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RESUMO 
 
 

ASSOCIAÇÃO ENTRE MÁ-OCLUSÃO COM ALTERAÇÕES 
FONOARTICULATÓRIAS E POSIÇÃO DE LÍNGUA EM CRIANÇAS NA 

DENTIÇÃO MISTA: ESTUDO TRANSVERSAL 
 
 

AUTORA: Débora do Canto Assaf 
ORIENTADORA: Mariana Marquezan 

 
 
O objetivo deste estudo foi avaliar a associação de alterações oclusais com alterações 
fonoarticulatórias e de posicionamento de língua. Este estudo transversal utilizou uma 
amostra de 547 crianças em fase de dentição mista, entre 07 e 13 anos de idade, 
estudantes de escolas estaduais da cidade de Santa Maria - RS. Adotou-se o 
procedimento de amostragem aleatória por conglomerado em duplo estágio, 
selecionando nove escolas aleatoriamente de acordo com as diferentes regiões 
administrativas. A amostra foi avaliada e os dados foram obtidos através de 
questionários, exames odontológicos e fonoaudiológicos. Para verificar os fatores de 
risco associados aos distúrbios articulatórios e alteração na posição de língua, foi 
utilizada a técnica de modelo de regressão de Poisson com variância robusta 
ajustada.  As variáveis utilizadas no estudo foram: sobressaliência, sobremordida, 
mordida cruzada posterior, distúrbio articulatório, posição de língua, idade, sexo, raça 
e modo respiratório. Observou-se que os indivíduos com sobremordida profunda 
apresentam relação de proteção para o desenvolvimento de distúrbios articulatórios, 
enquanto que os indivíduos com mordida cruzada posterior apresentam 2,20 vezes 
maior probabilidade de apresentar esse problema. Com relação à alteração na 
posição da língua, ter mordida aberta anterior representa 2,36 vezes maior frequência 
do indivíduo apresentar essa alteração. A presença de sobremordida profunda e ser 
do sexo masculino, representam fatores de proteção para alterações de posição de 
língua. Por outro lado, possuir respiração oral/oronasal, representa 2,51 vezes mais 
prevalência de possuir alteração de posição lingual.  
 
 
Palavras-Chave: Dentição Mista, Má-Oclusão, Ortodontia, Distúrbios Articulatórios, 

Terapia Miofuncional. 
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ABSTRACT 
 

 

ASSOCIATION BETWEEN MALOCCLUSION WITH ARTICULATION DISORDERS 
AND TONGUE POSITION IN MIXED DENTITION CHILDREN: A CROSS-

SECTIONAL STUDY 
 
 

AUTHOR: Débora do Canto Assaf 
ADVISOR: Mariana Marquezan 

 
 
The aim of this study was to evaluate the association of occlusal alterations with 
articulation disorders and tongue positioning alterations. This cross-sectional study 
used a sample of 547 mixed-dentition children aged from 7 to 13 years old from state 
schools in the city of Santa Maria - RS. The procedure of random sampling by double-
stage clustering was adopted, selecting nine schools randomly according to the 
different administrative regions. The sample was evaluated by questionnaires, dental 
and phonoaudiological examinations. To verify the risk factors associated with 
articulation disorders and tongue position alteration, the Poisson regression modeling 
technique was used. The variables used in the study were: overjet, overbite, posterior 
crossbite, articulation disorder, tongue position, age, sex, skin color and respiratory 
mode. Individuals with deep overbite present a protective relationship to articulation 
disorder, whereas individuals with posterior crossbite are 77% more likely to present 
this problem. Regarding the change in the position of the tongue, having anterior open 
bite represents 2.36 times more probability of the individual having this problem. The 
presence of deep overbite and being male, represent protection factors for alterations 
in tongue position. On the other hand, have oral/oronasal breathing, represents 2.51 
times more frequency of having altered position of the tongue. 
 
 
Keywords: Mixed Dentition, Malocclusion, Orthodontics, Articulation Disorders, 

Myofunctional Therapy. 
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1 INTRODUÇÃO 

 

A capacidade de se comunicar e interagir socialmente, são de grande 

importância para indivíduos de todas as idades, sendo a linguagem, fator fundamental 

para a comunicação entre as pessoas.  A fala é o resultado do planejamento e 

execução de sequências de movimentos, que requerem coordenação neuromuscular 

muito precisa (WERTZNER, 2004). 

Distúrbios articulatórios podem iniciar a partir da infância. A prevalência de 

desvios fonéticos foi aproximadamente de 22,3% em crianças de uma amostra 

brasileira (RABELO et al., 2015). Enquanto que a prevalência de má-oclusão no 

período da dentição mista pode chegar em torno de 89%, em crianças brasileiras 

(ALMEIDA et al., 2011). A etiologia dos problemas de fala é complexa, compreendendo 

fatores genéticos 11%, ambientais 83% (experiências sociais, dieta, exposição à 

toxinas) e mistos 6%, segundo a revisão de Rogers e colaboradores (2015). 

Alterações de fala podem ser classificadas como fonéticas ou fonológicas. As 

alterações fonéticas são distúrbios articulatórios ou distorções de ponto articulatório 

representadas pelo ceceio anterior e lateral da fala e pela interdentalização, e são 

alterações de origem musculoesquelética, ou seja, existe uma alteração motora 

envolvida na produção do som (MARCHESAN, 2014). Segundo Marchesan (2014), 

alterações da forma da arcada dentária somadas à hipofunção de língua são os 

fatores mais frequentemente associados ao ceceio anterior e lateral.  

Quanto às alterações fonológicas, estas são representadas pelas omissões e 

substituições de fonemas, as quais podem ter origem neurológica e estão mais 

relacionadas aos problemas de linguagem, não sendo relacionadas diretamente às 

estruturas musculoesqueléticas (MARCHESAN, 2014). 

Entre outros fatores que influenciam a precisão dos pontos articulatórios, está 

a presença e posição dos dentes, a mobilidade de lábios, bochechas e palato mole e 

a posição e mobilidade da língua e mandíbula, além do espaço intraoral para a 

articulação e ressonância (MARCHESAN, 2014). Desvios nas funções de mastigação, 

deglutição e respiração também podem estar associados (MARCHESAN, 2004; 

BIANCHINI, 2000). Ainda com relação à posição dos dentes e das arcadas, sugere-

se que o posicionamento dos dentes anteriores seja um dos principais fatores que 

alteram a articulação dos sons, visto que quase 90% de todas as consoantes são 

realizadas nesta região (LEAVY, CISNEROS, LEBLANC, 2016).   
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Quanto aos problemas de posicionamento de língua, estes podem ser 

classificados segundo o Protocolo de Avaliação Miofuncional Orofacial com Escores 

(AMIOFE) (FELÍCIO e FERREIRA, 2008). A língua em repouso está em posição 

normal quando aparece contida na cavidade oral, caso contrário apresenta-se 

alterada quando interposta aos arcos dentários, ultrapassando as faces incisais dos 

dentes anteriores e/ou as cúspides vestibulares dos dentes posteriores.  

Alterações no modo respiratório também estão associados a distúrbios de 

linguagem e dificuldades na aprendizagem (HITOS et al., 2012) (RIBEIRO et al., 

2015). Em uma amostra brasileira de 439 crianças respiradoras bucais de 4 a 12 anos 

de idade, foi diagnosticado alterações de fala em 31,2%, interposição de língua foi 

observada em 53,3% dos pacientes, seguida por troca articulatória (26,3%), ceceio 

frontal (21,9%) e duas ou mais alterações de fala ocorreram em 24,8% das crianças 

(HITOS et al., 2012) . 

A literatura científica ainda é carente de estudos interdisciplinares com 

amostras representativas que avaliem a associação entre problemas articulatórios e 

de posicionamento de língua com os diferentes tipos de más-oclusões dentárias. 

Dessa maneira, o objetivo desse estudo foi avaliar a associação entre diferentes 

condições oclusais com alterações da fala e de posicionamento lingual em crianças 

em fase de dentição mista na cidade de Santa Maria, Rio Grande do Sul. A hipótese 

do estudo é que haja associação positiva entre alterações oclusais, alterações 

fonoarticulatórias e alteração na posição de língua.  
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2 ARTIGO – ASSOCIATION BETWEEN MALOCCLUSION WITH ARTICULATION 

DISORDERS AND TONGUE POSITION IN MIXED DENTITION CHILDREN: A 

CROSS-SECTIONAL STUDY. 

 

Esse manuscrito será submetido no periódico American Journal of Orthodontics 

& Dentofacial Orthopedics (http://www.ajodo.org/content/authorinfo#idp1357376) 

(ANEXO 2).  
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ABSTRACT 

 

Introduction: Some factors that may influence the speech are the position of the teeth, 

mobility of lips, soft palate, tongue and mandible, as well as the intraoral space for 

articulation and resonance of the sounds. Methods: Cross-sectional study used a 

sample of 547 mixed-dentition children aged from 7 to 13 years old from south Brazilian 

schools. The sample was evaluated by questionnaires, dental and phonoaudiological 

examinations. The Poisson regression modeling technique was used. The variables 

were: overjet, overbite, posterior crossbite, articulation disorder, tongue position, age, 

sex, skin color and respiratory mode. Results: Individuals with deep overbite present 

a protective relationship to articulation disorders in relation to normal overbite, whereas 

individuals with posterior crossbite are 77% more likely to present this problem in 

relation to individuals without posterior crossbite. Regarding the change in the position 

of the tongue, having anterior open bite represents 2.36 times more frequency for the 

individual have this problem than children with regular overbite. Both the presence of 

deep overbite and being male represent protection factors for the abnormal tongue 

position in relation to normal overbite and female sex respectively. Having 

mouth/oronasal breathing represents 2.51 times more probability of having altered 

position of the tongue in relation to nasal breathing. Conclusion: The posterior 

crossbite was associated with speech distortion and altered tongue position, while the 

deep bite appears as a protection factor for problems in the articulation of sounds and 

the position of the tongue. Anterior open bites and mouth/oronasal breathing are also 

associated with the tongue in an altered position and the male sex appears as a 

protective factor of having the tongue in abnormal position. 

 

Keywords: Mixed Dentiton, Malocclusion, Orthodontics, Speech-Language 

Pathologist, Myofunctional Therapy. 
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INTRODUCTION 

 

The ability to communicate and interact socially is of high importance for 

individuals of all ages, and language is a key factor for communication between people. 

Speech is the result of the planning and execution of sequences of movements, which 

require very accurate neuromuscular coordination1. Articulation disorders can begin 

since childhood. Its prevalence is approximately 22.3% in children of a Brazilian 

sample2. However, its etiology is complex, comprising genetic factors 11%, 

environmental 83% (social experiences, diet, exposure to toxins) and mixed 6% 

according to the review of Rogers et al3. 

Among the factors that influence the articulatory points’ precision are the 

presence and position of the teeth, mobility of the lips, cheeks and soft palate, and the 

position and mobility of the tongue and mandible, the intraoral space for articulation 

and resonance of the sounds4, as well as changes in respiratory pattern of the 

individual15. Deviations from chewing, swallowing and breathing functions may also be 

associated5,6. Still concerning the position of the teeth and the arches, it is suggested 

that the position of anterior teeth is one of the main factors that alter the articulation of 

sounds, since almost 90% of all consonants are performed in this region7. 

The literature has shown that myofunctional therapy in children with anterior 

open bite and posterior crossbite was able to re-educate tongue positioning at rest, 

during swallowing of liquid and solid foods and to increase the force of tongue 

elevation, but it was not able to improve the articulation of some phonemes17, 

suggesting that multidisciplinary treatments, including orthodontic correction, are 

necessary to fully solve the problem. 

In the scientific literature, more studies with more representative samples are 

required to prove stronger associations between articulatory and tongue-positioning 

problems with different types of malocclusions. It is important for dentists and speech 

therapists to be aware of occlusal problems that may interfere with the articulation of 

sounds and tongue position, as such problems may interfere with the interpersonal 

relationships of individuals throughout their lives 

The aim of this study was to evaluate the association between different occlusal 

conditions with articulation disorders and tongue positioning in children in the mixed 

dentition phase in the city of Santa Maria, Rio Grande do Sul. The hypothesis of the 

study is that articulation disorder and altered tongue position are associated with 



19 

 

occlusal changes. 

 

MATERIAL AND METHODS 
 
Study Design 
 

The research consisted of a cross-sectional study carried out in the city of Santa 

Maria, Rio Grande do Sul, Brazil, in the year 2015, when the municipality had an 

estimated population of 261,031 inhabitants, of which 30,216 (11.57%) were enrolled 

in elementary education (Demographic Census of the Brazilian Institute of Geography 

and Statistics, 2015). 

 

Sample 

 

For the sampling process, the procedure of random sampling by double stage 

conglomerate was adopted. Knowing that in the year 2014, 10,569 students were 

enrolled in the 26 elementary schools of the state network, where nine of these schools 

were randomly selected according to the different administrative regions and size of 

the school. Thus, schools were considered primary sample unit and, the children, the 

secondary sample unit. From the lists of students enrolled in the nine selected schools, 

it was considered the number of children invited to participate in the study, computing 

an amount of 1,559 children.  

Of the total number of students invited to participate in the study, 948 consented 

and had the Consent Form signed by parents or guardians (response rate 60.8%). Of 

the 948 children who agreed to participate in the study, 547 were included in the 

sample. All the children in the mixed dentition phase with the first erupted upper molars 

were included in the study. Exclusion criteria were previous or current orthodontic 

and/or speech therapy treatment, noticeable signs of syndromes and/or cognitive 

limitations. The losses of the studied sample were due to the following reasons: 

deciduous dentition, permanent dentition, not having permanent incisors to measure 

overjet and overbite, children who missed class on evaluation days and missing datas. 

Demographic and socioeconomic variables were collected through a semi-

structured questionnaire answered by parents or guardians (APPENDIX B), which 

included the following information: general health aspects, historical of current or 

previous orthodontic and/or speech therapy treatment, gender (female or male), skin 



20 

 

color (white or non-white), maternal and paternal schooling. Age was dichotomized by 

the median at <10 years and >10 years. Maternal and paternal schooling was collected 

in complete years of study and later dichotomized in elementary school incomplete (<8 

years) and complete (>8 years).  

  

Dental Evaluation 

 

The children were examined by four previously trained and calibrated dentists 

(Kappa intra and inter-examiner > 0.70) to assess all variables considered through an 

evaluation form (APPENDIX C). The examinations were performed in schools, in 

rooms provided by the school board, under natural light conditions, the child and the 

professional in a seated position face to face. These tests were performed to classify 

the teething period (deciduous, mixed or permanent) and periods of mixed dentition 

(first transitional period, intertransitory period and second transitional period), as well 

as to evaluate occlusal alterations: anterior open bite (present / absent), unilateral or 

bilateral posterior crossbite, anterior crossbit, overjet (mm), overbite (mm), Angle molar 

relationship (Class I, II and III) and early dental loss. For overjet and overbite 

measurements, the World Health Organization (WHO) probe (Millennium - Golgran, 

São Caetano do Sul, SP, Brazil) was used to measure in millimeters. Regarding the 

overjet and overbite, the measurements between 0.5 and 3.5mm were considered 

adequate; measurements were considered increased when ≥ 4mm and decreased 

when ≤ 0mm18. 

 

Speech Language Evaluation 

 

The children were evaluated by a single calibrated speech therapist (Kappa> 

0.70) using an evaluation form composed of data extracted from the Orofacial Protocol 

with Scores (AMIOFE)24 and data taken from the Orofacial Myofunctional Assessment 

Protocol (MBGR)25 (APPENDIX D). From this evaluation, the respiratory mode of the 

participants was verified through spontaneous observation of the patient, classified as 

nasal, mouth or oronasal according to AMIOFE. The positioning of the tongue was 

evaluated during rest and during the speech evaluation, classified as normal 

(contained in the oral cavity) or altered (interposed to dental arches with the following 

subclassifications: adaptation, dysfunction or excessive protrusion) according to 
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AMIOFE protocol. The participant’s speech was also evaluated through automatic 

speech, asking the children to count from 1 to 20, telling the days of the week and the 

letters of the alphabet, later they were asked to describe engravings on a drawing 

board, so they were classified as absence of speech distortion or as presence of 

distortion speech, according to MBGR protocol. 

 

Statistical analysis 

 

Data were analyzed using the STATA 14 statistical program (StataCorp, 2014. 

Stata Statistical Software: Release 14.1, College Station, TX: StataCorp LP). This 

study considered two outcomes: (1) speech distortion (absent/present) and (2) tongue 

position (normal/altered). It was performed a descriptive analysis of the demographic, 

socioeconomic and clinical characteristics of the sample, such as: age, sex, skin color, 

father and mother schooling, overjet (adequate, accentuated and anterior cross bite), 

overbite (adequate, deep bite and anterior open bite), posterior crossbite and 

respiratory mode, according to the distribution of outcome variables.  

Unadjusted analyses were performed to provide a preliminary assessment of 

the association between predictor variables and outcomes. Poisson regression models 

with adjusted robust variance were used to evaluate the association between the 

characteristics of the sample and the prevalence of speech distortion and tongue 

position. The exploratory variables that presented a value of p ≤ 0.20 in the univariate 

analysis were included in the multivariate model. Results are presented as prevalence 

ratio (PR) and respective 95% confidence interval (95% CI). A significance level of 0.05 

was considered. 

 
RESULTS 
 

Five hundred and forty-seven children participated in the study, of which 54.7% 

were girls and 45.3% were boys, 66.6% of the sample was composed of children aged 

from 7 to 10 years. White people (79.2%) represent the great majority of the sample. 

Regarding the data from the occlusal evaluation, posterior crossbites were present in 

11.1%, and anterior open bites in 10.1%. Adequate overbite was observed in 43.3% of 

the sample, while 67.8% of the sample presented adequate overjet. Sample 

distribution according demographic, socioeconomics characteristics, occlusal 

conditions and respiratory mode are expressed in Table I. 
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The presence or absence of articulation disorders and tongue position 

according to demographic, socioeconomics characteristics, occlusal conditions and 

respiratory mode is expressed in Table II. The prevalence of children with some type 

of articulation disorder was found in 31.4% of the sample. The percentage of children 

with some type of alteration in the position of the tongue was 35.8%. The majority of 

children with articulation disorder and altered tongue position had ages between 7 and 

10 years.  

Articulation disorder association with demographic, socioeconomics 

characteristics, occlusal conditions and respiratory mode is shown in Table III 

(unadjusted and adjusted association obtained using Poisson regression with robust 

variance). When the multivariate model was performed, the variables overbite and 

posterior crossbite showed association with articulation disorder. It can be observed 

that individuals with deep bite present a protective relation to articulation disorder. The 

presence of deep bite represents 59% more prevalence of having speech considered 

normal in relation to normal overbite. While individuals with posterior crossbite are at 

risk for articulation disorder. Having posterior crossbite is 77% more likely to present 

articulation disorder when compared to individuals without posterior crossbite. 

Tongue position association with demographic, socioeconomics characteristics, 

occlusal conditions and respiratory mode is shown in Table IV (unadjusted and 

adjusted association obtained using Poisson regression with robust variance). The 

presence of anterior open bite represents 2.36 times more frequency for the individual 

to have an alteration in the position of the tongue in relation to the individuals with 

adequate overbite. Concerning the presence of a deep bite and being male, they 

represent protection factors to have the tongue in a normal position. Having deep bite 

represents 61% more probability of having the tongue in normal position comparing to 

normal overbite, and being male represents 35% more probability of not having an 

alteration in tongue position in relation to female sex. Regarding the respiratory mode, 

participants who have altered respiratory mode, mouth or oronasal breathing, are 2.51 

times more likely to have a position of the tongue altered when compared to those with 

normal (nasal) breathing. 

 

 

 

DISCUSSION 
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The results of this cross-sectional study, which evaluated 547 children in the 

mixed dentition, showed that 31.4% of the children had speech distortion and 35.8% 

presented alteration in the position of the tongue. These findings are in agreement with 

two studies conducted in Brazilian populations2,19, where 22.3% and 42% of the 

children presented some type of alteration in the articulation of sounds. Studies in other 

countries showed lower prevalence of speech distortion, such as a study conducted in 

Australia where prevalence was 13% 20, and in USA was 20% 7. 

The majority of children with speech distortion and language impairment were 

younger than 10 years, but this result did not present a statistically significant 

difference, agreeing with the studies of Rabelo et al; of 2011 and 20152,21, where there 

was no association between age and speech problems, except for children under 5 

years of age. 

There was no association between gender and speech distortion, in agreement 

with studies by Rabelo2 and Goulart19. However, the male gender was shown to be a 

protective factor for altered tongue position. 

In the association between malocclusion and speech distortion, a positive 

association was found between posterior crossbite, presence of speech distortion and 

alteration in tongue position. The presence of posterior crossbite represent a risk factor 

for speech distortion. This result is in agreement with the findings of Farret et al.22 who 

carried out a study in the same city investigated here. However, it disagrees with 

Farronato's work in 201223, which evaluated 880 Italian children and considered 

posterior crossbite as a low risk for sound articulation problems.  

Deep overbite has a negative association with speech distortion and tongue 

position. Having deep overbite is a protective factor for speech distortion and altered 

position of the tongue. Previous studies do not corroborate this result. While Laine12 

and Leavy7 found no association between these variables, Farronato23 and Lubit13 

found an association between deep bite and speech problems. This finding leads us 

to reflect on the real need to refer young patients for treatment of mild to moderate 

deep bites, considering that the correction of this malocclusion may constitute over-

treatment and lead to future articulatory difficulties. 

The anterior open bite was not associated with speech distortion, in 

disagreement with Leavy7 and Ocampo-Parra10. Probably the small number of children 

in the sample who presented anterior open bite was not sufficient to express such 
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association.  

The increased overjet and the decreased overjet that would represent an Angle 

Class II and Class III relationship in the anterior region, respectively, were not 

associated with speech problems in the present study, contrary to some findings in the 

literature, such as in the study of Farronato23, where the Class II relationship was 

considered low risk but the Class III relationship was considered as a high risk for 

speech problems. 

Respiratory mode was not associated with speech distortion; it was only 

associated with alteration in tongue position, partially agreeing with Hitos et al.,15 where 

speech changes were present in 31.2% of mouth/oronasal breathers and the tongue 

position was altered in 53.3% of these patients. 

The strength of the study is the evaluation of a representative sample, so the 

results can be extrapolated to all the children (in the range age) in the city of Santa 

Maria, RS. 

As a limitation of this study, we can cite the low sample size of children with 

anterior open bite and anterior crossbite. Further investigations are needed to 

substantiate the relationships between malocclusions, speech disorders, language 

position and respiratory mode, especially longitudinal studies for the cause-effect 

relationship to be established. 

The high sample size of this study, combined with a complete occlusal 

evaluation, considering the three occlusion components (vertical, transverse and 

sagittal), respiratory mode evaluation, tongue position and specific diagnosis of 

articulation disorder have potential to clarify doubts about the association between 

malocclusion, changes in the position of the tongue and articulation disorders, enabling 

dental surgeons and speech therapists, when observing certain alterations, to plan 

interdisciplinary treatments, guaranteeing an adequate occlusal relationship and 

phonoarticulatory function. Also, this study demonstrated that some occlusal disorders 

(overbite) could be treated at appropriate times, without interfering with the child’s 

language development. 

 

CONCLUSION 
 

The posterior crossbite was associated with speech dysfunction and altered 

tongue position, while the deep bite appears as a protection factor for problems in the 
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articulation of sounds and the position of the tongue. Anterior open bites and 

mounth/oronasal breathing are also associated with the tongue in an altered position 

and the male gender appears as a protective factor to have the tongue in a normal 

position. 
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Table I. Sample distribution according to demographic, socioeconomic and clinical 

characteristics (n = 547). 
 

Variables n % 

Demographic and socioeconomic variables   

Sex 
Female 
Male 

 
299 
248 

 
54.7 
45.3 

Age 
7-10 years 
11-13 years 

 
363 
182 

 
66.6 
33.4 

Skin color 
White 
Non-white 

 
433 
114 

 
79.2 
20.8 

Mother’s education 
< 8 years 
> 8 years 

 
171 
352 

 
32.7 
67.3 

Father’s education 
< 8 years 
> 8 years 

 
203 
284 

 
41.7 
58.3 

Clinical Variables   
Overjet 

Normal 
Anterior crossbite 

Increased 

 
339 
21 
140 

 
67.8 
4.2 
2.0 

Overbite 
Normal 
Anterior open bite 

Deep bite 

 
222 
52 
239 

 
43.3 
10.1 
46.6 

Posterior crossbite 
Absent 
Present 

 
478 
60 

 
88.9 
11.1 

Respiratory mode 
Normal 
Oral/Oronasal 

 
344 
202 

 
63.0 
37.0 

Values less than 547 are due to missing data. 
 

Table II. Demographic, socioeconomic and clinical variables according to speech 

articulation disorders and tongue position. 
 

Variables 

Articulation 
Disorders[n(%)] 

 
Tongue position [n (%)] 

Absent Present  Normal Altered 

Demographic and socioeconomic variables      

Sex 
Female 
Male 

 
252 (84.3) 
209 (84.6) 

 
47 (15.7) 
38 (15.4) 

  
237 (79.3) 
208 (84.9) 

 
62 (20.7) 
37 (15.1) 

Age 
7-10 years 
11-13 years 

 
298 (76.0) 
161 (88.5) 

 
64 (24.0) 
21 (11.5) 

  
291 (80.6) 
153 (84.5) 

 
70 (19.4) 
28 (15.5) 

Skin color 
White 
Non-white 

 
363 (84.0) 
98 (86.0) 

 
69 (16.0) 
16 (14.0) 

  
353 (82.1) 
92 (80.7) 

 
77 (17.9) 
22 (17.3) 

Mother’s education 
< 8 years 

 
144 (84.2) 

 
27 (15.8) 

  
141 (82.5) 

 
30 (17.5) 
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> 8 years 297 (84.6) 54 (15.4) 284 (81.4) 65 (18.6) 

Father’s education 
< 8 years 
> 8 years 

 
172 (84.7) 
236 (83.4) 

 
31 (15.3) 
47 (16.6) 

  
160 (78.8) 
234 (83.3) 

 
43 (21.2) 
47 (16.7) 

Clinical Variables      
Overjet 

Normal 
Anterior crossbite 

Increased 

 
284 (84.0) 
16 (76.2) 
126 (90.0) 

 
54 (16.0) 
5 (23.8) 
14 (10.0) 

  
290 (85.8) 
18 (85.7) 
111 (80.4) 

 
48 (14.2) 
3 (14.3) 

27 (19.6) 
Overbite 

Normal 
Anterior open bite 

Deep bite 

 
177 (80.1) 
36 (69.2) 
221 (92.5) 

 
44 (19.9) 
16 (30.8) 
18 (7.5) 

  
177 (80.5) 
23 (44.2) 
222 (93.3) 

 
43 (19.5) 
29 (55.8) 
16 (6.7) 

Posterior crossbite 
Absent 
Present 

 
409 (85.7) 
44 (73.3) 

 
68 (14.3) 
16 (26.7) 

  
396 (83.4) 
41 (68.3) 

 
79 (16.6) 
19 (31.7) 

Respiratory mode 
Normal 
Oral/Oronasal 

 
292 (84.9) 
169 (83.7) 

 
52 (15.1) 
33 (16.3) 

  
306 (89.2) 
139 (69.2) 

 
37 (10.8) 
62 (30.8) 

Values less than 547 are due to missing data. 

 
 
Tabela III. Unadjusted and adjusted association between the independent variables 

for articulation disorders, determined using Poisson regression with robust variance. 
 

Variables 
Unadjusted RPa 

(ICb 95%) 
P-value 

Adjusted 
RPa (ICb 95%) 

Demographic and socioeconomic variables    

Sex 
Female 
Male 

 
1 

0 .97 (0.66-1.45) 

0.915  
- 

Age 
7-10 years 
11-13 years 

 
1 

0.65 (0.41-1.03) 

0.069  
1 

0.78 (0.48-1.27) 
Skin color 

White 
Non-white 

 
1 

0.87 (0.53-1.45) 

0.615  
- 

Mother’s education 
< 8 years 
> 8 years 

 
1 

0.97 (0.63-1.48) 

0.905  
- 

Father’s education 
< 8 years 
> 8 years 

 
1 

1.08 (0.71-1.64) 

0.693  
- 

Clinical Variables    

Overjet 
Normal 
Anterior crossbite 

Increased 

 
1 

1.49 (0.66-3.33) 
0.62 (0.35- 1.08) 

0.098  
1 

0.79 (0.33-1.91) 
0.69 (0.39-1.23) 

Overbite 
Normal 
Anterior open bite 

Deep bite 

 
1 

1.54 (0.95-2.51) 
0.37 (0.22-0.63) 

0.000  
1 

1.63 (0.86-3.11) 
0.41 (0.24-0.71)** 

Posterior crossbite 
Absent 
Present 

 
1 

1.87 (1.16-3.00) 

0.010  
1 

1.77 (1.09-2.88)* 
Respiratory mode 

Normal 
 

1 
0.704  

- 
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 *P-value <0.05; **P-value <0.01; 
aRP, prevalence ratio, 
bIC, confidence interval 

 
 
Table IV. Unadjusted and adjusted association between the independent variables for 

tongue position, determined using Poisson regression with robust variance. 
 

Variables 
Unadjusted RPa 

(ICb 95%) 
P-value 

Adjusted 
RPa (ICb 95%) 

Demographic and socioeconomic variables    

Sex 
Female 
Male 

 
1 

0 .72 (0.50-1.05) 

0.094  
1 

0.65 (0.44-0.95)* 
Age 

7-10 years 
11-13 years 

 
1 

0.79 (0.53-1.19) 

0.269  
- 

Skin color 
White 
Non-white 

 
1 

1.07 (0.70-1.65) 

0.731  
- 

Mother’s education 
< 8 years 
> 8 years 

 
1 

1.06 (0.71-1.57) 

0.765  
- 

Father’s education 
< 8 years 
> 8 years 

 
1 

0.78 (0.54-1.14) 

0.214  
- 

Clinical Variables    

Overjet 
Normal 
Anterior crossbite 

Increased 

 
1 

1.00 (0.34-2.96) 
1.37 (0.89-2.11) 

0.991 

- 

Overbite 
Normal 
Anterior open bite 

Deep bite 

 
1 

2.85 (1.98-4.09) 
0.34 (0.19-0.59) 

0.000  
1 

2.36 (1.59-3.49)** 
0.39 (0.23-0.67)** 

Posterior crossbite 
Absent 
Present 

 
1 

1.90 (1.24-2.90) 

0.000  
1 

1.21 (0.79-1.87) 
Respiratory mode 

Normal 
Oral/Oronasal 

 
1 

2.85 (1.97-4.13) 

0.000  
1 

2.51 (1.70-3.71)** 

*P-value <0.05; **P-valuer <0.01; 
aRP, prevalence ratio, 
bIC, confidence interval 
 
 
 
 

 

 

 

 

3 CONSIDERAÇÕES GERAIS 

Oral/Oronasal 1.08 (0.72-1.61) 
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Apesar dos objetivos propostos nesse estudo serem cumpridos, evidências 

científicas mais fortes são necessárias para maior entendimento da progressão, 

desenvolvimento e das relações causa-efeito entre más-oclusões, distúrbios de fala, 

posição de língua e modo respiratório. 
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