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Abstract

Aim Estimate the prevalence of developmental defects of enamel (DDE) in the primary dentition, describe the distribution
among tooth groups and investigate the association with birth weight.

Methods A cross-sectional study was conducted with a sample of 827 children aged 2-5 years representative of the city
of Canela in southern Brazil. Demographic characteristics (gender and age) and birth weight were collected from vaccina-
tion cards. The diagnosis of DDE was performed by six trained examiners following the criteria of the Federation Dentaire
International. DDE were described both jointly and separately as opacity and hypoplasia. Statistical analysis involved the
Chi square test, Mann—Whitney test and Poisson regression with robust variance.

Results The prevalence of DDE was 55.1% (95% CI 51.6-58.5%), with a mean of 3.0 + 2.2 teeth affected. Opacity was
the more frequent defect (50.4%), followed by hypoplasia (15.5%). Distribution of the defects was uneven, with opacity
predominant on second molars and hypoplasia predominant on canines and second molars. Children with a low birth weight
did not have a greater probability of opacity (PR: 1.13; 95% CI 0.91-1.41), hypoplasia (PR: 1.33; 95% CI 0.80-2.22) or
DDE (PR: 1.11;95% CI 0.91-1.37).

Conclusion The prevalence of DDE was high, predominant on second molars and not associated with birth weight. These

findings indicate directions for future examination/diagnosis protocols and specific orientations.
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Introduction

Developmental defects of enamel (DDE) appear in the form
of variations in the translucence of tooth enamel (opacity) or
a reduction in the thickness of visible enamel (hypoplasia)
(FDI 1992; Elfrink et al. 2013). DDE are clinically relevant
because such defects potentiate the accumulation of bio-
film and contribute to both the occurrence and progression
of dental caries (Li et al. 1996; Oliveira et al. 2006; Hong
et al. 2009; Targino et al. 2011; Correa-Faria et al. 2015;
Massignan et al. 2016; Costa et al. 2017). DDE have also
been associated with tooth sensitivity and unpleasing dental
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aesthetics (Oliveira et al. 2006; Hong et al. 2009; Targino
et al. 2011; Vargas-Ferreira et al. 2014).

Knowledge on the prevalence and distribution of DDE in
the primary dentition is fundamental to the establishment
of examination protocols, early diagnosis and treatment,
and specific counseling at different ages. Moreover, the
relationship with dental caries underscores the importance
of recognising the teeth and arches most affected by opac-
ity and hypoplasia in children. However, population-based
studies on DDE in the primary dentition are scarce and offer
inconsistent results, with prevalence rates ranging from 24
to 81.3% (Lunardelli and Peres 2005; Hoffmann et al. 2007;
Farsi 2010; Correa-Faria et al. 2013; Massumo et al. 2013;
Alkhtib et al. 2016).

Studies that address the network of causality of DDE are
also scarce and there is no scientific basis for the explana-
tion of the occurrence of such defects. Although the influ-
ence of socio-economic factors as well as hereditary or
acquired (systemic or local) characteristics of the child has
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been suggested (Rugg-Gunn et al. 1998; Chaves et al. 2007;
Massoni et al. 2009; Targino et al. 2011; Correa-Faria et al.
2013; Salanitri and Seow 2013), there is no evidence that
can contribute to the planning of prevention strategies or at
least predict which children may develop DDE.

Primary teeth have a precise chronology, with formation
beginning during pregnancy and ending after the birth of the
child, making these teeth subject to formation and calcifica-
tion disorders in the prenatal and postnatal periods (Sarnat
and Schour 1941). It is therefore plausible that DDE are
associated with birth weight. However, studies that have
evaluated the influence of prenatal and postnatal factors,
such as low birth weight and prematurity, offer conflicting
findings (Rugg-Gunn et al. 1998; Lunardelli and Peres 2006;
Massoni et al. 2009; Correa-Faria et al. 2013; Jacobsen et al.
2014). As low birth weight affects less than 10% of children,
studies with a small sample size do not have the power to
detect its effect on different conditions of child health. Clari-
fying the role of birth weight in the occurrence of DDE in
studies with a representative sample of adequate size could
contribute to the definition of whether children with a low
birth weight should be prioritised or whether preventive
measures should be taken for all parents and caregivers.
Moreover, identifying teeth with a greater prevalence rate of
DDE may assist dentists in advising parents/caregivers more
effectively during the eruption of different tooth groups.

The aim of the present study was to estimate the preva-
lence of DDE in the primary dentition, describe the distribu-
tion among tooth groups and investigate the association with
birth weight in children in southern Brazil.

Methods
Participants and study design

A cross-sectional study was conducted with a representative
sample of children aged 2-5 years who participated in the
National Multi-Vaccination Campaign in the city of Canela
in southern Brazil, which has 39,229 inhabitants and vaccine
coverage reaches more than 90% of children aged 0-5 years.
This study received approval from the Human Research Eth-
ics Committee of the Lutheran University of Brazil (process:
CEP ULBRA 200.403.2H). Guardians signed a statement
of informed consent authorising the oral examination of the
children.

The calculation of the sample size necessary to inves-
tigate the association between birth weight and DDE con-
sidered a 95% confidence level, 80% power, 9:1 ratio of
non-exposed (adequate birth weight) to exposed (low birth
weight) and prevalence of DDE of 13% and 27% among non-
exposed and exposed individuals, respectively (Seow et al.
1987). The required sample size (n=650) was increased

@ Springer

by 20% for the multivariate analysis, leading to the need to
examine 780 children. The Municipal Secretary of Health
established 12 vaccination posts. Considering the number
of children expected for National Vaccination Day (approxi-
mately 3000), possible refusals and the possibility of inclem-
ent weather reducing the turnout at the health units, six of
the 12 vaccination sites were randomly selected to reach the
predetermined sample size.

All children who attended the selected health units for
vaccination were invited to participate in the study, regard-
less of their health condition or any previous medical or
dental treatment. Thus, no exclusion criterion was used to
ensure maximum external validity.

Data collection

The independent variables (birth weight, gender and age)
were collected from vaccination cards, which contained
information recorded at the time of birth. Birth weight
was categorised dichotomously (<2500 g=1low weight; >
2500 g=adequate weight) as well as in deciles. Age was
collected quantitatively (complete years) and subsequently
dichotomised (2-3 years/4—5 years).

The clinical examination was performed by six examiners
who had undergone training and calibration exercises. The
teeth were cleaned with a toothbrush and dried with gauze.
The Modified Developmental Defects of Enamel Index pro-
posed by the Federation Dentaire International (FDI 1992)
was used, which defines opacity (“defect involving an altera-
tion in the translucency of the enamel, variable in degree;
the defective enamel is of normal thickness with a smooth
surface”) and hypoplasia (“defect involving the surface of
the enamel and associated with a reduced localised thickness
of enamel”). Based on these criteria, demarcated opacity,
diffuse opacity and demarcated/diffuse opacity were desig-
nated opacity; hypoplasia, demarcated opacity/hypoplasia,
diffuse opacity/hypoplasia and all three conditions combined
were identified as hypoplasia. Each tooth was categorised as
normal (absence of enamel defect) or with DDE (presence
of opacity or hypoplasia).

For the training and calibration exercises, 20 children at
a public preschool in the same age group were examined.
These children did not participate in the main study. The
examiners were trained by an experienced researcher for
the diagnosis of DDE. Intra-examiner Kappa coefficients
ranged from 0.78 to 0.92 and inter-examiner coefficients
ranged from 0.81 to 0.92.

Data analysis
The data were entered and analysed using the Statistical

Package for the Social Sciences (SPSS 20.0 for Windows).
Prevalence ratios (PR) and 95% confidence intervals (CI)
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were calculated using Poisson regression with robust vari-
ance to investigate associations between birth weight and
DDE, opacity and hypoplasia. The variables child’s gender,
age and number of teeth were incorporated into the model as
potential confounding factors and maintained in the multi-
variate model independently of the level of significance. The
linear trend Chi square test was used to analyse the associa-
tion between birth weight (categorised in deciles) and the
presence of opacity, hypoplasia and DDE. The Mann—Whit-
ney test was used to determine the existence of significant
differences among the categories of the exposure variables
with regard to the number of teeth with DDE. The level of
significance was set to 5% (p <0.05).

Results

The sample was composed of 827 children [405 boys (49%)
and 422 girls (51%)]. Age was distributed as follows: 270
(32.6%) were 2 years of age; 275 (33.3%) were 3 years of
age; 256 (31.0%) were 4 years of age; and 26 (3.1%) were
5 years of age. A total of 90.4% of the children had fully
erupted primary dentitions. Birth weight ranged from 1495
to 4900 g [mean and standard deviation (SD) 3140 + 525.3
g]. Seventy children (8.9%) had low birth weight and one
had very low birth weight (< 1500 g).

The prevalence of DDE was 55.1% (456/827; 95% CI
51.6-58.5%). The number of teeth with DDE ranged from 0
to 13 [mean (SD) 1.67 + 2.2; median 1]. Among the children
with DDE, the mean (SD) number of teeth affected was 3.0
+ 2.2 (median 2). Regarding the type of DDE, the preva-
lence of opacity and hypoplasia was 50.4% (417/827; 95%
CI146.9-53.8%) and 15.5% (128/827; 95% CI 13.0-18.1%),
respectively.

The prevalence of DDE in the maxilla and mandible was
41.5 and 39.3%, respectively. Considerable heterogeneity
was found regarding the distribution of opacity and hypo-
plasia according to tooth group (Figs. 1, 2). DDE was more
prevalent on primary second molars (21.2%), followed by
primary canines (10.4%), first molars (10.1%), central inci-
sors (2.0%) and lateral incisors (1.4%). Opacity was more
prevalent on primary second molars (18.8%), followed by
primary first molars (8.9%), canines (7.9%), central inci-
sors (1.2%) and lateral incisors (1.1%). Hypolasia was more
prevalent on primary canines (2.5%), followed by primary
second molars (2.4%), first molars (1.2%), central incisors
(0.8%) and lateral incisors (0.3%).

No difference in the prevalence of DDE was found
between genders. The prevalence was slightly higher
among children with a low birth weight (60.0%) than those
with adequate birth weight (54.9%) (Table 1). After adjust-
ing for confounding variables, however, children with a
low birth weight did not have a greater probability of the
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Fig. 1 Prevalence of enamel opacity according to tooth examined
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Fig.2 Prevalence of enamel hypoplasia according to tooth examined
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Table 1 Absolute and relative frequencies, crude and adjusted prevalence ratios (PR) and 95% confidence intervals (CI) of DDE, opacity and
hypoplasia according to gender, age and birth weight (n==827) in Canela, Brazil

Variables N DDE Crude model Adjusted model*
N % PR 95% C1 p value PR 95% CI p value
Gender 0.282 0.055
Male 405 231 57.0 1.07 0.95-1.21 1.13 1.00-1.28
Female 422 225 533 1.00 1.00
Age group 0.511 0.149
2-3 years 545 305 56.0 1.00 1.00
4-5 years 282 151 535 0.96 0.84-1.09 0.91 0.79-1.04
Low birth weight 0.386 0.293
Yes 70 42 60.0 1.09 0.89-1.34 1.11 0.91-1.37
No 720 395 54.9 1.00 1.00
Variables N Opacity Crude model Adjusted model*
N % PR 95% C1 p value PR 95% CI p value
Gender 0.222 0.050
Male 405 213 52.6 1.09 0.95-1.25 1.15 1.00-1.31
Female 422 204 48.3 1.00 1.00
Age group 0.298 0.067
2-3 years 545 282 51.7 1.00 1.00
4-5 years 282 135 479 0.92 0.80-1.07 0.87 0.75-1.01
Low birth weight 0.350 0.271
Yes 70 39 55.7 1.11 0.89-1.39 1.13 0.91-1.41
No 720 361 50.1 1.00 1.00
Variables N Hypoplasia Crude model Adjusted model*
N % PR 95% C1 p value PR 95% CI p value
Gender 0.524 0.84-1.60 0.367
Male 405 66 16.3 1.11 0.81-1.53 1.16
Female 422 62 14.7 1.00 1.00
Age group (years) 0.134 0.308
2-3 545 77 14.1 1.00 1.00 0.85-1.66
4-5 282 51 18.1 1.28 0.93-1.77 1.19
Low birth weight 0.306 0.267
Yes 70 14 20.0 1.30 0.79-2.14 1.33 0.80-2.22
No 720 111 15.4 1.00 1.00

*Adjusted for number of teeth and other variables on the model

outcome (PR=1.11; 95% CI 0.91-1.37). The prevalence
of opacity also did not differ significantly in relation to
gender, age or birth weight. The small difference in the
prevalence of opacity between children with a low birth
weight (55.7%) and those with adequate birth weight
(50.1%) was not statistically significant after controlling
for confounding factors (PR=1.13; 95% CI 0.91-1.41).
Likewise, no associations were found between hypo-
plasia and gender, age or birth weight. The prevalence of
hypoplasia among children with a low birth weight and
those with an adequate birth weight was 20.0 and 15.4%,
respectively, but this difference did not achieve statistical
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significance (PR =1.33; 95% CI 0.80-2.22) (Table 1).
Moreover, no differences in the number of teeth with DDE
were found in relation to gender (p=0.423), age group
(p=0.062) or birth weight (p=0.190) (Table 2).

Table 3 displays the prevalence rates of DDE, opac-
ity and hypoplasia according to birth weight categorised
in deciles. The frequencies of the three conditions were
higher among children in the first decile (weight <2511 g)
than those in the last decile (weight> 3800 g). How-
ever, no tendency toward a reduction in prevalence was
found with the increase in birth weight (p > 0.05 for all
conditions).
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Ta.ble 2 Mean number O.f t§eth Variables N Number of teeth with enamel defects p value
with DDE, standard deviation
(SD), standard error of mean Mean SD SEM 95% C1
(SEM) and 95% confidence
interval (CI) according to Gender 0.423
gender, age and birth weight Male 405 1.70 2.20 0.11 1.48-1.92
(n=827) in Canela, Brazil Female 422 1.63 221 0.11 1.41-1.85
Age group (years) 0.062
2-3 545 1.81 2.33 0.10 1.61-2.01
4-5 282 1.39 1.91 0.11 1.17-1.61
Low birth weight 0.190
Yes 70 2.06 2.55 0.30 1.47-2.65
No 720 1.66 2.20 0.08 1.49-1.83
Student’s t-test (p <0.05)
Table 3 Absolute and rela'tive Birth weight (g) N DDE Opacity Hypoplasia
frequencies of DDE, opacity
and hypoplasia according to N % N % N %
birth weight in deciles (n=_827)
in Canela, Brazil Decile 1 (<2511) 79 47 59.5 44 55.7 14 17.7
Decile 2 (2511-2745) 79 41 51.9 36 54.6 13 16.5
Decile 3 (2746-2919) 81 39 48.1 38 46.9 10 12.3
Decile 4 (2920-3009) 78 46 59.0 39 50.0 17 21.8
Decile 5 (3010-3149) 92 48 52.2 44 47.8 14 15.2
Decile 6 (3150-3249) 72 42 58.3 38 52.8 14 19.4
Decile 7 (3250-3379) 73 45 61.6 40 54.8 16 21.9
Decile 8 (3380-3599) 89 50 56.2 48 53.9 13 14.6
Decile 9 (3600-3799) 70 42 60.0 37 52.9 11 15.7
Decile 10 (>3800) 77 37 48.1 36 46.8 3 39

Linear trend Chi square test: p=0.950 (DDE); p=0.798 (opacity); p=0.129 (hypoplasia)

Discussion

The most important findings of the present study involving
children in southern Brazil were a high prevalence rate
of DDE in the primary dentition, the uneven distribution
among tooth groups and the absence of an association with
birth weight.

Population-based studies using the same index for the
evaluation of DDE describe considerable variation in the
prevalence, but none report defects in less than 20% of
children, which demonstrates the magnitude of the prob-
lem (Lunardelli and Peres 2005; Hoffmann et al. 2007;
Farsi 2010; Correa-Faria et al. 2013). Although charac-
teristics related to the population may partially explain
the divergence in the estimates (Farsi 2010; Jacobsen
et al. 2014), methodological aspects of the examinations,
such as the type of lighting, cleaning and drying of the
teeth, must also contribute in this respect. Moreover,
the differentiation between demarcated opacity and dif-
fuse opacity is not a simple task and could lead to some
degree of measurement bias. However, differences in the

classification criteria of DDE are likely to be the main
reason for the differences among studies.

In the present investigation, demarcated and diffuse opac-
ities were included in the same category. This decision was
made during the planning of the study, considering the two
conditions together to be more informative than separate
descriptions, which increases the possibility of measurement
bias. However, the present findings unmistakably demon-
strate that DDE constitute a highly prevalent condition in the
primary dentition. It should also be stressed that the examin-
ers underwent an exhaustive training and calibration process
and that the sample size was the largest among the studies
that have used the FDI index, which indicates a high degree
of precision in the estimates.

The uneven distribution with regard to tooth groups has
been reported previously for both opacity and hypoplasia
(Seow et al. 1987; Lunardelli and Peres 2005; Hoffmann
et al. 2007; Farsi 2010; Correa-Faria et al. 2013; Vargas-
Ferreira et al. 2015; Wagner 2017). The higher prevalence
of opacity on primary second and first molars and the higher
prevalence of hypoplasia on primary canines and second
molars may be related to the time and duration of tooth
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formation, which could make these teeth more exposed to
the development of defects. Interestingly, the prevalence of
DDE is inversely proportional to the amount of tissue formed
at the time of birth and directly proportional to the duration
of the complete mineralisation of the crown. Evidence of
the calcification of the primary second molars and canines is
observed only around the fifth month of intrauterine life and
the crowns of these teeth are completed around ten months
of age (Lunt and Law 1974). Thus, complications, especially
in the postnatal period, seem to exert a direct influence on
the formation of DDE.

Opacity on primary second molars was the most frequent
enamel defect. This condition has recently been renamed
hypomineralised second primary molars (HSPM) from
deciduous molar hypomineralisation (DMH) (Elfrink et al.
2008, 2012, 2014). Studies have demonstrated that the prev-
alence of DMH ranges from 4.6 to 9% (Elfrink et al. 2014;
Temilola et al. 2015) and this defect is suggested to be a
predictor of molar-incisor hypomineralisation (Elfrink et al.
2012, 2014; Ghanim et al. 2013). Common aetiological fac-
tors (peri-natal problems and infection) may be associated
with both conditions (Elfrink et al. 2012, 2014), since pri-
mary second molars undergo calcification in a period close
to that of the permanent first molars (Butler 1967).

The aetiology of DDE has been attributed to hereditary
or acquired (systemic or local) factors (Salanitri and Seow
2013), including prematurity and low birth weight (Rugg-
Gunn 1998; Lunardelli and Peres 2006; Correa-Faria et al.
2013; Jacobsen et al. 2014; Wagner 2017), which are con-
sidered preventable public health problems that exert a nega-
tive impact on child morbidity and mortality rates (Gallo
et al. 2011). In the present study, however, low birth weight
was not associated with opacity or hypoplasia, regardless
of how this variable was categorised (dichotomised or in
deciles). Moreover, the number of teeth with DDE did not
differ according to birth weight. Previous studies report a
greater occurrence of DDE among children with low birth
weight (Rugg-Gunn 1998; Massoni et al. 2009; Vell6 et al.
2010), whereas others have not found such an association
(Lunardelli and Peres 2006; Massumo et al. 2013). Low
birth weight reflects the health status of the child and fam-
ily, socioeconomic level and quality of prenatal care (Sclow-
itz and Santos Ida 2006) and can be a marker of numerous
conditions with the potential to impair enamel development,
resulting in DDE in the primary dentition (Salanitri and
Seow 2013), such as maternal vitamin D deficiency during
pregnancy, cardiovascular defects, haematological problems
and kidney defects (Seow 1997). However, some of these
conditions are rare and may not affect a reasonable num-
ber of children with low birth weight, which would explain
the lack of an association with DDE. If DDE are actually
caused by multiple health conditions that individually have
low prevalence rates, the identification of this effect for
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each condition will be problematic in future studies, since it
would require a sample size that would be very difficult or
even impossible to obtain.

Among the clinical implications of the present study, the
high prevalence of DDE observed and the results of previ-
ous studies in which such defects were identified as a risk
factor for early childhood caries (Oliveira et al. 2006; Tar-
gino et al. 2011; Correa-Faria et al. 2015; Massignan et al.
2016) indicate the need for special attention and specific
orientations during checkups. Enamel with defects has been
described as more prone to retaining biofilm (Li et al. 1996;
Hong et al. 2009; Caufield et al. 2012). Teeth with DDE are
less resistant to acid; thus, carious lesions can progress more
rapidly in comparison to areas without DDE (Salanitri and
Seow 2013). Moreover, brushing in these areas could cause
tooth sensitivity. Thus, early diagnosis of the condition can
contribute to specific preventive orientations to avoid the
initiation of caries, which could potentially assist in reduc-
ing the consequences of caries, such as dental pain and tooth
loss (Hong et al. 2009; Boeira et al. 2012). The identification
of the most affected teeth, especially the primary second
molars, suggests that parents/caregivers should be warned
of the possibility of such defects and be given specific oral
hygiene instructions when the period of eruption of this
tooth group approaches. The fact that low birth weight is
not associated with the outcome indicates that this group of
children does not need to be prioritised and such orientations
should be directed in a broader manner to all families.

The present study has limitations that should be
addressed. The cross-sectional design impedes the detection
of causal relationships. However, the exposure used in the
study (low birth weight) was collected at birth, prior to the
eruption of any teeth. Thus, longitudinal studies would not
represent a lower possibility of reverse causality bias regard-
ing this specific issue. Nonetheless, longitudinal studies are
needed due to the ability to detect DDE soon after the erup-
tion of tooth groups, which would diminish the possibility of
measurement bias, as the changes caused by tooth wear and
the occurrence of caries can exert an influence on the diag-
nosis (Elfrink et al. 2012). Moreover, cross-sectional studies
may underestimate the prevalence of DDE, since filled or
missing teeth due to caries could previously have had DDE,
especially hypoplasia. Although it is not possible to estimate
the size of this bias, it is plausible that it is small, since
untreated dental caries accounts for almost the entire dmft
index among preschool children in southern Brazil (Chaffee
et al. 2017). In addition, the training of the examiners, which
included the diagnosis of DDE in teeth with carious lesions,
demonstrated good reproducibility. It is also important to
stress that dental caries does not satisfy the conditions of
a confounding variable, especially since it is not plausible
that this condition is associated with the exposure variable.
Thus, its inclusion in the analysis would not have altered the
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results regarding the lack of an association between birth
weight and DDE.

Another limitation is the small number of independent
and control variables, which impeded the investigation of
other relevant factors potentially associated with the out-
come. Actually, the present study prioritised investigating
a large, population-based sample, which was the greatest
strength of the study, to achieve greater precision in the
estimates of each of the conditions evaluated. For example,
the prevalence of low birth weight in the present study was
virtually the same as that for the southern region of Bra-
zil (8.6%) (Brazil 2014). Moreover, the study had power to
detect an association between birth weight and DDE. The
findings can be generalised to similar populations with a
predominantly low socio-economic status in developing
countries.

Conclusion

The findings of the present study demonstrate a high preva-
lence rate of developmental defects of enamel in the pri-
mary dentition, uneven distribution with regard to the teeth
affected and the absence of an association with birth weight.
These findings underscore the need for early care and can
contribute to the development of examination/diagnosis pro-
tocols and specific orientations for oral health promotion in
childhood.
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