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Abstract

Aim: To verify the individual and contextual aspects associated with malocclusion in Brazilian adolescents.

Methods: Analytical cross-sectional study using data from the SB Brazil 2010. The dependent variable was malocclusion (absent,
set, severe, very severe). Independent variables were classified into: individual (socio-demographic, oral health problems; education,
utilization of dental services; self-perception, impact on activities) and contextual (Family Financial Grant, National Health System
Development Index (IDSUS), Human Development Index (HDI) and interaction of Gross National Product (GNP) with fluoridated
water). A multilevel analysis was executed.

Results: In total 5,445 adolescents were evaluated. In Model 1, there was significant variation in malocclusion between the cities
(p=0.008). In Model 2, the adolescents who showed a high severity of malocclusion had lower income (p=0.010), less satisfaction
with mouth and teeth (p<0.001), difficulty with speaking (p=0.036) and were ashamed to smile (p<0.001). In Model 3, the contextual
variables were included and severity of malocclusion was observed to be identified in cities where there were more families that
received Family Grant benefits (p=0.001), and lower interaction of GDP with fluoridated water (p=0.016).

Conclusion: Malocclusions were positively associated with individual and contextual variables, and offered parameters for planning
oral health policies.
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Introduction

According to the World Health Organization (WHO), malocclusions are considered the dental public health problem ranked third
according to the scale of priorities, exceeded only by caries and periodontal diseases [1-6]. This became clear when the Brazilian
Ministry of Health, by means of Ministerial Administrative Ruling No. 718/SAS of 20/12/2010, began to finance specialized
procedures in Orthodontics [5]. The results of the latest epidemiologic oral health survey conducted in Brazil showed a reduction
in the levels of malocclusion in the age-range from 15 to 19 years (18.3%), ranging from 53.2% in 2004 to 38.8% in 2010 [1,2].

Occlusal problems may cause a negative impact on adolescents” quality of life due to compromising esthetics and harming speech
and mastication. Problems of a psychological nature, such as social isolation, low self-esteem, difficulty with finding a job, and
embarrassment were also associated with conditions of severe malocclusion [7].

This makes it important to approach the issues of adolescents from a psychosocial point of view, and to understand them as
the result of the interaction of biological, mental and social developmental processes, socioeconomic conditions and cultural
influences [8].

There are many orthodontic indices that combine physical and visual elements to provide a measure of the extent of a malocclusion.
The Dental Aesthetic Index (DAI) assesses clinical and aesthetic components mathematically to produce a single score [9]. The
DALI defines criteria for evaluating dentofacial anomalies including teeth, crowding, spacing, overjet, reverse overjet, open bite
and molar ratio [10]. The DAI scoring system has been recommended by WHO to study orthodontic malocclusions in various
communities and cultures, and it can be used by dentists and / or dental assistants [9]. It helps in making decisions about where to
allocate government resources for the treatment of malocclusion [11].
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There are some indicators of health and social factors that may contribute to a better identification of vulnerable groups /people.
These indicators - called contextual variables - are important to detect the possible variability of the disease in the region or group
in which the individual lives. In order to evaluate health services, the index for the evaluation of the Brazilian National Health
Service Performance (Indice de Avaliagdo de Desempenho do Sistema Unico de Satide-IDSUS) was created. In the index in question,
scores from zero to ten are attributed, with the lowest scores being identified in the worst performances of the National Health
Service (Sistema Unico de Satide-SUS) in the municipalities, states and in Brazil [12].

Another indicator that allows information from the various social domains to be combined to give a more realistic view of the
economic, cultural and social situation of a country is the Human Development Index (HDI). This is a comparative measure
used to classify countries by their degree of “human development” and to separate developed (very high human development),
developing (medium and high human development) and underdeveloped (low human development) countries and can be used
for specific areas [13].

The “Bolsa Familia” (Family Grant) Program today constitutes the major policy of conditional income transfer in Brazil. The
program goal is to provide cash assistance to homes in a situation of poverty and extreme poverty [14]. Based on the guarantee
of income, productive inclusion in and access to public services, the program is focused on the activities of 16 million Brazilians
(around 8.5% of the general population) with a monthly family per capita income of under US$35. Although it is not a specific
indicator, the percentage of persons benefited by the program in a city, becomes an important datum of social vulnerability.

The assessment of oral health through epidemiological surveys has two main objectives: to evaluate the need for and priority
of treatment; and to obtain information to formulate adequate planning of the resources required to provide treatment for the
population [2]. In view of the foregoing discourse, the aim of the present study was to verify the individual and contextual aspects
associated with malocclusion in Brazilian adolescents from 15 to 19 years of age.

Material and Methods

Ethical considerations

The Brazilian Oral Health Project was submitted to and approved by the National Ethics Council on Research in Human Beings
under Protocol 15,498. The term of informed consent was obtained from all individuals who participated in the study [2].

Type of Study

This was a cross-sectional analytical study. Data from Epidemiological Survey of the Oral Health Conditions of the Brazilian
Population denominated “SB Brasil 2010” were used [2].

Study Population
Brazil has a total population of 190,755,799 persons, among whom 16,990,872 are adolescents from 15 to 19 years of age [15].
National Oral Health Survey (SB Brasil 2010)

SB Brasil 2010 analyzed the oral health conditions of the Brazilian population in different age groups in urban and rural areas. In
total, 37,519 individuals were examined in 27 State capitals and 150 municipalities in the interior of the country, with different
sizes of population. The database generated in this survey is in the public domain, and there is free access to it [2].

Data Collection

Data collection was performed in dwellings, and included clinical oral exam and interviews through a structured questionnaire.
Dental teams were composed of: a dental surgeon examiner, who used instruments (oral mirror and periodontal probe)
recommended by the WHO, and an assistant note taker, who collected the clinical data [10].

Criteria used for malocclusion classification

Malocclusion was classified by means of the Dental Aesthetic Index (DAI). The basic principle of the DAI is a combination of
measures (not only of occlusal problems), which in conjunction, as a set, express the individual’s occlusal status and his/her
respective need for orthodontic treatment. The composition of the index considers not only occlusion, but esthetic compromise
as well [9].

Sample Calculation

The sampling technique used by the survey was probabilistic through conglomerates. For the age-range from 15 to 19 years, three
stratifications were used.

The first used domains and primary sampling units: capitals and municipalities in the interior of the country according to
macroregion. The second consisted of subdividing the participating municipalities into: 27 capitals plus 30 municipalities in the
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interior of each region. The third was determined by lottery to guarantee representativeness in the municipalities, census sectors
and domiciles [2]. Of the total of 7012 selected adolescents in the age-range from 15 to 19 years, 5445 of them were effectively
investigated, indicating a sampling loss of 22.3%. To calculate the sample size, the parameters used (value of z, variance, mean
DMFT, acceptable margin of error (AME), effect of design and non reply rate) were those found in SB Brasil 2003 [1].

Calibration

The field teams were duly trained in workshops with duration of 20 hours. The capitals had 10 field teams and the municipalities
in the interior had from two to six teams, depending on population size. The calibration technique adopted was consensus,
calculating the agreement between each examiner and the results obtained by consensus of the team. We calculated the weighted
kappa coeflicient for each examiner, age group and aspects of malocclusion studied, with the minimum acceptable value of 0.65.

Studied Variables
Dependent Variables: The study outcome was malocclusion that was categorized as absent, set, severe and very severe [9].

Independent Variables: Individual Variables The variables and descriptions were categorized in Table 1 (demographic; oral health
problems; socioeconomic of individuals; schooling morbidity and use of dental services; self-perception and impact on health).
Don’t know or refused of the exam were considered exclusion criteria (Table 1).

Independent variables Categories

Place of exam 0= state capital; 1= other city

1= north ; 2= northeast; 3= southeast;

Region 4= south; 5= midwest
Demographic Age 5 to 19 years
Sex 0= male; 1= female
Skin color 1= white; 2= black; 3= yellow; 4= mulatto; 5= indigenous
Oral health problems Treatment need 0= absence; 1= presence
Number of persons number of persons belonging to the family unit
No. of rooms total number of rooms
Socioeconomic of No. of v of B d
individuals o. of assets quantity of assets in residence
1=up to 150; 2= 151 to 250
Per capita income (US) 3=251to750; 4=751to 1,250
P 5=1,251t0 2,250 6= 2,251 to 4,750
7= over 4,750
oo affcdharilian t(?tal years of schooling, w1'th passes (without failing) - var-
ies from 0 to 15 years — did not evaluate post-graduation
Perception of need for treatment 0= e
Toothache 1=yes
Schooling, morbidity Severity of pain 1 to 10 (little to a great deal of pain)
and use of dental — -
_—. Visit to the dentist 0=no Il=yes

1= less than 1 year; 2=1 to 2 years

Frequency of consultation
quency v 3 = 3 or more years

1= public service ; 2= private service

Place of consultation .
3= health insurance/ agreements; 4= others

1= revision/prevention; 2= pain
Reason for consultation 3= extraction ; 4=treatment
5= others

1= very satisfied; 2= satisfied
Satisfaction with teeth in the mouth 3= not satisfied or dissatisfied

ST I T 4= dissatisfied; 5= very dissatisfied

Impact on health

Difficulty with eating; Uncomfortable when
brushing; Nervousness or irritation; Influence on
leisure; Influence on sports; Difficulty with speak-

ing, Ashamed to smile; Difficulty with studying/
working, Difficulty with going to sleep

0=no
1=yes

Table 1: Independent variables and respective categories

Variables relative to cities (contextual)

For contextual characterization the HDI was used; this is a measure that gathers information about longevity, income and
schooling, gauged for Brazilian municipalities, by the regional office of the United Nations Development Program in Brazil [12].
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For the “Bolsa Familia” program the number of families benefited per municipality was obtained and divided by 1000, in order to
standardize and facilitate comparison with other municipalities [14].

In the Brazilian National Health Service Performance Assessment, the municipality received in the evaluation was used, and
number of the homogeneous group in which the municipality was grouped [12].

The Gross National Product (GNP) per capita corresponded to the sum of the salaries of the entire population of the municipality,
divided by the number of inhabitants [15]. Fluoridated water the data were dichotomized into municipalities with or without
fluoride in the water [15].

Data Analysis

Data were analyzed by the chi-square test and multilevel model, consisting of fixed components represented by random variables
and components provided by the cities and the variations at different levels [16].

Adjustments were made to the multilevel model b the PROC MIXED procedure of the SAS statistical program in accordance with
the methodology described in studies of Singer, Tellez et al. and Help from the SAS statistical program (SAS Institute Inc. 9.2,
2008) [17,18].

The variables relative to individuals were considered at Level 1, while variables relative to the cities were included in Level 2.
Behavior of the variable malocclusion (Level 1) was evaluated as a function of the predictive variables of Levels 1 and 2.

A model was initially adjusted only with the intercept (Model 1). After this, the predictive effects of the level of individuals - Model
2 and cities- Model 3 were included. In the selection of variables, the theoretical referential and correlation analysis were used to
evaluate multi-collinearity.

The quality of the adjustments was evaluated by convergence of the model, AIC, AICC and statistical criteria - 2 times the logarithm
of the function of verosimilarity. In all the analyses, a level of significance of 5% was used.

Results

From 01 to 402 volunteers per city, in 174 cities in Brazil were evaluated, totaling 5445 adolescents per age-range from 15 to 19
years.

The prevalence of severe and very severe malocclusion in adolescents from 15 to 19 years of age was verified and showed no
statistical differences among the regions, ranging from 15.0% in the Midwestern Region to 18.3% in the Northeastern region, with
a national mean of 17.7%, with the percentage of adolescents with very severe malocclusion being 9.1% (Table 2).

Malocclusion
Region Absent Set Severe Very severe Total n (100.0%) Valor de p
n (%) n (%) n (%) n (%)
North 760 (60.7) 266 (21.2) 110 (8.8) 116 (9.3) 1252 0,0704*
Northeast 749 (63.3) 218 (18.4) 110 (9.3) 107 (9.0) 1184
Southwest 501 (65.1) 129 (16.8) 56 (7.3) 83 (10.8) 769
South 369 (66.0) 93 (16.6) 49 (8.8) 48 (8.6) 559
Midwest 429 (67.6) 111 (17.5) 50 (7.9) 45 (7.1) 635
Total 2808 (63.8) 817 (18.6) 375 (8.5) 399 (9.1) 4399

*Chi-square test
Table 2: Distribution of adolescents according to prevalence and severity of malocclusion (DAI) per region

In Table 3 the different estimated multilevel models are presented. As may be observed in Model 1, the mean score of the
malocclusion index in the Brazilian cities investigated was 1.64 (standard error of 0.026). Statistically significant (p=0.008) variation
in malocclusion was observed between the cities. However, variation between adolescents within the cities was around 28 times
greater than the variation between cities. The intraclass correlation indicated that the variation between the cities represented
approximately 3.0% of the total variation (Table 3).

When the variables of the individual level (Model 2) were included, the adolescents who presented a higher mean of the values
obtained by the DAI were found to have: lower income (p=0.010); reported that they consulted a dentist (p=0.003), affirmed less
satisfaction with the mouth and teeth (p<0.001); difficulty with speaking (p=0,036); and to be ashamed of smiling (p<0.001). All
the significant values were controlled by the other predictors of this model.

In Model 3 the variables of the second level (cities) were included in order to evaluate the influence of these in the explanation
of the variability of malocclusion. The characteristics of the cities (number of families benefited by “Bolsa Familia” per 1000
inhabitants and GNP per capita) were observed to have an influence on the severity of malocclusion. Higher mean scores of the
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malocclusion index were observed in the cities in which more families were receiving the “Bolsa Familia” per 1000 inhabitants
(p=0.001) and lower GNP per capita (p=0.016). All these significant values were controlled by the significant predictive variables
of the individual and of the cities.

Model 1 Model 2 Model 3
Only the intercept Variables of level 1 Complete model
Variables Estimate Estimate Estimate
Standard- p-value Standard- p-value Standard-error p-value
error error
Level 1 (individual)
Intercept 1.648 (0.026) <0.001 1.297(0.074) <0.001 1.026(0.103) <0.001
Income (Ref* over
4750 dollars/year) 0.036(0.014) 0.010 0.030(0.014) 0.035
2
LI (L -0.126(0.043) 0.003 -0.135(0.043) 0.011
Yes)
Satisfaction (Ref
Very satisfied) 0.110(0.015) <0.001 0.110(0.015) <0.001
Difficulty with
speaking (Ref No) 0.144(0.068) 0.036 0.142(0.068) 0.037
Ashamed to smile
(Ref No) 0.331(0.049) <0.001 0.326(0.049) <0.001
Level 2 (Cities)
Bolsa Familia 0.001 (0.001) 0.001
program
GNP per capita (Ref 5.50 x 10-6 0.016
higher GNP) (2.30 x 10-6) :
Variances
Va“ancciii'e’:twee“ 0.032 (0.013) 0.008 0.014(0.008) 0.032 0.011(0.001) 0.039
Variance between
adolescents within 0.926 (0.020) <0.001 0.884(0.019) <0.001 0.883(0.019) <0.001
city

'Ref = reference / ?Consultation= Have you ever been to a dentist?
< n° persons/ municipalities receiving “Bolsa Familia” program
Table 3: Multilevel models for individual and contextual variables for malocclusion (DAI) in adolescents aged 15-19 years old, Brazil, 2010

Discussion

The epidemiological transition of oral diseases has occurred in the majority of developed countries, including Brazil. This was
expressed by the reduction in dental caries in children and adolescents, allowing attention to be directed to other oral problems,
including the treatment of malocclusions [19,20]. According to Vedovello et al., the importance of factors associated with life
style and standards of family and individual behavior, has been pointed out as being decisive in the epidemiological condition of
malocclusion [7].

A higher mean malocclusion score (severe and very severe) was found in adolescents that had been to the dentist. While it is
important to point out that different health needs may not be completely eliminated only with the use of health services, these
services may favor qualified access and reduce inequalities in health [21]. After all, those who have access to dental services,
especially public services, normally presented greater need for dental care, including orthodontic treatment. Another study
verified an increase in the use of dental services and a reduction in the proportion of persons who had never been to the dentist,
as well a reduction in extractions and improvement in oral health [22].

In this study, adolescents with more severe malocclusion were observed to be less satisfied with the arrangement of their teeth and
found it difficult to smile. Adolescents’ self-perception is of fundamental importance in understanding the impact of malocclusion
on their daily lives, especially with regard to functional limitations and psychosocial wellbeing, at a time when great value is being
placed on physical appearance and self-esteem [23,24]. In agreement with Bhatia et al. (2016), who showed that malocclusion had
a social and psychological impact on adolescents, causing social shame and decreased self-esteem; however, these situations were
progressively reversed with orthodontic treatment in the different types of malocclusion [25].

The more severe certain types of malocclusion are, the greater will be the psychological impact caused by these problems; they
almost always tend to lead to adolescents becoming caricatures in the eyes of their peers, who may provoke them with disparaging
remarks. This psychological aggression may cause behavioral disturbances, personality maladjustments and influence the quality
of life of these individuals [26].
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The severity of the malocclusion may predict self-perception among adolescents of the need for orthodontic treatment [27].
Esthetics was the subjective reason most frequently reported by adolescents when seeking orthodontic treatment [7]. The study
by Silva et al. (2016) demonstrated that the perception of the need for treatment was associated with the normative need for
orthodontic treatment. Adolescents reported needing treatment for aesthetic reasons attributed to their culture; the clinical
examination corroborated this orthodontic treatment need [27].

More severe malocclusions were verified in the adolescents who reported difficulty in speaking. According to the Leavy et al.
(2017) in the presence of malocclusion, particularly of an open bite greater than 2mm, it may be difficult or impossible to produce
certain sounds/phonemes (/T/ and /S/). When malocclusion was severe there was a greater probability of speech disorders [28].

The present study demonstrated that per capita income was inversely associated with malocclusion. The adolescents with lower
income presented more severe malocclusions. As in the present study, Healey et al. (2015) found a significant association between
higher Dental Aesthetic Index and low socioeconomic status and Zhou et al. (2016) associated higher prevalence of malocclusion
with lower family income [29,30]. At a contextual level, the influence of variables related to the socioeconomic context was
observed. The adolescents living in cities in which more families were receiving the “Bolsa Familia” and had a lower per capita
GNP, presented higher mean malocclusion values. This result was probably obtained due to the fact that not all families could
afford the cost of orthodontic treatment, especially those belonging to socially vulnerable groups. According to Laothong & Cheng
(2017) economic status was one of the main factors that influenced patients’ decision to seek orthodontic treatment [31]. This
became particularly visible when variables connected with income, both from individual and contextual aspects, presented clear
allusion to the economic aspects involved in access to services and epidemiological conditions of the problem.

Itis important to point out that multilevel analysis was chosen because it was more statistically efficient for investigating interactions
between individual and contextual variables, when compared with a multivariate model such as logistic regression [32]. Brazil is
a country marked by inequalities in access to the use of dental services, and it is important to know about the social conditions
associated with the indicators of basic oral health care, with a view to implementing public policies with the goal of promoting
health and seeking equality. Over the last few decades, social inequality in health has become one of the most relevant themes in
public health, both in rich countries and those with medium or low incomes [11]. Therefore, the social variables associated with
the highest mean values of malocclusion have shown evidence of the importance of a conjunctural analysis in the planning of
services and financing of the health sector (specifically actions and programs in oral health). It may, for example, be suggested
that greater government incentives should be given to cities with lower public health structuring and with the worst vulnerability
conditions for the development of actions in public health services, in accordance with the guidelines of Administrative Ruling
718 of the Ministry of Health, which deals with the financing of dental procedures in Orthodontics for the public sector [5].

Although the present study design was strong, it had some limitations. One of the weaknesses of cross-sectional studies concerns
the difficulty in establishing causal relationships based on a cross-section in time, thus limiting confidence in establishing the
direction of the association [33]. The study design and assessment tool used to quantify malocclusion did not identify how long
the individuals surveyed had been in a condition of the disease. This information could be useful for better understanding the role
of individual variables and contextual influences on malocclusion as an individual, episodic or cyclic condition. Thus, longitudinal
studies are needed to enable better understanding of the association between malocclusion and individual and contextual variables.
Another limitation was dental caries; it was not used in the model and could be a confounder of the study, mainly relative to the
issue that evaluated whether or not the adolescents had ever been to the dentist.

In view of the importance of knowledge about the etiology of malocclusions, the need for identifying the risk indicators of
the complaints was verified. For this purpose, the individual in conjunction with the contextual variables must be taken into
consideration. Thus, efficient actions of promotion, prevention, recovery and rehabilitation pertinent to the abnormalities of
occlusion may be planned.

Conclusion

There was significant association of malocclusion with individual variables and with the context in which the individual was
inserted. Importantly, while different health needs could not be completely eliminated with the use of health services only, these
services could favor qualified access and reduce health inequalities. The need for longitudinal studies is suggested, to enable a
better understanding of the association between malocclusion and individual and contextual variables.
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