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Abstract

Objective: This paper reports findings for dental caries and dental fluorosis in
8-10- and 13-16-year-old schoolchildren who were lifelong residents of commu-
nities having either naturally occurring low (Broken Bow and Holdrege, NE; <0.3
ppm) or optimal (Kewanee, IL; 1 ppm) levels of fluoride in drinking water.
Methods: Findings are reported for participants who received both dental caries
and dental fluorosis examinations (n=495). The DMFS and TSIF indices, respec-
tively, were used to assess dental caries and dental fluorosis. Results: The mean
DMFS score adjusted for age, sealant presence, and fluoride use was significantly
lower in Kewanee (1.8) than was the adjusted mean caries score in either
Holdrege (2.9) or Broken Bow (3.6). Adjusted mean DMFS scores in Broken Bow
and Holdrege were not statistically different. The mean percent of flucrosed tooth
surfaces per person, adjusted for age and use of dietary fluoride supplements,
was similar in the three communities (approximately 15%); more than 80 percent
of tooth surfaces in all participants were fluorosis-free. Conclusions: Findings
from the present study suggest that water fluoridation still is beneficial and that
dental sealants can play a significant role in preventing dental caries. In addition,
findings from this survey appear to support the premise that the difference in
dental fluorosis prevalence between fluoridated and nonfluoridated communities
has narrowed considerably in recent years. [J Public Health Dent 1998;58(1).28-
35)

Key Words: dental caries, dental fluorosis, mottled enamel, fluoride, water fluori-
dation.

Over the past few decades, a sub-
stantial decline in dental caries has oc-
curred among children in the United
States and several other industrialized
countries (1-6). Fluoride has been rec-
ognized as the single most influential
factor responsible for the observed de-
cline in caries in children as well as
adults (7-9). Beginning in the 1980s,
growing concern has been voiced re-
garding the effect on dental fluorosis
of increased consumption of fluoride
from a number of sources in both
fluoridated and nonfluoridated com-
munities (2,10-12). Although dental
fluorosis remains more prevalent in
fluoridated than nonfluoridated com-

munities, it has increased proportion-
ally more in nonfluoridated than
fluoridated communities over the past
five or six decades (11,13).

In April 1980 and 1985, staff of the
National Institute of Dental Research
(NIDR) conducted cross-sectional sur-
veys of dental caries and dental
fluorosis among schoolchildren resid-
ing in seven communities in western
Tllinois that had optimal or above-op-
timal concentrations of naturally oc-
curring fluoride in their drinking
water. In 1982, a similar survey of den-
tal caries and dental fluorosis was car-
ried out in a group of communities in
lowa that had negligible levels of fluo-

ride in their community water sup-
plies. Four reports of findings from
those surveys have been published
(14-17).

The continued availability in 1990
and relative sociodemographic stabil-
ity of the same Illinois communities
provided a unique opportunity to con-
duct a comparable follow-up survey;
however, the communities surveyed
in Jowa in 1982 no longer were acces-
sible. Because water fluoride concen-
trations in the Jowa communities had
been adjusted upward since 1982, it
was necessary to identify alternative
communities having negligible water
fluoride levels. Two rural communi-
ties in Nebraska met the criteria for the
comparison and their school officials
agreed to participate in the survey.
Like the Illinois communities, the two
Nebraska communities were small,
rural Midwestern towns. Each had a
per capita income of approximately
$15,000, an agricultural economy, the
same number of local dental practitio-
ners, and similar percentages of high
school graduates entering college.

A recently published paper pre-
sented findings for dental caries and
dental fluorosis in the lllinois commu-
nities surveyed (18). The report com-
pared findings in 1990 with those ob-
tained during two earlier surveys in
1980 and 1985. The purpose of the pre-
sent study was to assess the preva-
lence of dental caries and dental
fluorosis in the nonfluoridated com-
munities (water fluoride levels <0.3
ppm) of Broken Bow and Holdrege,
Nebraska, and in the naturally fluori-
dated community (1 ppm) of Ke-
wanee, Illinois. We anticipated that
the survey would provide information
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regarding the relative effect of water
fluoridation on dental caries and den-
tal fluorosis in communities having
either low or optimal levels of fluoride
in drinking water. This paper reports
findings for dental caries and dental
fluorosis from the 1990 NIDR exami-
nation of schoolchildren in the two
Nebraska communities, as compared
with Kewanee, Illinois.

Methods

Written parental permission to par-
ticipate in the study was obtained for
all subjects. Procedures followed were
in accord with the ethical standards of
the NIDR committee on human ex-
perimentation. The study design and
methodology for this 1990 follow-up
investigation in Illinois and Nebraska
have been described in the aforemen-
tioned publications (14-18); however,
for the reader’s convenience a brief
review follows.

This study utilized a convenience
sample of age-specific children and
youth invited to participate in the ex-
amination. The number of students
from Kewanee participating in the
1990 examination (260) included 93
students in the older age group who
were examined in 1985. These stu-
dents comprised 59.6 percent (93/156)
of the 8- to 10-year-olds examined in
1985. The other children in the study—
younger aged children in Broken Bow,
Holdrege, and Kewanee and older
youngsters residing in the two Ne-
braska communities — comprised
fewer than 50 percent of students
available at each age or grade level.
Lack of parental consent accounted for
the majority of students precluded
from participating in the study; a
smaller number of students were
eliminated from the investigation be-
cause they had not lived in their re-
spective communities on a continuous
basis since birth. Information describ-
ing demographic and other charac-
teristics of nonrespondents was not
available.

Clinical Examinations. Findings
are reported for children 8-10 years of
age and adolescents 13-16 years of age
who received both a dental caries ex-
amination and a dental fluorosis ex-
amination (n=495). All participants
aged 8-10 and 13-16 years met this
requirement. Examinations took place
in schools attended by the study par-
ticipants. Because of scheduling con-
siderations, examinations of children

residing in Broken Bow and Holdrege
were conducted in April 1990,
whereas examinations of children in
Kewanee took place in October 1990.
Portable dental chairs, artificial lights,
number 23 explorers, and plane sur-
face mouth mirrors were used. Radio-
graphs were not taken.

Dental fluorosis was assessed ac-
cording to the Tooth Surface Index of
Fluorosis (TSIF) (14). The TSIF was ap-
plied by the same two NIDR dentists
who had made these assessments dur-
ing the earlier surveys in 1980 and
1985. Each dentist examined approxi-
mately half of the children. Replicate
examinations to assess interexaminer
reliability were conducted for 70 chil-
dren (about 12% of the study popula-
tion from each of four fluoride-level
categories comprising the Illinois com-
munities). Assessment of examiner re-
liability was conducted in the Illinois
study population because of the antici-
pated higher prevalence of dental
fluorosis, as compared with the study
population in Nebraska. Scores for all
tooth sites showed observed agree-
ments of 79.4 percent and 87.5 percent,
respectively, depending on whether
agreement was determined by using
the entire TSIF scale or on the less
rigorous criterion of fluorosis versus
no fluorosis. The corresponding
kappa values were 0.54 and 0.69, rep-
resenting moderate and substantial
agreement, respectively (19). The ma-
jority of the disagreements occurred at
the low end of the TSIF scale and, as
with many health indices, the distinc-
tion between no dental fluorosis and
the mildest form was the most diffi-
cult. Based on the aforementioned
level of agreement observed during
duplicate examinations, the investiga-
tors combined the fluorosis findings
from the two examiners for the pur-
pose of data analysis.

The caries experience of each child
was determined by an NIDR dentist,
utilizing the decayed, missing, and
filled surface index (DMFS index).
This examiner had applied the index
on numerous occasions in the past
during other surveys and clinical tri-
als. The criteria used for diagnosing
dental caries were those developed at
the ADA’s Conference on Clinical
Testing of Cariostatic Agents in 1968
(20). This examiner also determined
the presence of dental sealants.

Fluoride History. Each partici-
pant’s history of fluoride exposure
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was obtained from parents in a written
questionnaire attached to the parent
consent form. Information regarding
the source of drinking water, type of
toothpaste used currently and before
the age of 6, use of dietary fluoride
supplements, and receipt of profes-
sionally applied fluoride treatments
was requested. A number of children
in the Nebraska communities (n=76)
received their drinking water from
private wells. To confirm that the
drinking water contained negligible
concentrations of fluoride, specimens
were obtained from a random sample
(62%) of wells in Broken Bow and
Holdrege, and tested using a fluoride-
sensitive electrode (Orion Research,
Inc.).

Data Analysis. Differences in mean
DMFS scores of participants by com-
munity were tested for statistical sig-
nificance using the least square means
option under the SAS general linear
models procedure (21). The chi-square
test of homogeneity was used to com-
pare differences in the prevalence of
dental sealants among the communi-
ties and differences in responses to
questions regarding the participants’
fluoride histories (22). For dental
fluorosis, the primary subject-based
summary measure used in the statisti-
cal analyses consisted of the percent-
age of fluorosed surfaces per subject.
Mean scores for this variable (MPFS)
were computed for subjects in the
three communities. Fixed effects
ANOVA models were used to make
comparisons among the subgroups.
The LSMEANS procedure in SAS,
which adjusts the group means for
confounders present in the model, was
used to compare adjusted means for
statistical significance (21). For indi-
vidual comparisons, an o=.02 value
was used to control the overall experi-
mentwise Type I error rate as a com-
promise between the more stringent
Bonferroni o./k value and the unad-
justed 0=.05 value. This procedure ad-
justs for multiple comparisons, but re-
tains the property of better power for
conducting individual comparisons
(23). All levels of significance reported
are calculated P-values.

Because of the small number of high
school participants in Holdrege, den-
tal caries and dental fluorosis data
have been combined for younger and
older age groups in all three commu-
nities studied. Distributions of TSIF
scores, however, are reported sepa-
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rately for children and adolescents.
Both DMFS and MPFS scores have
been adjusted for age differences
among the study participants in the
three communities. In addition, com-
parisons of DMFS and MPFS scores
have been adjusted for differences
among the three communities in re-
ported use of dietary fluoride supple-
ments; comparisons of DMFS scores
also have been adjusted for differences
in the presence of sealants and use of
professionally applied, topical fluo-
ride.

Results

The 1990 study populationincluded
318 schoolchildren aged 8-10 years
and 177 aged 13-16 years who had
lived continuously in their respective
communities since birth (Table 1). The
mean ages of the younger and older
groups of children were 9 years 2
months and 14 years 8 months, respec-
tively. For logistic reasons, examina-
tions in Kewanee and the other Illinois
communities took place in the fall
rather than the spring as they had in
the two Nebraska communities. Nev-
ertheless, at the time of the 1990 exami-
nation, children in Kewanee were on
average only about one month older
than their sampled counterparts in the
Nebraska communities.

Children in Kewanee had always
used the community water supply as
their primary source of drinking
water. Children in Broken Bow and
Holdrege received their drinking
water from public sources (< 0.3 ppm
fluoride) or private wells. A randomly
selected sample (n=47) of 76 private
wells used by children residing in Ne-
braska revealed that fluoride concen-
trations were low (<0.25 ppm F) and
varied within a narrow range.

Dental Caries and Dental Sealants.
Figure 1 shows the percentage of per-
sons who were caries-free in the per-
manent dentition and the percentage
of persons having one or more dental
sealants by community. The percent-
age of children caries free in the per-
manent dentition varied from 25.2 per-
cent and 39.8 percent, respectively, in
the communities of Broken Bow and
Holdrege, to 51.9 percent in Kewanee.
Whereas the percentages of partici-
pants having any dental sealants in
Broken Bow (7.5%) and Kewanee
(6.5%) were low, over half of the par-
ticipants in Holdrege (53.9%) had at
least one sealant present (P<.001).

Table 2 provides a comparison of
DMFS mean scores for participants
aged 8-10 years and 13-16 years in
Kewanee and the two Nebraska com-
munities, Broken Bow and Holdrege.
Multivariable-adjusted mean scores
have been contrasted. The combined
DMFS mean score for participants re-
siding in the two Nebraska communi-
ties (3.3) was significantly higher than
the DMFS mean score for Kewanee
(1.8) participants. The associated 98
percent confidence interval for the dif-
ference as shown is [0.76, 2.30].

Further analysis (Table 2) revealed
that the DMFS mean score for Broken
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Bow participants (3.6), as well as the
DMFS mean score for Holdrege par-
ticipants (2.9), were significantly
higher than was the 1.8 DMFS mean
score for Kewanee youngsters. The as-
sociated 98 percent confidence inter-
vals for the differences in mean caries
scores are [0.93, 2.79] and [0.21, 2.13],
respectively. Mean caries scores in
Broken Bow and Holdrege statistically
were similar. The associated 98 per-
cent confidence interval was [-0.45,
1.83].

An assessment of caries findings
was conducted for mean caries scores
(decayed surfaces or DS), mean

TABLE 1
Demographic Profile of Lifelong Residents of Communities Having Low or
Optimal Levels of Fluoride in Drinking Water, 1990

Continuous Residents

Water
Fluoride No. of 8-10 13-16

Community Concentration  Sex Participants ~ Years Old Years Old
Kewanee, IL 1 ppm M 131 86 45
F 129 81 48
Holdrege, NE <0.3 ppm M 58 54 4
F 70 50 20
Broken Bow, <0.3 ppm M 48 22 26
NE F 59 25 34
Total 318 177

FIGURE 1

Percent of Persons Caries Free and Percent of Persons Having Dental Sealants,

Percent

60
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TABLE 2
Comparisons of Mean DMFS Scores for All Participants in Kewanee, Broken Bow, and Holdrege, 1990
Age-adjusted Multivariable- % 98% Confidence Interval for Difference in§
Mean No. adjusted Mean No. Increase Multivariable-adjusted Means
from

Communities n DMFS (SE)* DMFS (SE)t KE} BB HO BB & HO
Kewanee 260 19 (.20) 1.8 (22 — (093, 2.79) (0.21,2.13) (0.76, 2.30)
Holdrege 128 2.6 (29) 29 (.35) 61.1 (-0.45,1.83)1
Broken Bow 107 3.7 (.31 3.6 (.39 100.0
Broken Bow & 235 3.1 (22) 33 (29 83.3

Holdrege

*Mean DMFS scores have been age-adjusted; numbers in parentheses are standard errors of mean.

tMean DMFS scores have been adjusted for age, sealant presence, reported use of dietary fluoride supplements, and reported use of professionally
applied topical fluoride (n=485).

{Percent increase in multivariable-adjusted mean DMFS score; communities: KE=Kewanee (optimal water fluoridation); HO=Holdrege (<0.3 ppm
F); BB=Broken Bow (<0.3 ppm F).

SThe first three (1-0)100 confidence intervals presented are for the difference in multivariable-adjusted mean DMFS scores between KE and BB, KE
and HO, and between KE and BB & HO, respectively.

910100 confidence interval for difference in multivariable-adjusted mean DMFS scores between HO and BB.

TABLE 3
Comparison of Mean DMFS Scores for All Participants by Tooth Surface Type and Community, 1990
Community* (n) P-values for Contrasts
Mean DMFS Score KE (260) HO (128) BB (107) KE vs HO KE vs BB HOvs BB
Occlusal surfaces 1.2t (1D% 1.3 (.16) 2.2(18) 0.570 0.0008 0.0008
Buccolingual surfaces 0.6 (.08) 1.1 (12) 1.2(.13) 0.0028 0.0008 0.476
Approximal surfaces 0.1 (.05) 0.3 (.08) 0.3 (.09) 0.092 0.145 0.911

*Communities: KE=Kewanee (optimal water fluoridation); HO=Holdrege (<0.3 ppm F); BB=Broken Bow (<0.3 ppm F).
tMean DMFS scores have been age-adjusted.
gNumbers in parentheses are standard errors of the mean.

Significant, P<.02.

TABLE 4
Percent Distribution of TSIF Scores for Participants by Age Group and Community, 1990

% Distribution of TSIF Scores

No. of No. of % Surfaces*

Community (Water Fluoride Level) Children Surfaces 0 1 2 3 4-7 Fluorosed
Participants 8-10 years of age (age group 1)

Kewanee (optimal water F) 167 4,867 814 144 28 1.3 0.0+ 185

Holdrege (<0.3 ppm F) 104 2,956 81.7 126 34 23 0.1 18.4

Broken Bow (<0.3 ppm F) 47 1,424 823 15.2 2.2 03 0.0 17.7
Participants 13-16 years of age (age group 2)

Kewanee 93 6,203 85.0 13.1 1.6 0.3 01 15.1

Holdrege 24 1,447 97.9 1.9 0.2 0.0 0.0 21

Broken Bow 60 3,748 90.9 8.1 0.7 04 0.0 9.2

*Percent surfaces fluorosed across all subjects.
tTwo surfaces were affected.
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TABLE 5
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Mean Percent of Fluorosed Tooth Surfaces per Person for All Participants by Community, 1990

98% Confidence Interval*

Age-adjusted Bivariable- for Difference in
Mean % of  adjusted Mean Bivariable-adjusted Means
No. Fluorosed % of Fluorosed
Community (Water Fluoride Level) Participants ~ Tooth Surfaces Tooth Surfaces  Broken Bow Holdrege
Kewanee (optimal water F) 260 16.7 17.6 (=011, .101) (-.003, .109)
Holdrege (<0.3 ppm F) 128 13.6 12.3 (-057, .073) —
Broken Bow (<0.3 ppm F) 107 13.8 13.1 — —

*(1-0100 confidence interval for difference in mean MPFS scores between communities, adjusted for age and reported use of dietary fluoride

supplements (n=493).
TABLE 6
Summary of Parental Response for Each Participant’s History of Fluoride Exposure,
Illinois and Nebraska Communities, 1990
Response (%) P-value for % Diff.

Question Kewanee Holdrege Broken Bow Between BB and HO*
What kind of toothpaste did your child use before age 6?

Fluoride toothpaste 86.9 929 84.1 0.095

Nonfluoride toothpaste/no toothpaste 54 3.9 7.5

Don’t know 7.7 32 84
What kind of toothpaste does your child currently use?

Fluoride toothpaste 97.7 98.4 943 0.090

Nonfluoride toothpaste/no toothpaste 23 1.6 57
Has your child ever received Rx flucride drops and /or tablets?

Yes 39 53.2 365 0.011t

No 96.1 46.8 63.5
Has your child ever received fluoride treatments, such as liquids or gels, at the dentist’s office?

Yes 29.3 77.0 624 0.016%

No 70.7 23.0 37.6

*BB=Broken Bow, HO=Holdrege.
tChi-square analysis, significant, P<.02.

number of missing tooth surfaces
(MS), and mean filled scores (filled
surfaces or FS) for participants by
community of residence. The mean
DS, MS, and FS scores were adjusted
for differences in age among the three
communities. In all three communities
the mean numbers of missing tooth
surfaces (MS) were small and similar
(0.1 surfaces). The mean DS score in
Broken Bow (1.6) was significantly
higher than the mean DS score ob-
served in either Holdrege (1.0; P=.004)
or Kewanee (0.8; P=.000). Mean DS
scores in Holdrege and Kewanee were
similar (P=.284). The mean FS scores in
Holdrege (1.6) and either Broken Bow
(2.1) or Kewanee (1.0) were similar
(P2.037); however, the mean FS score

in Broken Bow was significantly
higher than the mean score observed
in Kewanee (P=.000).

An additional assessment of caries
findings was conducted for mean
DMFS scores by tooth surface typeand
community (Table 3). The mean caries
score on occlusal surfaces of partici-
pants residing in Broken Bow (2.2
DMFS) was significantly higher than
the mean score for participants from
either Holdrege (1.3 DMFS) or Ke-
wanee (1.2 DMFS; for both compari-
sons, P<.001). The mean caries score
on buccolingual surfaces of Kewanee
youngsters (0.6 DMFS) was signifi-
cantly lower than the mean score of
participants residing in either
Holdrege (1.1 DMFS; P=.002) or Bro-

ken Bow (1.2 DMFS; P<.001). Mean
caries scores on approximal surfaces
of participants from all three commu-
nities were small (less than one-third
DMEFS) and similar.

Dental Fluorosis. Table 4 shows the
percent distribution of TSIF scores on
permanent tooth surfaces across all
subjects for children aged 8-10 years
(age group 1) and 14-16 years (age
group 2). The TSIF data have not been
age-adjusted because the variation of
dental fluorosis scoresin each commu-
nity within age grouping was insig-
nificant (P=.812 and P=.352, respec-
tively, for the younger and older age
groups). Because the percentages of
TSIF scores 4 through 7 are relatively
small or zero, these scores have been
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combined. Scores in categories 1-3
represent various degrees of whitish
discoloration, whereas scores of 4-7
reflect the more generally undesirable
sequelae of staining, pitting, or both
(15). For children from all three com-
munities in age group 1, slightly more
than 80 percent of the TSIF surface
calls indicated no dental fluorosis pre-
sent. Of those affected surfaces, a ma-
jority showed whitish discoloration
involving less than one-third of the
tooth surface (a score of 1). Only four
tooth surfaces received scores higher
than 3 and none exceeded a score of 5.

For adolescents in age group 2 (Ta-
ble 4), in both Broken Bow and
Holdrege more than 90 percent of the
TSIF surface scores recorded indicated
the absence of dental fluorosis; in op-
timally fluoridated Kewanee, 85 per-
cent of TSIF scores were zero. As was
observed for the 8-10-year-olds, most
of the affected surfaces found showed
whitish discoloration involving less
than one-third of the tooth surface (a
score of 1). Again, only a few tooth
surfaces (n=3) received scores greater
than 3 and none were higher than a
score of 5.

Table 5 presents the mean percent-
age of fluorosed surfaces per subject,
or MPFS score. For all participants
8-10 and 13-16 years of age, mean
MPFS scores, adjusted for differences
in age and reported use of dietary fluo-
ride supplements, in Kewanee
(17.6%), Holdrege (12.3%), and Broken
Bow (13.1%) were similar (98% CI).

History of Fluoride Exposure. Pa-
rental responses to questions concern-
ing their children’s history of fluoride
exposure through the use of fluoride-
containing toothpaste, fluoride tab-
lets/drops, or professionally applied
fluoride liquids or gels are summa-
rized in Table 6. In each of the three
communities surveyed, the percent-
age of participants reported to have
used fluoride-containing toothpaste
before the age of 6 was high (for all
communities, use 284%). No differ-
ence could be detected in the reported
use of fluoride-containing toothpaste
before age 6 among Broken Bow and
Holdrege participants (P=.095). Also,
a large majority of participants from
all three communities were reported
to have used fluoride-containing den-
tifrice within the “current” time frame
of the study (use 294%). Again, no
differences were observed in the re-
ported current use of fluoride-contain-

ing toothpaste among participants re-
siding in Broken Bow and Holdrege
(P=.090). A significantly smaller per-
centage of participants residing in Bro-
ken Bow than in Holdrege were re-
ported to have ever received fluoride
tablets/drops or professionally ap-
plied fluoride treatments (for each
procedure, P=.011 and .016, respec-
tively).

Discussion

The intent of this study was to ex-
amine the relative effect of water
fluoridation on dental caries and den-
tal fluorosis among communities hav-
ing either low or optimal levels of fluo-
ride in drinking water. The two Ne-
braska communities, Broken Bow and
Holdrege, were selected for inclusion
in this study based upon the assump-
tion that they shared a number of simi-
lar characteristics, including the level
of fluoride exposure of residents. Each
community was known to have a neg-
ligible concentration of fluoride in the
public water supply (<0.3 ppm F),and
both were small, rural midwestern
towns with similar economic bases
and sociodemographic population
characteristics. No reasons were evi-
dent fo expect any differences in the
communities that would influence dif-
ferentially the prevalences of dental
caries and dental fluorosis. The results
of this investigation, however, demon-
strate that study participants from the
two Nebraska communities were
quite different with respect to oral
health-related factors other than the
concentration of fluoride in the drink-
ing water.

Although the relative effectiveness
of water fluoridation continues to be
questioned (24,25), findings from the
present study suggest that it still is
beneficial. Multivariable-adjusted
mean caries scores for Broken Bow
and Holdrege participants (exposed to
low water fluoride levels) were sub-
stantially higher (100% and 61%, re-
spectively) than the overall mean car-
ies score for Kewanee participants (ex-
posed to an optimal water fluoride
level). The difference in mean caries
scores between Kewanee and Broken
Bow likely reflects the benefit of water
fluoridation as compared with the use
of dietary fluoride supplements and
professionally applied fluoride treat-
ment because the prevalence of dental
sealants in the two communities was
similar. The difference in mean caries
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scores between Broken Bow and
Holdrege likely is due primarily to
dental sealants for the following rea-
sons. The two communities had simi-
lar concentrations of fluoride in the
drinking water. The one surface differ-
ence (statistically significant, P=.015)
in age-adjusted mean caries scores ob-
served between the two communities
remained after adjusting for age, use
of dietary fluoride supplements, and
receipt of professionally applied fluo-
ride treatments (P=.020). Dental caries
scores in occlusal surfaces of Broken
Bow participants were about one sur-
face higher than were caries scores in
occlusal surfaces of Holdrege partici-
pants. In addition, the observed caries-
preventive benefit from exposure to
drinking water containing an optimal
concentration of fluoride was greater
(2.0-fold and 1.6-fold differences in
mean DMFS scores between Kewanee
and Broken Bow, and Kewanee and
Holdrege, respectively), as compared
with individualized, disease-preven-
tive strategies (1.2-fold difference in
mean DMFS scores between Holdrege
and Broken Bow).

These findings suggest that replace-
ment of other fluoride therapies by
community water fluoridation prob-
ably will have a greater public health
impact than the alternative of adding
dental sealant placement to existing
programs providing dietary fluoride
supplements and professionally ap-
plied fluoride treatments. The best op-
tion, however, would be to combine
community water fluoridation with a
dental sealant program. The findings
from this study, however, might un-
derestimate the beneficial effects of
water fluoridationin caries prevention
because of the possible extension of
the benefits of optimally fluoridated
drinking water to residents of the fluo-
ride-deficient communities through
consumption of foods and beverages
processed elsewhere with fluoridated
water (26).

A small number of participants
were excluded from the analyses of
differences in multivariable-adjusted
mean caries scores {(n=10) and in bi-
variable-adjusted mean MPFS scores
{(n=2) because complete data were un-
available for sealant presence, use of
dietary fluoride supplements, or use
of professionally applied, topical fluo-
ride applications. Their absence from
the data base, however, did not ad-
versely effect caries and fluorosis find-
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ings since age-adjusted DMFS and
MPFS mean scores remained the same
whether or not the 10 youngsters were
included in the caries analyses.

MPFS scores reported in this study
were combined for younger and older
participants because the number of
high school participants from
Holdrege was small (n=24). It would
have been preferable to have had a
large enough sample of older young-
sters from the Holdrege community to
have conducted a more complete
analysis by age subgrouping.

A number of scientific reports have
shown that the relationship between
dental caries and water fluoride con-
centration is not as clear today as it has
been in the past (11,24,26-28). Resi-
dents of communities that once were
designated as “nonfluoridated” be-
cause of the lack of optimal levels of
fluoride in drinking water often now
receive significantamounts of fluoride
from other sources, such as fluoride-
containing toothpaste, dietary fluo-
ride supplements, and foods and bev-
erages processed in fluoridated com-
munities (11,24,26-32). Although in
the present investigation significant
differences were reported in the use of
dietary fluoride supplements and re-
ceipt of professionally applied fluo-
ride treatments by Broken Bow and
Holdrege study participants, the one
surface difference (P=.015) in age-ad-
justed mean caries scores observed be-
tween Broken Bow (3.7 DMFS) and
Holdrege (2.6 DMFS) remained after
adjusting for age and use of the afore-
mentioned fluoride therapies
(P=.020). There are two important
limitations to this analysis. First, data
regarding use of these fluoride thera-
pies relied on parents’ recall of past
events that may not have been totally
accurate. Second, the dosage schedule
followed by each child for dietary fluo-
ride supplementation and the level of
compliance are unknown. In future
surveys of dental caries and dental
fluorosis, information regarding
sources of fluoride exposure should be
validated.

As dental caries in permanent teeth
has become predominately a disease
of the pits and fissures in both fluori-
dated and nonfluoridated communi-
ties (33), dental sealants can provide
additional protection for pit and fis-
sure surfaces beyond that afforded by
fluoride therapy alone (34,35). Fluo-
rides provide their greatest relative

protection to smooth tooth surfaces;
however, because pit and fissure le-
sions are the most prevalent caries
type, the greatest absolute benefit of
fluoride therapy accrues to the pitand
fissure surfaces (36). Findings from the
present survey suggest that dental
sealants likely contributed substan-
tially to the reduced caries levels ob-
served in occlusal surfaces of partici-
pants from Holdrege in comparison
with their peers from Broken Bow. The
mean caries score in occlusal surfaces
of participants residing in Holdrege
was significantly lower than the mean
score in occlusal surfaces observed for
participants from Broken Bow (Table
3). In addition, the one surface differ-
ence in overall mean DMFS scores
(age-adjusted) observed between Bro-
ken Bow and Holdrege did not remain
after adjusting for age and sealant
presence (P=.19). A comparison of
mean number of decayed surfaces
(DS), mean number of missing tooth
surfaces (MS), and mean number of
filled surfaces (FS) by community in-
dicates that there were no apparent
differences in levels of restorative care
(mean FS scores) provided to partici-
pants from Holdrege or Broken Bow
(or Kewanee); rather, the observed dif-
ference in caries experience between
Broken Bow and Holdrege (or Ke-
wanee) was reflected in the larger
number of untreated carious lesions in
Broken Bow participants.

In comparison with studies under-
taken in past decades, the differencein
fluorosis prevalence between fluori-
dated and nonfluoridated communi-
ties has narrowed considerably (25).
Findings from the present survey ap-
pear to support this premise. The
mean percentage of fluorosed tooth
surfaces per person for all participants
in the three communities was similar,
about 15 percent. Also, in each of the
three communities, more than 80 per-
cent of tooth surfaces were fluorosis-
free in both age groups; of the rela-
tively small percentage of tooth sur-
faces affected with dental fluorosis,
most showed minimal levels of whit-
ish discoloration (Tables 4 and 5).

Since the 1980s, there has been a
growing concern that the ingestion of
fluoride from multiple sources in both
fluoridated and nonfluoridated com-
munities has increased significantly,
and that this may have caused a con-
comitant increase in the prevalence of
dental fluorosis (10,12,37). In non-
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fluoridated and optimally fluoridated
areas, reports of higher prevalences of
dental fluorosis through the 1980s
have been confined mainly to the
milder levels (categories) of the condi-
tion (13). Many investigators have
concluded that the use of fluoride sup-
plements during the first six years of
life increases the risk of dental
fluorosis (32). Yet, their overall contri-
bution to the increase in the preva-
lence of dental fluorosis may be less
than that attributed to water fluorida-
tion and fluoride-containing tooth-
paste because their use usually is more
limited and shorter in duration (32).

Stephen et al. (38) have suggested
that study results assessing the asso-
ciation between the use of dietary fluo-
ride supplements and dental fluorosis
may be influenced by participants’ in-
gestion of other sources of fluoride. A
few studies have been reported in
which the investigators found no rela-
tion between the use of dietary fluo-
ride supplements and dental fluorosis
(29,38,39). For the latter studies, how-
ever, the lack of a significant associa-
tion between dietary fluoride supple-
ment use and dental fluorosis could
have resulted from such influences as
poor patient compliance with the rec-
ommended dietary fluoride regimen
or commencement of supplement
utilization after the critical period of
tooth formation. Results of the present
study suggest that, although the more
prevalent use of dietary fluoride sup-
plements in Holdrege may have con-
tributed to reduced caries levels
among its residents, this source of
fluoride was not associated with a sig-
nificant increase in the prevalence of
dental fluorosis over that detected in
residents of the other community hav-
ing a low water fluoride level and a
significantly lower use of dietary fluo-
ride supplements (dental caries scores,
Table 2; MPFS scores, Table 5; fluoride
history, Table 6).

Survey findings for dental fluorosis
in Kewanee (optimal concentration of
fluoride in drinking water) and Bro-
ken Bow and Holdrege (low levels of
fluoride in drinking water) suggest
that dental fluorosis may not be a pub-
lic health problem in these communi-
ties. Greater than 80 percent of tooth
surfaces were diagnosed as fluorosis
freein older as well as younger partici-
pants; of those surfaces affected, the
majority showed whitish discolora-
tion involving less than one-third of
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the tooth surface (Table 4). The ulti-
mate determination, however, of the
aesthetic impact of observed dental
fluorosis rests with the residents of the
communities. Reports of studies that
assessed dental caries and dental
fluorosis in populations within Nova
Scotia, Canada (28), and Antigua,
West Indies (40), showed that exam-
ined children (having distributions of
fluorosed tooth surfaces similar to
those of the present study) did not
perceive any esthetic problem with
dental fluorosis. Recent reports of in-
creased dental fluorosis, particularly
in nonfluoridated areas, however, un-
derscore the need to conduct studies
designed to gain knowledge regard-
ing public perceptions and degree of
concern related to dental fluorosis
(13,41).
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