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Abstract

Dental caries is a complex disease, which needs an approach that considers caries influenc-
ing factors at different levels and their integration. Multilevel Modeling is a clustered analy-
sis of variables from the individual to the community level. The aim of this study was to in-
vestigate the association of social and biological factors grouped into hierarchical levels, in
students with caries. A sample of 687 students was evaluated from public and private
schools of Curitiba. The parameters evaluated were: individual level, school level and dis-
trict level. Individual variables had a highly significant association with caries experience, al-
so in the presence of school and district levels. Male sex negatively associated with caries
experience. However, the interaction between male sex and no fluoride use was positively
associated with caries. Lower socioeconomic status, dental biofilm, and fluorosis were as-
sociated with caries. Nevertheless, the interaction between dental biofilm and fluorosis was
negatively associated with caries experience. The interaction between no flossing and use
of public dental services were also associated with caries outcome. Individual factors were
associated with caries experience even with the inclusion of contextual variables in the

study population.

Introduction

Dental caries is an infec-
tious and multifactorial disease.
The prevalence of caries has re-
duced significantly, including in
Latin America and Brazil
(DMFT=2.07 for 12 years-old) [1,2]
possibly due to the increased
availability of fluoride and oral
health programs [3,2].

Nevertheless, groups of
children have still been showing
high caries activity. It is estimated
that 20 to 25% of children and ad-
olescents in Brazil concentrate 60
to 80% of caries prevalence [2].
The phenomenon of disease con-
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centration in small groups is
termed polarization and repre-
sents one of the epidemiological
disease aspects, where a popula-
tion portion focuses most needs
for treatment [2,4]. Thus, the early
identification of caries risk indica-
tors is fundamental for measures
of prevention, control and reduc-
tion of damage, with obvious epi-
demiological, human and econom-
ical consequences [5].

Socioeconomic status [6],
oral health behavior, including diet
[7], gender, ethnicity [3] and bio-
logical factors, such as biofilm
formation and saliva properties
[8,9], have been considered the
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main risk factors influencing indi-
vidual susceptibility to caries.
However, there has been a shift
from individual to population—
level approach when researching
the risk indicators for chronic dis-
eases [10]. As previously pub-
lished, individual factors are usual-
ly influenced by the population
context [7,10]. Also, a higher car-
ies experience and a lower dental
care index (the ratio between the
number of filled teeth and DMFT)
were observed in children attend-
ing public schools than for those
enrolled in private schools [3] and
in areas with lower levels of em-
powerment and income [11, 12].
There has been seen significant
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variation in the severity of caries
between low-income neighbor-
hood clusters. Indeed, neighbor-
hood features were seen to be as-
sociated with self-reported oral
health [13].

Multilevel modeling for dental caries among adolescents in a Brazilian large city

siders factors related to the indi-
vidual together with the commu-
nity level, organized in hierarchical
levels. Thus, the aim of this study
was to investigate the association
of individual and community fac-

income). Then, two larger schools
from each district, one public and
one private, with a minimum of
1500 students, were chosen using
a table of random numbers totaliz-
ing twelve schools. All 12-year-old

Caries is a complex disease

tors, grouped into hierarchical

and an approach that can evaluate

the factors influencing the disease

at different levels and their inte-
gration is suitable. To date there
are only few studies evaluating
caries in a multilevel approach,

Methods

levels by Multilevel Modeling.

Six districts in Curitiba- PR,

Brazil with similar socioeconomic
aspects were assessed in this

students or those which would
complete this age in the year of
the study were invited to partici-
pate on each school. An informed
consent form was given to every
student caregiver in each school.
Adolescents whose caregiv-

Table 1. Districts demographic and socioeconomic aspects.

DISTRICTS
1 2 3 4 5 6
248,698 iniii’;::ts 215503 197 346 168,425 243 506
inhabitants or or 8.9% of inhabitants or  inhabitants inhabitants or inhabitants or
14.2% of the tc;tall) 12.3% of the or 11.3% of 9.6% of total 13.9% of the
total o total the total Municipality total
T Municipality T . L
Municipality Municipality Municipality Municipality
DEMOGRAPHIC 47427 42125 41297 - 42125
ASPECTS . . 45711 . 42087 .
children 0- children . children 0- . children
children children
14 years old 0-14 years 0-14 14 years 0-14 Id 0-14 years
o 0 -14 years o -14 years o o
(19.1/f:of the old (40.M of old (21.2% of (20.94aofthe (25.0% of the (17.3/.0 of the
regional the regional . regional . regional
opulation) opulation) the regional opulation) regional opulation)
pop pop population) pop population) pop
INCOME
PER CAPITA - 45.9% 42.5% 44.3% 50.4% 44,9% 40.0%
2010* (*1  received over received over received over received over received over received over
minimum wage, 1to3 MW 1to3 MW 1to3 MW 1to3 MW 1to3 MW 1to3 MW
MW= $130)
99.2% of 98.8% of 99.4% of 99.7% of 99.0% of 98.9% of
SOCIOECONOMIC households households households households households households
ASPECTS WATER SUPPLY  connectedto connectedto connectedto connectedto connectedto connected to
the water the water the water the water the water the water
network network network network network network
82.7% of 86.6% of 94.8% of 93.9% of 89.4% of 95.8% of
households households households households households households
SEWAGE
NETWORK connectedto connectedto connectedto connectedto connectedto connected to
sewage sewage sewage sewage sewage sewage
network network network network network network

and they do not analyze all factors

that may be contributing to its

complex development [7]. Multi-
level Analysis is a model that con-
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study (Table 1). In Brazil, the soci-

oeconomic status generally im-

plies in the type of school, public
(lower income) or private (higher

ers/parents did not return the
consent form were not included
for study along with smokers, or-
thodontic appliances users, and
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Table 2. Individual and contextual characteristics of students (n=687) and caries status.

Variables n

687

Frequency

(%) Proportion of DMFT=1 (%) The 687 StUdentS
100.0 were diagnosed according to

Level 1: Student

the decayed, missing and

Sociodemografic
Ethnic group : H
Wi 606 88.2 48,50 filled teeth index (DMFT).
Light- and dark-skinned black 62 9.0 69.3b H i i
e, o oo oo White spot lesions in dental
Sex surfaces were considered
Female 377 54.9 52.22 . L.
Male 310 45.1 49.00 decayed according to clinical
Behavioural . . .
Toothbrushing frequency criteria described by Assaf et
2 or more/day 644 93.7 49.82
Until once/day 43 6.3 65.12 al. [14].
Flossing
Yes 443 64.5 47.22 . .
No 244 35.5 57.40 Examinations were
Fluoride use (solution,varnish,gel) d d . h I .
Ves 405 590 47 4a conducted in schoolrooms in
No 282 41.0 55.7b H H
Dental visits frequency accordance with interna-
2 times or more/year 304 44.2 48.72 H H
oneeryonr o PP o tional standards establl'shed
No 68 9.9 60.3: by World Health Organiza-
Sugar consumption between meals .
No 69 10.0 50.72 tion (WHO) [15]. All evalua-
Yes 618 90.0 50.82 .
Socioeconomic tions were performed by
Dental access . .
Private 427 62.2 41.40 two calibrated examiners.
Public 260 37.8 66.1b . .
Individual socieconomic status Inter- and Intra-examlner
A1/A2 (highest) 175 25.5 32.62 ihili
b1/ s 255 3260 reproducibility was taken on
¢ 166 242 65.1¢ 10% of the sample and the
D/E (lowest) 36 5.2 63.9bc
Clinical Kappa test was used to
Plaque Index (modified) . ™
0 95 13.8 38.92 measure reliability. The ob-
>0 and <1 475 69.2 50.12 .
21 117 17.0 63.20 tained values for Kappa test
Gomn i )
enguvitis 204 sa8 4700 were 0.93 for inter- and 0.99
s 283 412 56.2 for intra-examiner.
No 497 72.3 52.32
Yes 190 27.7 46.82 .
Stimulated salivary flow rate A mUItlleVEI StUdy
>0.5 mL/min 522 76.0 51.02 1
o >22 780 et was designed to assess the
Salivary bujfering capacity 70 o7 coo individual and contextual
pH>3. . .92 ) .
pH=3.9 17 2.5 47.1a effects on caries experience
Level 2: School
Type of school (DM FT=0 or DM FTZ].) Data
Private 334 48.6 41.32 h h ”
Public 353 514 5.8 were hierarchically struc-
Oral health education . L .
Vo 240 349 i tured in three levels: indi-
No , 447 65.1 49.92 viduals (level 1), schools
Permission for sweet consumption . i
Non permitted 228 33.2 37.3: (level 2), and districts (level
Permitted 459 66.8 57.5b . i
Tevel 3: District 3). The choice of variables
Fluoride concentration in water supply . . .
0.7 mL/L 333 485 49.20 was based in caries multifac-
<0.7 mL/L 354 51.5 52.32 .
Socioeconomic position torlal mOdeI proposed by
better living conditions 447 65.1 47.22 i H
worse living conditions 240 34.9 57.5P FejerSkOV & ManJI [16]
Fisher’s exact or chi-square test. Distinct lower-case superscript letters indicate statistical significance (p<0.05).
individuals taking antibiotics in the ~ They were distributed about 1100 Individual level (level 1)

last three months. The study was
approved by the Ethical Commit-
tee on Research of Pontifical
Catholic University of Parana
(PUCPR) under register n° 487.
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consent forms, and 687 12-year-

old unrelated adolescents agreed
to participate, approximately 55

students from each school, both

sexes.

Individual demographic
variables included sex
(male/female) and ethnicity:
white/ light- and dark-
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skinned/black and yellow (Asian
descent).The parent/caregiver an-
swered self-completed question-
naires about oral health behavior:
tooth brushing frequency, dental
flossing, topical fluoride (solution,
varnish, gel), dental attendance
pattern (frequency of dental
check-ups and public/private ac-
cess) and sugar consumption be-
tween meals [12,6].

A standard Brazilian socio-
economic classification based on
household items and on the level
of education of the head of
household was adopted [12]. A set
of points is assigned to these indi-
cators and a final score defines the
socioeconomic groups; A (highest),
B, C, D, and E (lowest). Because of
the small number of observations
in class E, data were categorized
into four groups: high social class
(class A), high-middle social class
(class B), middle social class (class
C) and low social class (classes D
and E).

The biofilm accumulation
was verified by the Plaque Index
(P1) [17] modified, which adopted
the same criteria, but evaluating 6
teeth surfaces: 16 [buccal (B)], 12
B, 26 [lingual (L)], 36 B, 32 L, and
46 L. The Pl was categorized as: no
plague accumulation (P1=0), regu-
lar plaque accumulation (PI1>0 and

http://dentistry3000.pitt.edu
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<1, up to a third of the surface
with accumulated biofilm) and
high plaque accumulation (Pl=1,
more than a third of the surface
with accumulated biofilm). Indi-
viduals were considered positive
for gingivitis when all teeth from
at least one sextant were affected,
with bleeding and inflammation.
The presence or not of any degree
of fluorosis was established ac-
cording to Dean’s index (WHO)
[15].

The stimulated salivary
flow rate (SSFR) was measured as
previously described [18]. To clas-
sify the SSFR the following numer-
ical scores were attributed: O for
low caries risk >0.5 mL/min and 1
for high caries risk <0.5 mL/min,
because the cut line for dichoto-
mization was based on the data
distribution. The buffering capaci-
ty (BC) was performed as de-
scribed previously [19]. Final pH of
the mixture was determined using
a pH-meter and BC was consid-
ered good if the final pH was >3.9
and deficient for pH=3.9.

School level (level 2)

Twelve large schools were
randomly chosen, being 1 public
and 1 private from each of the 6
health districts studied. Besides
the type of school, it was also veri-
fied permission or not for sweet-

ies’ consumption in the classroom
and other areas in the institution
and the presence or not of oral
health education programs.

District level (level 3)

Means of fluoride concen-
tration in water supply in 2006
were obtained for 6 Health Dis-
tricts from the Municipal Health
Secretary of Curitiba and dichot-
omized into <0.7 and =0.7 mL/L,
because it is the minimum concen-
tration allowed in the city.

The classification of the so-
cioeconomic conditions in the
health districts was described by
Moraes & Ribeiro [20], and con-
sidered income and education of
the household head. The score
was then organized in descending
order and grouped into 5 socioec-
onomic categories. The first cate-
gory was A (best living conditions)
and the last category was E (worst
living conditions). Because of data
distribution in this study, it was
chosen to join B/C (better living
conditions), and D/E (worse living
conditions). None of the evaluated
districts obtained score A.
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Table 3. Multilevel modeling of 12-yr-old students, considering individual, school and district hierarchical levels in relation to caries experience

Model 1 (null model) Model 2 Model 3 Model 4 Model 5
Variables p CI Cl Cl p CI Cl
value OF gny, Pvale OR-gg, o pvalie OR e e OR g5y pralle 0RO g
LEVEL 1: INDIVIDUAL
Sociodemografic
Ethnic group
White (ref)
Light- and dark-skinned 009% 166 (0.91- 0080 171 (0.94- 0060 182 (0.98-
black 3.02) 3.11) 338)
Yellow (0.79- (0.83- (0.77-
029 221 iy 0109 232 Yy 0137 224 o
Sex
Female (ref)
Male (0.54- (053- . (0.31- . (0.33-
033077 g 0107 075 e 000 049 a0 051 g
Behavioural
Toothbrushing frequency
2 or more/day (ref)
Until once/day (0.52- (0.50- (0.40-
0859 107 5o 0929 103 Gy 0685 085 183
Flossing
Yes (ref)
No (0.90- (0.87 - (026 0635 089  (056-
0ot 130 g 0215 126 182) 0189 059 g 142
Fluoride use (solution,
varnish, gel)
Yes (ref)
No (0.76- (0.75- (040- 0082 066  (041-
062 109 oo 06%8 107 Yoy 0087 086 e 105)
Dental visits frequency
2 times or more/year (ref)
Once/year (0.61- (0.63- (0.68-
04087 oy 0510 087 126 0922 098
No (0.46- (0.48 - (0.36-
0614 085 gy 0736 050 Yy 0285 070 oo
Sugar consumption between
meals
No (ref)
Yes (0.70- (0.70 - (0.71-
081 12 G 0T 12y 0425 127 226
Firstly, an exploratory level logistic model was used. Both  null model (Model 1), which took
study was performed using Fisher the Marginal Quasi Likelihood into account the structure from
and chi-square test. The multilevel  (MQL) first-order approximation levels 1, 2 and 3. The null model
software MLwiN version 2.01 procedures and Predictive Quasi was followed by Model 2 in which
(Centre for Multilevel Modeling, Likelihood (PQL) second-order ap-  variables from level 1 were includ-
Bristol, UK) was used to estimate proximation procedures were ed. In Model 3, it was included
the effects of individual, school used. However, because they pro-  variables from levels 1, 2 and 3.
and district variables on DMFT. duced similar results, only the re- There were adjustments in Models
The multilevel analyzes were used  sults based on PQL second-order 4 considering: i) all the school and
to determine the relative size of procedures are reported and dis- district variables; ii) all the varia-
the variance at each level [21]. As cussed [12]. Five models were bles at the individual level, which
the outcome was binary, a multi- specified for the outcome. First, a presented statistically significant
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Table 3 (Continued). Multilevel modeling of 12-yr-old students, considering individual, school and district hierarchical levels in relation to caries experience

Socioeconomic
Dental access
Private (ref)

Public " (1.25- % (1.12- (0.73- 0.139 (0.88 -
0.003 191 2.92) 0.014 1.75 2.75) 0.401 1.26 2.19) 1.47 2.46)
Individual socieconomic
status
A1/A2 (ref) highest
B1/B2 " (1.27- " (1.16 - (0.92- " (1.15-
0.002 1.92 2.92) 0.009 1.80 2.78) 0.099 1.54 2.57) 0.009 1.79 2.77)
C " (1.17- " (1.03 - " (1.02- " (1.01-
0.013 2.05 3.61) 0.038 1.88 3.41) 0.045 2.13 4.44) 0.047 1.83 332)
D/E lowest 0368 150 (0.62- 0458 040 (0.57 - 0155 247 (0.71- 0.402 147 (0.60 -
’ ) 3.60) ) ’ 3.45) ’ ’ 8.59) 3.63)
Clinical
Plaque Index (modified)
0 (ref)
>0 and <1 (0.88- (0.89 - . (115-  0.008* 221 (1.23-
0151 143 234) 0.130 146 2.38) 0.016 211 3.88) 3.96)
>1 . (1.18- . (122 - . (1.97-  0.000% 4.94 (236 -
0.014 2.28 4.40) 0.011 2.35 456) 0.000 4.42 9.91) 10.37)
Gengivitis
No (ref)
Yes (0.79- (0.80 - (0.80-
0.482 1.14 1.65) 0.442 1.16 168) 0.397 1.18 1.73)
Fluorosis
No (ref)
Yes (0.62- (0.62 - . (1.14- 0.019* 3.12 (1.21-
0.554 0.90 129) 0.565 0.90 129) 0.026 3.03 8.01) 8.08)
Stimulated salivary flow
rate
>0.5 mL/min (ref)
<0.5 mL/min (0.64- (0.64 - (0.63-
0.732 0.94 137) 0.729 0.93 137) 0.753 0.94 1.40)
Salivary buffering
capacity
pH>3.9 (ref)
pH=3.9 (0.25- (0.25 - (0.21-
0484  0.69 1.94) 0.543  0.72 2.05) 0.459  0.65 2.03)
association (SSA) with the out- Results In the exploratory study, it

come, and iii) interactions at level
1, which have made sense as hy-
potheses and also demonstrated
SSA. Interactions at second and
third levels did not reach statistical
significance and thus were not in-
cluded in this model. In Model 5, it
was included i) all variables at lev-
el 1 which showed significance in
Model 4 ii) all variables at level 2
and 3, and iii) all individual inter-
actions that have made sense as
hypotheses and showed signifi-
cance in Model 4. The results were
presented as odds ratios (OR) and
their 95% confidence intervals (Cl).
For each logistic model the intra-
class correlation (ICC) was calcu-
lated using an approach described
by Hox [21].

http://dentistry3000.pitt.edu

Individuals from level 1
(n=687), schools from level 2
(n=12) and districts from level 3

(n=6) were evaluated in this study.

Caries status according to individ-
ual and contextual aspects is
shown in Table 2.

Out of the students, 338
subjects (49.2%) were caries-free
(DMFT=0) and 349 (50.8%) had
caries experience (DMFT=1). The
mean DMFT for students with car-
ies experience was 2.88+1.79 and
the general mean DMFT was
1.46%+1.92, being 1.82+2.05 for
public and 1.08+1.70 for private
schools.

was observed an association of
caries experience with the varia-
bles i) ethnic group (light- and
dark-skinned black), no flossing,
no fluoride use (solution, varnish,
gel), public dental access, lower
individual socioeconomic status,
higher plaque index, presence of
gingivitis (level 1), ii) public school,
permission for candy or gum con-
sumption (level 2), and iii) worse
living conditions in the district so-
cioeconomic condition (level 3). 3
presents the findings of a multi-
level logistic regression with the
variable outcome
DMFT=0/DMFT=1.

Model 1 (Null Model)
showed that the variation be-
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Table 3 (Continued). Multilevel modeling of 12-yr-old students, considering individual, school and district hierarchical levels in relation to caries experience

LEVEL 2: SCHOOL

Type of school
Private (ref)
Public (0.54 - (0.50- 0.948 1.02 (0.56 -
0.894 0.96 170) 0.796  0.92 1.69) 185)
Oral health education
Yes (ref)
No (0.53 - (0.56- 0.676  0.90 (0.54 -
0.517 085 138) 0.850  0.95 1.61) 1.50)
Permission for candy or gum
consumption
Non permitted (ref)
Permitted (0.88 - (0.82- 0.228 1.43 (0.80 -
0.136 1.51 2.61) 0.193 1.48 2.68) 2.56)
LEVEL 3: DISTRICT
Fluoride concentration in water
supply
=0.7 mL/L (ref)
<0.7 mL/L (0.69 - (0.69- 0.624 113 (0.69 -
0.789  1.06 1.64) 0.609 1.14 1.89) 1.88)
Socioeconomic position
Better living conditions (ref)
Worse living conditions (0.68 - (0.69- 0.562 1.17 (0.69 -
0.623 1.14 189) 0.575 1.16 197) 198)
Interactions
Male sex and no fluoride use 0.002* 0.003*
PIscore 1 and fluorosis 0.020* 0.018*
PI score 2 and fluorosis 0.003* 0.002*
Class B and no flossing use 0.112
Class C and no flossing use 0.826
Classes D/E and no flossing 0.269
No flossing and public access 0.007* 0.028*
0 District 0.020 0.075 0.020 0.043 0.045
02 school 0.238 0 0 0 0
P bistrict 0.006 0.022 0.006 0.013 0.013
P school 0.073 0.022 0.006 0.013 0.013

* Association with dental caries outcome.

tween districts (7.8%) was much
smaller than the variation at the
school level (92.3%). The intraclass
correlation coefficient for schools
was 0.073 and for districts was
0.006.

In Model 2, it was ob-
served that socioeconomic status
(class B, p=0.002 and class C,
p=0.013), public dental access
(p=0.003), and high Pl (p=0.014)
were associated with caries expe-
rience.

In Model 3, it was verified
that the characteristics of schools
and districts have not affected car-
ies experience. Significant findings
remained similar to those from
Model 2.

http://dentistry3000.pitt.edu

In Model 4, the lack of as-
sociation between community-
level variables (schools and dis-
tricts) and caries experience was
still maintained. Socioeconomic
class C (p=0.045), dental plaque
accumulation (regular Pl, p=0.016
and high PI, p=0.000), and fluoro-
sis (p=0.026) were significantly as-
sociated with caries experience.
The interaction between fluorosis
and dental biofilm accumulation
was negatively associated with
caries experience [regular Pl (f=-
1.265, p=0.020) and high PI (f=-
2.032, p=0.003)]. In addition, the
interactions between no flossing
and use of public dental services
were associated with caries expe-
rience [=+0.809; p=0.007;

OR=3.79; 95% Cl:1.45-9.92] (Table
3).

All these findings remained
significant even after statistical
adjustment in the final model
(Model 5).

Discussion

Multilevel Modeling is ap-
propriate for analyzing hierarchical
data and provides an efficient way
to link the conventionally distinct
community and individual-level
approaches [21]. Moreover, it
could avoid a loss of statistical
power in the use of variables from
different levels, and the risk of
ecological fallacy, which is a kind
of error when only the population
level is considered [22].
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The mean DMFT in the
study population was 1.46, con-
sidered low by WHO standards
and similar to the levels observed
in Europe [23], where the DMFT
indexes among 12-year-old chil-
dren range from 1.2 to 2.6. How-
ever, the mean DMFT for students
with caries experience was 2.88,
which demonstrates higher needs
for treatment in this population,
evidencing the dental caries polar-
ization in the present study.

Regarding variables from
the individual level, ethnicity
seems to be less relevant than so-
cioeconomic status to determine
caries outcome [24]. In Brazil, eth-
nic differences in dental health
may be further due to socioeco-
nomic status and access to ser-
vices than to biological back-
ground [25].

In this study, male sex was
negatively associated with caries
experience, differently from the
findings by Aida et al. [7], who did
not observe any association be-
tween gender and dental caries.
Nevertheless, our results corrobo-
rate the study by Antunes et al.
[3], who argued that an early
chronology of permanent tooth
eruption in women might deter-
mine the higher risk to tooth de-
cay for girls among Brazilians.
Higher access to dental care by
girls may lead to an increase in
DMFT index, especially regarding
the number of filled teeth, as a
result of overtreatment. The in-
teraction between male sex and
no use of fluoride was positively
associated with caries experience.
This is due to the fact that boys, in

http://dentistry3000.pitt.edu
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general, have a lower care index,
which reflects their decreased
concern about health and aesthet-
ics [6]. In relation to caries-
inhibiting effect of fluoride
sources, Cochrane systematic re-
views found that fluoride rinses
are responsible for 26%, fluoride
gel for 28%, and fluoride varnish
for 46% of the reduction in the
DMFS index [26], demonstrating
the relevance of these topical
methods. Lower individual socio-
economic status was associated
with caries experience. Indeed,
low social class has been associat-
ed with high DMFT [27,12]. The
higher socioeconomic positions
have shown the better health sta-
tus measurements.

The present study also
showed that higher degrees of
plague index were positively asso-
ciated with caries outcome. Caries
lesions develop where oral bio-
films are allowed to mature and
remain on teeth for long periods

[9].

Fluorosis presence was also asso-
ciated with caries experience, in
accordance to other studies re-
sults [28, 29]. Severe fluorosis has
been reported to increase suscep-
tibility to dental caries by hypo-
mineralization [30]. However,
there has been some controversy
on whether dental fluorosis in-
creases, decreases, or has no ef-
fect on caries experience [31].
When plaque index and fluorosis
were analyzed in interaction, fluo-
rosis seemed to protect against
caries only in the presence of den-
tal biofilm. The interaction be-
tween fluorosis and dental biofilm

with caries experience had never
been carried out in vivo. One hy-
pothesis is that fluorotic teeth
could release some fluoride ions
to the dental biofilm in a low pH
condition which, consequently,
reduce demineralization [32]. On
the other hand, enamel changes in
experimental teeth with signs of
fluorosis that had been exposed to
plague accumulation were exam-
ined in vitro and specimens
showed signs of surface deminer-
alization [33].

Other significant interac-
tion in the present study was
shown between no flossing and
use of public dental services,
which means an increase in odds
of caries experience if these two
socioeconomic-dependent varia-
bles act together. This finding
points at a role of health services
on improvement's individual be-
havior, which has also been re-
ported for other chronic diseases
[33]. In relation to school level, it
was not found a SSA between the
type of school and oral health ed-
ucation with caries experience.
The type of school has been con-
sidered a risk indicator of the dis-
ease in a Brazilian study [27] and
not in another one [13]. However,
public school enrollment was de-
terminant in having one or more
untreated decayed permanent
teeth [3]. The lack of association
between oral health education in
schools and dental caries may be
due to the fact that programs con-
sidering specific individual needs
are similar in both types of school.

With regard to district lev-
el, an association between fluo-
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ride concentration in water supply
and caries experience was not
found. Curitiba has a water fluori-
dation scheme which covers the
whole population for decades.
This homogeneity in the fluoride
distribution could be the reason
for the lack of association with
caries experience. Besides, the 6
evaluated districts present a ho-
mogeneous income distribution,
which might contribute for the
lack of influence in caries experi-
ence.

The results from a few
multilevel studies on dental caries,
taking into account two levels,
have been reported. Neighbor-
hood aspects influenced oral
health [34] and dental caries expe-
rience in Brazilians [12]. Moreo-
ver, contextual and individual so-
ciodemographic characteristics
influenced dental caries experi-
ence in 12-year-old schoolchildren
from Brazil when using a conven-
tional multivariate logistic regres-
sion (1). Otherwise, Aida [7]
showed that 90.8% of variance in
dmft index among Japanese 3-
year-old children occurred at the
individual level and 9.2% of the
variance occurred at the commu-
nity level.

The main findings of this
study were that individual varia-
bles had a highly significant asso-
ciation with caries experience
even in the presence of school and
district levels (contextual varia-
bles).

The variables which de-
termine the risk indicators for car-
ies development varies significant-
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ly for different groups. The moni-
toring of contrasts in dental health
outcomes is relevant for pro-
gramming socially appropriate in-
terventions. The analysis of differ-
ent risk indicators, which influence
dental caries, and its early identifi-
cation, is relevant for planning
suitable interventions for target
population groups whom could
present higher levels of disease,
re-orienting attention on dental
prevention and reducing costs in
dental treatments offered by the
health systems.

Overall effective health in-
terventions might be more effec-
tive in that part of a population
which concentrates disease [7].
On the other hand, groups of low-
er caries risk should not be under-
estimated, considering that risk
indicators may not be easily rec-
ognized [35]. Maybe, a good tool
to preserve equity and universality
principles for dental caries should
be the combination of both polari-
zation and global attention ap-
proaches.

The Multilevel Analysis al-
lows the evaluation of different
risk indicators from distinct hierar-
chical levels, which makes this ap-
proach valuable for the integration
of variables influencing the dis-
ease outcome, especially for com-
plex diseases, such as dental car-
ies. It was observed that individual
factors, such as female sex, the
interaction of male sex with no
fluoride use, lower socioeconomic
status, dental plaque accumula-
tion, fluorosis, and the integration
of no flossing with public health
service use, even in the presence

of contextual variables (schools
and districts), were associated
with caries experience in the study
population.
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