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Aims To assess the prevalences of caries, of developmental
defects of enamel and their interrelationship in Brazilian
9–10-year-olds from areas of contrasting fluoridation histories. 
Methods Systematic random sampling procedures were used
to select children from an area where water had been fluoridated
in 1963 and from a second area where water had been fluoridated
since 1998.  Clinical examinations for caries were carried out
using the DMFT index and WHO diagnostic criteria.
Developmental defects of enamel on upper incisors were
diagnosed using the DDE index. 
Results A difference of 40% in DMFT was observed, with a
lower prevalence of disease in the area fluoridated since 1963.
Diffuse opacities affected 14.3% of the children from the area
fluoridated since 1963 compared with only 2.4% in the area
fluoridated in 1998. Children living in the area fluoridated in
1963 who had diffuse defects had twice the chance of being free
from caries compared with those living in the same area who had
no defects or who had only demarcated or hypoplastic defects. 
Conclusions This study confirms previous ones in showing the
benefits of water fluoridation.  Diffuse opacities of upper incisors
affected relatively few subjects in either of the two areas. 

Irregularities and abnormalities of dental enamel have been asso-
ciated with a very wide spectrum of aetiological factors including

systemic, genetic, local and environmental conditions. Studies have
shown that the prevalence of children with teeth affected by enamel
defects increases in the presence of increased exposure to fluo-
ride.1–5 In the great majority of cases and in the absence of very
high levels of water fluoride these are very mild in nature.

Knowledge of the epidemiology of enamel defects is important
in order to provide basic information within a community or
country and between countries.  It is also important since it may
contribute to the assessment and monitoring of environmental or
systemic factors and to detecting possible aetiological factors
responsible for the occurrence of the enamel defects.  

Uniformity and standardisation of methodology and reporting
data in order to permit valid comparisons is essential. A variety of

indices have been introduced to measure enamel defects. Some of
these rest on the assumption that defects resulting from excessive
fluoride intake may be differentiated clinically but others are purely
descriptive. The FDI World Dental Federation introduced a
descriptive index, the Developmental Defects of Enamel index
(DDE index).6 In its original form this proved cumbersome and
difficult to use and a modified version was subsequently intro-
duced.7 This has been increasingly adopted over the past decade,
facilitating comparisons between studies.1,3,5,8–12 

Several studies have been particularly focused on maxillary
central incisors. These are believed to be the most commonly
affected teeth and also those in which defects have the greatest
cosmetic impact. Child prevalences of defects have ranged from
19% to 45%.1,9,13–15 

The effect of fluoridation of water supplies on the prevalence of
enamel defects has been studied. Results in a review of studies car-
ried out in the United Kingdom since 1956 suggested that the
prevalence of developmental defects in general and of fluorosis in
particular had increased not only in optimally fluoridated areas
but also in those which were fluoride deficient.18 Other causes
have been sought and studies using multivariate analysis have
shown an association between fluorosis and a diversity of variables
including toothpaste use,  fluoride supplement use,  frequency of
brushing,  social class, ethnicity, breast feeding and medical and
dental histories.19–25

Fluoride use provides major benefit in reducing caries and the
relationship between enamel defects and dental caries has been
studied more than once. Results of these studies have so far been
consistent in showing an inverse relationship between caries and
diffuse enamel opacities.1,11,25 However the majority of studies of
developmental defects of enamel have been  confined to North
America, Australia and European countries. To date there has been
little study of these defects or of their relationship to caries in chil-
dren in less developed countries such as Brazil.

The aim of this study is therefore to assess the prevalence and
patterns of dental caries and the prevalence of developmental
defects of enamel and the association, if any, between these in
Brazilian schoolchildren aged 9–10 years living in areas with differ-
ent levels of fluoride in the drinking water.

Material and methods
Population and sampling
The population for this study consisted  of  school children aged 
9–10 years in 1998. The children were continuous residents
enrolled in state maintained schools in the cities of Araraquara
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and Américo Brasiliense, in the State of São Paulo, Brazil. The
city of Araraquara has been fluoridated since 1963 (0.7 ppm F)
and part of the water supply of the city of Américo Brasiliense
has been fluoridated since the beginning of 1998. The socio-eco-
nomic conditions and the ethnic profile of the population in the
two cities are similar. Approval for the study was given by the
Secretary of Education and the Coordinators of the Municipal
Dental Services from both areas. Clinical examinations are car-
ried out every year in the schools and are part of routine pro-
grammes.  Written consent to examination is given by the
mothers of children enrolled in the schools. 

Systematic random sampling procedures after stratification
by age were used to select the samples for study.  Sample sizes
were defined according to Silva,26 with a level of  significance of
5% and a level of precision in estimating caries prevalence of
0.25.  The variances used in the estimations were those obtained
in the last epidemiological survey carried out in Araraquara in
1995.27 A total  of 287 children from Araraquara and 210 from
Américo Brasiliense were included in the sample (6.1% of the
population of 9–10-year-old children enrolled in the 35 state
schools in Araraquara and 19.7% of the population of 9-10-
year-old children enrolled in the 6 state schools in Américo
Brasiliense in 1998).

Clinical examinations 
Clinical examinations for recording dental caries were carried out
in the schools by four examiners who had been previously trained
using the DMFT index and the WHO diagnostic criteria.28 Kappa
statistics were used to express the intra- and inter-examiner relia-
bility.  Intra-examiner kappa values were κ = 0.87; 0.85; 0.85 and
0.91 for examiners one, two, three and four, respectively.  Inter-
examiner kappa values ranged from 0.87 between examiners one
and two, and 0.93 between examiners one and three and between
examiners one and four.

Clinical examinations for recording developmental defects of
enamel on upper incisors were carried out in the schools by one
examiner previously trained using the modified DDE index.7

The teeth were examined in the presence of natural light. Debris
was removed by wiping with a gauze square before the clinical
examination where necessary. The fieldwork examiner (ELD)
was trained and calibrated by a reference  examiner (RDH) with
the use of slides of incisor teeth of children of the same age.  The
kappa values between the reference examiner and the fieldwork
examiner were κ = 0.72 for the DDE diagnostic criteria and DDE
extent.  The kappa values estimated from repeat examination of
slides for the intra consistency of the fieldwork examiner were κ
= 0.83 for the DDE diagnostic criteria and κ = 0.78 for the DDE
extent of the defect.  

Data analysis
Data was entered onto the SPSS software for analysis. A non para-
metric test (Mann-Whitney U test) was used to compare mean
DMFT values in the two areas and unpaired ‘t’ test was used to
compare mean values only among those with caries.29 Tests of the
association between the prevalence of caries and developmental
defects of enamel were carried out using the chi-squared test.  The
95%  level of confidence was used for testing.

Results 
Preliminary analyses showed no differences in the prevalence of
caries and developmental defects of enamel between genders and
the results were therefore combined.  

Table 1 shows the prevalence of caries in the two groups of chil-
dren, the patterns of caries in terms of types of teeth affected, mean
DMFT and mean DMFT for those with caries.  In the area fluori-
dated since 1963, 47% of the children had experience of caries. A

higher proportion, 63% of those examined, were affected in the
very recently fluoridated area.  Statistically significant differences
between the two areas were seen in the mean DMFT (P < 0.001)
and mean DMFT for those with caries (P < 0.01). 

In both areas nearly all the 9–10-year-old children with caries
experience had disease that was confined to molars, 46% of chil-
dren were affected in the area fluoridated  since 1963 and 60% in
the area fluoridated in 1998.

The more extensive pattern of caries involving molars and
incisors (and/or canines) and caries in incisors and/or canines was
much less frequently observed in this age group affecting only 5 of
the 497 children in the study (Table 1). 

The prevalence of developmental defects of enamel using the
DDE index and scoring upper incisors is shown in Table 2 and Fig-
ure 1.  In total the prevalence of opacities was 20% with similar
prevalences of demarcated (10.5%) and diffuse defects (9.3%).
Hypoplastic defects were observed less frequently with only 1.2% of
children affected (Table 2).  Developmental defects of enamel were
more common in the area fluoridated since 1963. Differences were
largely in diffuse opacities with these affecting 14.3% of the children
compared with only 2.4% in the area fluoridated in 1998 (Fig. 1). 

The prevalence of demarcated defects was similar in the two
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Table 2 Number and percentage (in parentheses) of 9–10-year-
old children according to developmental defects of enamel on
upper incisors (DDE) and area of residence

Area of residence
Fluoridated Fluoridated 
since 1963 in 1998 Total

DDE (n = 287) (n = 210) (n = 497)

With defects 75 (26.1)* 24 (11.4)† 99 (19.9)
Demarcated defects 32 (11.1) 20 (9.5) 52 (10.5)
Diffuse defects 41 (14.3) 5 (2.4) 46 (9.3)
Hypoplastic defects 5 (1.7) 1 (0.5) 6 (1.2)
With no defects 212 (73.9) 186 (88.6) 398 (80.1)

Note: Children who showed two types of defects  in the same tooth have been classi-
fied according to which type affected the larger area of the tooth surface.
* Three children had two types of defects (demarcated and diffuse) in different teeth
† Two children had two types of defects (demarcated and diffuse) in different teeth

Table 1 Number and percentage of 9–10-year-old children with
caries, mean DMFT and mean DMFT for those with caries by
tooth type affected and area of residence

Area of residence
Fluoridated Fluoridated 
since 1963 in 1998
(n = 287) (n = 210)

Number (%) with caries 134 (46.7) 133 (63.3)
Mean DMFT (SD) 1.08 (1.42) 1.82 (1.81)*
Mean DMFT (SD) for those with caries 2.31 (1.22) 2.88 (1.46)†

Molars and/or premolars
Number (%) with caries 133 (46.3) 126 (60.0)
Mean DMFT (SD) 1.06 (1.35) 1.69 (1.70)*
Mean DMFT (SD) for those with caries 2.27 (1.19) 2.66 (1.41)‡

Molars and incisors (and/or canines)
Number (%) with caries 1 (0.3) 4 (1.9)
Mean DMFT (SD) 0.02 (0.35) 0.11 (0.87)
Mean DMFT (SD) for those with caries 0.04 (0.52) 0.17 (1.09)

Incisors and/or canines
Number (%) with caries — 3 (1.4)
Mean DMFT (SD) — 0.02 (0.29)
Mean DMFT (SD) for those with caries — 0.04 (0.37)

*P= 0.0001  (Mann-Whitney U test)
†P = 0.001 (t-test)
‡P = 0.014 (t-test) 
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areas with these affecting 11.1% of the children in one area and
9.5% in the other (Table 2 and Fig. 1).  

The relationship between the prevalence of dental caries and
developmental defects of enamel in the two areas is shown in Table
3.  Analysis using the chi-squared test showed statistically signifi-
cant differences between prevalence of dental caries and types of
developmental defects of enamel (P < 0.05) for those children liv-
ing in the area where fluoridation had been continued for longer.
Estimation of the odds ratio showed that children without opaci-
ties or who had demarcated or hypoplastic defects and living in this
area had twice the risk of having caries compared with those who
had diffuse opacities (Table 3).  

Discussion
Results in this study concerning prevalence of caries are in agree-
ment with numerous other investigations in showing the benefits of
water fluoridation;15,30–32 the prevalence of dental caries was lower
in children living in the area where fluoridation started in 1963.

Most studies suggest, for permanent teeth, a difference of  50%
to 60% in DMFT between optimally fluoridated areas and those

with low fluoride levels but in the current study the difference was
lower, at 40%. One explanation for this may lie in the age of chil-
dren studied (9–10 years). At this age, when few second molars and
premolars are erupted, caries is likely to be (and was) largely con-
fined to first permanent molars where it typically affects occlusal
fissures.  Occlusal fissures have been reported to show less benefit
from fluorides than do either approximal or smooth tooth sur-
faces.27,33,34 It is of note that only eight children had caries affecting
incisor teeth but of these, seven were from the area fluoridated for
less than 12 months.

The prevalence of disease in the area fluoridated since 1963 was
lower than in the past.27,35 It was similar to that reported recently
for children from non fluoridated areas in Spain suggesting that
Brazil may lag behind some countries.36 Confirmation of this fact
may lie in the finding  that mean DMFT values in this study were
also broadly similar to those observed in children from fluoridated
areas in the USA more than 10 years ago.37

The proportion of 9–10-year-olds from both areas with develop-
mental defects of enamel was lower than the range of findings from
some other studies carried out during the past decade in areas with
and without fluoridated drinking water.18 Prevalences between 40
and 79%  have been reported in areas with fluoridation. However,
direct comparisons of results between studies need to be made with
caution because of differences in the study conditions and in the
index used. In this study estimates of the prevalence of develop-
mental defects of enamel were made through clinical examination
of upper incisor teeth alone and with the use of natural light; the
prevalence of children affected may  consequently be lower than in
studies using photographs, for example,38,39 or when more teeth
were included. The proportions of children recorded as having dif-
fuse opacities who had been continuous residents in the area fluori-
dated since 1963 were, nevertheless, similar to those reported for
children from fluoridated areas in Ireland3 but were lower than
those seen in children from England where there is little fluorida-
tion.21,22,40 The percentage of children with demarcated opacities
in the current study was also lower than those reported for children
of comparable age  in Italy 1 and Ireland. 3

Studies using a variety of indices have suggested that develop-
mental defects of enamel in general and fluorosis in particular are
both more prevalent in optimally fluoridated than in fluoride-defi-
cient areas.1,3,10,18 In measuring enamel opacities with the use of a
descriptive index (such as the DDE index), no assumption is made
as to aetiology. At least one previous study has shown however that
similar trends may be seen with diffuse defects, using the DDE
index, with a specific index for fluorosis, such as the Thylstrup and
Fejerskov (TF) index.25

In the current study the prevalence of diffuse defects was higher
in children living in the area where fluoridation had been contin-
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Table 3 Prevalence of dental caries and developmental defects of enamel (DDE)
(percentages in parentheses) in 9–10-year-old children according to area of
residence

DDE* Area of residence
Fluoridated since 1963 Fluoridated in 1998

DMFT = 0 DMFT ≥ 1 DMFT = 0 DMFT ≥ 1
(n = 153) (n = 134) (n = 77) (n = 133)

0, 1, 3 125 (81.7) 121 (90.3)† 76 (98.7) 129 (97.0)
2 28 (18.3) 13 (9.7) 1 (1.3) 4 (3.0)

*DDE: 0 = no defect †P = 0.0378 (chi-squared test)
1 = Demarcated opacities OR = 2.1
2 = Diffuse opacities
3 = Hypoplastic defects

Note: For purpose of analysis using the chi-squared test, children who had demarcated and diffuse
opacities in different teeth were included in the category of diffuse opacities only.

Fig. 1 Percentage of children with developmental defects of
enamel according to area of residence
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ued for longer than in their counterparts living in the more recently
fluoridated area. That these are the defects associated with fluoride
may be suggested by findings that a higher prevalence of diffuse
defects is associated with the use of fluoride supplements,5,25 the
use of fluoride toothpaste25 and the use of fluoride dentifrices at an
early age in optimally fluoridated areas.20,23,41,42

Fluoride supplements are not used in Brazil but since 1988 about
90% of commercially available dentifrices in Brazil has been fluori-
dated43 with most containing standard (1000 ppm) fluoride ion
concentrations as directed by the Ministry of Health.   

The prevalence of diffuse opacities has been shown to have a
direct relationship to the proportions of children free from caries
1,11,25 and results in the present study concur with these previous
findings.  Children from the optimally fluoridated area who had
diffuse defects had twice the chance of being free from caries than
those who had no defects or who had only demarcated or
hypoplastic opacities.  

The benefits of water fluoridation and of other sources of fluo-
ride, particularly fluoridated toothpastes are widely evident
throughout the world.  It is important that both are used appropri-
ately to promote oral health. 
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