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Curative and restorative practice has increasingly
been replaced by preventive and educational mea-

sures, which play a fundamental role in the control and
treatment of oral diseases. Despite changes in the
population profile, dental caries still affects the Brazil-
ian population, mainly at the lower socio-economic 
levels.

Carious lesions in their initial stages, as well as the
risk factors that contribute to their development, have
assumed particular importance, since they are cur-

rently more prevalent than cavitated lesions (Pereira
and Mialhe, 2003). Therefore better understanding of
initial caries, represented by white spot lesions, is re-
quired. This will enable better intervention by the pro-
fessional, thus avoiding lesion progression and the
use of invasive techniques.

Clinically visible carious lesions are a product of an
imbalance between tooth mineral and biofilm fluids
over a determinate period of time, resulting in mineral
loss. Constant imbalance, due to cariogenic biofilm
and the formation of acid by microorganisms, causes
opaque and rough-surfaced active white lesions. In-
creased porosity is clinically visible when the surface
is dry because part of the aqueous material of the 
intercrystalline spaces is replaced by air. The different
refractive index results in loss of normal translucency
and an opaque surface (Thylstrup, 1998; Kidd and Fe-
jerskov, 2004).
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Purpose: To assess the risk factors involved for active white enamel lesion in public schoolchildren, aged 7 to 12 years, in
Natal, Brazil, using a case-control study.

Materials and Methods: A total of 273 cases of active white enamel lesion and 325 controls (lesion-free) were matched by
age, gender and school. The independent variables were: age; gender; visible plaque index (VPI); gingival bleeding index
(GBI); decayed, missing and filled surfaces (DMFS); decayed, extracted or filled surfaces (dmfs); DMFS-dmfs; and the num-
ber of carious surfaces.

Results: There was no statistical significance for age (p = 0.57), gender (p = 0.428) and dmfs (p = 0.06). Univariate analysis
revealed an increased risk of developing active white enamel lesions in individuals with high VPI (OR = 15.5, CI 95%
10.35–23.2), GBI (OR = 2.86, CI 95% 2.05–3.99), DMFS (OR = 18.91, CI 95% 12.51–28.59), DMFS-dmfs (OR 10.22, CI
95% 7.01–14.91) and number of carious surfaces (OR = 5.47, CI 95% 3.85–7.78). Logistic regression analysis identified
that GBI (OR = 2.14, CI 95% 1.41–3.25) and DMFS (OR = 17.3, CI 95% 11.39–26.27) were independent risk factors for ac-
tive white lesions.

Conclusions: The results reaffirm the importance of mechanically controlling biofilm to prevent caries development in its ini-
tial stage (white lesion).
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Oral hygiene has often been assessed as a risk fac-
tor for carious lesion development (Ogaard et al, 1994;
Mascarenhas, 1998; Bedos and Brodeur, 2000; Har-
ris et al, 2004). In the majority of cases, the measure
of oral hygiene is based on the presence of surface
biofilm and gingival bleeding indicators. Gingival
bleeding demonstrates mature and accumulated
biofilm and deserves attention as a caries predictor
(Mathiesen et al, 1996; Ekstrand et al, 1998; Ratledge
et al, 2001). In addition to oral hygiene, Johnson
(2004) emphasises decayed, missing and filled sur-
faces (DMFS) as an important predictor of caries ac-
tivity, related to the development of new caries.

Early action against carious lesions in the initial
stage requires the identification of individuals or
groups considered a priority in oral health pro-
grammes. The aim of the present study was to investi-
gate risk factors for active white enamel lesions.

MATERIALS AND METHODS 

Participants

The present study was performed in 2005 following a
clinical trial (Ferreira et al, 2005) children aged 7 to 12
years of age in Natal, Brazil. The children were select-
ed from 25 schools. Their families had mean monthly
incomes of US$ 290. The project was approved by the
Federal University of Rio Grande do Norte (UFRN) Re-
search Ethics Committee and the parents or guardians
signed an informed consent form.

Design

The design was a case-control study whose control
group participants were matched with the case group
by school, sex and age. The case group (with white le-
sions on the permanent upper incisors) was composed
of 273 children and the control (lesion free) of 325.

Data collection

The data were collected by calibrated examiners by
means of an intraoral examination of dental caries,
oral hygiene and gingival condition. A tactile-visual ex-
amination was performed using a mouth mirror and
dental probe under natural light in the school environ-
ment. Of the children, 5% were reexamined to measure
intra-examiner agreement in relation to the diagnosis
of white lesion activity, with a Kappa value of 0.62 (Fer-

reira et al, 2005). Oral hygiene was measured using
the visible plaque index (VPI) and gingival bleeding in-
dex (GBI) (Ainamo and Bay, 1975), while for dental
caries DMFS and dmfs (decayed, extracted or filled
surfaces) were used for permanent and deciduous
teeth respectively (World Health Organization, 1997).
The carious component (C) was recorded using C1 for
caries with enamel and dentin cavitation and C2 for ac-
tive white lesions (Kingman and Selwitz, 1997). The in-
dex of agreement for DMFS was 0.82.

Statistical analysis

Data for quantitative variables were presented as
mean, median, quartiles and standard deviation. The
categorisation of continuous variables was based on
the median, and the chi-square test was subsequently
applied to verify the association between the indepen-
dent variables and the presence and absence of white
lesions. Odds ratio (OR) measured estimated risk. Fi-
nally, an analysis of stepwise forward multiple logistic
regression was performed to identify the liquid effect
of clinical and demographic variables. Those with p <
0.20 in the association test were included in the mod-
el. Hosmer-Lemeshow’s test was used to verify adjust-
ments to the multiple logistic regression model (the
larger the p-value, the more adjusted the model).

RESULTS

The characteristics of the sample demonstrate that
the schoolchildren exhibited poor oral hygiene, with a
VPI around 30% and a high mean of surface caries, as
shown in Table 1.

There was no statistical significance for age (p =
0.566), gender (p = 0.458) and dmfs (p = 0.07) (Table
2).

The high biofilm and bleeding indices were consid-
ered risk factors for active white enamel lesion devel-
opment. OR values were 15.5 for VPI and 2.86 for GBI
at a 95% confidence level.

DMFS (OR = 18.91, CI 95% 12.51–28.59) and
DMFS-dmfs (OR = 10.22, CI 95% 7.01–14.91) indices
as well as the number of carious surfaces (OR = 5.47,
CI 95% 3.85–7.78) were also greater in the case
group, exhibiting a highly significant difference (p <
0.0001).

Through the process of stepwise forward modelling
using a variety of statistical combinations, the most 
adjusted model was represented by the independent
variables GBI and DMFS, which are considered inde-
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Table 1  Mean, median, quartiles and standard deviation of continuous variables related to caries and oral hygiene
factors

Variable Mean Median SD Q 25 Q 75

Age 9.58 9 1.51 8 11
VPI 27.29 21.42 20.50 11.11 40.38
GBI 10.83 8.33 9.87 4.16 15.21
DMFS 5.35 3 7.33 0 8
dmfs 5.67 3 7.24 0 8
DMFS-dmfs 10.42 8 11.34 3 15
No. of carious 8.15 5 10.83 1 2
surfaces

Table 2  Distribution of the number and percentage of students with and without white spots, according to indepen-
dent variables

Variable Category White spots Total OR CI p*

Present Absent

n % n % n %

Age 7–9 year 141 51.6 160 49.2 301 50.3 1.10 0.79–1.52 0.566
10–12 years 132 48.4 165 50.8 297 49.7

Gender M 118 43.2 151 46.5 269 45.0 0.88 0.63–1.21 0.458
F 155 56.8 174 53.5 329 55.0

dmfs Low 89 43.6 147 52.3 236 48.7 0.70 0.49–1.01 0.07
High 115 56.4 134 47.7 249 51.3

PVI Low 49 17.9 251 77.2 300 50.2 15.5 10.35–23.20 <0.0001
High 224 82.1 74 22.8 298 49.8

GBI Low 102 37.4 205 63.1 307 51.3 2.86 2.05–3.99 <0.0001
High 171 62.6 120 36.9 291 48.7

DMFS Low 50 18.3 263 80.9 313 52.3 18.91 12.51–28.59 <0.0001
High 223 81.7 62 19.1 285 47.7

DMFS-dmfs Low 68 24.9 251 77.2 319 53.3 10.22 7.01–14.91 <0.0001
High 205 75.1 74 22.8 279 46.7

No. of carious Low 82 30.0 228 70.2 310 51.8 5.47 3.85–7.78 <0.0001
surfaces High 191 70.0 97 29.8 288 48.2

*Chi-square tests

Table 3  Result of the final multiple logistic regression model

Variable OR overall CI (OR overall) p Adjusted OR CI (adjusted OR) p*

GBI 2.86 2.05–3.99 <0.0001 2.14 1.41–3.25 <0.001
DMFS 18.91 12.51–28.59 <0.0001 17.30 11.39–26.27 <0.001

*Hosmer and Lemeshow test: p = 0.534
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pendent potential risk factors for developing active
white enamel lesions (Table 3).

DISCUSSION

Few studies have been conducted identifying sepa-
rately the factors associated with enamel and dentin
caries. The majority follow the criteria recommended
by the World Health Organization (WHO) and the Na-
tional Institute of Dental Research (NIDR), which only
measure the cavitated lesion, disregarding incipient or
non-cavitated lesions. Generally speaking, studies us-
ing sectional designs have found that oral hygiene has
a strong association with dental caries (Schröder and
Granath, 1983; Russel, 1991; Bedos and Brodeur,
2000; Santos and Soviero, 2002).

In children between 6 and 12 years of age, Ret-
nakumari (1999) reported that those with poor oral hy-
giene had a higher risk of developing caries (OR =
3.59, CI 95% 2.53–5.06). Similar results were found
by Kleemola-Kujala and Räsänen (1982) in children
aged 5, 9 and 13 years, where the relationship be-
tween accumulated biofilm and the presence of caries
was also identified. High sugar consumption only rep-
resented a significant risk factor when associated with
poor oral hygiene.

When assessing enamel and dentin caries sepa-
rately, Mascarenhas (1998) observed that poor oral
hygiene was a common risk factor for both, with a prob-
ability of 2.02 (1.46–2.83) for enamel lesions and
3.21 (2.31–4.50) for dentine lesions.

In preschool children, cross-sectional studies also
show a relationship between oral hygiene and dental
caries (Santos and Soviero, 2002; Jose and King,
2003; Segovia-Villanueva et al, 2005). When active
white lesions are included in caries investigations
(Schröder and Granath, 1983), the presence of biofilm
stands out as the most important factor for developing
early childhood caries. This association in preschool
children has also been demonstrated by longitudinal
studies (Schröder and Granath, 1983; Stecksén-Blicks
and Gustafsson, 1986). 

In the present study, even though all the school-
children displayed poor oral hygiene, the group with ac-
tive enamel lesions exhibited significantly higher (p <
0.001) levels of plaque and gingival bleeding indices.
It is important to note that only enamel caries, disre-
garded by most studies, were assessed. Moreover, the
study design was case-control, one of the most effec-
tive in assessing risk factors.

Longitudinal studies require a follow-up for a deter-
minate period of time and therefore enable a better ob-

servation of the dynamism between biofilm frequency
and caries development, making these studies very
important for assessing risk factors. Alaluusua and
Malmivirta (1994) found that visible plaque on the
vestibular surfaces of maxillary incisors represented
the best risk indicator, with a sensitivity of 83% and
specificity of 92%, demonstrating that visible plaque
on this surface is a risk factor for developing caries.

Similarly, Tucker et al (1976), after a 3-year follow-
up, reported a relationship between oral hygiene and
toothbrushing frequency and caries incidence in 11-
year-old children. The authors concluded that the in-
crease in caries was less in the group with good hy-
giene that brushed with greater frequency. Tooth-
brushing frequency, however, has been decreasing as
a variable since it does not reflect hygienic conditions,
given that it may be ineffective in biofilm removal.

In contrast, Etty et al (1994) concluded that white le-
sion cavitation did not alter as a result of poor oral hy-
giene. It should be noted, however, that the five groups
investigated were submitted to fluoride intervention,
which may have masked the real effect of oral hygiene.
Although a large proportion of studies have shown a
positive association between poor oral hygiene and
caries, some have not reported this relationship, prob-
ably owing to unsuitable methodology (Parviainem et
al, 1977; Ainamo and Parviainem, 1979; Klock et al,
1989; Etty et al, 1994).

In addition to the methodological differences
among studies, another important aspect to be as-
sessed is the data-collection instrument. Question-
naires about toothbrushing frequency (Jose and King,
2003; Segovia-Villanueva et al, 2005) and bleeding
during the act of brushing (Tubert-Jeannin et al, 1994)
have been used as verification instruments, demon-
strating a positive association between dental caries
and poor hygiene. Vanobbergen et al (2001), for ex-
ample, found that brushing less than once a day was
a risk factor (OR = 2.43). However, Petry et al (2000)
observed in a case-control study that oral hygiene did
not influence the presence of caries in adults.

Studies that base themselves on questionnaires to
identify oral hygiene levels must be assessed with cau-
tion, given the unreliability of verifying the quality of
toothbrushing and the presence of biofilm or gingival
inflammation without performing a clinical examina-
tion. The quality of brushing is more important than the
frequency. 

A more reliable collection instrument for identifying
oral hygiene as a risk factor is the presence of biofilm
and bleeding, which were obtained in our study from
VPI and GBI. These indices were highly significant in
the white lesion group (p < 0.0001).
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Gingival bleeding is an important predictor of oral hy-
giene since it is a result of mature biofilm. Investiga-
tions have considered the gingival bleeding index as a
significant factor for increased caries (Ogaard et al,
1994; Mathiesen et al, 1996). In a longitudinal study
with children aged 8 and 13 years in Sweden, Steck-
sén-Blicks and Gustafsson (1986) assessed GBI per-
centage as an objective measure of oral hygiene and
found a strong relationship with high caries activity.
The authors further affirmed GBI as the most signifi-
cant variable, allowing differentiation between the
group with low caries activity and that with high 
activity.

When assessing bleeding associated to proximal
caries, Ratledge et al (2001) observed a significant re-
lationship: the group with cavitated lesions exhibited a
higher gingival bleeding index than the lesion-free
group. Proximal caries progression was also investi-
gated in a study by Ekstrand et al (1998), who verified
the influence of plaque and bleeding indices as para-
meters in the development of enamel and dentine
caries. The results demonstrated that there was a sig-
nificant relationship between gingival bleeding and
carious surfaces, and highlighted the fact that biofilm
occurrence (p = 0.5) did not display the same predic-
tive power as bleeding (p < 0.001)

Schröder and Granath (1983) used bleeding as a hy-
giene parameter in preschool children with mean age
of 3 years, and concluded that those with no clinical
signs of gingival inflammation had a low risk of devel-
oping caries. In a longitudinal study, Wendt et al (1994)
used visible plaque as hygiene parameter, which was
significantly correlated with the development of carious
lesions in children from 1 to 3 years of age.

Another factor to consider is the possibility of caries
experience influencing the development of new le-
sions. Poulsen and Holm (1980) and Raadal and Es-
pelid (1992) reported that the presence of caries in de-
ciduous teeth increases the likelihood of caries in per-
manent teeth. Vanobbergen et al (2001), however,
showed in a cross-sectional study that dmfs, with an
odds ratio of 1.07, was not an important risk factor for
caries in first permanent molars. In the present study,
the dmfs of deciduous teeth was not a risk factor for
active white lesions.

A 3-year cohort study on permanent teeth found ini-
tial DMFT as a risk factor for caries development, rep-
resented by increased DMFT after a period of time 
(Almagro-Nievas et al, 2001). Similarly, Russel (1991)
observed that past caries experience (DMFS) and the
presence of carious surfaces were important predic-
tive factors for the subsequent increase in carious le-
sions. 

In the present study DMFS was highly significant,
with an adjusted OR of 17.3 (11.39–26.27). This
demonstrates its importance in identifying groups at
risk of developing new carious lesions, despite the fact
that DMFS represents accumulated caries experience
and not necessarily the current condition of the indi-
vidual.

CONCLUSIONS

Poor oral hygiene is a risk factor for the presence of ac-
tive white lesions. Caries experience, measured by
DMFS proved to be an important indicator for identify-
ing individuals at risk of developing active white enam-
el lesions. The results reaffirm the importance of 
mechanical biofilm control in preventing caries in their
initial stage and the need for identifying risk factors in
order to provide individuals with improved dental care.
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