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Prevalence and factors associated with enamel defects 
among preschool children from a southeastern city in Brazil

Prevalência e fatores associados aos defeitos de desenvolvimento 
de esmalte em crianças pré-escolares de uma cidade 
do sudeste do Brasil

Resumo  Objetivou-se avaliar a prevalência de 
defeitos de desenvolvimento de esmalte (DDE) em 
pré-escolares e investigar a associação com fato-
res sociodemográficos e socioeconômicos e peso da 
criança. Foi realizado um estudo transversal com 
118 crianças de três a cinco anos de idade. Os da-
dos foram coletados por meio de exame clínico e 
questionário autoaplicável respondido pelos pais. 
Para o diagnóstico de DDE utilizou-se o Develo-
pmental Defects of Enamel Index. Informações 
sobre indicadores socioeconômicos (escolaridade 
da mãe e renda familiar per capita), gênero e 
idade da criança e idade da mãe ao nascimen-
to da criança foram obtidas do questionário. O 
status de peso foi determinado baseando-se no 
peso e idade da criança no momento do exame. 
A análise estatística incluiu teste do qui-quadrado 
e regressão de Poisson. A prevalência de DDE foi 
50.0%, sendo mais frequente em crianças do sexo 
masculino (p = 0.025) e provenientes de famílias 
incluídas na linha de pobreza (p = 0.040). No mo-
delo de regressão de Poisson ajustado para gênero 
e escolaridade da mãe, observou-se que as crian-
ças provenientes de famílias incluídas na linha de 
pobreza apresentaram maior prevalência de DDE. 
Conclui-se que a prevalência de DDE foi alta e as-
sociada com renda familiar per capita. O peso da 
criança não foi associado com DDE. 
Palavras-chave  Esmalte dentário, Peso-idade, 
Criança

Abstract  This study sought to determine the 
prevalence of developmental defects of enamel 
(DDE) among preschool children and investigate 
associations with sociodemographic and socio-
economic factors and weight status. A cross-sec-
tional study was conducted with 118 children 
aged 3 to 5 years. Data were collected via clinical 
examinations and a self-administered question-
naire completed by the parents. The diagnosis 
of DDE was performed using the modified DDE 
Index. Information on socioeconomic indicators 
(mother’s schooling, monthly income per capita), 
child’s sex and age, and age of mother at the birth 
of the child were obtained by questionnaire. The 
children’s weight status was determined based on 
weight-for-age at the time of the exam. Statistical 
analysis involved the chi-squared test and Poisson 
regression with robust variance. The prevalence 
of DDE was 50.0%. DDE were more frequent in 
males (p = 0.025) and children whose families 
were classified as being at poverty line (p = 0.040). 
In the Poisson model controlled for child’s sex and 
mother’s schooling, children whose families were 
classified as being at the poverty line had a greater 
prevalence rate of DDE. In conclusion, the preva-
lence of DDE was high in the present sample and 
associated with lower household income. Weight 
status was not associated with DDE. 
Key words  Dental enamel, Weight by age, Child
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Introduction

Developmental defects of enamel (DDE) result 
from abnormalities in the process of odonto-
genesis during the mineralization stage of tooth 
enamel and are classified as opacities consistent 
with hypomineralisation and hypoplasia. Opac-
ities are characterized as a change in the translu-
cence of the enamel and hypoplasia is evidenced 
by the occurrence of pits and fissures or the ab-
sence of large areas of enamel1. These defects are 
common in the primary dentition. According to 
a study conducted in Tanzania, the prevalence 
of DDE among children was 33.3%2. The prev-
alence of DDE was even higher among Spanish 
children (40.2%)3. Among Brazilian children, 
studies have shown different prevalence values, 
which is worth 22.8% among Southeast children4 

and 49.6% among children of the Northeast5.
DDE in the primary dentition are related to 

complications in the prenatal, perinatal and post-
natal periods6,7. During the intrauterine life, the 
chronic deficiency of vitamins, particularly vita-
min D, is one of the factors related to the changes 
in the function of ameloblasts and formation of 
DDE8. In the perinatal period, the occurrence of 
DDE is associated with premature birth9,10, low 
birth weight status7,11,12 and breastfeeding7,12,13. 
In the postnatal period, DDE are associated with 
diseases such as infection and nutritional prob-
lems in the early years of life; moreover, the so-
cioeconomic status of the family may predispose 
the primary dentition to DDE5,14,15.

Divergent opinions are found in the literature 
regarding the association of DDE with weight 
status and socioeconomic indicators. While some 
cross-sectional studies report a greater frequency 
of DDE among malnourished children5,6,16, other 
researchers have found no significant differences 
in the distribution of DDE among children with 
different nutritional states17,18. 

The association between DDE and socioeco-
nomic indicators has been investigated based on 
mother’s schooling and household income. In 
some populations, DDE are reported to be more 
frequent among children from economically un-
derprivileged families5. However, this association 
has not been confirmed by other researchers, 
who reported no differences in the distribution 
of DDE based on socioeconomic indicators9,12,19. 
The divergent findings may be related to the dif-
ferent indicators employed and the characteris-
tics of the populations investigated in different 
studies. 

Nonetheless, weight status and socioeconom-
ic factors are known risk factors for other oral 
health problems, such as dental caries20. Thus, the 
determination of common risk factors is an ade-
quate strategy in pediatric dentistry, allowing the 
prevention, identification and treatment of con-
ditions that can affect child development. More-
over, the investigation of the association of DDE 
with weight status and socioeconomic indicators 
can furnish information on the condition of chil-
dren in the early years of life and reveal possible 
exposure to other factors associated with DDE, 
such as low birth weight status, premature birth 
and the occurrence of infectious diseases7,12,16.

The aim of the present study was to deter-
mine the prevalence of developmental defects 
of enamel (DDE) among preschool children and 
investigate associations with sociodemographic 
and socioeconomic factors and weight status. 

Methods

Study design
 
A cross-sectional study was conducted in a 

city of Ijaci, which is located in the state of Minas 
Gerais in southeastern Brazil. This city has a 
population of 5859 inhabitants21 and the human 
development index is 0.71422. The water supply 
does not receive fluoridation.

Sample

Initially, all children between three to five 
years of age enrolled at municipal schools were el-
igible for the study. The city has only two schools 
that offer preschool classes, with a total of 138 
students. Both schools are public. All parents/
guardians received information regarding the 
objectives and procedures and those who agreed 
to participate signed a statement of informed 
consent. Children with extensive carious lesions 
and those with lip and/or palate abnormalities 
or systemic problems, such as asthma and celi-
ac disease, which are conditions associated with 
DDE, were excluded from the study23-25. Other al-
terations related to odontogenesis (amelogenesis 
imperfecta and dentinogenesis imperfecta) were 
also considered exclusion criteria. 

This study received the approval of the Hu-
man Research Ethics Committee of the Centro 
Universitário de Lavras – UNILAVRAS. 
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Data collection

Data collection involved dental examinations, 
anthropometric measurements and a self-ad-
ministered questionnaire. The clinical examina-
tions were conducted by a single trained dentist 
and a trained assistant recorded the observations. 
Prior to the fieldwork, the examiner participat-
ed in a calibration process involving images of 
different clinical situations. Both intra-examiner 
(two-week interval between two examinations) 
and inter-examiner (compared to an experienced 
expert) agreement were tested, with Kappa coef-
ficients greater than 0.75.

Clinical examination

 The clinical examination was performed un-
der natural light with the aid of disposable tongue 
depressors, standard mouth mirrors and probes. 
Prior to the exam, the teeth were brushed by a 
trained assistant and dried with gauze. During 
the exam the child remained seated in front of 
the examiner in the courtyard of the school. DDE 
were diagnosed based on the Modified Index of 
Developmental Defects of Enamel1: demarcated 
opacities (coded 1), diffuse opacities (coded 2) 
and hypoplasia (coded 3). DDE was classified as 
hypoplasia when the loss of surface integrity of 
the enamel was observed. Opacities were charac-
terized by a change in translucency of the enamel 
without affecting layer thickness. Demarcated 
opacities were recorded in the presence of clearly 
defined margins. Opacities without defined mar-
gins were recorded as diffuse1. In cases of doubt 
regarding the presence of abnormality and/or a 
tooth with a single abnormality measuring less 
than 1mm in diameter, the tooth was classified 
as “normal”. Teeth with up to two thirds of the 
crown restored and those with deep caries or 
fractures were not considered and received a clas-
sification of “not recorded”. DDE was recorded if 
the child had at least one tooth with any type of 
enamel defect.

Weight status

Weight status was determined through the 
relationship between the weight status and the 
age of the child, comparing the measures with 
the standard reference values of the US Nation-
al Center for Health Statistics26. The children 
were placed on a digital scale and weight status 
was registered in kilograms. The weight status 
and the child’s age in months were identified 

on a child growth curve according to sex. This 
curve defines four weight status/age (W/A) cut-
off points. Percentiles (0, 1, 3, 10 and 97) were 
used for the classification of weight status: W/A 
below the 0.1 percentile = very low weight status 
for age; W/A greater than or equal to 0.1 and less 
than the third percentile = low weight status for 
age; W/A greater than or equal to third percen-
tile and less than the 10th percentile = nutritional 
risk; W/A greater than or equal to the 10th per-
centile and less than 97th percentile = adequate 
weight status for age; W/A greater than or equal 
to the 97th percentile = risk of overweight status/
obesity. 

Socioeconomic status

A questionnaire addressing socioeconom-
ic indicators (monthly income per capita and 
mothers’ schooling), child’s sex and age, and 
mother’s age at the birth of the child was sent to 
the parents/guardians. The variables defined by 
the Brazilian National Household Survey27 and 
the criteria for the definition of the poverty line 
used by the Brazilian Institute of Applied Eco-
nomic Research28 were used to characterize the 
socioeconomic status of the sample. Monthly in-
come per capita was determined by the sum of 
all incomes of the members of the family in the 
month prior to filling out the questionnaire di-
vided by the number of members. Families were 
classified as being below the poverty line (in-
come per capita lower than 25% of the Brazilian 
minimum wage), at the poverty line (income per 
capita lower than 50% of the minimum wage) or 
above the poverty line (income per capita ≥ 50% 
of the minimum wage).

Data analysis

Data analysis was performed using the Statis-
tical Package for Social Sciences (SPSS for Win-
dows, version 17.0, SPSS Inc., Chicago, USA). 
Associations between DDE and the independent 
variables were determined using the chi-squared 
test. Poisson regression with robust variance was 
performed for the analysis of factors associated 
with DDE. The magnitude of the association of 
each factor with DDE was assessed using non-ad-
justed and adjusted prevalence ratios (PR), 
respective 95% confidence intervals (CI) and 
p-values (Wald test). Explanatory variables with 
a p-value of ≤ 0.25 in the bivariate analysis were 
incorporated into the model.
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Results

Of the 138 children invited to participate in this 
study, 122 (88.4%) returned the questionnaire 
and informed consent form. Data from 2 (1.6%) 
children were lost during data collection, because 
of their absence from school. Of the remaining 
121 children, 118 were examined for DDE - 2 
could not be examined because they had exten-
sive carious lesions.

Mean age was 4.23 years (standard deviation: 
0.61 years). Table 1 shows the sociodemograph-
ic and socioeconomic characteristics and weight 
status of the sample.

The prevalence of DDE was 50.0% (n = 59). 
The most frequent type was demarcated opacity 
(31.4%), followed by diffuse opacity (18.6%) and 
hypoplasia (5.9%). Some children (5.9%) had 
more than one type of enamel defect. DDE were 
dichotomized as present or absent and compar-
isons were made in relation to the characteris-
tics of the children, mothers and socioeconomic 
aspects. DDE were significantly associated with 
child’s sex (p = 0.025) and income per capita (p 
= 0.040) in the bivariate or univariate analysis. 
Male children and those whose families were 
classified as being at the poverty line had a great-
er number of teeth affected by DDE. No statisti-
cally significant associations were found regard-

ing child’s age, weight status, mother’s schooling 
or mother’s age at birth of the child (Table 2). 

In the adjusted Poisson regression model, 
income per capita at the poverty line (PR: 1.259; 
95%CI: 1.00-1.57) remained associated with 
a greater prevalence of DDE independently of 
child’s sex and mother’s schooling (Table 3).

 

Discussion

The prevalence of DDE in the present sample 
was 50.0% and these defects were more frequent 
among children whose families were classified as 
being at the poverty line. This prevalence rate is 
similar to that reported in study involving chil-
dren aged 16 to 18 months from low-income 
families in the city of João Pessoa in the north-
eastern region of Brazil5. Other investigations in-
volving Tanzanian and Spanish children reported 
lower prevalence rates2,3. However, the compar-
ison of the findings should be performed with 
caution due to the differences in the age of the 
children. 

The occurrence of DDE was greater among 
economically more vulnerable children. Ac-
cording previous studies, children exposed to 
unfavorable socioeconomic conditions may 
have compromised development, including oral 
aspects, as such children are more prone to low 
birth weight status, premature birth and nutri-
tional problems during the period of enamel for-
mation of deciduous teeth, which are associated 
with DDE6,12. The present findings seem to con-
firm this hypothesis, as children from families 
with a lower income had a greater frequency of 
DDE. 

A study conducted in Tanzania involving 
children aged 6 to 36 months found an associ-
ation between DDE and the household assets 
index2. However, the socioeconomic indicators 
employed in the study differed from those of the 
present investigation, which limits the compari-
son of the findings. 

In the present study, income per capita and 
mother’s schooling were used as socioeconomic 
indicators. The lack of an association between 
DDE and mother’s schooling is in agreement 
with a previous study conducted in Brazil in-
volving children aged three to five years12. Diver-
gences are found in the literature regarding the 
association with income, which may be explained 
by the different forms of evaluating this variable, 
such as monthly household income12 or monthly 
income per capita5. 

Table 1. Sample distribution according to 
demographic and socioeconomic characteristics and 
weight status. Ijaci, Brazil, 2013 (n = 118).

n (%)

Child’s sex
  Female
  Male
Weight status
  Overweight status/obesity
  Ideal range
  Nutritional risk, underweight status 
or very low weight status
Income  per capita (socioeconomic 
classification)*
  Below poverty line
  At poverty line
  Above poverty line
Mother’s schooling
  > 8 years
  ≤ 8 years 

48 (40.7)
70 (59.3)

18 (15.2)
96 (81.4)

4 (3.4)

38 (33.6)
37 (32.8)
38 (33.6)

67 (56.8)
51 (43,2)

* No information was obtained on income from five families 
(4.2%).
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In the present study, weight status was not 
associated with DDE, in agreement with data 
reported by Hanser-Ducatti et al.18, however in 
contradiction, a positive association is described 
in the literature29.

 The lack of an association in the present 
study may be explained by the small number 
of children with low weight and the fact that 
weight status was evaluated after the formation 
of the primary teeth12. Another aspect that mer-
its consideration is the fact that the weight status 
for age was determined at the time of the exam. 
This method allows the determination of nutri-
tional risk, but does not allow the determination 

of malnutrition, which is a pathological process 
that cannot be confirmed by these anthropomet-
ric measures.

The bivariate analysis showed that sex was 
significantly associated with DDE. However, no 
significant sex difference was found regarding the 
frequency of DDE in the multivariable analysis, 
which is in agreement with findings described in 
previous studies12,16,30, although DDE have been 
reported to be more common among males. Age 
also exerted no influence on the distribution of 
DDE in the present sample, which may be ex-
plained by the period of primary tooth enamel 
formation. Primary tooth enamel begins form-

Table 2. Distribution of DDE according to characteristics related to children, mothers and socioeconomic 
aspects.

 DDE
p*

Absent n (%) Present n (%)

Child’s age
  3 years
  4 years
  5 years
Child’s sex
  Female
  Male
Nutritional status
  Overweight/obesity
  Ideal range
  Nutritional risk, underweight or very low weight
Mother’s age at birth of child
  ≤ 30 years
  > 30 years
Income  per capita (socioeconomic classification)
  Below poverty line
  At poverty line
  Above poverty line
Mother’s schooling
  > 8 years
  ≤ 8 years

4 (33.3)
35 (52.2)
20 (51.3)

30 (62.5)
29 (41.4)

9 (50.0)
50 (52.1)

0 (0.0)

50 (52.6)
9 (40.9)

16 (42.1)
15 (40.5)
25 (65.8)

37 (55.2)
22 (43.1)

8 (66.7)
32 (47.8)
19 (48.7)

18 (37.5)
41 (58.6)

9 (50.0)
46 (47.9)
4 (100.0)

45 (47.4)
13 (59.1)

22 (57.9)
22 (59.5)
13 (34.2)

30 (44.8)
29 (56.9)

0.457a

0.025b

0.377a

0.322b

0.040a

0.193 b

*p < 0.05; aLinear trend chi-squared test; bPearson’s chi-squared test.

Table 3. Prevalence ratios and confidence intervals for associations between DDE and associated variables.

Variables PR unadjusted  95% CI p-value PR adjusted 95% CI p-value

Income  per capita 
  Below poverty line
  At poverty line
  Above poverty line
Child’s sex
  Female
  Male

1.267
1.287

1

1
1.235

1.01-1.57
1.03-1.60

-

-
1.03-1.46

0.033
0.024

-

-
0.021

1.229
1.259

-

1
1.196

0.98-1.53
1.00-1.57

-

-
0.99-1.44

0.071
0.044

0.064

PR: Prevalence ratio; CI: confidence interval; model adjusted for mother’s schooling.
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ing in the womb at approximately 15 weeks of 
gestation and extends through to months after 
the child is born31. Since the children were aged 
three to five years, the enamel defects were al-
ready present and were therefore not influenced 
by this variable. 

The present findings should be evaluated with 
caution. The cross-sectional design only allows 
the determination of factors associated with DDE 
and does not permit the establishment of causali-
ty. The sample of 118 preschool children was small 
in comparison to the sample sizes in other epide-
miological studies, which may limit the external 
validity of the associations. Moreover, as conve-

nience sampling was performed, the findings are 
only valid for the study population analyzed. 

Conclusion
 
The prevalence of enamel defects was high in 
the present sample (50.0%) and associated with 
lower household income. Weight status was not 
associated with DDE. The present findings can 
contribute toward directing health resources to-
ward economically less privileged regions, as the 
children in these regions may be prone to the de-
velopment of enamel defects.
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