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ABSTRACT

Objective: To investigate the correlation between human development and dental caries in 12-year-old
schoolchildren from the twenty-seven Brazilian states and to analyze the spatial distribution of these
variables. Material and Methods: This was an ecological study using secondary data from the National
Epidemiological Oral Health Survey 2010 and from the United Nations Development Program. Human
development was measured by the Human Development Index (HDI) and dental caries by the Decayed,
Missing and Filled Teeth index (DMFT). Dental caries prevalence and experience at the age of 12, and
state HDI were entered into Google Sheets® and Google My Maps® for map creation. Data were analyzed
by Pearson’s correlation (HDI and DMFT, DMFT individual components, prevalence of dental caries and
prevalence of dental pain) (p<0.05). Results: Prevalence of dental caries ranged from 87.8% to 78.2% among
the states. Dental caries was more prevalent in Rondénia (78.2%) and less prevalent in Santa Catarina
(87.8%). Mean DMFT ranged from 1.06 to 4.81, with the highest value in Rondénia (4.81) and the lowest in
Distrito Federal (1.06). HDI ranged from 0.631 (Alagoas) to 0.863 (Distrito Federal). There were negative
correlations between HDI and dental caries (r=-0.504), dental caries experience (r=-0.459), decayed (r=-
0.441) and missing (r=-0.441) components of the DMFT (p<0.05). Conclusion: Higher human
development of the region lower dental caries experience and prevalence in 12-year-old Brazilian
schoolchildren.
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Introduction

Dental caries remains a public health issue in Brazil due to its high prevalence. Data from the last
National Epidemiological Survey (SB Brazil 2010) revealed that 56.5% of the 12-year-old children surveyed
had at least one permanent tooth with a history of decay [17], which corresponds to twice the limits advocated
by the WHO for this age-index [27]. These findings are worrisome, particularly because dental caries leads to
significant functional and psychosocial distress on the individual’s quality of life. Evidence has suggested that
12-year-old children with caries experience have a poorer oral health-related quality of life than those who are
caries-free [[3,47].

Dental caries affects unequally populations of different socioeconomic levels worldwide, with a higher
prevalence in areas with poorer socioeconomic indicators [5,67]. In Brazil, a high socioeconomic status is
directly associated with a decrease in one’s susceptibility to dental caries, while a higher incidence of the
disease is associated with attending public schools, low family income, and low schooling of the parents [77].

In 2011, the Ministry of Health of Brazil sponsored a National Epidemiological Oral Health Survey,
named SB Brazil 2010. One of the goals of this survey was to estimate the prevalence and severity of dental
caries in the population aged 5, 12, 15 to 19, 35 to 44 and 65 to 74 years. The project was developed to
establish an oral health survey nationwide using the methodology suggested by the World Health
Organization (WHO) [1,8,97].

The Human Development Index (HDI) provides a quantitative measure and comparability of the
standards of living of nations or regions based on income, education and health parameters to enable the
analysis of human development. The HDI has been considered a good correlation variable for indicators
associated with health outcomes. In addition, the HDI has indicated that the health-disease balance in different
populations is a result of their quality of life conditions [107. A study carried out in Brazil revealed that 12-
year-old children living in places with a low HDI have a high mean decayed, missing and filled teeth (DMFT)
index and that the HDI is strongly associated with both the percentage of caries-free teeth and the DMFT
index [47. Similarly, another study found an association between the DMFT index and HDI in 99 countries
[11].

It is known that one’s social condition can be considered a relevant parameter justifying their oral
health status. In fact, socioeconomic changes play an important role in decreasing the incidence and prevalence
rates of dental caries [127. A study carried out with data from 18 industrialized countries showed that between
1970 and 1980, social factors accounted for a 65% reduction of dental caries in 12-year-old children [187. Some
studies have investigated the association between dental caries and social development in both the ecological
and individual fields and have shown that the prevalence of caries based on the DMFT index is higher in
populations with low socioeconomic status [14-167]. To date, only one study has evaluated the association
between HDI and dental caries with nationwide representative data. However, this study only considered the
data concerning the capitals of the Brazilian states [47].

This study aimed to investigate the correlation between human development and dental caries in 12-

year-old Brazilian schoolchildren and to analyze the spatial distribution of these variables nationwide.

Material and Methods
Study Design and Sample Characteristics

This was an ecological study using secondary data from two national surveys in Brazil, namely:

National Epidemiological Oral Health Survey (SB Brazil 2010) and the CENSO 2010 (population census). The

2




=
Pesqui. Bras. Odontopediatria Clin. Integr. 2021; 21:¢0076

HDI data were obtained from the CENSO 2010 whereas clinical data (experience and prevalence of dental
caries) were obtained from the SB Brazil 2010.

SB Brazil 2010 contains epidemiological information on the oral health of the Brazilian population
with representation for the state capitals, the Federal District and the five natural regions of Brazil (north,
northeast, southeast, south and center-west). This division was made because state capitals together hold
nearly a quarter of the population of the entire country and concentrate most of the economic activity.

SB Brazil 2010 was considered a nationwide project through which 87,519 individuals were examined.
Of these, 7,247 were 12-year-old children from all 27 Brazilian states. A total of 177 municipalities were
included in the sampling plan: all capitals and 150 municipalities in the interior. Oral examinations were
performed to determine the prevalence and severity of main oral conditions. In addition, questionnaires were
used to collect information on socioeconomic status, access to and use of dental services as well as perceived

health [17.

Training and Calibration of Examiners

The fieldwork teams recruited for SB Brasil 2010 were previously trained and calibrated. The teams
were composed of an examiner and a scorer and received training through workshops for a total of 82 hours.
The workshops covered topics such as the operational details of the survey, understanding the characteristics
of each participant and discussing the theoretical and practical aspects of the indices that were used, in order to
guarantee uniformity in the procedures. The calibration step aimed to simulate the conditions that the teams
would find in the field work. The consensus calibration technique was used, in which the coefficients of
agreement of each examiner were calculated as well as the results obtained by consensus. The minimum

acceptable value for the concordance rate among the examiners was 0.65, as proposed by the WHO [1,177.

Data Collection

The Human Development Index (HDI) compares the standards of living of countries or regions. It is
based on three parameters, namely: education, per capita income and longevity [187. The purpose of the HDI is
to provide a more comprehensive indicator in addition to the Gross Domestic Product (GDP) per capita, whose
only objective is to measure the economic dimension of development [107.

In our study, the HDI of all Brazilian states in 2010 were obtained from the United Nations
Development Program (UNDP) website. The HDI data collection was performed through the 2010 population
census (CENSO 2010) by the Brazilian Institute of Geography and Statistics (IBGE). It is a population census
program designed to measure the socioeconomic conditions of the population and their households. The census
covered 5,565 municipalities and 67,569,688 households, where information concerning work, income and
education was collected via questionnaires [197].

Caries prevalence, DMFT index (decayed, missing and filled teeth index) and dental pain prevalence
data were obtained from SB Brazil 2010 databank. The diagnosis of dental caries followed the WHO guidelines
[1,87.

Data collected were entered into Google Spreadsheets® (Google Inc. Mountain View, CA, USA),
analyzed and plotted into a graph. The findings were also used to generate a map on Google My Maps® tool
(Google Inc. Mountain View, CA, USA).

Data Analysis
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Data were analyzed using IBM SPSS® statistics software (SPSS for Windows, version 25.0, IBM Inc.,,
Amonk, New York, USA). The units of analysis in the present study were the Brazilian states, which include
data from all 177 municipalities included in the SB Brasil 2010 project. The data were analyzed descriptively
and checked for normality by the Kolmogorov-Smirnov test (p<0.05), which indicated normal distribution of
all variables. Pearson’s correlation test was used to check the correlation between HDI and prevalence of
dental caries, prevalence of dental pain, DMFT index and its individual components (D, M and F) with a 5%

significance level. All variables were treated as quantitative.

Google Spreadsheets, Google Docs and Google My Maps

Google Spreadsheet is an important online collaboration tool available in Google Docs to manage
files. It performs various functions not available in Microsoft Excel, such as storing information collected from
Google Forms online. Google Forms is an online tool for academics to conduct surveys and questionnaires
[207. Data extracted from SB Brazil 2010 and UNDP were stored into Google Spreadsheet and organized so
that the tool can interpret and display the information on a map, which was generated through the Google My
Maps platform.

Quantum GIS (QGIS)

Geographic information systems (GIS) have been adopted by the industry and public administration
for their ability to heterogeneously integrate, analyze and visualize digital data. QGIS is one of the most
popular GIS tools, which has a low cost and has been widely used in education for spatial information creation,
editing, analysis and mapping [217].

The QGIS was used in our study to obtain individual images of the shapes of all Brazilian states. To
do so, it was necessary to download the shapes from the IBGE website, following the "interactive" maps
section, "files" menu and "download shapefiles" submenu. The Brazilian states shapes were cut accordingly
through the QGIS tool and imported into Google My Maps, where they were merged with the information

stored in the Google Spreadsheets’ worksheet.

Ethical Issues

The SB Brazil 2010 survey was executed in accordance with Resolution 196/96 of the National Health
Council (CNS) and with the 1964 Helsinki declaration and its later amendments or comparable ethical
standards. It was submitted and approved by the Human Research Ethics Committee of the Ministry of Health,
under protocol number 15.498. All parents or legal guardians signed an informed consent form agreeing to
participate in SB Brasil 2010 as well as authorizing the clinical examination of their children.

According to Law No. 5,534, of 1968, any natural or legal person governed by public or private law
that is under the jurisdiction of Brazilian law is obliged to provide the information requested by the IBGE. In
addition, this same law guarantees the confidentiality of the information and that it will be used exclusively for

statistical purposes, subject to summary dismissal and criminal prosecution of violator of census confidentiality.

Results

The prevalence of dental caries varied significantly among the states, with a minimum of 87.8% in the
state of Santa Catarina and a maximum of 78.2% in Rondénia. Mean DMFT index ranged from 1.06 to 4.81,
with the highest values in Rond6nia (4.81) and Maranhio (8.55), and the lowest in Distrito Federal (1.06) and
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Santa Catarina (1.07). The decayed (D) component of the DMFT index ranged from 0.52 (Distrito Federal) to
3.55 (Rond6nia), while the missing (M) component ranged from 0.01 (Mato Grosso do Sul) to 0.31 (Mato
Grosso), and the filled (F) component varied from 0.18 (Goias) to 1.22 (Mato Grosso). The lowest prevalence
of dental pain observed was 10.6% (Sergipe), whereas the highest prevalence was 36.7% (Mato Grosso). HDI
ranged from 0.631 to 0.863 in the states of Alagoas and Distrito Federal, respectively (Table 1). There was a
moderate negative correlation between caries prevalence and HDI (r=-0.504, p=0.007) as well as between the
mean DMFT index and HDI (r=-0.459, p=0.016). With regard to the individual components of DMFT, there
were also moderate negative correlations between the decayed component (D) and HDI (r=-0.518, p=0.006)
and between the missing (M) component and HDI (r=-0.441, p=0.021). HDI was neither significantly
correlated with the filled (F) component of the DMFT index (r=-0.068, p=0.738) nor with the prevalence of
dental pain (r=0.063, p=0.755).

The data obtained from the SB Brazil 2010 epidemiological survey and UNDP are described in Figure
1. Light red markers show a lower prevalence of dental caries in dark blue-colored states corresponding to

higher HDI values.
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Figure 1. Graphical analysis of the prevalence of dental caries in 12-year-old schoolchildren and the
HDI of Brazilian states.
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Table 1. Mean DMFT*, mean DMFT components, prevalence of dental caries and dental pain; and HDI in all Brazilian states, 2010.

State Mean DMFT Mean D Mean M Mean F Prevalenf:e of Prevalenf:e of HDI
component component component Dental Caries (%) Dental Pain (%)

Rondoénia 4.81 3.55 0.24 1.02 78.2 26.4 0.690
Acre 2.52 1.40 0.20 0.92 71.5 26.3 0.663
Amazonas 2.81 2.08 0.21 0.52 70.1 31.4 0.674
Roraima 2.84 1.82 0.14 0.88 73.2 29.0 0.707
Para 2.62 2.02 0.19 0.41 67.5 25.1 0.646
Amapé 2.50 1.70 0.15 0.64 70.7 27.7 0.708
Tocantins 2.43 1.54 0.19 0.69 68.4 26.4 0.699
Maranhio 3.55 2.60 0.19 0.76 73.0 16.2 0.639
Piaui 1.78 1.12 0.05 0.61 53.0 19.6 0.646
Ceara 1.94 1.22 0.19 0.53 55.1 23.2 0.682
Rio Grande do Norte 2.14 1.36 0.11 0.67 57.7 25.8 0.684
Paraiba 2.70 1.38 0.18 1.19 70.5 20.0 0.658
Pernambuco 1.77 0.99 0.18 0.60 58.4 28.5 0.673
Alagoas 2.37 1.77 0.09 0.51 60.3 20.6 0.631
Sergipe 1.32 0.81 0.11 0.40 48.6 10.6 0.665
Bahia 1.55 1.11 0.09 0.35 50.8 23.5 0.660
Minas Gerais 1.57 0.89 0.03 0.65 50.5 24.8 0.731
ESpr‘itO Santo 1.36 0.76 0.04 0.56 51.1 29.1 0.740
Rio de Janeiro 1.38 0.68 0.06 0.64 47.8 12.9 0.761
Sido Paulo 1.53 0.71 0.16 0.66 49.3 27.6 0.783
Mato Grosso do Sul 1.77 0.85 0.01 0.91 59.3 19.6 0.740
Mato Grosso 3.06 1.53 0.81 1.22 68.0 36.7 0.782
Goiés 2.34 1.39 0.05 0.18 60.5 24.0 0.742
Distrito Federal 1.06 0.52 0.02 0.52 41.5 18.5 0.863
Parand 1.92 0.91 0.03 0.98 60.9 23.7 0.749
Santa Catarina 1.07 0.69 0.02 0.6 37.8 21.0 0.773
Rio Grande do Sul 1.72 1.16 0.06 0.50 54.0 26.5 0.769

*DMFT= Decayed, Missing, Filled Teeth; #**HDI= Human Development Index.
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Discussion

The HDI ranges from 0 (no human development) to 1 (complete human development). It is considered
low, medium and high when the values are between 0 and 0.499, 0.5 and 0.799, and 0.8 and 1, respectively
[227. In the present study, the HDI presented values between 0.631 and 0.863, which are considered indicative
of medium to high human development. As shown in our study, there was a high prevalence of dental caries in
12-year-old children in Brazil. For instance, 78.2% of the children examined in the state of Rondénia had a high
prevalence of the disease.

Dental caries is a highly prevalent disease worldwide, mainly affecting children. Its etiology is closely
related to the occurrence of bacterial biofilms on the tooth surface resulting from the breakdown of fermentable
dietary carbohydrates [237. In addition to these biological determinants, dental caries is also associated with
socioeconomic conditions [24,257. The results of our study corroborate this statement, since a higher
prevalence of caries was found in states whose HDI was lower. The association between HDI and dental caries
was also observed in a study using data from several countries. The authors observed a high caries experience
in 12-year-old children from low HDI countries [267].

The caries experience is subject to sociodemographic and geographical inequalities. There was a great
discrepancy in the distribution of caries between the states of Brazil, in that higher caries experience were
found in Northern and Northeastern states as compared to the other regions. The worse socioeconomic
conditions in the North and Northeast regions may explain the differences in the oral health condition of
surveyed children. In Brazil, lower income has been associated with high consumption of carbohydrates,
restricted use of fluoridated toothpaste, as well as poor access to dental care [277]. The link between lower
income and poor access to dental care is also demonstrated by the negative correlation between HDI and D
and M components of DMFT. The lower the HDI, the higher mean D and M components. Moreover, it should
be noted that, in general, the D component was the one that most contributed to the DMFT index. These
results highlight an unmet need of dental treatment among included children, especially among those from less
developed states.

A previous study found that municipalities in the North and Northeast regions had lower Human
Development Index by Municipality (HDI-M) than those in the South and Southeast regions, and few of them
had treated water and public fluoridated water supply. Students living in municipalities with higher HDI-M
and with public fluoridated water supply had a lower chance of experiencing caries when compared to those
living in cities with lower fluoridated water coverage and lower HDI-M [287. According to these authors,
regions with high social inequality reflect the lack of investments in public health policies and have little
support for oral health care of the population, e.g. water fluoridation or access to fluoridated toothpaste. On the
other hand, it was observed that adolescents with higher caries experience frequently fail to attend dental care
appointments, especially those regarding health prevention actions [29,307.

Ecological studies investigate health outcomes from an environmental background to understand how
it affects the health of individuals and groups. This type of study has the advantage of using secondary data as
a database, besides the low cost and the simplicity of the analysis [817]. Our study focused on an ecological and
contextual approach on the prevalence of caries and HDI. According to the authors 327, ecological studies can
be used, for example, to examine structural or sociological effects of human behavior in concomitance with a
disease. Ecological studies measure the association at the environmental level and may also provide measures

on the effects of the environment on a health condition. In addition, studies with ecological design can be of
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great relevance for driving health policies and also for evaluating the impact of interventions on the
population’s health [827.

Despite the advantages, ecological studies have as main disadvantage the impossibility of making
causal inferences at the individual level, since the object studied is a population group, otherwise it falls into an
ecological fallacy. As the individuals who were examined for caries are not necessarily the same ones who
answered the sociodemographic questionnaires, it is not possible to state that the individuals with the highest
caries indices were exactly those with worse socioeconomic conditions. In addition, the use of secondary data
(SB Brazil 2010) represents another limitation of the present study, since it makes it impossible to guarantee
the quality and reliability of the data. The use of different data sources also generates a great variation in the
quality of information [88,347].

Given the moderate correlation between the outcomes, it can be stated that an individual living in a
city with a higher HDI will not necessarily have a low prevalence of caries and vice versa. For instance, the
state of Mato Grosso has a moderate HDI and a very high prevalence of caries among 12-year-old
schoolchildren. The opposite can be seen in the state of Piauf, which has an HDI lower than that of the state of
Mato Grosso but showed a lower prevalence of caries.

Our study used the Google My Maps® mapping feature as a graphical analysis methodology. This
feature allowed the main search results to be represented on a map (Figure 1). The prevalence of caries was
represented by markers with different shades of red and the HDI was represented with filling of different tones
of blue for each state. This tool facilitated the understanding of the findings, is free and can be used in future
research.

Lastly, the present study included a probabilistic and representative sample, which increases the
reliability of the results. The findings reported herein may be used to conduct comparative studies with 12-
year-old schoolchildren in other countries and may likewise contribute to surveillance policies, public health

programs, and to assist in decision-making regarding the allocation of public resources.

Conclusion
In Brazil, the prevalence of dental caries and DMFT index among 12-year-old schoolchildren varied
based on the HDI of the state where they lived. Overall, states with higher HDI showed better caries outcomes

(lower prevalence and lower experience at the age of 12).

Authors’ Contributions

AXB (2 https://orcid.org/0000-0003-2586-9848  Conceptualization, Methodology, Formal Analysis, Investigation, Resources, Writing - Original
Draft and Writing - Review and Editing.

RTF (& https://orcid.org/0000-0001-5581-0658 Conceptualization, Methodology, Formal Analysis, Investigation, Resources and Writing -
Review and Editing.

IAP {0 https://orcid.org/0000-0002-5902-7481  Conceptualization, Methodology, Formal Analysis and Resources.

FFM () https://orcid.org/0000-0002-6052-2762  Conceptualization, Methodology and Formal Analysis.

AFGG (2 https://orcid.org/0000-0002-6054-8372  Conceptualization, Methodology, Formal Analysis and Writing - Review and Editing.

FMF (5 https://orcid.org/0000-0001-9400-1167  Conceptualization, Methodology, Formal Analysis, Supervision and Writing - Review and
Editing.

SMP () https://orcid.org/0000-0002-3968-1638  Conceptualization, Methodology, Formal Analysis, Resources, Supervision, Writing - Original
Draft and Writing - Review and Editing.

All authors declare that they contributed to critical review of intellectual content and approval of the final version to be published.

Financial Support

This study was supported by the National Council for Scientific and Technological Development (CNPq), Coordination for the
Improvement of Higher Education Personnel (CAPES), Minas Gerais Research Foundation (FAPEMIG), and by Ministry of Health of
Brazil by making available the SB Brazil 2010 database.

QMO ’

BY



=
Pesqui. Bras. Odontopediatria Clin. Integr. 2021; 21:¢0076

Conflict of Interest

The authors declare no contlicts of interest.

Data Availability

The data used to support the findings of this study can be made available upon request to the corresponding author.

References

[17] Brasil. Ministério da Satide. Banco de Dados da Pesquisa Nacional de Satide Bucal — Projeto SB Brasil 2010. Available
from: http://dab.saude.gov.br/CNSB/sbbrasil/arquivos/projeto_sb2010_relatorio_final.pdf. [Accessed on March 24,
20187. [In Portuguese’]

[2] Silveira MF, Freire RS, Nepomuceno MO, Martins AMEBL, Marcopito LF. Tooth decay and associated factors
among adolescents in the north of the State of Minas Gerais, Brazil: a hierarchical analysis. Cien Saude Coletiva 2015;
20(11):3851-64. https://doi.org/10.1590/1413-812320152011.12262014

[8] Krisdapong S, Prasertsom P, Rattanarangsima K, Sheiham A. Impacts on quality of life related to dental caries in
national  representative  sample of Thai 12-and  15-year-olds. Caries Res 2013;  47(1):9-17.
https://doi.org/10.1159/000342893

[4] Roncalli AG, Sheiham A, Tsakos G, Aratjo-Costa GC, Watt RG. Social factors associated with the decline in caries in
Brazilian children between 1996 and 2010. Caries Res 2016; 50(6):551-9. https://doi.org/10.1159/000442899

[5] Vettore MV, Aqeeli A. The roles of contextual and individual social determinants of oral health-related quality of life
in Brazilian adults. Qual Life Res 2015; 25(4):1029-42. https://doi.org/10.1007/s11186-015-1118-0

[6] Brito ACM, Bezerra IM, Cavalcante DFB, Pereira AC, Vieira V, Montezuma MF et al. Dental caries experience and
associated factors in 12-year-old-children: a population based-study. Braz Oral Res 2020; 34:e010.
https://doi.org/10.1590/1807-3107bor-2020.vol34.0010

[7] Martins MT, Sardenberg I, Abreu MH, Vale MP, Paiva SM, Pordeus IA. Factors associated with dental caries in
Brazilian children: a multilevel approach. Community Dent Oral Epidemiol 20145 42(4):289-99.
https://doi.org/10.1111/cdoe.12087

[8] World Health Organization. Oral Health Surveys: Basic Methods. 4 ed. Geneva: ORH/EPID; 1997.

[97 Roncalli AG, Silva NN, Nascimento AC, Freitas CHSM, Casotti E, Peres KG, et al. Relevant methodological issues
from the SB Brasil 2010: Project for national health surveys. Cad Satde Publica 2012; 28(Suppl):S40-S57.
https://doi.org/10.1590/50102-311X2012001300006

[10] PNUD. Programa das Nagoes Unidas para o Desenvolvimento. Available from:
http://www.pnud.org.br/IDH/DH.aspx?indiceAccordion=0&li=li_DHHome. [Accessed on September, 15 20187.
[In Portuguese]

[117] Hobdell MH, Oliveira ER, Bautista R, Myburgh NG, Lalloo R, Narendran S, et al. Oral diseases and socio-economic
status (SES). Br Dent J 2003; 194(2):91-6. https://doi.org/10.1038/5j.bd}.4809882

[12] Baldani MH, Vasconcelos AGG, Antunes JL. Association of the DMFT index with scioeconomic and dental services
indicators in the state of Parana, Brazil. Cad Satde Piblica 20045 20(1):14:3-52.
https://doi.org/10.1590/50102-311x2004000100030

[1387 Nadanovsky P, Sheiham A. Relative contribution of dental services to the changes in caries levels of 12-year-old
children in 18 industrialized countries in the 1970s and early 1980s. Community Dem Oral Epidemiol 1995;
23(6):331-9. https://doi.org/10.1111/.1600-0528.1995.tb00258.x

[147 Peres KGA, Bastos JRM, Latorre MRDO. Relationship between severity of dental caries and social and behavioral
factors in children. Rev Saide Publica 2000; 34(4):402-8. https://doi.org/10.1590/S0084-891020000004000 14

[157] Panttussi MP, Marcenes W, Croucher R, Sheiham A. Social deprivation, income inequality, social cohesion and dental
caries in Brazilian school children. Soc Sci Med 2001; 53(7):915-25. https://doi.org/10.1016/50277-9536(00)00391-9

[167] Antunes JLF, Frazdo P, Narvai PC, Bispo CM, Pegoretti T. Spatial analysis to identify differentials in dental needs by
area-based measures. Community Dent Oral Epidemiol 2002; 80(2):133-42.
https://doi.org/10.1084/].1600-0528.2002.300207.X

[17] World Health Organization. Calibration of Examiners for Oral Health Epidemiological Surveys. Geneva:
ORH/EPID; 1993.

[187] Pinho-Franga JR, Chein MBC, Thuler LCS. Patterns of cervical cytological abnormalities accordinig to the human
development index in the northeast region of Brazil. BMC Womens Health 2016; 16:54.
https://doi.org/ 10.1186/512905-016-0334-2

[19] IBGE. Instituto Brasileiro de Geografia e Estatistica. Available from: http://censo2010.ibge.gov.br/. [Accessed on
March 15, 20187. [In Portuguese]

[20] Mansor AZ. Google Docs as a collaborating tool for academicians. Procedia Soc Behav Sci 2012; 59:411-9.
https://doi.org/10.1016/j.sbspro.2012.09.295




=
Pesqui. Bras. Odontopediatria Clin. Integr. 2021; 21:¢0076

[217] Graser A, Olaya V. Processing: A Python framework for the seamless integration of geoprocessing tools in QGIS.
ISPRS Int J Geo-Inf 2015; 4(4):2219-4:5. https://doi.org/10.3390/1jgi4042219

[22] Kitamura ES, Leite ICG. Correlation between human development index and dental caries in a sample of cities of
Minas Gerais state: implications for the inclusion of oral health in the family health strategy. Rev APS 2009;
12(2):140-9.

[237 Catalan MA, Scott-Anne K, Klein MI, Koo H, Bowen WH, Melvin JE. Elevated incidence of dental caries in a mouse
model of cystic fibrosis. Plos One 2011; 6(1):e16459. https://doi.org/10.1371/journal.pone.0016549

[247 Schwendicke F, Dorfer CE, Schlattmann P, Page LF, Thomson WM, Paris S. Socioeconomic inequality and caries: a
systematic review and meta-analysis. J] Dent Res 2015; 94(1):10-8. https://doi.org/10.1177/0022084:514557546

[257] Priesnitz MC, Celeste RK, Pereira MJ, Pires CA, Feldens CA, Kramer PF. Neighbourhood determinants of caries
experience  in  preschool  children: ~a  multilevel  study. Caries Res  2016;  50(5):455-61.
https://doi.org/10.1159/000447307

[26] Lalloo R, Myburgh NG, Hobdell MH. Dental caries, socio-economic development and national oral health policies.
Int Dent J 1999; 49(4):196-202. https://doi.org/10.1111/}.1875-595X.1999.tb00522.x

[27] Antunes JLF, Peres MA, Mello TRC, Waldman EA. Multilevel assessment of determinants of dental caries
experience in Brazil. Community Dent Oral Epidemiol 2006; 34(2):146-52.
https://doi.org/10.1111/j.1600-0528.2006.00274.X

[287 Celeste RK, Nadanovsky P, Leon AP, Fritzell J. The individual and contextual pathways between oral health and
income  inequality in  Brazilian adolescents and adults. Soc Sci  Med 2009; 69(10):1468-75.
https://doi.org/10.1016/j.socscimed.2009.08.005

[297 Frias AC, Antunes JLF, Junqueira SR, Narvai PC. Determinantes individuais e contextuais da prevaléncia de carie
dentéria ndo tratada no Brasil. Rev Panam Salud Publica 2007; 22(4):279-85.

[80] Firmino RT, Xavier-Bueno A, Martins CC, Ferreira AM, Granville-Garcia AF, Paiva SM. Dental caries and dental
fluorosis according to water fluoridation among 12-year-old Brazilian schoolchildren: a national-wide study
comparing different municipalities. J Public Health 2018; 26:501-7. https://doi.org/10.1007/510389-018-0901-0

[81] Neumark, Y. What can ecological studies tell us about death? Isr J Health Policy Res 2017; 6(1):52.
https://doi.org/10.1186/513584-017-0176-x

[82] Stevenson M, McClure R. Use of ecological study designs for injury prevention. Inj Prev 2005; 11(1):2-4.
https://doi.org/10.1186/ip.2008.003384

[837] Guimardes MAMB, Oliveira VK, Oliveira AMG, Flério FM. Association among actions from oral health services, the
Human Development Index, the presence of fluoridated water, and dental caries in five-year-old children. Arq
Odontol 2011; 47(8):185-45.

[347 Godoi H, Singh A, Mello ALSF, Brennan DS, Peres MA. Area-level social development and indicators of public
dental  services in  Southern  Brazil. ~Community Dent Oral Epidemiol 2019;  47(3):274-80.
https://doi.org/10.1111/cdoe.12455

10




