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RESUMO 

 

Objetivo: Associar dois índices de avaliação da má oclusão na fase da dentadura 

mista. Métodos: Estudo observacional, analítico e transversal foi realizado 743 com 

crianças, de ambos os sexos e idade entre 8 a 10 anos, divididos em dentadura mista 

precoce e tardia. O Índice de Estética Dental (DAI) e os critérios propostos por 

Grabowski foram usados para avaliar a má oclusão. As associações entre o DAI 

(variável desfecho) e as demais variáveis independentes foram analisadas por meio 

de modelos de regressão logística. Foram construídos modelos de regressão logística 

simples, estimando-se os odds ratios brutos com os respectivos intervalos de 95% de 

confiança. As variáveis com p<0,20 nas análises simples foram testadas em modelos 

de regressão logística múltipla, estimando-se os odds ratios ajustados com os 

respectivos intervalos de 95% de confiança. Resultados: Em 84,01% das crianças 

houve associação para a ausência de má oclusão. Por outro lado, 59,08% das 

crianças foram diagnosticados por ambos os índices (DAI e Grabowski) com presença 

de má oclusão. Crianças diagnosticas com má oclusão de acordo com Grabowski 

apresentaram 5,93 (p=0,0001 e IC: 4,13-8,51) vezes mais chance de apresentar má 

oclusão pelo DAI. Conclusões: Concluiu-se que o DAI e os critérios propostos por 

Grabowski se expressaram de forma diferente em relação a má oclusão na fase da 

dentadura mista. Este estudo sugere a importância de critérios específicos para a 

avaliação da má oclusão na dentadura mista.  

 

 

Palavras-chave: Ortodontia, Má oclusão, Dentição mista. 

 

 

 

 

 

 

 

 



 

ABSTRACT 

 

Objective: Associate two evaluation indices of malocclusion in the mixed denture 

phase. Methods: An observational, analytical and transverse study was performed with 

743 children, both boys and girls, aged 8 to 10 years, divided into early and late mixed 

dentition. The Dental Aesthetic Index (DAI) and criteria proposed by Grabowski were 

used to evaluate malocclusion. The associations between the DAI (outcome variable) 

and the other independent variables were analyzed using logistic regression models. 

Simple logistic regression models were constructed, estimating the crude odds ratios 

with the respective 95% confidence intervals. The variables with p <0.20 in the simple 

analyzes were tested in multiple logistic regression models, estimating adjusted odds 

ratios with the respective 95% confidence intervals. Result: In 84.01% of the children 

there was an association for the absence of malocclusion. On the other hand, 59.08% 

of the children were diagnosed by both indices (DAI and Grabowski) with 

malocclusion. Children diagnosed with malocclusion according to Grabowski 

presented 5.93 (p = 0.0001 and CI: 4.13-8.51) times more likely to present 

malocclusion by DAI. Conclusion: It was concluded that DAI and the criteria proposed 

by Grabowski were expressed differently in relation to malocclusion in the mixed-

denture phase. This study suggests the importance of specific criteria for the 

evaluation of malocclusion in the mixed dentition. 

 

 

Key words: Orthodontics, Malocclusion, Mixed dentition. 
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1 INTRODUÇÃO 

 

De etiologia multifatorial, a má oclusão possui vários fatores envolvidos, como os 

hereditários, a má formação congênita, as endocrinopatias, as enfermidades 

sistêmicas, os fatores nutricionais, os fatores locais e os hábitos bucais deletérios 

(Schurt et al., 2001; Sabbatini et al., 2012). Essa natureza proporciona a existência de 

diversos tipos e diferentes graus de severidade. 

Os estudos em saúde pública sobre prevalência de má oclusões fornecem 

importantes dados epidemiológicos para avaliar o tipo e a distribuição das 

características oclusais de determinada população, a necessidade e a prioridade de 

tratamento e os recursos exigidos para a realização desse, em termos de capacidade 

de trabalho, habilidade, agilidade e materiais a serem empregados. (Foster e 

Menezes, 1976) 

No que diz respeito à dentição mista, é fundamental que pais e responsáveis 

saibam da importância dos dentes decíduos, também chamados dentes de leite, no 

decorrer do desenvolvimento infanto-juvenil, pois, por serem temporários, essa 

transição de decíduo para permanente, muitas vezes é negligenciada, podendo 

causar grandes danos oclusais. Traumas acidentais e lesões múltiplas de cárie são as 

principais causas de perda precoce de dentes decíduos (Tunison et al., 2008). A 

perda precoce de dentes posteriores (molares decíduos) leva além da dificuldade 

funcional, propicia a perda de espaço para o dente permanente sucessor.  As funções 

dos dentes decíduos além da mastigação, auxílio no crescimento e desenvolvimento 

adequado dos ossos e músculos da face; pronunciamento correta das palavras e 

contribuição para a melhor aparência da criança, sua principal função é guardar o 

espaço para os dentes permanentes que serão substituídos, guiando-os para que 

erupcionem em posição adequada. Por isso, é imprescindível que os cuidados com a 

dentição sejam iniciados o mais precocemente, ou seja, a partir do irrompimento do 

primeiro dente, o que ocorre entre os 6 e 8 meses de idade (Touger-Decker et al., 

2003). A ocorrência das má oclusões pode ser reduzida se os Cirurgiões dentistas 

diagnosticarem condições iniciais que influenciem no desenvolvimento normal da 

oclusão dentária (Salzman et al., 1943). Desta forma, o grau de severidade das má 

oclusões pode se tornar moderado ou estas podem até mesmo ser prevenidas, 

utilizando-se procedimentos simples de Ortodontia interceptativa e preventiva; 
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tornando-se necessário, clinicamente, diagnosticar e intervir de forma adequada em 

benefício da evolução normal da dentição e do crescimento craniofacial (Popovich e 

Thompson, 1975). 

Se torna relevante fazer uso de índices oclusais para identificar esses indivíduos 

que apresentam as más oclusões. Posto que são dados importantes sobre os tipos e 

a distribuição da má oclusão, possibilitando analisar a necessidade e avaliar a 

prioridade de tratamento, assim como uma previsão dos recursos financeiros, 

humanos e materiais exigidos para o tratamento desses indivíduos (Fox et al., 2002). 
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Abstract 

Objectives: The aim of this study is to associate two evaluation indices of 

malocclusion in the mixed dentition. Materials and methods: A population-based 

cross-sectional study was conducted involving 743 children, aged 8 to 10 years, 

divided into early and late mixed dentition. The Dental Aesthetic Index (DAI) and 

criteria proposed by Grabowski were used to evaluate malocclusion. Associations 

between the DAI (outcome variable) and the other independent variables (gender, 

race and mixed dentition stage) were analyzed using logistic regression models. 

Simple logistic regression models were constructed, estimating the crude odds ratios 

with the respective 95% confidence intervals. The variables with p<0.20 in the simple 

analyses were tested in multiple logistic regression models, estimating adjusted odds 

ratios with the respective 95% confidence intervals. Results: In 84.01% of the 

children, there was an association for the absence of malocclusion. On the other hand, 

59.08% of the children were diagnosed by both indices (DAI and Grabowski) with 

malocclusion. Diagnostic children with malocclusion according to Grabowski presented 

as 5.93 (p = 0.0001 and CI: 4.13–8.51) times more likely to present malocclusion by 

the DAI. The DAI and the criteria proposed by Grabowski were expressed differently in 

relation to malocclusion in the mixed denture phase. Conclusion: This study suggests 

the importance of specific criteria for the evaluation of malocclusion at this stage of 

development. 
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Introduction 

Specific indices that determine orthodontic treatment need are essential in 

epidemiological studies of malocclusion because they allow the comparison between 

different age groups and populations.1-5 Due to difficulties in defining, quantifying and 

relating malocclusion with oral health problems, there is increased interest in using 

numeral scales to objectively score malocclusions.6 

The occlusal index should be able to identify individuals not needing treatment 

and those in need of orthodontic treatment to allocate limited resources and identify 

the most effective orthodontic appliances; besides this should be easy to use.5,6 The 

main occlusal indices were specially developed for primary7 and permanent dentition.8  

Mixed dentition is characterized by a wide range of occlusal variations, and the 

assessment of orthodontic treatment need should also consider this developmental 

stage.9,10,11 However, there is a lack of epidemiological studies on the mixed dentition. 

The majority of the studies on this age range used the DAI10,12-17, Index of Orthodontic 

Treatment Need (IOTN)12,15,18,19 or the evaluation of the malocclusion proposed by 

Grabowski.11,20 

The DAI is an established epidemiological occlusal index that has previously 

been used in different populations to determine prevalence and orthodontic treatment 

need.8 However, the DAI was developed for individuals with permanent dentition, and 

conditions such as the median diastema may overestimate the prevalence of 

malocclusion in mixed dentition.14,15 On the other hand, Grabowski et al. (2007)20 

proposed a method for evaluating malocclusions in primary and early mixed dentitions 

but did not determine orthodontic treatment need scores. The aspects of sagittal, 

transverse and vertical occlusal relationships are considered.20 

To this end, the aim of this study was to evaluate the association between two 

occlusal indices in the mixed dentition. The aim of this evaluation was to answer the 

following question: How should malocclusion in mixed dentition be evaluated? We 

hypothesized that the DAI overestimates the orthodontic treatment need.
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Materials and methods 

Study design and sample 

This study received approval from the Human Research Ethics Committee of 

Brazil (CAAE#80184717.1.0000.5385). Parents/caregivers signed a statement of 

informed consent authorizing the participation of their children. 

A population-based cross-sectional study was conducted involving children 

aged 8–10 years enrolled in public schools. All public schools (n=11) with children in 

the target age range were included in the study, and a probabilistic sampling was 

performed by conglomerates. The distribution of 8- and 10-year-old children in each 

region of Araras (São Paulo, Brazil) was determined from information provided by the 

Municipal Secretary of Education. The sample was stratified according to 

administrative district, and in the first phase, schools were randomly selected. In the 

second phase, children were selected for the sample using a simple randomization 

procedure. Classrooms were randomly selected at the schools, and children were 

randomly selected from those classes. The sample size was calculated considering a 

confidence interval of 95%, a test power of 0.80 and an odds ratio of 1.5. The 

minimum sample size was estimated at 650 schoolchildren, to which 10% was added 

to compensate for possible losses, totaling 715 individuals. The inclusion criteria were 

aged between 8 and 10 years and mixed dentition. Children who were undergoing 

orthodontic treatment previously, who had complete permanent dentition, or who had 

systemic diseases such as cerebral palsy or Down syndrome were excluded. The final 

sample was 734 individuals aged 8–10 years.  

 

Data collection 

The exams were performed under artificial light at the schools by a previously 

trained examiner. Before the study began, a calibration process was conducted to 

obtain the acceptable consistency for all of the clinical conditions. The training stage 

consisted of a theoretical discussion followed by a practical stage. During training and 

calibration, the inter- and intra-examiner agreement was estimated by the intraclass 

correlation coefficient for the components of the DAI and Grabowski Index, with an 

acceptable limit value greater than 0.92. 

Clinical evaluations were made with the aid of a CPI probe recommended by 

the WHO. Initially, the children were classified according to the mixed dentition stage. 
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The mixed dentition was determined by having a reference dental age, as proposed by 

Van der Linden (1983),21 and based exclusively on the teeth present in the buccal 

cavity.22 According to this referential, the mixed dentition presents two important 

periods of the exchange of deciduous teeth by permanent teeth: early (first transitional 

period) and late (second transitional period) mixed dentition. For the epidemiological 

evaluation, early mixed dentition included only children with maxillary and mandibular 

permanent central and lateral incisors and completely erupted first molars, and the late 

stage included children who presented with the other permanent teeth (maxillary and 

mandibular permanent canines, premolars and second molars) in the process of 

eruption or completely erupted. 

The clinical examination recorded aspects of occlusion by the DAI  and 

Grabowski et al. (2007). The outcome variable of the study was the DAI.8 The 

independent variables were classified into demographic and clinical groups. The 

demographic variables were sex (female and male) and race (white and non-white). 

The clinical variables were considered the presence of malocclusion, as evaluated by 

Grabowski Index, and the period of development of the mixed dentition (early mixed 

dentition and late mixed dentition).20 Early mixed dentition considered only children 

with all permanent incisors erupted. 

The DAI mathematically relates the individual’s perception of dental aesthetics 

with occlusal characteristics associated with malocclusion.8 It includes parameters of 

dentofacial anomalies related to the following clinical and aesthetic aspects: the 

number of visibly absent teeth, anterior crowding, anterior spacing, midline diastema, 

maxillary anterior misalignment, maxillary anterior horizontal overlap, mandibular 

anterior horizontal overlap, anterior open bite, antero-posterior molar relation and 

posterior crossbite. The DAI index score is analyzed by means of the sum of scores of 

each characteristic evaluated added to a constant value. This sum leads to a 

classification that identifies the orthodontic treatment need of individuals as 

determined by the severity of the occlusal pathologies present: Grade 1 indicates the 

absence of malocclusion and orthodontic treatment need (DAI ≤ 25); Grade 2 indicates 

malocclusion is defined and elective orthodontic treatment is needed (DAI = 26 to 30); 

Grade 3 indicates severe malocclusion and a desirable orthodontic treatment need 

(DAI = 31 and 35) and Grade 4 indicates severe malocclusion and a mandatory 

orthodontic treatment need (DAI ≥ 36). For data analysis, the DAI was dichotomized 

into the absence (Grade 1) and presence (Grade 2, 3 and 4) of malocclusion. 
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The Grabowski Index evaluates occlusal characteristics from the sagittal 

relationship in the anterior and posterior regions, the transverse relationship in the 

posterior region and the transverse relationship in the anterior region.20 The 

measurement (in millimeters) was performed with the teeth in centric occlusion and the 

probe positioned parallel to the occlusal plane. No distance between upper and lower 

incisors was defined as normal overjet (0 mm); increased overjet was recorded when 

the distance was > 2 mm, and anterior crossbite was recorded when the distance was 

< 0 mm. An anterior crossbite was recorded when the lower incisors were observed in 

front of the up- per incisors. An anterior open bite was recorded in the absence of 

contact between the anterior teeth when the posterior teeth were in occlusion. A 

normal overbite was defined when the upper incisors overlapped the lower incisors by 

2 mm. An overbite greater than 2 mm was designated a deep overbite. A posterior 

crossbite was recorded when upper primary molars were occluded in a lingual 

relationship to the lower primary molars in a centric occlusion. The children was 

diagnosed with malocclusion when exhibiting at least one of the aforementioned 

conditions. The data were dichotomized into the absence and presence of 

malocclusion. 

 

Statistical Analysis 

The associations between the DAI (outcome variable) and the other variables—

gender (female/male), race (white/nonwhite), mixed dentition stage (early/late) and 

malocclusion (with/without), according to Grabowski—were analyzed by means of 

logistic regression models. For this purpose, simple logistic regression models were 

constructed, estimating the raw odds ratios with the respective confidence intervals of 

95%. The variables with p < 0.20 in the simple analyses were tested in multiple logistic 

regression models, estimating the adjusted raw odds ratios with the respective 

confidence intervals of 95%. The analyses were performed in the R Program (R 

Foundation for Statistical Computing, Vienna, Austria) with a 5% significance level. 
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Results 

The sample had the following characteristics: 51.77% were males and 48.23% 

females; 30.52% were aged under 9 years, and 69.48% were 9 years of age or older; 

61.85% were white, and 38.15% were nonwhite; 36.92% were in the early mixed 

dentition stage and 63.08% in the late mixed dentition stage. The prevalence of 

malocclusion as diagnosed by the DAI was 74.79% and by the Grabowski Index, 

70.03% (Table 1). 

Table 1 shows that the gender (p = 0.36693 and CI 0.85–1.65), race (p = 0.85 

and CI 0.74–1.48) and mixed dentition stage (p = 0.5734 and CI 0.80-1.58) did not 

influence the final model. Table 1 also shows that 84.01% (185/220) of the diagnoses 

were coincidental between the Grabowski Index and DAI in individuals without 

malocclusion. On the other hand, 59.08% (439/734) of the individuals were diagnosed 

by both indices (Grabowski and DAI) with malocclusion. DAI and Grabowski 

diagnosed 35.99% of the individuals with malocclusion. On the other hand, 40.07% 

were diagnosed with an absence of malocclusion by both diagnostic indices. 

According to the analysis of the relationship between the two indices, individuals with a 

malocclusion diagnosed by Grabowski were 5.85 (p = 0.0001 and CI: 4.13–8.51) times 

more likely to present with a malocclusion in the DAI. 
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Table1. Gross and adjusted analyzes for association between DAI and analyzed variables. 

 

$Odds ratio. # Confidence interval. * p<0,05 

 

 

 

 

   DAI     

  
n (%) 

No need  

(DAI 1) 

In need 

(DAI 2+3+4) 
Crude OR (IC 95%) p-value 

 

OR  adjusted (IC 95%) 

 

p-value 

Age  ≤ 9 years 510 (69,48) 121 (23,73) 389 (76,27) 1,29 (0,90-1,83) 0,1643 1,38 (0,94-2,03) 0,0985 

 > 9 years 224 (30,52) 64 (28,57) 160 (71,43) Ref  Ref  

Sex 
Male 380 (51,77) 90 (23,68) 290 (76,32) 1,18 ( 0,85- 1,65) 0,3693   

Female 354 (48,23) 95 (26,84) 259 (73,16) Ref     

Ethnicity 
White 454 (61,85) 116 (25,55) 338 (74,45) Ref    

No white 280 (38,15) 69 (24,64) 211 (75,36) 1,05 (0,74-1,48) 0,8512   

Period 
I –  Precocious 271 (36,92) 72 (26,57) 199 (73,43) Ref    

II - Late 463 (63,08) 113 (24,41) 350 (75,59) 1,12 (0,80-1,58) 0,5734   

Grabowski 
Without MO 220 (29,97) 110 (50,00) 110 (50,00) Ref  Ref  

With MO 514 (70,03) 75 (14,59) 439 (85,41) 5,85 (4,08-8,39) <0,0001 5,93 (4,13-8,51) <0,0001 
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Discussion  

There is no recommended index for epidemiological evaluation of 

malocclusion in the mixed dentition. At this stage of development, the occlusal 

assessment is performed by adaptations of indices recommended for other 

dentitions, among them, the DAI10,12,13,14,16,23-25 and Index of Orthodontic Treatment 

Need.12,15,18,19,25,26 In addition, the occlusal evaluation proposed by Grabowski et al. 

(2007)20 has become widely used for the evaluation of malocclusion in the primary 

dentition27-29 and, more rarely in early mixed dentition. However, few epidemiological 

studies have addressed the mixed dentition, mainly due to the difficulty in evaluating 

the occlusion at this stage.11,30 

The wide range of occlusal variations in the mixed dentition19,22 should be 

considered in the adaptation of the indices. Frequently, the occlusal alteration is not a 

malocclusion but a physiological condition from the transition of primary to permanent 

teeth.22,23 Evidently, occlusal disorders such as malocclusions may occur and should 

be diagnosed reliably. 

According to our results, when the indices were associated, the children 

diagnosed with malocclusion by the Grabowski Index20 were 5.85 times more likely to 

present malocclusion in the diagnosis performed by the DAI. Clearly, the DAI 

overestimated the presence of malocclusion, confirming our study hypothesis. The 

probable justification lies in the conception of the index. For example, the diastema in 

the midline, considered a physiological condition in early mixed dentition, is 

diagnosed as a malocclusion by the DAI. This fact may explain the high prevalence 

of malocclusions in the mixed dentition observed in previous studies.10,12,14-16,23,25,31-34 

On the other hand, the Grabowski Index evaluated aspects related to sagittal, 

transverse and vertical occlusal relationships of the dental arches, which at this stage 

of development are more important to be diagnosed.20 

Epidemiological studies evaluate the severity of the malocclusion in different 

populations and determine which individual groups present the greatest orthodontic 

treatment need. The DAI provides information on the severity of the malocclusion 

and of the orthodontic treatment need35 but was developed specifically for permanent 

dentition. The evaluation proposed by the Grabowski Index examines occlusal 

relationships in their functional context in the primary and early mixed dentition and 

only analyze the need for and potential of orthodontic prevention. Thus, both indices 
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are fragile and present disadvantages for the evaluation of malocclusion in the mixed 

dentition. There is a clear need for the development of a specific instrument or other 

studies exploring the adaptation of these criteria to this specific dentition. Clinically, 

this relationship should be considered in epidemiological studies of its impact on the 

planning of orthodontic treatment and even on the economic impact. Finally, the 

strength of this study was to associate indices for malocclusion evaluation in the 

mixed dentition, as has never before been reported in the literature. 

Conclusions 

The DAI and the criteria proposed by the Grabowski Index were expressed 

differently in relation to malocclusion in the mixed dentition. The DAI overestimates 

the presence of malocclusion in the mixed dentition. This study suggests the 

importance of specific criteria for the evaluation of malocclusion at this stage of 

development. 
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3 CONCLUSÃO 
 
 

O presente estudo obteve resultados em que o índice de avaliação clínica da 

má oclusão DAI, superestimou a necessidade de tratamento ortodôntico em crianças 

que não apresentaram má oclusão através do índice Grabowski. 
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ANEXOS 
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