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Toxins secreted by bacteria in plaque accumulated
over time along the gum line can cause gingivitis, a

dynamic condition widely prevalent in children, whose
earliest clinical changes can be detected after 2–3
weeks of persistent plaque accumulation: redness,
swelling, reduced resistance to probing and increased
tendency to gingival bleeding on probing or when the

teeth are brushed (Jenkins and Heasman, 1993).
Clearly not all gingivitis progress to periodontitis, al-
though chronic periodontitis must be preceded at
some point by gingivitis (Brown and Loë, 1993). Calci-
um salt concretions formed on teeth (dental calculus)
result from the mineralization of dental plaque. Dental
calculus acts as a retentive factor for plaque, which
can irritate the gum tissue and foster the progression
of chronic gingivitis and periodontal disease. As brush-
ing and flossing the teeth, and a regular use of dental
services, can promote the removal of dental plaque
and prevent both calculus and gingival bleeding, these
conditions can be considered indicative of poor oral
health and caries risk.

While assessing the DMFT for 12-year-old children
in 18 European countries, Nadanovsky and Sheiham
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Alle Rechte vorbehalten(1995) concluded that dental services were relatively
unimportant in explaining differences in dental caries
during the 1970s and early 1980s. On the other hand,
recent approaches focusing dental health promotion
indicated a contrasting perspective, and concluded
that reductions in plaque and gingival bleeding were
achieved in the short-term in the majority of studies re-
viewed (Watt and Marinho, 2005). These observations
motivated the assessment of association between the
prevalence of gingival unhealthy conditions and an in-
dex of dental care utilization, as a strategy to appraise
the effectiveness of dental health promotion.

Recent studies in the Brazilian context indicated a
poorer overall dental status for boys (Antunes et al,
2003a), for black children (Antunes et al, 2003b), and
for children enrolled in public schools (Antunes et al,
2002) than for their respective counterparts. The ap-
praisal of the association between the gingival status
of schoolchildren and their utilization of dental ser-
vices should thus consider the control for socio-demo-
graphic characteristics of examined individuals.

Geiger (2001) addressed the longstanding question
of whether malocclusion plays an aetiological role in
gingival inflammation and periodontal disease in a 
retrospective essay focusing evidences and argu-
ments raised in the literature. During the 1950s and
1960s, a few studies tried to evaluate the anatomic
and functional contribution of dentofacial anomalies
for the maintenance of improved gingival status in chil-
dren. However, these studies had their conclusions
appraised as limited due to the reduced number of
subjects, and the inability of researchers to account for
the many variables involved in the assessment of pe-
riodontal and occlusal status. Subsequently, newly de-
veloped methodologies for assessing both conditions,
namely the community periodontal index of treatment
needs (Ainamo et al, 1982) and the dental aesthetic
index (Cons et al, 1986) gave rise to further studies as-
sessing hypotheses of association between periodon-
tal and occlusal variables (Onyeaso et al, 2003).

These observations suggest the importance of also
controlling for dentofacial anomalies of schoolchildren
while assessing the association between their gingival
status and dental health services utilization. The ob-
jectives of the current study were to describe the preva-
lence of gingival bleeding on probing and dental cal-
culus in 12-year-old schoolchildren in the state of São
Paulo, Brazil, and to assess its association with an in-
dex for the effectiveness of the local dental service,
while controlling for socio-demographic characteristics
and dentofacial anomalies of the schoolchildren ex-
amined.

MATERIALS AND METHODS

Data source

From May 2002 to October 2003, the Brazilian health
authority sponsored a major survey of oral health
(Brazil, 2004), comprising 108 921 dental examina-
tions performed in accordance with international stan-
dards established by the World Health Organization
(WHO, 1997). Nearly 2000 professionals participated
as dental examiners, and as recorders and coordina-
tors. All dentists were previously trained and calibrat-
ed for the examinations; the appraisal of data repro-
ducibility indicated 0.7 as the lowest kappa statistic for
the inter- and intra-observer agreement of examina-
tions, referring to the examination of oral conditions
assessed in the current study.

Although the survey comprised all Brazilian regions
and all age groups indicated by the WHO, we focused
on 12-year-old schoolchildren living in the State of São
Paulo (35 towns). When sponsoring institutions made
the survey data available for public consultation, we re-
viewed 5780 oral-examination records, which corre-
spond to the entire data set for the selected age group
and region.

Surveys on oral health that follows WHO directions
use the DMF (decayed, missing and filled permanent
teeth or tooth surfaces) index for assessing dental
caries. Diagnostic criteria for the epidemiologic as-
sessment of dental caries was supplied by the WHO’s
guidebook (WHO, 1997). As to the assessment of gin-
gival conditions for this age, the Community Periodon-
tal Index (CPI) classified each sextant of the mouth as
healthy (CPI = 0); bleeding observed after probing (CPI
= 1); or calculus detected during probing (CPI = 2). The
oral examination record also informed dentofacial
anomalies by the Dental Aesthetic Index (DAI), which
comprises the following conditions: missing incisor,
canine and premolar teeth, crowding and spacing in
the incisal segments, diastema, anterior maxillary and
mandibular irregularity, anterior maxillary and man-
dibular overjet, vertical anterior openbite, and antero
posterior molar relation (WHO, 1997).

The oral-examination record also gathered informa-
tion on socio-demographic characteristics of partici-
pating children: gender, ethnic group and type of
school. Type of school refers to the differentiation of
students enrolled in public and private schools. As
public schools do not collect tuition fees, dental stud-
ies have assumed that children attending private
schools in the Brazilian context would present higher
socio-economic status than those enrolled in public
schools (Antunes et al, 2002; Freire et al, 1996). The
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black children and children of mixed African descent),
from ‘non-blacks’ (i.e. white children of European de-
scent). As ethnic miscegenation is a prominent char-
acteristic of the Brazilian population, children of mixed
descent markedly prevail in the ‘black’ group.

DMFT information enabled the estimation of the
dental care index, a measurement originally proposed
by Walsh (1970) for comparative studies addressing
dental programmes, which indicates the utilization of
dental services by the group. Although the DMFT can
be assessed either at individual or at contextual (town)
level, the care index is solely calculated for aggregate
data (on account of its absent definition for caries-free
children), and refers to the ratio (F/DMFT) between the
number of filled teeth and the overall index of caries
for each participating town.

Data analysis

Statistical analyses used the SPSS 8.0 1997. The as-
sessment of covariates for the prevalence of unhealthy
gingival status in one or more sextants of the mouth
used odds ratios (OR) and 95% confidence intervals as
calculated by maximum likelihood estimation and un-
adjusted for the remaining variables of the study. The
subsequent adjustment of covariates used multivari-
ate models explaining the prevalence of any gingival
unhealthy condition (CPI ≥ 1: bleeding after probing or
calculus) and the prevalence of calculus (CPI = 2) in at
least one sextant of the mouth.

Multivariate analysis fitted four models for each of
these conditions, using a stepwise forward procedure
of logistic regression analysis (Holford, 2002): the
empty model (without covariates); model 1 (controlling
for socio-demographic characteristics of subjects);
model 2 (controlling for socio-demographic character-
istics and dentofacial anomalies of subjects); and the
full model, comprising a multilevel assessment of so-
cio-demographic characteristics and dentofacial
anomalies of subjects (first level), and the dental care
index of participating towns (second level). The ap-
praisal of goodness-of-fit indicators for these models
used the –2 log-likelihood test as a measure of de-
viance.

Multilevel modelling

Multilevel analysis used the scheme of fixed effects /
random intercept (Snijders and Bosker, 2003), con-
sidering two levels of data organisation: examined

schoolchildren (first level) and towns (second level). At
the first level, a conventional multivariate logistic re-
gression analysis comprising all schoolchildren allowed
assessing the effect of covariates on socio-demograph-
ic characteristics and dentofacial anomalies. If pi is the
predicted probability of the ith individual being positive
for each outcome (CPI ≥ 1 and CPI = 2), pi/(1–pi) will be
the corresponding odds. The logit function can thus be
defined as: logit(pi) = log[pi/(1–pi)], and the conven-
tional logistic regression equation is: logit(pi) = b0+b1 X1
+ b2 X2 + ... + bk Xk (Holford, 2002), in which b0 is the in-
tercept, and b1, b2, ... , bk are the slopes referring to the
effect of covariates for the first level.

At the second level, a conventional multivariate lo-
gistic regression analysis was run for each town, thus
totalling 35 new regression equations. The slopes of
these equations were fixed to coincide with the slopes
predetermined by the overall equation comprising the
whole data set, as this model does not allow for sec-
ond-level variations on the effect of first-level covari-
ates. Therefore, all second-level variation was attrib-
uted to the intercept, and an ordinary least squares
(OLS) regression analysis assessed the variation of the
intercept: b0 = B0 + B1Y1, in which B0 is the fixed part
of the intercept, Y1 is the dental care index (the second-
level covariate), and B1 is the slope accounting for the
effect of the second-level covariate on the intercept.

RESULTS

Nearly one third (31.99%) of the schoolchildren exam-
ined presented unhealthy gingival conditions, with
bleeding after probing or calculus in one or more sex-
tants of the mouth (Table 1).

The assessment of covariates, as unadjusted for the
remaining conditions being appraised, identified so-
cio-demographic conditions associated with a poorer
gingival status of schoolchildren (Table 2). Males,
blacks and children enrolled in public schools 
presented a higher prevalence of unhealthy gingival
status, both in the assessment of CPI ≥ 1 and CPI = 2.
Several dentofacial anomalies also associated with
unhealthy gingival status: crowding of the incisal 
segments, maxillary and mandibular irregularity, 
maxillary overjet, vertical anterior openbite and antero
posterior molar relation. Children presenting gingival
bleeding after probing or calculus had poorer use of
dental services (as indicated by their significantly low-
er figures of the dental care index) than those ranking
CPI = 0 for all sextants of the mouth (p < 0.001).

The adjustment of covariates in the multivariate as-
sessment confirmed socio-demographic status, dento-
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facial anomalies and utilization of dental services as
conditions effectively associated with the risk of un-
healthy gingival status, i.e. CPI ≥ 1. As the full model
presented a significantly lower deviance than the re-
maining prior models, the multilevel model comprising
the whole set of covariates was considered the most
effective for explaining the outcome variable (Table 3).

The fitting of multivariate models for the risk of den-
tal calculus (CPI = 2) also presented significant esti-
mates for the whole set of covariates appraised in the
study (Table 4), and the full multilevel model also pre-
sented a significantly lower deviance. This observation
indicates that the same determinants of socio-demo-
graphic status, dentofacial anomalies and utilization
of dental services affect the risk of a further outcome
of gingival unhealthy status.

DISCUSSION

Studies reviewed by Jenkins and Papapanou (2001)
support the current observation of boys presenting a
poorer gingival status than girls. The literature also re-
ports gender differences in behaviour and knowledge
concerning oral health, with indications of girls having
advantages in most issues such as flossing and brush-
ing their teeth, diet, self-esteem, and regular use of
dental care (Clarkson and Worthington, 1993; Hauge-
jorden, 1996; Chen and Andersen, 1997; Ostberg et
al, 1999; Antunes et al, 2003a). While reviewing stud-
ies appraising discrepant oral health status among
ethnic groups in the USA, Hunt (1990) stated that
black children received less dental services than 
their white counterparts. Within the Brazilian context,
Antunes et al (2002, 2003b) observed higher dental
treatment needs in black than in white children. These

indications are consistent with the current report of
poorer gingival status for black than for white school-
children in the state of São Paulo.

The present study observed the prevalence of gin-
gival bleeding on probing and dental calculus as as-
sociated with a socio-economic indicator of examined
children; an observation also met by the dental litera-
ture. Gesser et al (2001) appraised the gingival status
of youngsters in a Brazilian city, and reported both
bleeding and calculus as significantly associated with
family income, instructional levels of examined sub-
jects and of their parents. Kallio and Murtomaa (1997)
observed a significant association of gingival bleeding
on probing with toothbrushing frequency and socio-
economic status of Finnish adolescents. Taani (2002)
appraised the gingival status of Jordanian children us-
ing the same proxy for socio-economic status (enrol-
ment in public or in private schools), and observed
worse oral health for the poor than for their better-off
counterparts. However, as the difference was not sta-
tistically significant, the author concluded that dental
health education was recommended for both socio-
economic groups.

Also, the occlusal status of children has been stud-
ied as related to children’s gingival conditions. In a 
longitudinal appraisal of children receiving orthodon-
tic treatment, Glans et al (2003) indicated the orth-
odontic correction for crowding in the incisal segments
as a condition associated with improved tooth clean-
ing. Davies et al (1988) observed higher plaque scores
in 12-year-old children presenting anterior overjet, sug-
gesting that tooth cleaning is more difficult in these
cases. Ashley et al (1998) reported evidence of a direct
relationship between irregularities of the incisor teeth
and gingival redness, bleeding, and profuse bleeding
on probing, for children aged 11–14 years.

Antunes et al
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Gingival status n %

Healthy (all sextants) 3931 68.01
Bleeding on probing in one sextant 440 7.61

in two or more sextants 597 10.33
Calculus in one sextant 277 4.79

in two or more sextants 191 3.31
Mixed conditions of unhealthy gingival status:    
at least one sextant affected by gingival bleeding 344 5.95 
on probing and one sextant presenting calculus 

Table 1  Community periodontal index assessment of 5780 12-year-old schoolchildren, state of
São Paulo, Brazil, 2002
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Alle Rechte vorbehaltenThe identification of socio-demographic characteris-
tics and dentofacial anomalies as modifying factors of
gingival status demands that these conditions be con-
sidered as control variables for an effective appraisal of
the impact of dental services utilization on outcomes of
child oral health. Multilevel models estimated in the cur-
rent study indicated that towns with a higher dental
care index tended to present a reduced prevalence of
gingival unhealthy status, referring to both bleeding and
calculus. As these multilevel models comprised adjust-
ment for covariates on socio-demographic characteris-
tics and dentofacial anomalies, we suggest that this ob-
servation could not be explained by insufficient control
of confounding on these variables.

The care index was used as indicative of dental care
utilization for the appraisal of association with the
town-level gingival health profile. For this assessment,
the ‘attendance’ and ‘consumption of dental care’ are
also important parameters, and the availability of oral
hygiene products, the educational level of caregivers,
other oral health campaigns, plaque index, oral hy-
giene and dietary habits can be considered as most
important confounding factors regarding gingival
health. However, none of these factors are usually as-
sessed in surveys following WHO guidelines, and data
on these dimensions were not available for the current
assessment. This absent information can thus be con-
sidered a major shortcoming for this study.

The dental health service in Brazil underwent an ex-
tensive reform during the 1990s, with the implemen-
tation of restorative dental treatment, dental public
health initiatives (epidemiologic surveys, education in
dental health, fluoride mouth rinse, dental plaque dis-
closure, supervised toothbrushing and distribution of
dentifrice and toothbrushes) and preventive dental
treatment (fluoride varnish and fissure sealant) ad-
dressed to children. During this period, the implemen-
tation of state funding for dental assistance allowed
an increased attendance of children, and the public
sector of dental services was evaluated as effective for
reducing inequalities in dental health in the Brazilian
context (Antunes et al, 2003a; 2003b). Notwithstand-
ing, the association between oral health status and
dental care utilization has not yet been assessed, and
the lack of information on this association during the
1990s is another shortcoming of the study.

Therefore, we observe that the conclusions of the
current study should be interpreted cautiously, being
solely considered as a prospective indication of effec-
tiveness for the Brazilian dental health service; an ap-
praisal that must be confirmed by further studies com-
prising longitudinal assessments and alternative ana-
lytical schemes.
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