third period, designated as the “mo-
ment of truth in fluoridation history” by Frank McClure
(3), began on January 25, 1945, when Grand Rapids,
Michigan, became the first city in the world to adjust its
water fluoride concentration to a level expected to pro-
mote dental health. Sodium fluoride was added to the
water supply of Newburgh, New York, on May 2, 1945,
and on June 20, 1945, to the water supply of Brantford,
Ontario. Sheboygon, Wisconsin,and Midland, Michigan,
were fluoridated in 1946, and in February 1947 Evanston,
Illinois, was fluoridated (3). The third period in the his-
tory of community water fluoridation continues to this
day with nearly 10,000 US communities and numerous
foreign countries using adjusted and naturally fluori-
dated water (4).

Status of Community Water Fluoridation

The 1989 fluoridation census, reported by the Centers
for Disease Control, found that 135 million Americans—
53.9 percent of the population and 62.1 percent of those
on public water supplies—were served by drinking
water containing fluoride that was adjusted to optimal
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TABLE 1
Principal Secondary Sources Used in the Preparation
of this Review

BOOKS
McClure FJ. Water fluoridation. The search and the victory.
Washington, DC: US Government Printing Office, 1970.

Mellberg JR, Ripa LW. Fluoride in preventive dentistry.
Theory and clinical applications. Chicago, IL: Quintessence
Publishing Co., 1983.

Murray JJ, Rugg-Gunn AJ. Fluorides in caries prevention.
Dental practitioner handbook no 20. 2nd ed. Boston, MA: PSG
Wright, 1982.

World Health Organization. Appropriate use of fluorides for
human health. J] Murray, ed. Geneva: World Health
Organization, 1986.

PUBLISHED PROCEEDINGS

Proceedings for the workshop: Cost effectiveness of caries pre-
vention in dental public health, held at Ann Arbor, MI, May
17-19, 1989. Burt BA, ed. ] Public Health Dent 1989;49(Spec
Iss):251-344.

Proceedings of a joint IADR/ORCA international symposium
on fluorides: mechanisms of action and recommendations for
use, held at Callaway Gardens Conference Center, Pine
Mountain, GA, Mar 21-24, 1989. ] Dent Res 1990 Feb;69(Spec
Iss):505-835.

REPORTS

Report of the ad hoc subcommittee on fluoride of the Commit-
tee to Coordinate Environmental Health and Related
Programs. Review of fluoride benefits and risks. Bethesda,
MD: US Public Health Service, Department of Health and
Human Services, Feb 1991.

National Health and Medical Research Council. Report of
working party on fluorides in the control of dental caries.
Aust Dent J 1985;30:433-42.

National Health and Medical Research Council. The effective-
ness of water fluoridation. Australian Government Publishing
Service, 1991.

REVIEW ARTICLE

Kaminsky LS, Mahoney MC, Leach J, Melius J, Miller MJ. Flu-
oride: benefits and risks of exposure. Crit Rev Oral Biol Med
1990,1:261-81.

levels or that had fluoride already present to a level
considered at or above optimal (4). Table 2 presents the
1989 fluoridation figures by geographic area. Region III
(Midwest) had the highest proportion of the population
with access to fluoridated water and Region VII (Pacific)
the lowest. Of the 135 million people whose drinking
water is fluoridated, 93 percent have had their water
supply adjusted to the recommended fluoride concentra-
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tion. This figure represents the fluoridation of 9,411 pub-
lic water systems in 8,081 communities (4). The remain-
ing 7 percent reside in 1,869 communities that are served
by 3,463 water systems with natural fluoridation (4).
Most of the cities with populations greater than 250,000
have adjusted or naturally optimal fluoride levels (5).
Four of the five largest US cities (New York, Chicago,
Philadelphia, and Detroit) were fluoridated in the 1950s
and 1960s (5). Los Angeles, with a population of 3 million,
is the exception (6).

Eight states, the District of Columbia, and the Com-
monwealth of Puerto Rico have mandated the addition
of fluoride to the public water supplies (5,7), although in
Puerto Rico there has not been vigorous execution of the
mandate. The Minnesota and Illinois legislation has the
greatest scope, requiring that all public water supplies be
fluoridated. Some of the other states have restrictions in
their laws that limit the scope of the mandate. Four
states—Georgia, Michigan, Nebraska, and Ohio—allow
a community to exempt itself from compliance if it does
not wish to institute fluoridation. Two of these states—
Michigan and Ohio—placed a time limit, which has al-
ready expired, on the period allowed for a referendum
on fluoridation. Four states—Michigan, Ohio, Connecti-
cut, and South Dakota—set lower limits on the size of the
community that must comply. Table 3 demonstrates the
success of water fluoridation in those states where it is
mandated. All eight rank in the top half of states, based
on the percentage of the population with public water
supplies who are served by fluoridated water. Moreover,
for seven of the eight states the percentage is between 80
and 100 percent, compared with a national average of
62.1 percent (4).

Since community water fluoridation was initiated in
1945, the US population receiving optimal levels of fluo-
ride in their drinking water generally has grown apace
with the overall population growth and with the growth
of the population on public water systems (Figure 1).
Nevertheless, the gap between the total population sup-
plied by public water and the population served by com-
munity water fluoridation has not narrowed signifi-
cantly since 1965 (7). A goal of the US Public Health
Service was that by 1990 at least 95 percent of the popu-
lation on piped water supplies would be serviced with
optimally fluoridated water (8). This goal was not real-
ized and the currently revised goal for the year 2000
stated in Healthy People 2000, establishes a more modest
and realistic target of 75 percent (9).

Of the 52 jurisdictions (50 states, District of Columbia,
Puerto Rico) included in the Centers for Disease Control’s
1989 fluoridation census, nine of the lowest ranking in
terms of the percent of the public water supply popula-
tion drinking fluoridated water were in the western one-
third of the country (Washington, Idaho, Wyoming,
Montana, Oregon, Arizona, California, Nevada, and
Utah). The other lowest ranking states were Kansas, New
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TABLE 2
" Extent of Community Water Fluoridation in the United States (1989) (4)

% Pop. Receiving Adjusted/

Population Naturally Fluoridated Water
On Adjusted/
Served by Naturally % Served
Public Fluoridated % of by Public
Region States Total Water Water Total Water
I1(New England) ME, VT, NH, MA, CT, Rl 13,046,000 11,453,000 7,175,756 61.4 62.7
11 (Northeast) NY, PA,NJ 37,726,000 34,502,000 17,997,284 47.7 52.2
11 (Midwest) MN, WL, MI, 1A, MO, IL,IN, 54,650,000 44,534,000 40,069,901 73.3 89.9
OH
IV (Southeast) AR, LA, KY, TN, MS, AL, 64,706,000 54,590,000 39,750,863 61.4 72.8
GA, FL, WV, VA, NC, 5C,
MD, DE
V (Southwest) CO, AZ,NM, TX 25,392,000 23,658,000 15,403,185 60.6 65.1
VI (Northwest) NV, UT, ID, MT, WY, ND, 13,836,000 11,853,000 5,082,616 36.7 42.8
SD, NB, KS, OK
VII (Pacific) WA, OR,CA 36,644,000 32,477,000 6,559,949 17.9 20.2
Other HI, AK, DC,PR 5,534,000 5,370,000 3,589,203 64.8 66.8
United States — 251,534,000 218,437,000 135,628,757 53.9 62.1
‘ TABLE 3 FIGURE 1
Status of Water Fluoridation in those States in which it is US Population and Water Fluoridation
Mandated (4)
N 260 :1 Total U.S. population
% of Pop. Served by 240 .
Public Water Supply 2201 q publc weter supply
Receiving Adjusted/ Rank @ 2007
State (Year Naturally Fluoridated (among 2 1807
of Legislation) Water 50 States) E 1607
§ 1407 Total fluoridated
[llinois (1967) 100.0 1 T 1204 water population
South Dakota (1969) 98.4 4 & 100-
Michigan (1968) 90.2 7 u
Ohio (1969) 89.0 10 5 e
Connecticut (1965) 86.6 13 40 |
Georgia (1973) 85.7 15 o Natraly fluordaed
Minnesota (1967) 83.5 17 1945 1055 1965 1975 1985 1989
Nebraska (1973) 713 23

Hampshire, New Jersey, and Hawaii (4). If the year 2000
fluoridation goal is to be met, these states should be
targeted for a special fluoridation effort.

Dental Benefits of Community Water Fluoridation

The inverse relationship between higher fluoride con-
centration of the drinking water and lower levels of
dental caries experience, first demonstrated a half-cen-
tury ago by Dean, continues to be true today. The results
of community water fluoridation studies have been sum-
marized in several comprehensive reviews. The reports

of the first fluoridation studies conducted in the United .

States, Canada, the United Kingdom, and New Zealand
between 1945 and 1965 were reviewed by McClure in
1970 in his book “Water Fluoridation. The Searchand the
Victory” (3). In the second edition of “Fluorides in Caries
Prevention,” published in 1982, Murray and Rugg-Gunn
reviewed the literature through 1980 and summarized
the results of 95 fluoridation studies conducted in 20
countries (10). Most recently, Newbrun, participating in
a University of Michigan Workshop on the cost effective-
ness of caries prevention in public health, reviewed the
results of water fluoridation studies published between
1979 and 1988 (11).

There have also been several summary reports on
water fluoridation, including those by the National
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Health and Medical Research Council of Australia
(12,13), the New York State Department of Health (14),
and the US Department of Health and Human Services
(15). Because of the thoroughness of the reviews and
summary publications, reevaluation of individual water
fluoridation studies would not be productive. The effec-
tiveness of community water fluoridation will be dis-
" cussed principally using the resources cited above, to
which the reader is referred for specifics.

Children. Deciduous Dentition. Both Murray and Rugg-
Gunn (10) and Newbrun (11) remarked on the paucity of
reports detailing the effects of communal water fluorida-
tion on the deciduous dentition, compared with the
many reports on the permanent dentition. Nevertheless,
sufficient clinical evidence is available to conclude that
there are decided benefits to deciduous teeth from water
fluoridation.

All three initial US fluoridation studies reported ad-
vantages to the deciduous teeth from communal water
fluoridation. After 10years (1945-54), the deft prevalence
for Grand Rapids’ six-year-olds, the peak caries preva-
lence age for the deciduous teeth, was reduced by 54
percent compared to the prefluoridation level (3). After
10 years of fluoridation in Newburgh, six- to nine-year-
old children had almost six times as many caries-free
primary cuspids and molars as children of the same age
in fluoride-deficient Kingston (5). During the period
from 1946 to 1960, there was a 13.7 percent decrease in
the annual caries increment of six-, seven-, and eight-
year-old Evanston children’s deciduous teeth, compared
to a 3.9 percent decrease in the nonfluoridated control
city of Oak Park (3).

Murray and Rugg-Gunn plotted the frequency distri-
bution of the percentage of caries reductions for the
deciduous teeth from 55 fluoridation studies reported
between 1956 and 1979 (10). The modal percentage caries
reduction was 40-50 percent (Figure 2).

Newbrun reported only one US study during the pe-
riod of his review (1979-88) in which the effects of com-
munal water fluoridation on the deciduous teeth were
reported (11). Based upon examinations conducted in
1984, there was a 30 percent lower caries prevalence
(defs) in three-and-a-half- to five-year-old Ohio Head
Startchildren from fluoridated urban and nonurban sites
compared to those from fluoride-deficient sites. New-
brun noted that these children were from low socioeco-
nomic homes and were not representative of all children
in this age group. Newbrun also cited data for five-year-
olds from NIDR’s 1986-87 National Survey of Dental
Caries in US Schoolchildren. Five years is the last age
when children still have only a deciduous dentition.
There was a 39 percent lower caries prevalence (dfs) for
five-year-old children with a history of continuous resi-
dence in optimally fluoridated communities, compared
to those residing in fluoride-deficient communities.

Because of the paucity of information on the effects of
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FIGURE 2
Distribution of Percentage Caries Reductions (deft) in
Deciduous Teeth from 55 Community Water Fluoridation
Studies Reported between 1956~79 (10)*
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*Adapted and reproduced with permission.

communal water fluoridation on the deciduous teeth of
US children during the period of his review, Newbrun
included eight reports from the United Kingdom, which
were published between 1979 and 1988. Caries reduc-
tions in the deciduous dentition of 40-60 percent were
consistently reported in four- to five-year-old children
from fluoridated communities compared with those
from fluoride-deficient ones. Most of the UK studies
included only children with life-long residence in the
communities.

O’Mullane et al. (16) reported the results of an exten-
sive caries survey of children in the Republic of Ireland.
Between 1964 and 1972, most of the larger public piped
water supplies were fluoridated; by 1986, 65 percent of
the population was serviced by fluoridated water. Caries
examinations of five-year-old children conducted in 1984
provided information on the deciduous teeth. A compar-
ison was made between children whose home water
supply had been fluoridated continuously since birth
(and who also may have been exposed to other fluoride
sources) and children who had never had any type of
fluoride exposure. O'Mullane and coworkers reported
the mean dmft score of the children residing in fluori-
dated communities was 1.8 compared to 3.0 for those
residing in fluoride-deficient communities, a difference
of 40.0 percent. Fifty-two percent of children from the
fluoridated communities had a caries-free deciduous
dentition compared to 38 percent of children in the fluo-
ride-deficient communities.
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FIGURE 3
Distribution of Percentage Caries Reductions (DMFT) in
Permanent Teeth from 73 Community Water Fluoridation
Studies Reported between 1956-79 (10)*
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FIGURE 4
Distribution of Percentage Caries Reductions (DMFT or
DMFS) in Permanent Teeth from 20 Community Water
Fluoridation Studies Reported between 1979-89 (11)
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*Adapted and reproduced with permission.

A comparison was also made between the 1984 data
and similar data collected in 1961— 63, before fluoridation.
There was a substantial caries decline in Irish children
during the 20 years, with the decline being greatest
among the residents of fluoridated communities. The
dmft of five-year-olds in 1961-63 was 5.6. In 1984, it was
3.0 for those residing in fluoride-deficient communities
(46.4 percent reduction) and 1.8 for those residing in
fluoridated communities (67.8 percent reduction).
O’Mullane and coworkers attributed the caries declinein
fluoride-deficient communities to the widespread use of
fluoride dentifrices, which, of course, also contributed to
the caries decline in fluoridated communities, and to the
diffusion of water fluoridation benefits, caused by such
factors as the consumption in fluoride-deficient commu-
nities of soft drinks bottled in fluoridated communities.

Permanent Dentition. After 10 years, the results of fluo-
ridation in Grand Rapids, Newburgh, and Evanston
demonstrated caries reductions of between 40 to 65 per-
cent in permanent teeth (3). The percentage decline was
greatest for proximal surfaces. These highly favorable
findings prompted Arnold and coworkers, who were
evaluating fluoridation in Grand Rapids, to comment
that, with the exception of the decrease in caries in Euro-
pean children caused by World War Il sugar restrictions,
“no such dramatic and persistent inhibition of caries in
large population groups has ever been demonstrated by
any other means than fluoridation of a domestic water

supply” (3).
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Murray and Rugg-Gunn plotted the frequency distri-
bution of the percentage caries reductions in the perma-
nent dentition resulting from water fluoridation (10). Of
the 73 studies that they reviewed, published between
1956 and 1979, 46 were from the United States and the
other 27 were from 16 other countries. The modal per-
centage caries reduction was 50-60 percent (Figure 3).
Murray and Rugg-Gunn commented that this figure “is
in agreement with the oft-quoted statement that ‘water
fluoridation reduces dental decay by half.””

Newbrun reviewed the results of 20 reports on the
effectiveness of communal water fluoridation in inhibit-
ing dental caries in the permanent dentition (11). The
reports, published between 1979-89, were based on stud-
ies conducted in the United States, Britain, Canada, Ire-
land, and New Zealand. When the results of these reports
were averaged, a mean caries reduction of 30.4 percent
was obtained. When the results of fluoridation studies in
the US and in other countries were each averaged sepa-
rately, the mean caries inhibitions were 26.5 percent for
the US and 36.1 percent for the other countries. Figure 4
presentsa frequency distribution of the percentage caries
reductions from the reports in Newbrun’s review. For
these reports published between 1979 and 1989, the
modal percentage caries reduction was 30-40 percent
compared to the 50-60 percent found earlier by Murray
and Rugg-Gunn (Figure 3).

Newbrun (11) and others (15,17,18) have commented
onthe narrowing of the relative caries difference between
children living in fluoridated and those living in fluoride-
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TABLE 4
Coronal and Root Caries Prevalence in Adults Based on Fluoride Concentration of Water Supply (11)
Water Fluoride Age (Mean DMFT
Reference Concentration (ppm) or Range) #of Subjects DFS* % Diff.
Coronal cariest ‘
Russel and Elvove (1951) 0.1 20-44 155 17.2 56
25 20-44 385 7.5
Eklund et al. (1987) 0.7 40.1 502 109 20
- 35 39.8 164 8.7
Hunt et al. (1989) <0.5 741 174 15.6 21
0.7-1.0 75.2 101 124
Stamm et al. (1990) 0.2 43.0 465 15.1 28
16 40.2 502 10.9
Root cariest
Brustman (1986) <0.3 >60 162t 11.98 35
1.0-1.2 >60 103 7.7
Burt et al. (1986) 0.7 39.8 164 - 0.69 88
35 432 151 0.08
Hunt et al. (1989) <0.5 741 174 23 17
0.7-1.0 75.2 101 1.9
Stamm et al. (1990) 0.2 43.0 465 3.0 17
16 40.2 502 25

*DMEFT for coronal caries, DFS for root caries.
tThese articles are cited by Newbrun (11) and do not necessarily appear in the references for the current article.

3:T'he only study listed in which some subjects did not have a continuous residence history.

Lower 6 anterior teeth.

deficient communities. The reasons for this reduction in
the measurable benefits of water fluoridation are dis-
cussed in the section of this review that addresses the
issues of the dilution and diffusion of fluoridation bene-
fits.

Adults. Adults also benefit from water fluoridation.
Earlier studies on the effects of fluoridation on dental
caries in adults have been reviewed extensively by Mur-
ray and Rugg-Gunn (10). Newbrun’s review has brought
the topic up to date (11). Newbrun stressed that in studies
of adults, the comparison was often between those living
in fluoride deficient or optimally fluoridated communi-
ties and those living in above-optimally fluoridated com-
munities. More studies are needed on the caries levels of
adults in which the conventional comparison is made
between residents of optimally fluoridated communities
and residents of communities that are fluoride deficient.

Table 4 presents the results of reports from Canada and
the United States comparing the prevalence of coronal or
root caries in adults living in communities with different
water fluoride concentrations. The coronal and root car-
ies prevalence rates of adults residing in the communities
with the higher water fluoride concentrations were con-
sistently lower than the rates for adults living in commu-
nities with lower levels of fluoride in their water.

In a recently completed study of approximately 600

adults 20 to 34 years old, the investigators found a 25.1
percent lower mean coronal caries score (DFS) in subjects
who resided in optimally or naturally fluoridated com-
munities compared to subjects who had no exposure to
fluoridated water (19). Pre- and posteruptive fluoride
exposure patterns relative to caries activity were also
assessed, but the sample size of the preeruptive exposure
group was too small for meaningful comparison.

Dilution and Diffusion of Fluoridation Benefits

As cited above, comparisons of the caries prevalence
rates between optimally fluoridated and fluoride-defi-
cient communities conducted during the last decade
show less of a difference than comparisons reported
before 1980. The decrease in the magnitude of the differ-
ence in caries prevalence between these two types of
communities probably is not the result of an abatement
of the ability of water fluoridation to inhibit caries.
Rather, it appears to be the result of what may be called
“dilution” and “diffusion” effects.

Dilution is the apparent reduction in measurable water
fluoridation benefits resulting from the ubiquitous avail-
ability of fluoride from other sources. Beginning in the
1950s, each succeeding decade has seen the introduction
of new fluoride products, including professionally ap-
plied topical agents, fluoride toothpastes, dietary fluo-
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ride supplements, fluoride mouthrinses, and self-applied
fluoride gels. This abundance of readily available fluo-
ride has contributed to a lowering of the “background”
caries levels, both in fluoridated and fluoride-deficient
communities, from which the effectiveness of communal
water fluoridation is measured (20,21). Kaminsky and
coworkers listed 14 studies in fluoride-deficient commu-
nities in the US and elsewhere, which collectively cov-
ered about 30 years from the 1950s to the 1980s, in which
the prevalence of dental caries had declined 17 to 60
percent (14). Undoubtedly, these declines resulted partly
from the availability and use of both professional and
consumer fluoride products.

Diffusion is the extension of the benefits of community
water fluoridation to residents of fluoride-deficient com-
munities. Diffusion can result from the consumption of
commercial beverages and foods that were processed in
optimally fluoridated communities and transported to
fluoride-deficient ones (22). It can also occur when chil-
dren oradults wholivein fluoride-deficientcommunities
travel to optimally fluoridated communities where they
attend child care centers, school, or work. (Presumably,
reverse diffusion can also occur when beverages bottled
in fluoride-deficient communities are consumed in fluo-
ridated communities, or when children or adults who
reside in optimally fluoridated communities routinely
travel to school or work in a community that is fluoride
deficient. Reverse diffusion would have the same level-
ing effect when caries rates in the two types of commu-
nities are compared, although in this situation, fluoride
benefits are being denied rather than extended).

Brunelle and Carlos analyzed the data from the second
NIDR national survey of caries in US schoolchildren,
completed in 1987, in order to determine the effect of
exposure to community water fluoridation (18). They
reported an 18 percent difference in caries prevalence
between schoolchildren who were life-long residents of
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optimally fluoridated and those who were residents of
fluoride-deficient communities. However, to control for
the dilution effects of other sources of fluoride, they
excluded from their analysis those children with histories
of exposure to dietary fluoride supplements or topical
fluorides received in dental offices or school programs.
After eliminating these children, the difference in caries
prevalence was 25 percent.

The effects of diffusion on the benefits of water fluori-
dation can be deduced by comparing the caries preva-
lence of schoolchildren in optimally fluoridated and
those in fluoride-deficient communities according to the
seven US geographical regions. Table 5 ranks the US
geographical regions according to the percentage of the
population served by communal water fluoridation (18).
Comparing mean DMFS scores of children who are life-
long residents of optimally fluoridated communitiesand
those without communal water fluoride exposure, the
magnitude of the percentage difference is lowest in the
region (Region I1I, Midwest) with the greatest percentage
of the population having community water fluoridation.
In fact, in Region III, there is actually less caries in the
children with no residence history of communal water
fluoridation. Brunelle and Carlos (18) suggest that the
negative percentage difference in DMFS scores for Re-
gion III may be due to sampling limitations. Because so
much of thisregion is fluoridated, the number of children
who never had contact with fluoridated water was small.

Conversely, the percentage difference between mean
DMFS scores is greatest in the region (Region VII, Pacific)
with the lowest percentage of its population on commu-
nal water fluoridation. The difference of 60.6 percent in
Region VIl is consistent with the reports of the magnitude
of the caries inhibition from water fluoridation in the
1950s prior to the introduction of other fluoride interven-
tions. The regions that are intermediate in their extent of
fluoridation have differences in caries scores between

TABLE 5
Comparison of the Caries Prevalence of US Schoolchildren with or without Residence Histories of Fluoridated Water
Exposure, Relative to the Geographic Region in which They Live (18)

DMFS—Residence History of
% of Pop. Receiving Water Fluoridation Difference in Mean DMFS Scores
Adjusted/Naturally
Region Fluoridated Water (1988)* Lifelong None % Rank
I (Midwest) 722 (greatest) 2.86 2.69 -5.6 1 (lowest)
I (New England) 66.2 31 345 9.8 3
IV (Southeast) 57.5 275 3.60 23.6 6
V (Southwest) 57.4 2.49 271 8.1 2
I1 (Northeast) 48.1 3.08 342 9.9 4
VI (Northwest) 35.9 236 3.07 23.1 5
VII (Pacific) 17.8 (lowest) 142 3.61 60.6 7 (greatest)
53.2 2.79 3.39 17.7

*1988 figures, rather than 1989 figures (Table 2), are used here, since they more closely conform to the date of the caries examinations.
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residents of fluoridated and fluoride-deficient communi-
ties that also are intermediate, although irregular. While
the limitations in attempting to correlate the water fluo-
ridation status of a region with the caries status of indi-
viduals within the region must be recognized, the com-
parisons in Table 5, nevertheless, suggest that the extent
of water fluoridation in a region determines the magni-
tude of the diffusion effect and its influence on the rela-
tive difference in caries prevalence between optimally
fluoridated and fluoride-deficient communities.

Failure to consider fluoride residence history, inaccu-
rate reporting of residence histories, and intermittent
compliance with exact standards of water fluoride con-
centration in fluoridated communities also can lead to
improper assumptions concerning the true value of
water fluoridation, generally underestimating its bene-
fits (18,23,24). Brunelle and Carlos found that of the ap-
proximately 36,000 subjects participating in the NIDR
national caries survey for whom residence histories were
available, 23 percent had life-long exposure to fluori-
- dated water, 23 percent had never lived in a fluoridated
community, and 54 percent had lived in both fluoridated
and fluoride-deficient communities (18). Thus, more than
five of every 10 US schoolchildren have intermittently
consumed fluoridated water because of residence
changes. Burt et al. (25) and Clovis et al. (26) have shown
that for American and Canadian children, respectively, a
limited residence exposure to fluoridated water will im-
part dental benefits. A highly mobile American society,
compared to a relatively stable society when water fluo-
ridation was introduced in the 1940s, also serves to blur
the distinction between populations that have or have
not been exposed to water fluoridation.

Itis evident that a variety of factors—principal among
them being the dilution effects of other sources of fluo-
ride, the diffusion of the benefits of water fluoridation
beyond the geographic limits of the community being
served, and the mobility of contemporary US society—
have confounded the traditional distinction between
communities that are fluoridated and communities that
are fluoride deficient. It is no exaggeration to say that, for
all practical purposes, the phrase “not exposed to fluori-
dated water” now is a misnomer in the United Statesand,
possibly, in other developed countries that employ fluo-
ridation widely.

Effect on Dental Benefits of Discontinuing Water
Flyoridation
eral studies have evaluated the effect of discontin-
r fluoridation. Two of the earliest studies were
Eu;r,g, Hlinois, and Antigo, Wisconsin (27,28).
water, which contained a natural fluoride
10f 2.0 ppm, was replaced by fluoride-defi-
ppm F) in 1959. Within two years there
decrease in the number of caries-free
DMFT scores increased from 2.02
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to 2.79 (27). In Antigo, fluoridation of the water supply
was discontinued in 1960 after 11 years. Six years later,
the DMFT scores of second, fourth, and sixth grade chil-
drenhad risenby 70, 41, and 48 percent, respectively (28).
The water fluoride concentrations were also reduced to
suboptimal levels in Austin, Minnesota, in 1956 (29) and
Wick, Scotland, in 1979 (30). In both communities the
caries prevalence of the children increased. In the more
recent episode in Wick, defluoridation in 1979 resulted in
adownward adjustment of the water fluoride concentra-
tion from 1.0 ppm to the natural level of 0.02 ppm. Five-
and six-year-old children received clinical and radio-
graphic caries examinations in 1979, after life-long expo-
sure to optimally fluoridated water, and similar aged
children received caries examinations in 1984, after life-
long exposure to fluoride-deficient water. The dmftindex
rose from 3.14 in 1979 to 4.30 in 1984, a difference of 27.0
percent, and the dmfs index went from 8.42 to 13.93, a
difference of 39.6 percent.

In Karl-Marx-Stadt (now Chemnitz), Germany, techni-
cal problems reduced the adjusted fluoride concentration
from 1.0 ppm to a low of 0.2 ppm (31). From 1959 to 1970
the water fluoride concentration had been maintained at
a constant 1.0+0.1 ppm. There was an interruption in
water fluoridation from 1970 to 1971 that lasted 1.5 years,
followed for the next five years by suboptimal levels of
water fluoridation until, in 1977, the optimal fluoride
level was restored. During this 18-year period all
schoolchildren in Karl-Marx-Stadt received regular vi-
sual-tactile caries examinations from the same dental
examiner. For 3- to 15-year-old children, dmftand DMFT
scores showed a reduction during the original period of
optimal fluoridation, increased during the period when
the water fluoride concentration fell, and then were re-
duced again when fluoridation was fully restored.

Arecent study that determined the effect of defluorida-
tion was conducted in Stranraer, Scotland, which was
fluoridated in 1970 and then defluoridated in 1983 be-
cause of a judgment by the Scottish court (32-34). The
consequences of defluoridation in Stranraer, as well as
those described for Wick, are of particular interest since
they happened during the overall secular caries decline
occurring throughout the United Kingdom, which has
been attributed largely to the use of fluoridated tooth-
pastes.

In 1980, after 10 years of fluoridation, the DMFT of
10-year-olds was 1.66, compared with 3.35 for 10-year-
olds in Annan, a comparable fluoride-deficient commu-
nity. This was a difference of 50.4 percent. After
defluoridation, the mean DMFT of Stranraer 10-year-olds
increased, despite the secular decline that continued in
Annan. In 1986, three years after defluoridation, the
DMFT of 10-year-olds in Stranraer was 39 percent lower
than in the same aged children in Annan. By 1988, the
mean DMFT of Stranraer 10-year-olds was 2.28 com-
pared with 2.56 in Annan, a difference of only 11 percent
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(34). At the same time, dental treatment needs and costs
rose in Stranraer. Between 1980-86, the costs associated
with restorative care had risen by a dramatic 115 percent,
compared to a 9 percent rise in Annan.

Salivary fluoride levels are low in individuals who
reside in communities where the water fluoride concen-
tration is low (35-38). When the fluoride concentration in
drinking water is reduced to suboptimal levels, the con-
centration of fluoride in dental plaque can decrease to
almost nonmeasurable levels (39). Inasmuch as the per-
manent teeth of the 10-year-old Stranraer children who
were examined in 1988 were largely formed during the
period of optimal fluoridation, the decreased caries pro-
tection might be attributed to the lack of posteruptive
fluoride contact that, presumably, reduced salivary and
plaque fluoride concentrations (40).

In its review of the benefits and risks of communal
water fluoridation, the Ad Hoc Subcommittee on Fluo-
ride of the US Public Health Service proposed that one
criterion for conferring effectiveness of an agent is the
disappearance of effects when the agent is removed (15).
The report cites the studies described above in which
increases in caries scores are associated with discontinu-
ation of communal water fluoridation as additional evi-
dence of a causal relationship between optimal concen-
trations of fluoride in drinking water and caries resis-
tance.

Mechanism of Action of Fluoride in Drinking Water

The mechanisms by which fluoride provides caries
resistance have been reviewed by Newbrun (41), Murray
and Rugg-Gunn (42), and Mellberg and Ripa (43). The
latter state that fluoride mechanisms can be grouped into
five categories: increased enamel resistance to acid de-
mineralization, increased rate of posteruptive matura-
tion, remineralization of incipient lesions, interference
with microorganisms, and improved tooth morphology.
Furthermore, it is customary to classify fluoride therapy
and mechanisms under two broad categories: systemic
and topical. Systemic methods are those in which fluo-
ride is ingested and the unerupted teeth are the targets of
fluoride activity. Topical fluorides are not meant to be
ingested and act posteruptively on the teeth. Fluoridated
water provides topical contact to erupted teeth as it
passes through the oral cavity and systemic contact to
unerupted teeth after it is absorbed and circulated. De-
spite nearly 50 years of fluoride use, the relative impor-
tance of these two modes of contact in the prevention of
dental caries and, by implication, the mechanisms in-
volved are still uncertain.

When water fluoridation began, most scientists be-
lieved that the anticaries activity of fluoride was princi-
pally a result of its incorporation into the apatite crystals
of developing enamel, thus increasing the stability and
reducing the solubility of the apatite structure. However,
the correlation between enamel fluoride concentration
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and caries experience was inconsistent (21,43). Perhaps
this equivocal finding should have been expected, con-
sidering that the effects of some preeruptive mechanisms -
of fluoride, such as improved crystallinity (42,43) and
octacalcium phosphate conversion (44), cannot be mea-
sured by an enamel biopsy. Since a conclusive relation-
ship between fluoride levels in sound enamel and caries
protection could not be established, the emphasis in re-
search about fluoride mechanisms shifted from the cre-
ation of high levels of fluoride in sound enamel (systemic
effect) to the presence of low concentrations of fluoride
in the intraoral environment (topical effect) and to the
role of fluoride in remineralization (45,46). In 1991, the
Ad Hoc Subcommittee on Fluoride stated, “The theory of
preeruptive fluoride incorporation as the sole or princi-
pal mechanism of caries prevention has been largely
discounted” (15). Data fromboth early and recent clinical
studies of water fluoridation and other systemic fluoride
methods support the view of both a preeruptive and a
posteruptive influence on caries (21).

Preeruptive Effects. The Grand Rapids, Newburgh,
and Evanston water fluoridation studies all demon-
strated greater percentage reductions in the younger age
groups of children, who had the greatest amount of
preeruptive fluoride contact (3). Of more recent vintage,
Driscoll et al. reported greater caries protection to teeth
that were unerupted at the start of a fluoride supplement
program compared to teeth already in the mouth (47). In
that study children received 1 or 2 mg F/day as tablets
for six school years. The control group was given placebo
tablets. Four yearsafter discontinuing the study the mean
DMFS increments for early erupting teeth in children
using 1 mg F/day and 2 mg F/day were 15.0 percentand
23.3 percent less than in the control children, respec-
tively. For late erupting teeth the mean DMFSincrements
were 38.6 percent and 33.6 percent less. However, Thy-
Istrup believes that the most critical period for caries
protection from fluoride is when the teeth are emerging
into the oral cavity (48), and Driscoll and coworkers’
findings could reflect the effect of topical fluoride contact
at the time of tooth emergence. Burt and coworkers’
findings are less subject to antithetical interpretations
(25). These investigators compared the DMFS increments
of children, initially six and seven years old, who livedin
a fluoride-deficient community (0.2 ppm F), but who had
resided in fluoridated communities prior to the eruption
of their permanent teeth with children of similar age who
were life-long residents of the fluoride-deficient commu-
nity. The native residents had a three-year DMFS incre-
ment of 2.35 compared with 1.72 for the fluoride-exposed
group, a difference of 26.8 percent. Burt and coworkers
concluded: “Despite evidence that the benefits of limited
ingestion of fluoridated water are topical in nature, the
fact that many of the affected teeth in this study were
unerupted at the time of the fluoride exposure means that
preeruptive benefits cannot be ruled out.” '
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Posteruptive Effects. In addition to indicating a pre-
eruptiveeffect, findings from the original US fluoridation
studies also demonstrated posteruptive benefits (21). In
his review of these studies, McClure stated, “The evi-
dence strongly suggested that there were beneficial ef-
fects on teeth which were formed or erupted prior to the
initiation of water fluoridation” (3). Beltran and Burt (21)
cite recent studies from Britain (49) and Denmark (37,50)
that provide additional evidence of posteruptive benefits
from systemic fluoride. In the British study, the four-year
mean caries increment of children who were 12 years old
when fluoridation (1.0 ppm F) began was compared with
that of a control group residing in a fluoride-deficient
community (<0.1 ppmF) (49). Children were transported
to a central facility so that the examinations were con-
ducted without the examiner knowing to which group
the children belonged. The four-year mean DMFS incre-
ments of the fluoride and control groups were 6.73 and
9.19, respectively, representing a difference of 27 percent.
Since all or mostof the permanent teeth had erupted prior
to the initiation of fluoridation, the difference was attrib-
uted to “substantial topical effects on teeth already
erupted at the start of fluoridation.”

Other, less direct, arguments may be considered to
support the claim of posteruptive benefits from water
fluoridation. For instance, it is known that when contact
ceases, caries protection diminishes (see section “Effect
on Dental Benefits of Discontinuing Water Fluorida-
tion”). It may be inferred, therefore, that the continued
caries protection in fluoridated areas into adulthood is
the result of repeated topical contacts.

Beltran and Burt (21) proposed that if the major effect
of fluoride is a posteruptive one, then caries experience
in communities with long-standing comprehensive top-
ical fluoride programs should approach that of commu-
nities where the drinking water is fluoridated. However,
they admitted that the clinical results they presented
lacked consistency and failed to resolve the issue. Ripa
(51) reviewed the results of three US fluoride mouthrinse
programs that used historical controls to assess the effec-
tiveness of this topical intervention (52-54). In all three
studies, the results showed that when the children began
rinsing as kindergartners, there was a caries reduction of
approximately 50 percent, which is similar to that re-
ported in water fluoridation studies. Ripa believed that
since the children were five to six years old when they
entered the mouthrinse programs, the fluoride solution
contacted most of the permanent teeth as they emerged
into the mouth and this was a major factor determining
the caries reductions achieved. This interpretation agrees
with Thylstrup’s contention that the most important time
for fluoride to contact the teeth is when they are erupting
into the mouth (48).

Pre- vs Posteruptive Effects. Groeneveld et al. ana-
lyzed the results of caries examinations between 1953 and
1971 in the Tiel (1.0 ppm F)-Culemborg (0.1 ppm F),
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Netherlands, water fluoridation study (55). Children
were followed longitudinally and examined every two
years from seven to 18 years of age, until water fluorida-
tion ended. Those living in fluoridated Tiel received flu-
oride continuously from birth. The analysis is too com-
plex to describe here, but their conclusions concerning
the relative benefits of pre- and posteruptive fluoride
contact are summarized:

(1) The initiation of enamel lesions is hardly affected
by water fluoridation. However, lesion progression is
slowed by posteruptive fluoride contact.

(2) For 15-year-olds exposed to water fluoridation
since birth, the DMFS reduction was half due to the
preeruptive effect and half to the posteruptive effect.

(3) The best protection is achieved if fluoridation is
available from birth, but 85 percent of the maximum
protection will occur if fluoride consumption starts be-
tween ages three and four.

(4) About two-thirds of the caries protection imparted
to pits and fissures from water fluoridation comes from
preeruptive contact. For smooth surfaces, the effect of
preeruptive contact accounts for 25 to 50 percent of the
caries protection. Groeneveld et al.’s analysis needs ver-
ification by others (55). Nevertheless, it indicates that the
cariostatic activity of water fluoridation includes both
systemic and topical mechanisms.

Safety of Communal Water Fluoridation

Fluoride metabolism studies have consistently estab-
lished that the principal fate of ingested fluoride is either
urinary excretion or retention by the skeleton and teeth.
Because of the affinity of the fluoride ion for calcified
tissue and its concentration in the kidneys, the safety of
fluoride in relation to the skeleton, the teeth, and renal
function specifically will be discussed. Because of the
importance of the relationship between cancer mortality
and fluoridation, this will be an additional safety topic.
For a discussion of fluoride safety concerning other is-
sues, such as the effects on other organs and tissues,
hypersensitivity and allergy, reproductive toxicity and
birth defects, readersarereferred elsewhere (12,14,15,56).
Several reviews of fluoride safety over the last decade
constitute the principal source material for this section
(12,14,15,56). Additional primary sources are cited where
appropriate.

Skeletal Fluorosis and Osteosclerosis. Endemic skel-
etal fluorosis is confined largely to tropical climates with
very high levels of at least 10 ppm fluoride in the water
(12). Skeletal fluorosis also has been observed in workers
exposed to high levels of fluoride in industry, such as
aluminum production. Skeletal fluorosis has several
stages and is usually characterized by generalized bone
pain, stiffness and pain of the joints, and arthritic symp-
toms. Radiographic findings have shown osteosclerosis
of the pelvis and vertebral column (12,14,15).

There have been five reported cases of crippling skel-
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etal fluorosisin the United States. These individuals were
exposed to natural levels of fluoridein thedrinking water
ranging from 3.9-8.0 ppm, and, in the two cases with an
established history, the daily water consumption was
excessively high (15). Radiographically detectable os-
teosclerosis has been reported in other individuals ex-
posed to 4.0-8.0 ppm F, but there were no clinical symp-
toms of skeletal fluorosis (14). Skeletal fluorosis has not
been reported in the US at water fluoride concentrations
below 3.9 ppm, nor is skeletal fluorosis a public health
problem in the US (15).

Bone Fracture and Osteoporosis. Sodium fluoride is
used sometimes in the United States and other countries
to treat osteoporosis. The minimum daily dose is about
40 mg NaF, and although the US Food and Drug Admin-
istration has never approved NaF treatment for osteopo-
rosis, it is approved in other countries. People on the
regimen have displayed an increase in the density of the
vertebrae (trabecularbone) by as much as 35 percent over
four years. Some studies have shown that there is a
simultaneous decrease in cortical bone, such as the shaft
of the radius, causing concern that the observed increase
in bone density may be at the expense of other portions
of the skeleton losing calcium.

The incidence of vertebral fracture is the most impor-
tant outcome in osteoporosis treatment using fluoride
(15). While studies have consistently shown that a daily
NaF regimen will increase vertebral bone mass, the find-
ings on reduced vertebral fracture are mixed, with two
well-controlled recent studies failing to show a reduction
in bone fracture rates (57,58). In 1989, an FDA Advisory
Committee concluded that NaF has not been shown to be
effective in reducing the incidence of vertebral fractures
resulting from osteoporosis (15).

Because of the effect of fluoride in increasing trabecular
bone mass and apparently reducing cortical bone mass,
interest also has focused on the relationship between the
concentration of fluoride in water supplies and both the
prevalence of osteoporosis and the prevalence of frac-
tures, especially the hip. Simonenand Laitinen compared
the incidence of femoral-neck fracture over a decade in
two Finnish towns, one with an adjusted water fluoride
concentration of 1.0 ppm and the other with 0.0 to 0.1
ppm F (59). They found that the risk of fracture in both
men and women was significantly higher in the fluoride-
deficient community. A study in North Dakota reported
that residents, especially women, exposed to water con-
taining about 4.0 ppm F had less osteoporosis and verte-
bral collapse than a comparable group in a low-fluoride
area (60).

Three studies have failed to find a relationship be-
tween water fluoride levels and hip and long bone frac-
ture (61-63), whereas other studies have found a relation-
ship (64,65). Cooper et al. evaluated hospital discharge
records for 1978-82 in 39 counties in England and Wales
(63). Approximately 20,000 men and women above aged
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45 years were admitted with hip fractures (fracture of the
proximal femur). The water fluoride concentrations in
the counties under study ranged from almost none (0.005
ppm) to approximately 1.0 ppm. No significant correla-
tion was found between water fluoride concentration
and the prevalence of hip fracture. In the United States,
Jacobsen et al. analyzed nationwide hospital discharge
records from the Health Care Financing Administration
and the Department of Veterans Affairs of white women
aged 65 years and older for the period 1984-87 (64). They
found a distinct north to south pattern for hip fracture,
with the lower rates in the North and the higher rates in
the South. Although they stated that no presently recog-
nized factor or factors adequately explained the geo-
graphic variation, they nevertheless found an increased
prevalence of hip fracture associated with the availability
of fluoridated water. The report of Jacobsen et al. caused
Cooper and Jacobsen to reevaluate the data from the UK
In a letter to the editor of the Journal of the American
Medical Association, they said that after weighting their
data for each county by the size of the population aged
45 and older, they found a positive correlation between
water fluoride levels and the prevalence of hip fractures,
i.e., the higher the fluoride level, the greater was the risk
of hip fracture (66). In a prospective five-year study of
women in three Iowa communities conducted between
1983-84 and 1988-89, Sowers et al. also reported an asso-
ciation between water fluoride concentration and bone
fractures (65). They reported a twofold increased risk of
fracture of the wrist, spine, and hip in 55- to 80-year-old
women in the higher fluoride community (4.0 ppm) com-
pared with the control community (1.0 ppm).

Phipps and Burt reported no difference in cortical bone
mass when the density of the distal radius was measured
in post-menopausal women who were life-long residents
of communities with either 3.5-4.2 ppm For 0.7 ppm Fin
the water (67). However, they concluded that one predic-
tor of cortical bone mass was fluoride exposure, with the
higher fluoride level associated with lower bone mass.
Considering the conflicting reports, it must be concluded
that the question concerning the role of water fluoride
exposure in both osteoporosis and bone fracture is unre-
solved (15).

Renal Effects. The kidneys are potential targets of
acute and chronic fluoride toxicity because they remove
fluoride from the blood, and the kidney cells that concen-
trate urine are exposed to high fluoride concentrations.
The National Kidney Foundation has attested that water
fluoridation does not harm the kidneys (56). Despite the
importance of the kidneys as waystations for thedisposal
of fluoride from the body, there is no evidence that the
incidence of mortality from any renal disorder is in-
creased by water containing 1.0 ppm F(12). Furthermore,
inseveral epidemiologic studies, long-term consumption
of water containing fluoride as high as 8.0 ppm was
found not to be associated with the induction or exacer-
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bation of kidney dysfunction (14,15). While higher fluo-
ride concentrations are definitely found in calcium oxa-
late kidney stones from residents of fluoridated com-
pared with kidney stones from residents of fluoride-de-
ficient communities, the effect of fluoride on stone
formation is poorly understood. At least one group of
investigators believes that there might be a dose-depen-
dent fluoride inhibition of kidney stone formation. In-
creasing fluoride concentration, for instance from 0 to 10
ppm, inhibits the growth of calcium oxalate crystals (68).
However, concentrations as high as 10 ppm are not rele-
vant to controlled water fluoridation.

Studies have shown that persons with renal insuffi-
ciency have decreased fluoride clearance and will have
elevated plasma levels of fluoride compared with unaf-
fected individuals (14). For these people, the need is
recognized to use water for hemodialysis that has a low
fluoride concentration, as well as a low concentration of
other ions. Recently, Bello and Gitelman showed that
hemodialysis patients who received dialysis fluids from
a fluoridated tap-water source purified by reverse osmo-
sis had a higher plasma fluoride level than those who
used a commercially prepared peritoneal dialysis fluid
(69). They attributed this difference to the fact that al-
though reverse osmosis systems remove most of the
fluoride from water, this process cannot produce dialysis
fluid from a fluoridated water source that is aslow as the
fluoride concentration inacommercial preparation. They
speculated that since municipal water fluoridation and
the reliance on reverse osmosis systems for water purifi-
cation are both commonplace, many hemodialysis pa-
tients are being overexposed to fluoride, which may ac-
cumulate in their skeleton. In general, patients with im-
paired kidney function have an increased risk of skeletal
fluorosis and in young children whose teeth are forming
there is a risk of dental fluorosis. Cases of both, usually
associated with high fluid intake, have been reported
(14).

Hyperfluoridation of a water supply can occur due to
“overfeeds” involving equipment malfunction (70,71) or
to “accidents” in which equipment is not directly in-
volved (72). There has been one report of a hyperfluorida-
tion accident in a municipal water supply. In that in-
stance, fluoride was accidentally added to the water sup-
ply of Annapolis, Maryland, at a level of over 30 ppm for
several days (72). As a result, a resident undergoing
kidney dialysis with softened tap water instead of puri-
fied water died and seven other dialysis patients became
extremely ill. These individuals were in end-stage renal
disease and were not receiving the recommended dialy-
sis procedure. No untoward effects were documented in
the population at large.

Cancer Mortality. After the introduction of communal
water fluoridation, five reports appeared in the 1950s that
evaluated general mortality rates in US communities
with different concentrations of water-borne fluoride

Journal of Public Health Dentistry

(15). No relationship between fluoride concentration and
cancer was detected. Two studies from the UK, which
appeared in the early 1970s, also reported no significant
association between cancer rates and water fluoridation
(15).

In a series of publications and public announcements
beginning in 1975, Yiamouyiannis and Burk claimed that
their analysis of cancer mortality statistics showed that
fluoridation significantly increased the risk of cancer and
that 10 US cities that had instituted controlled fluorida-
tion programs had a rapid increase in cancer mortality
rates compared with 10 nonfluoridated US cities over the
same time period. The methodology of Yiamouyiannis
and Burk was criticized, mainly for failure to adjust for
confounding variables such as age and sex differences
that affect cancer rates. The National Cancer Instituteand
others who reanalyzed the same cancer mortality data,
using different methods, failed to find significant in-
creases in cancer deaths in the cities with fluoridated
water. The consensus of the scientific community is that
the studies of Yiamouyiannis and Burk do not support
the conclusion that fluoridation causes cancer (15).

Additional epidemiologic studies that investigated a
possiblelink between water fluoridation and cancer mor-
bidity and mortality have been conducted in several
countries including the United States (73-77), the United
Kingdom (78-81), Canada (82,83), and Australia (84). In
all, over 50 epidemiologic studies have evaluated the
possibility of an association between cancer mortality or
morbidity and water fluoridation. The overall conclusion
from these studies is that there is no credible evidence
that water fluoridation increases the risk of cancer. Sev-
eral independent commissions have reviewed the scien-
tific literature on a cancer-fluoridation link and all came
to a similar conclusion (85-87). The report of one of these
commissions, reads, in part (85):

We have found nothing in any of the major classes of
epidemiological evidence which could lead us to con-
clude that either fluoride naturally in water, or fluoride
added to water supplies, is capable of inducing cancer, or
of increasing the mortality from cancer. This statement
applies both to cancer as a whole, and to cancer at a large
number of specific sites. In this we concur with the great
majority of scientific investigators and commentators in
this field. The only contrary conclusions are in our view ...
attributable to errors in data, errors in analytical tech- . .
nique, and errors in scientific logic.

The issue of cancer and water fluoridation resurfaced
in late 1989 with the premature release of data from a
study of chronic toxicity and carcinogenicity of NaF in
laboratory animals, conducted by the National Toxicol-
ogy Program (NTP) of the National Institute of Environ-
mental Health Sciences. In the NTP study, fluoride, as
NaF, was administered to male and female rats and mice
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‘ TABLE 6
Doses and Number of Animals in the NTP Study of the Toxicity and Carcinogenicity of Sodium Fluoride (15)
# of Animals
Dose (ppm) Daily Dose of NaF in mg/kg/Body Weight Rats Mice
NaF F Rats Mice Male Female Male Female
0 0 0.0 0.0 80 80 80 80
25 11 13 2428 50 50 50 50
100 45 52 9.6-11.2 50 50 50 50
175 79 8.6-9.5 16.7-18.8 80 80 80 80
TABLE 7

Fluoride Concentrations in Bone Ash and Incidence of Osteosarcomas in the NTP Study of the Toxicity and
Carcinogenicity of Sodium Fluoride (15)

Incidence of Osteosarcomas

Dose (ppm): F Concentration in Bone Ash in pg F/mg Ash Rats Mice
NaF F Rats Mice Male Female Male Female
0 0 0.45-0.50 0.72-0.92 0 0 0 0
25 11 0.98-1.35 1.52-1.61 0 0 0 0
100 45 3.65-3.73 3.59-4.37 1 0 0 0
175 79 5.26-5.55 5.69-6.24 4 0 0 0

*Includes one extraskeletal osteosarcoma.

in concentrations of 0, 11, 45, and 79 ppm (Table 6).
Osteosarcomas were found in one high-dose (45 ppm F)
and four highest dose (79 ppm F) male rats (Table 7). In
thelatter group, one of the osteosarcomas was extraskele-
tal—that is, it did not originate in bone. There were no
osteosarcomas in the female rats or in the mice of either
sex. Oral squamous cell neoplasms also were diagnosed
in the dosed and control rats, but the incidence rates
between dosed and control animals were not statistically
significantly different (15).

The results of the NTP study were reviewed in April
1990 by the NTP Peer Review Panel. The panel concluded
that, under the conditions of the two-year study, there
was “equivocal” evidence of carcinogenic activity of NaF
in male rats, based upon the small number of osteosarco-
mas in dosed animals. “Equivocal” is a classification for
uncertain findings demonstrated by studies that are in-
terpreted as showing a marginal increase of neoplasms
that may be chemically related. The panel also concluded
that there was no evidence of carcinogenic activity from
NaF in the female rats or in the male or female mice.

The doses of fluoride in the NTP study were extremely
high when contrasted to optimally adjusted or above-op-
timal naturally occurring levels of fluoride in US drink-
ing water. In the two-year NTP study, the fluoride con-
centration in the bones of the dosed animals increased by

a factor of approximately 2 to 10 (Table 7). Both rats and
mice had dose-related fluorosis of the teeth and female
rats had osteosclerosis of the long bones.

In a separate carcinogenicity study, commissioned by
the Procter & Gamble Company and conducted from
1981 to 1983, rats and mice received daily doses of 0, 1,4,
10, and 25 mg NaF/kg body weight. Two osteosarcomas
were identified in low-dose (4 mg NaF) female rats that
died before the end of the study; one fibroblastic sar-
coma, possibly with osteoid formation, was found in a
mid-dose (10 mg NaF) male rat; and one osteosarcoma
was found in a high-dose (25 mg NaF) male rat. Benign
osteomas increased in high-dosed male and female mice
(15). The Carcinogenicity Assessment Committee, Center
for Drug Evaluation and Research, of the US Food and
Drug Administration observed that, under the condi-
tions of the study, malignant tumors were not related to
fluoride ingestion in rats or mice, but that a significant
increase in the incidence of benign osteomas was ob-
served in high-dose mice.

The Ad Hoc Subcommittee on Fluoride of the US Pub-
lic Health Service characterized the combined results of
these two animal studies as follows (15):

When the NTP and the Procter & Gamble studies are
combined, there is a total of eight individual sex/species
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groups examined. Seven of these groups showed no sig-
nificant evidence of malignant tumor formation. One of
these groups, male rats from the NTP study, showed
“equivocal” evidenceof carcinogenicity, which is defined
by NTP as a marginal increase in neoplasms — i.e., osteo-
sarcomas — that may be chemically related. Taken to-
gether, the two animal studies available at this time fail
to establish an association between fluoride and cancer.

In view of the NTP findings, the National Cancer Insti-
tute in 1990 conducted a study of cancer incidence in
fluoridated and fluoride-deficient US communities (see
Ref. 15 for a full description). Cancer incidence rates
between 1973 and 1987 were evaluated in whites in Iowa
and the Seattle metropolitan area. A county was consid-
ered exposed to fluoride if the proportion of the popula-
tion served by fluoridated water increased from less than
10 percent to greater than 60 percent within a three-year
period. Control counties had less than 10 percent of the
population served by adjusted or naturally fluoridated
water through 1987. Expected numbers of cancer cases
were derived from the rates in nonexposed counties and
the measure of risk was the ratio of observed to expected
cases. For none of the cancers surveyed, including osteo-
sarcoma, could a consistent link between cancer inci-
dence and water fluoridation be established (15).

In a separate case control study involving 22 matched
pair cases of osteosarcoma and controls from Iowa and
Nebraska, McGuire et al. did not find the development
of osteosarcoma to be associated with fluoridated water
exposure (88). Although the investigators emphasized
that the sample size of their study was small, they de-
tected a negative relationship between fluoridation and
osteosarcoma, suggesting that water fluoridation at re-
commended levels might have a protective, or antimuta-
genic, effect. The investigators indicated that they are
currently investigating this hypothesis in a larger, nation-
wide study.

Dental Fluorosis. Dental fluorosis is a developmental
defect of enamel that occurs when an excessive amount
of fluoride is ingested during the period of enamel for-
mation. The severity of the defect depends upon the
amount of fluoride ingested, the duration of exposure,
and the age(s) when exposure occurs. In humans, the
defect consists of subsurface hypomineralization—that
is, an increase in the porosity of subsurface enamel (89).
The structural arrangement of the enamel crystals ap-
pears normal, but the width of the intercrystalline spaces
is increased. Clinically, the enamel appears opaque or
matte white, in contrast to the glossy translucence of
normal enamel. In animals exposed to very high doses of
fluoride, hypoplastic enamel lesions, seen clinically as
surface malformations or pitting, can also occur (90). In
humans, the pitting present in severe cases of dental
fluorosis is the result of posteruptive breakdown of po-
rous surface enamel (89,91-94). However, Richards be-
lieves that, with extremely high doses of fluoride during
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TABLE 8
Dean’s Dental Fluorosis Classification (5,95)
Dental
Fluorosis

Classification Score Description of Enamel

Normal 0 Smooth, glossy, pale creamy-
white translucent surface

Questionable 05 A few white flecks or white
spots

Very mild 1 Small opaque, paper-white
areas covering <25% of tooth
surface

Mild 2 White opaque areas covering
<50% of tooth surface

Moderate 3 All tooth surfaces affected;
brown stain; marked wear on
biting surfaces

Severe 4 All tooth surfaces affected;
brown stain; discrete or con-
fluent pitting

enamel development, preeruptive pitting might also
occur (90). Posteruptive staining of the white areas also
occurs in severely affected enamel (94).

Historically, the term “mottled enamel” has been used
as a designation for enamel fluorosis. Its use is unfortu-
nate, since “mottled” means colored spots or blotches,
and it inaccurately indicates that all affected teeth have
unesthetic blemishes. Actually, the degree of fluorosis
runs a continuum from barely noticeable white striations
that may affect a small portion of the enamel to confluent
pitting and unesthetic dark brown or black staining that
affects almost the entire enamel surface (95). Early re-
searchers who examined children exhibiting the milder
forms of fluorosis felt that the teeth were cosmetically
more attractive than teeth that developed in areas with
fluoride-deficient water. In fact, in 1970, McClure com-
mented, “there is a consensus that an optimum quantity
of fluoride may actually enhance the appearance of the
teeth” (3). Because “mottled enamel” inaccurately de-
scribes the less severe forms of the condition and gives
the erroneous impression that all affected teeth are cos-
metically compromised, its use should be discontinued
in favor of dental fluorosis or enamel fluorosis.

Dean developed a dental fluorosis classification that
categorized the condition according to its severity (Table
8) (96,97). With Dean’s method, an individual fluorosis
score or a community fluorosis index (CFI) could be
obtained. The fluorosis classification of an individual
wasbased on the two most affected teeth. If the two teeth
were not equally affected, the classification was deter-
mined by the lesser involved tooth. The CFI was calcu-
lated from the mean of the individual scores within a
community:
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TABLE 9 TABLE 10
Public Health Significance of Community Fluorosis Index, Percent Prevalence of Dental Fluorosis in 193940 and in
According to Dean (95) 1978-82 Using Dean’s Index (15)
Community Fluorosis Public Health Water Fluoride Total # of % Fluorosis
Index Range Significance Concentration Cities Prevalence (Mean)
0.0-0.4 Negative (ppm B) 1939-40 1978-82 1939-40 1978-82
0.4-0.6 Bc.)rderhne <04 10 5 0.9 64
0.6-1.0 Slight
. 0.4-0.6 3 1 56 24
1.0-2.0 Medium
0.7-1.2 4 4 13.6 222
20-3.0 Marked
3.0-4.0 v Ked 1.3-1.7 1 3 30.2 25.7
ol erymat 18-22 2 1 40 532
23-27 1 5 73.8 785
2832 0 3 — 74.0
2 ( frequency X individual fluorosis score ) 3337 0 0 - N
Foi = >3.7 0 2 — 83.4

number of individuals

When the CFI reached 0.6, Dean believed it warranted
consideration as a public health concern (Table 9).

Since Dean’s classification system was published,
other fluorosis indices have been developed, including
ones by Moller (3,98), Thylstrup and Fejerskov (93), and
the NIDR (tooth surface index of fluorosis) (TSIF) (99).
These have been reviewed by Horowitz (95), who, along
with others (100-102), has emphasized the problem of
distinguishing dental fluorosis from nonfluoride enamel
defects. Enamel opacities can be classified into three cat-
egories: fluoride-induced opacities, i.e., dental fluorosis;
nonfluoride-induced opacities of known etiology; and
idiopathic opacities (101). Some believe that the clinical
appearance and the distribution of the enamel defects can
enable experienced examiners to correctly identify dental
fluorosis from other conditions (15,95,102). However,
others believe that a positive clinical diagnosis can be
supported only by an adequate history of exposure to
fluoride. Cuttress and Suckling, who developed a flow-
chart for the differential diagnosis of dental fluorosis,
indicated that only when the condition is encountered in
an endemic fluorosis area where above-optimal water
fluoride conditions prevail, can a diagnosis of dental
fluorosis be made confidently, without recourse to an
individual’s medical/dental history or laboratory analy-
sis of enamel, hair, nails, or urine (101). Confidence in the
diagnosis of fluorosis increases as the prevalence and
severity of the defects increase. Diagnostic uncertainty
increases with lower prevalence and severity, which is
generally the situation in the United States (101).

Assessment of whether the prevalence or severity of
enamel fluorosis in the United States has changed over
time is based on three types of time-related comparisons:
(1) a comparison of different cities with similar fluoride
concentrations using the same fluorosis index but differ-
ent examiners, (2) a comparison of the same cities using
the same fluorosis index but different examiners, (3) a
comparison of the same cities using the same fluorosis
index and the same examiners. Studies concerned with

these three types of assessments have been reviewed by
the Ad Hoc Subcommittee on Fluoride of the US Public
Health Service and the conclusions of the subcommittee
will be presented here (15). In addition, Brunelle has
reported the only national US survey of dental fluorosis,
which was conducted in 1986-87 on schoolchildren (103).

Different Cities/Same Fluorosis Index/Different Exam-
iners Comparisons. Comparisons were made between
the prevalence and severity of fluorosis in 1939-40 in 21
US cities and the prevalence and severity in 1978-82 in 24
different cities (Table 10). Dean’s index was used as the
measure of fluorosis.

In cities with less than 0.4 ppm F, the mean prevalence
of fluorosis increased from less than 1 percent to approx-
imately 6 percent. Nearly all of the increase occurred in
the very mild and mild categories. In cities with optimal
water fluoridation (0.7-1.2 ppm F), the mean dental flu-
orosis prevalenceincreased from 14 to 22 percent, and the
increase was limited almost entirely to the milder forms.
Except for the 1.3-1.7 ppm F category, cities with above-
optimal fluoride concentrations showed a slight increase
in fluorosis prevalence, from 44 to 53 percent where the
water fluoride concentration was 1.8-2.2 ppm, and from
74 to 79 percent in cities with 2.3-2.7 ppm F. If moderate
dental fluorosis has increased since the 1940s, the in-
crease most likely has occurred in communities with
fluoride concentrations of 1.8-2.2 ppm F (15).

Same Cities/Same Fluorosis Index/Different Examin-
ers Comparisons. During the 1980s, Driscoll et al. (104)
surveyed children for fluorosis in Kewanee, IL (1.06 ppm
F), and Kumar et al. (105) conducted a similar survey in
Newburgh (1.0 ppm F) and Kingston, NY (0.3 ppm F).
Both groups compared their results to historical data
from the same communities, reported in 1942 and 1955,
respectively (106,107). Dean’s CFI was used as the index.

In 1980 Driscoll and coworkers found the CFI of
Kewanee was 0.39 compared to 0.31 reported in 1942
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(104). Approximately 85 percent of children were diag-
nosed as normal (no or questionable fluorosis) in 1942
and 1980. The investigators found eight out of 336 chil-
dren (2.4%) with moderate or severe fluorosis compared
with none with those classifications in the earlier survey;
however, they could not ascertain the cause. Comparing
Dean’s findings of nearly half a century earlier to their
own, Driscoll et al. concluded, “No important changes in
the prevalence and severity of fluorosis had taken place
between the two periods.”

Kumar and coworkers reported that for seven- to 12-
year-olds in optimally fluoridated Newburgh, the CFI
scores were 0.14-0.21 in 1986, compared to 0.11-0.18 in
1955 (105). For fluoride-deficient Kingston, the CFI was
0.00 in 1955 and 0.13-0.23 in 1986. The investigators
concluded that for the fluoridated community, over the
three-decade span, “the differences over time were neg-
ligible” and “no change-of consequence” had occurred.
There was an increase in the prevalence of fluorosis in
fluoride-deficient Kingston, principally in the very mild
and mild categories, to approximately the same level as
fluoridated Newburgh. While the CFI was well below
0.6, the level Dean felt might prompt public health con-
cern, the findings indicated “the availability of fluorides
in nonfluoridated areas.”

Same Cities/Same Fluorosis Index/Same Examiners
Comparisons. Heifetz and coworkers examined eight- to
10-year-old and 13- to 15-year-old children in four Illinois
communities with optimal and two, three, or four times
the optimal levels of fluoride (108). The examinations
were conducted in 1980 and repeated in 1985. The TSIF
index was used. The study was cross-sectional, except for
the eight- to 10-year-olds in 1980 who were available as
13- to 15-year-olds for the second examination.

There was little difference in the distribution of TSIF
scores between 1980 and 1985 for all tooth surfaces of
eight- to 10-year-olds, at all fluoride levels. In contrast, in
1985, there was a greater prevalence and severity of
fluorosis for the 13- to 15-year-olds, at every fluoride
level, compared with 1980. However, the most severe
categories of fluorosis were not detected at either survey,
and the fluorosis that occurred at the optimum fluoride
level was characterized as “only whitish discolorations”
(108).

From their data, Heifetz et al. hypothesized about the
changes in fluoride ingestion that may have occurred
during the lifespan of the children in their study (108). A
similar analysis was conducted by the Ad Hoc Subcom-
mittee on Fluoride (15). The following represents the
combined conclusions from these independent analyses:

(1) Fluoride ingestion was lowest from 1965-70.

(2) Fluoride ingestion began to increase in the early
1970s.

(3) There was little or no additional change in fluoride
intake between 1970-77.

~ (4) Fluoride ingestion continued to remain about con-
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TABLE 11
Comparison by Geographic Region of Percentage of
Population Receiving Fluoridated Water with Mean DMFS
Scores of Schoolchildren and Mean CFI Scores (18,103)

% of Pop.

Receiving

Adjustedor  Mean

Naturally DMFS Mean

Fluoridated  Schoolchildren CFl
Region Water (1988)  (1986-87) (1986-87)
I (Midwest) 72.2 (1) [1] 291 (3)[1] 053 (2) 1]
I(N. England) 66.2(2)[2] 3.60 (7) [5] 038 (3] -
IV (Southeast) 57.5 (3) [3] 3.08 (4) [2] 0.44 (3) [2]
V (Southwest) 57.4 (4) 2.39(1) 0.72(1)
Il (Northeast) 48.1(5) [4] 3.43 (6) [4] 0.36 (6) [4]
VI(N.west)  35.9(6) 2.75(2) 0.40 (4)
VII (Pacific)  17.8(7) [5] 3.37 (5) [3] 0.27 (7) [5]

( )=rank; the left and right columns are ranked from greatest to least in
keeping with the positive relationship expected between the status of
community fluoridation and the community fluorosis index. The mid-
dle column is ranked from least to greatest in keeping with the negative
relationship expected between the status of community fluoridation
and caries prevalence.

[ ]=same, but omitting Regions V and VI.

stant through 1982.

The last conclusion, however, is surprising, since the late
1970s saw a reduction in the American Academy of
Pediatric’s supplemental fluoride schedule for children
toage two, as well asa voluntary reduction in the fluoride
content of baby formulas and foods to approximately 0.1
ppm F. Perhaps the consequences of these changes will
become more apparent with time.

National Fluorosis Survey. In the first national survey
of dental fluorosis among US schoolchildren, conducted
in 1986-87, 78 percent were found to be normal (no or
questionable fluorosis), 21 percent had very mild or mild
fluorosis, 1 percent had moderate fluorosis, and 0.3 per-
cent had severe fluorosis (103). (Refer to Table 8 for a
description of Dean’s fluorosis categories.) The highest
prevalence of fluorosis, as well as the highest percentage
of children with moderate or severe fluorosis, was found
in Region V (Southwest), where natural fluoride concen-
trations are known to be above optimum in many com-
munities.

Table 11 presents figures by geographic region for the
percentage of the population with adjusted or naturally
fluoridated water, the mean DMFS of schoolchildren in
1986-87, and the mean CFI from the same survey. Con-
ventional wisdom dictates that there should be a direct
positive relationship between the percentage of the re-
gional populations receiving fluoridated water and the
CFIs of the regions and a negative relationship between
the percentage of the regional populations receiving flu-
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oridated water and the mean caries prevalences of the
regions. Notice that there is not an exact rank-order rela-
tionship between the percentage of the population con-
suming fluoridated water and either the mean caries
scores or the mean CFI scores. One probable reason for
thelack of a straightforward relationship is the consump-
tion of water containing above-optimal natural concen-
trations of fluoride that tends to lower caries prevalence
and to raise the CFL Large percentages of the populations
in Regions V and VI reside in communities with above-
optimal fluoride levels. When Regions V and VI are
omitted from consideration, thus reducing the confound-
ing variable of naturally occurring high fluoride levels,
the rank-order of the columns falls into closer agreement.

The analysis presented in Table 11 is only observa-
tional, and it is subject to the same limitations already
discussed for Table 5, namely that regional fluoridation
data are being linked with caries and fluorosis observa-
tions of individuals. Nevertheless, considering the ambi-
ent fluoride in the environment, the relationships pre-
sented in Table 11 are surprisingly strong. This suggests
that, despite the many other sources of fluoride available,
community water fluoridation still exerts a major influ-
ence on both caries and fluorosis and it is probably not
surprising that, concomitantly, there hasbeena decrease
in the prevalence of the former and an increase in the
prevalence of the latter. Any explanation of these phe-
nomena in the US must include the complex role of
water-borne fluoride.

Nonwater sources of fluoride that can increase fluoro-
sis risk include dietary fluoride supplements, the inges-
tion of fluoride toothpaste by preschool children, and the
inadvertent ingestion of other topical fluorides. Fluoride
dentifrices are the most ubiquitous of the topical fluoride
methods and their use has been closely examined as a
possible contributing factor to the fluorosis increase.
Generally, preschool children will swallow some denti-
frice when brushing(109), and although children’s ages
when dentifrice use began (110) and the amount of den-
tifrice used (111) have been identified as fluorosis risk
factors, clinical studies so far have failed to confirm den-
tifrice ingestion as a primary cause for the increased
prevalence of fluorosis (51). Conversely, the improper
prescription and use of fluoride supplements has been
identified as a major risk factor, indicating the need for
close scrutiny of the prescriptive practices of physicians
and dentists. Even proper fluoride supplement use may
constitute a fluorosis risk factor in some children when
other uncontrolled sources of ingested fluoride are con-
sidered (109,112,113). Further discussion of the relation-
ship between dental fluorosis and these other fluoride
modalities falls outside the scope of a review on water
fluoridation and readers are referred elsewhere
(15,51,114,115).
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TABLE 12
Recommended Optimal Fluoride Levels According to Air
Temperatures (4)
Recommended Recommended

Annual Average Fluoride Control

of Max. Daily Air Concentration Range
Temps. ('F) (ppm) (ppm)
40.0-53.7 1.2 1.1-1.7
53.8-58.3 11 1.0-1.6
58.4-63.8 1.0 09-1.5
63.9-70.6 09 0.8-1.4
70.7-79.2 0.8 0.7-1.3
79.3-90.5 0.7 0.6-1.2
Technical and Cost Aspects

Liquid consumption is affected by the local ambient
temperature and, therefore, the amount of fluoride in-
gested daily from fluids is influenced by climate
(116,117). In 1962, the US Public Health Service estab-
lished limits for optimal levels of fluoride in drinking
water for the North American climate zones (3). The
concentration standards, which were revised in 1982,
range from 0.7 to 1.2 ppm F and are presented in Table
12 (4).

Three factors complicate the relationship between an
assumed presence of a specific concentration of fluoride
in the drinking water and caries protection: namely, vari-
ation in the municipal water fluoride concentration (118),
the consumption of beverages or of water other than from
the municipal water supply (118), and variable compli-
ance with the accepted water fluoridation standards
(119).

The use of home water purification systems, either
reverse osmosis or distillation types, can reduce the con-
centration of fluoride in piped water sources to below
optimal levels. Bottled water also has become a popular
substitute for tap water. Theamountof fluorideinbottled
water varies and may result in individuals consuming
too little or too much fluoride for their climate zone. Flaitz
and coworkers reviewed the health histories of 1,126
children in a private pediatric dentistry practice in order
to determine the prevalence of bottled water usage as a
primary source of drinking water (118). The investigators
asked the brands of bottled water used and determined
the amount of fluoride they contained at that time. Of the
1,126 children, 1,070 (95%) lived in homes served by
municipal water sources; the other 5 percent used well
water. One hundred twenty-four children (11.0%) did
not use their available drinking water source. Of these,
105 used bottled water and the other 19 had home water
purification systems. Depending on the brand, the bot-
tled water contained from 0.04 to 1.4 ppm F. The investi-
gators concluded that of the 105 children using bottled






































