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Abstract 

Oblective: This study compares dental caries experience in fluoridated and 
nonfluoridated communities. Methods: A dental health survey designed to collect 
data on caries experience and treatment needs for community-specific public 
health planning purposes was conducted in public elementary schools during the 
199fj-97 school year. Oral examinations of 17,256 children were completed, 
representing 93 percent of children residing in 62 East Tennessee communities. 
Results: The analysis showed that water fluoridation was significantly related to 
caries experience in the primary (dfs) and permanent (DMFS) dentitions and to 
the proportion of caries-free children in the primary and permanent dentitions. 
When the data were adjusted for socioeconomic status, race, and age, caries 
levels were 21 percent lower in the primary dentition and 25 percent lower in the 
permanent dentition in fluoridated communities than in nonfluoridated communi- 
ties. In addition, the proportion of children who were caries free was larger in 
fluoridated as compared with nonfluoridated communities by 19 percent in the 
primary dentition and 6 percent in the permanent dentition. Conclusion: Although 
the design of the studyprevented the collection of individual fluoride and residency 
histories, findings suggest there was substantially lower caries experience in 
fluoridated communities than in nonfluoridated communities. [J Public Health Dent 
200 1 ;6 l(3): 168-771 
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Water fluoridation has been hailed 
as one of the 10 great public health 
achievements in the United States dur- 
ing the last century (1). In 1945, Grand 
Rapids, Michigan, became the first city 
in the world to adjust the level of fluo- 
ride ion in its drinking water to one 
part fluoride per 1 million parts water 
(1 ppm) (2). Since that historic mo- 
ment, fluoridation of public water sys- 
tems has been beneficial in controlling 
dental caries (2,3). It also has shown 
advantages over other forms of fluo- 
ride in regard to cost, delivery, safety, 
efficacy, and equity in the United 
States and elsewhere (4). By the end of 
1992, over 144 million Americans were 
served fluoridated water, including 62 
percent of those on public water sys- 
tems (5). 

Evidence suggests that the effec- 
tiveness, not efficacy, of communal 
water fluoridation has diminished 

over time. Early reviews of fluorida- 
tion studies reported between 1956 
and 1979 showed modal caries reduc- 
tions due to fluoridation of 50-60 per- 
cent in permanent teeth and 40-50 per- 
cent in primary teeth (3,6). Reports 
published between 1979 and 1989 
showed modal caries reduction of 
3040 percent in permanent teeth (3,7). 
It is surmised that the narrowing dif- 
ferences in caries experience between 
optimally fluoridated and nonfluori- 
dated communities are attributable to 
both the "diffusion" effect of water 
fluoridation and the "dilution" effects 
of other topical and systemic sources 
of fluoride (4,8). 

Tennessee began fluoridation of 
public water supplies on March 12, 
1951, when Milan became the first city 
in the state to fluoridate its water sup- 
ply (9). A five-year study compared 
the caries experience of 6-year-old Mi- 

lan children in 1956 with the same age 
cohort in 1951 (9). The reduction in 
permanent caries experience in 1956 
was 57 percent. The study also com- 
pared dental caries in6-year-old Milan 
children in 1956 with the same age 
cohorts in two neighboring nonfluori- 
dated Tennessee cities, Humbolt and 
Trenton. The reductions in dental car- 
ies experienced in permanent teeth 
among Milan children were 62 percent 
and 70 percent, respectively, com- 
pared to Humbolt and Trenton. The 
caries reduction in primary teeth (def) 
in Milan 6-year-olds as compared with 
Humbolt and Trenton 6-year-olds was 
36 percent and 47 percent, respec- 
tively. 

Today, 96 percent of Tennesseans 
on community water systems have ac- 
cess to optimally fluoridated water. At 
present, 362 water systems in the state 
supply fluoridated water to an esti- 
mated 4.7 million residents (10). Pre- 
fluoridation surveys conducted in 
nine Tennessee communities during 
1953 and the early part of 1954 and 
postfluoridation surveys conducted in 
1974,1979, and 1988 indicate that there 
had been a dramatic and continuous 
decline in dental caries among chil- 
dren. In the 34-year period from 1954 
through 1988, a 75 percent decline in 
dental caries (as measured by mean 
DMFT scores) in children 6-14 years of 
age occurred and has been attributed 
primarily to exposure of individuals to 
fluorides in various forms both topical 
and systemic (11-13). 

During the 1996-97 school year, 
dental staff of the Oral Health Services 
section of the Tennessee Department 
of Health conducted a cross-sectional 
survey to determine caries experience, 
dental treatment needs, sealant preva- 
lence, and incisor trauma among 
schoolchildren residing in 62 commu- 
nities in East Tennessee. Two previous 
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TABLE 1 
Demographic Profile of East Tennessee Communities by Fluoridation Status 

Number Number Free & Reduced Sealant on 
Fluoridation of of Lunch Permanent Age* 
Status Communities Children Participation* Dentition Caucasian* Male (Years) 

pp 

Fluoridated 31 10,495 9 . 5 %  22.6% 96.3% 52.0% 8.0 
Nonfluoridated 31 6,761 71.1% 23.0% 99.1 O/o 52.3% 8.2 

*P<.05. 

papers have reported findings from 
this survey (14,15). This paper com- 
pares dental caries experience in non- 
fluoridated communities (<0.3 ppm) 
with that of optimally fluoridated (1 
ppm) communities. 

Methods 
This geographic region of Tennes- 

see encompassed 15 counties and in- 
cluded 119 communities (i.e., a popu- 
lation living in an area served by a 
public elementary school). Communi- 
ties were stratified by geographic re- 
gion, fluoridation status of the public 
water supply (if present), socioeco- 
nomic status (SES) of the community 
measured by the proportion of chil- 
dren participating in the federally sub- 
sidized school lunch program, urbani- 
zation, and school enrollment. Based 
on these criteria, 62 communities were 
selected. The 31 communities classi- 
fied as "optimally fluoridated" re- 
ceived water from public water sys- 
tems that began adjusting fluoride lev- 
els prior to 1986. The data collection 
phase of the survey began in Novem- 
ber 1996 and ended in May 1997. 
Therefore, the fluoridated communi- 
ties had been optimally fluoridated for 
at least 11 years. 

The demographics of this region of 
Tennessee indicate that the communi- 
ties surveyed have had relatively sta- 
ble population bases in recent years 
and during the course of the survey 
with no appreciable fluctuations in 
populations besides random family 
migration into or out of the communi- 
ties. Between 1990 and 1996 there was 
less than a 3 percent increase in the 
5-11-year-old population in this geo- 
graphic area of the state (16). In these 
communities, practically all resident 
children attended the community 
school. 

In an effort to achieve the highest 
possible response rate, children par- 
ticipated in the dental survey as in a 

health screening, without individual 
parental consent. Instead, school offi- 
cials were asked to provide written 
notification in advance of the survey, 
giving parents the prerogative to ex- 
clude their children. Very few children 
were excluded due to parental objec- 
tion, absence from school, or lack of 
cooperation. Oral examinations were 
conducted on 17,256 children aged 
5-11 years, representing approxi- 
mately 93 percent of the children in 
selected schools. This survey was con- 
sidered to be a census of 5-11-year-old 
children residing in each community. 

One public health dentist, experi- 
enced in conducting oral 
epidemiologic surveys, examined all 
17,256 children. This examiner had 
been trained and calibrated in a pre- 
vious statewide oral survey that used 
similar diagnostic criteria. Intraex- 
aminer reliability was not measured in 
the current study. Children were ex- 
amined at school using a portable A- 
dec8 dental chair and RoluxB fiber 

optic light. Instruments were limited 
to #4 front-surface dental mirrors. No 
radiographs were made. The diagnos- 
tic criteria were comparable to those 
used in the 1988 oral health survey of 
schoolchildren in Tennessee (13) and 
to those originally adopted by the Car- 
ies Measurement Task Group, Confer- 
ence on Clinical Testing of Cariostatic 
Agents, sponsored by the American 
Dental Association in 1968 (17). The 
main departure from these criteria is 
that coronal caries in this survey was 
diagnosed by visual examina tion only. 
An explorer was not used in the detec- 
tion of caries (18J9). 

Measures of dental health included 
average community caries experience 
in the primary (dfs) and permanent 
(DMFS) dentitions and the proportion 
of children in the community without 
caries in the primary and permanent 
dentitions. Assessment of primary 
teeth included children aged 5-9 years 
and assessment of permanent teeth 
was conducted among children aged 

FIGURE 1 
Adjusted Means for Caries Experience by Fluoridation Status (P<.05) 

10 

dRr* DMFS' 
__ 

.FLUORIDATED ' 
BNON<LUORIDATED 



170 Journal of Public Health Dentistry 

FIGURE 2 
Adjusted Percentage of Caries-free Children by Fluoridation Status (Pe.05) 
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5-11 years. Further details regarding 
sampling, consent procedures, meas- 
ures, and protocols have been re- 
ported elsewhere (14,15). 

Data were aggregated at the com- 
munity level to represent the 62 com- 
munities. Analyses of covariance were 
wed to determine the relationship be- 
tween community fluoridation and 
caries experience, controlling for ef- 
fects of community SES, race, and age. 
The LSMEANS procedure in SAS was 
used to compute adjusted means. For 
aU analyses an alpha=.05 was used to 
test for statistical significance. Ninety- 
five percent confidence intervals are 
provided for all means. Because the 
analysis was at the community level, 
for all statistical tests the sample size 
was the number of communities 
(n=62), rather than the number of ex- 
aminees. 

Results 
Descriptive information provided 

in Table 1 indicates significant differ- 
ences in community socioeconomic 
status, race, and age by fluoridation 
status. There were no significant dif- 
ferences by sex or sealant prevalence. 

Community fluoridation status was 
sigruficantly related to dfs, DMFS, and 
the proportion of children who were 
caries free in their primary or perma- 
nent dentition. Figure 1 shows that 
caries experience was greater in pri- 
mary and permanent teeth in non- 
fluoridated communities. Nonfluori- 
dated communities had an average dfs 
score of 8.79 (95% CI=8.06,9.52) com- 

PERMANENT 

pared to 6.94 (95% CI=6.21, 7.67) in 
fluoridated communities. DMFS 
scores averaged 1.02 (95% CI=0.90, 
1.13) and 0.77 (95% CI=0.65,0.88), re- 
spectively. Caries levels in fluoridated 
communities were 21 percent lower in 
primary teeth and 25 percent lower in 
permanent teeth compared to caries 
levels in nonfluoridated communities. 

Community fluoridation status was 
also associated with the presence or 
absence of caries in both the primary 
and permanent dentitions. Figure 2 re- 
veals that percentage of children in 
fluoridated communities with a car- 
ies-free dentition was 19 percent 
higher in the primary dentition and 6 
percent higher in the permanent den- 
tition compared to nonfluoridated 
communities. The percentage of chil- 
dren in fluoridated communities with 
a caries-free primary dentition was 42 
percent (95% CI=39-44%) compared 
to 35 percent (95% CI=32-37%) in non- 
fluoridated communities. For the per- 
manent dentition, 78 percent (95% 
CI=76-80%) of children in fluoridated 
communities had no caries compared 
with 74 percent (95% CI=72-76%) in 
nonfluoridated communities. In sum- 
mary, communities with optimally 
fluoridated water supplies had lower 
caries levels and higher percentages of 
caries-free children, even when effects 
of SES, age, and race were controlled. 

Discussion 
Marked reductions in caries experi- 

ence among US children in recent dec- 
ades have made it difficult to establish 

statistically sigruficant reductions in 
caries due to water fluoridation alone. 
Widespread exposure to other types of 
fluoride in dentifrices, dietary fluoride 
supplements, professionally applied 
topical fluoride products, school- 
based fluoride mouthrinses, over-the- 
counter individual home rinses, as 
well as in foods and beverages also 
make it difficult to isolate the protec- 
tive effect of water fluoridation (7,20). 

By design, this survey precluded in- 
dividual fluoride histories or continu- 
ous residency histories. Participation 
in the survey was based upon parental 
notification rather than individual 
consent. The consent procedure re- 
sulted in a sample that was a census of 
the target population. An advantage 
to this method was that a higher re- 
sponse rate was achieved, which re- 
sulted in a more representative esti- 
mate of caries experience. A limitation 
of the study was that individual infor- 
mation such as fluoride history and 
length of residency could not be ob- 
tained. 

The accuracy of individual fluoride 
histories-which rely upon parents’ 
recall of their child’s exposure to topi- 
cal or systemic fluoride products at 
home, school, or the dental office-is 
suspect. It becomes even more am- 
biguous when one factors in family 
migration into or out of fluoridated 
and nonfluoridated communities. 
Nevertheless, oral health surveys that 
attempt to determine the efficacy of 
water fluoridation should include, if 
possible, a record of continuous or 
long-term residency and a history of 
fluoride therapy to control for con- 
founding factors that can affect study 
findings. 

This study presents findings at the 
community level that suggest water 
fluoridation continues to have sub- 
stantial dental benefits. Marked differ- 
ences in caries experience between 
fluoridated and nonfluoridated com- 
munities were observed in both pri- 
mary and permanent dentitions. Be- 
cause questions have been raised re- 
cently regarding the differences in 
caries levels one might expect between 
fluoridated and nonfluoridated com- 
munities, the authors thought it was 
important to report more recent esti- 
mations. 

Although these findings do not im- 
ply causality, they do indicate that 
water fluoridation is still a very impor- 
tant public health measure. Morma- 
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tion gleaned from this study and oth- 
ers comparing caries experience in 
fluoridated and nonfluoridated com- 
munities will be used to promote, de- 
fend, and maintain national, state, and 
local fluoridation initiatives. 
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