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Resumo 

 

O objetivo deste estudo foi avaliar o volume das cabeças de mandíbula em 

pacientes com mordida cruzada posterior unilateral por meio de tomografia computadorizada 

de feixe cônico. Para isso, foram selecionados vinte e quatro indivíduos (quinze mulheres e 

nove homens, com idade variando de 4 a 10 anos) com dentição mista, com mordida cruzada 

posterior unilateral e indicação de tratamento ortodôntico. Todos os volumes foram 

adquiridos usando o dispositivo i-CAT Next Generation (Imaging Science International, 

Hatfield, PA, EUA). As imagens foram obtidas com os pacientes em máxima intercuspidação 

habitual e com o plano de Frankfurt paralelo ao solo e o plano sagital mediano perpendicular 

ao solo. Todas as imagens utilizaram um protocolo de Campo de Visão de 16 x 8 cm (FOV) 

cobrindo as arcadas dentárias e as ATMs inteiramente e com um tamanho de voxel de 0,25 

mm. Dois avaliadores, radiologistas e com experiência em interpretar imagens de CBCT 

realizaram a segmentação volumétrica das cabeças da mandíbula usando o software ITK-

SNAP. A análise estatística dos dados foi realizada usando o software MedCalc versão 14.8.1 

(MedCalc Software bvba, Ostend, Bélgica). A confiabilidade das medidas foi avaliada pelo 

coeficiente de correlação intraclasse (ICC) para análises intra e interexaminadores. Para a 

análise comparativa entre os volumes do côndilo mandibular de pacientes com e sem mordida 

cruzada, foi utilizado o teste t student para amostras pareadas. Usando o teste ICC, podemos 

observar na análise interobservador um valor de 0,76. Já na análise intraobservador os valores 

observados foram (avaliador 1- 0,78 e avaliador 2- 0,82) evidenciando confiabilidade para as 

medidas volumétricas. O valor de p (p = 0,2122) não apresentou diferença estatística entre os 

grupos com e sem mordida cruzada. Apesar da relação entre a má oclusão e o aumento 

volumétrico dos côndilos mandibulares, essas diferenças serão mais evidentes com a análise 

conjunta da dentição mista e da dentição permanente, devido à necessidade de maior tempo de 

sobrecarga para um aumento volumétrico significativo. 

Palavras-chave: Tomografia Computadorizada de Feixe Cônico. Articulação 

temporomandibular. Maloclusão. Côndilo Mandibular. 

 

  



Abstract 

 

The objective of this study was to evaluate the volume of the condyles in patients 

with unilateral posterior crossbite by concomitant computed tomography. Twenty-four 

individuals (fifteen female and nine male, aged 4 to 10 years) with mixed dentition, with 

unilateral posterior crossbite and indication of orthodontic treatment were selected. All 

volumes were purchased using the i-CAT Next Generation device (Imaging Science 

International, Hatfield, PA, USA). The images were obtained with the patients in maximal 

usual intercuspation and with the Frankfurt plane parallel to the ground and the median 

sagittal plane perpendicular to the ground. All images used a 16 x 8 cm Field of View (FOV) 

protocol covering dental arches and ATMs entirely and with a voxel size of 0.25 mm. Two 

evaluators, radiologists and with experience in interpreting CBCT images, performed the 

volumetric segmentation of the condyles using ITK-SNAP software. Statistical analysis of the 

data was performed using MedCalc software version 14.8.1 (MedCalc Software bvba, Ostend, 

Belgium). The reliability of the measurements was evaluated by the intraclass correlation 

coefficient (ICC) for intra and inter-examiner analyzes. For the comparative analysis between 

the mandibular condyle volumes of patients with and without crossbite, the t student test was 

used for paired samples. Using the ICC test, we can observe in the interobserver analysis a 

value of 0.76. In the intra-observer analysis, the values observed were (evaluator 1 - 0.78 and 

evaluator 2 - 0.82), showing reliability for the volumetric measurements. The p value (p = 

0.2122) did not present statistical difference between the groups with and without crossbite. 

Despite the relationship between malocclusion and the volumetric increase of the mandibular 

condyles, these differences will be more evident with the joint analysis of the mixed dentition 

and the permanent dentition, due to the need for a longer overload time for a significant 

volumetric increase. 

Keywords: Cone-beam computed tomography. Temporomandibular Joint. Malocclusion. 

Mandibular Condyle.   
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Introdução 

1 INTRODUÇÃO 

A articulação temporomandibular (ATM) é uma articulação do tipo sinovial, 

bilateral, que articula a mandíbula em um osso fixo (osso temporal). Além disso, por 

apresentar movimentos próprios e simultâneos, pode ser considerada uma única articulação. 

Existe também uma relação de interdependência da ATM com a oclusão dos dentes de ambos 

os arcos, o que a torna peculiar e funcionalmente complexa (Madeira et al., 2013). 

A cabeça da mandíbula é caracterizada como uma projeção óssea arredondada, 

variável entre diferentes faixas etárias e indivíduos. Tipicamente, a dimensão anteroposterior 

é menor que a mediolateral. Na literatura é relatado um aumento do crescimento da cabeça da 

mandíbula do lado não cruzado e pequenas alterações no lado cruzado em pacientes que 

possuem mordida cruzada posterior unilateral (MCPU) (Silva Filho et al., 2003). 

Tanto a morfologia da fossa da mandíbula, quanto o comprimento da cabeça da 

mandíbula atingem seus tamanhos finais em idade precoce (Katsavrias et al., 2005). Porém, 

na idade adulta a cabeça da mandíbula responde à demanda funcional, e assim, a sua forma é 

constantemente submetida a um processo de remodelação, o que pode afetar seu volume e sua 

forma. (Alexiou et al., 2009). Indivíduos em fase de dentição decídua ou mista com mordida 

cruzada posterior unilateral têm o côndilo do lado cruzado posicionado relativamente mais 

superior e posteriormente na fossa mandibular, do que o do lado não cruzado (Hesse et al., 

1997; Lam et al., 1999; Pinto et al., 2001). 

Alguns estudos indicam que quando o indivíduo, em fase de dentição decídua, 

apresenta mordida cruzada posterior, há 87,8% de chance desta condição permanecer na 

dentição mista quando não tratada (Goís et al., 2012), sendo esta uma das maloclusões mais 

frequentes na dentição decídua e mista (Andrade et al., 2008). Muitas vezes essa alteração é 

acompanhada pelo deslocamento mandibular lateral e desvio da linha média devido à redução 

da largura dentária maxilar (Kecik et al., 2007). 

A tomografia computadorizada de feixe cônico (TCFC) apresenta um menor custo 

e é especialmente indicada para a região dentomaxilofacial. Desse modo, a TCFC vem sendo 

a modalidade de exame por imagem cada vez mais utilizada nas especialidades da 

odontologia, dentre as quais, a Ortodontia (Kapila et al., 2011), sendo capaz de oferecer dados 

refinados e quantificáveis para o diagnóstico, sendo, portanto, um exame tridimensional (3D) 
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sem distorção e dose de radiação significantemente reduzida em comparação à TC (Metzger 

et al., 2007; Gamba et al., 2007). 

As Imagens 3D podem permitir uma análise do tamanho, forma e diferenças 

volumétricas em estruturas bilaterais, bem como alterações de crescimento (Metzger et al., 

2007; Stratemann et al., 2010).  

A influência da oclusão na articulação temporomandibular ainda não é 

completamente entendida. Não foram encontrados na literatura, estudos que avaliassem a 

cabeça da mandíbula de indivíduos com mordida cruzada posterior unilateral quanto ao seu 

volume, indicando se há alguma influência desta alteração oclusal na estrutura tridimensional 

total desta estrutura. 

Diante do exposto, este estudo avaliou se a presença de mordida cruzada posterior 

unilateral interfere no volume da cabeça da mandíbula em relação ao lado não afetado. 
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2 ARTIGO: VOLUMETRIC VARIATION OF THE MANDIBULAR CONDYLE 

CAUSED BY UNILATERAL POSTERIOR CROSSBITE 

A versão em inglês desse artigo, intitulado VOLUMETRIC VARIATION OF THE 

MANDIBULAR CONDYLE CAUSED BY UNILATERAL POSTERIOR CROSSBITE, foi 

submetida, visando à publicação, ao periódico American Journal of Orthodontics and 

Dentofacial Orthopedics, AJO-DO. A estruturação do artigo baseou-se nas “Instruções aos 

autores” preconizadas pela editora do periódico.  
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ABSTRACT 

Aim: To evaluate the volume of the mandible heads in patients with unilateral posterior 

crossbite through conical beam computed tomography. 

Methodology: Twenty-four individuals with mixed dentition, of both sexes, with unilateral 

posterior crossbite, and orthodontic treatment indication were evaluated. A Cone-Beam 

Computed Tomography (CBCT) was performed with ATM acquisition; after the evaluation 

of the images and the measurement of CM volumes in the ITK-SNAP software, a statistical 

analysis was performed to establish if there is a difference between the two sides. 

Results: Twenty-four patients in the mixed dentition phase with posterior crossbite were 

treated, resulting in the analysis of 48 condyles. The Student's t-test was used, with 

significance level of 5% for comparison of the crossed and non-crossed sides of the mandible 

heads. Finally, the value of p (p = 0.2122) did not present statistical difference between the 

groups with and without crossbite. 

Conclusions: Although mandibular head volumes were higher on the crossbite side, there was 

no statistically significant difference on the non-cross side. Despite the relationship between 

malocclusion and the volumetric increase of the mandibular condyles, these differences will 

only be more evident with the joint analysis of the mixed dentition and the permanent 

dentition, due to the need for a longer overload time for a significant volumetric increase. 

 

 

 

Keywords: Cone-beam computed tomography. Temporomandibular Joint; Malocclusion; 

Mandibular Condyle. 
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INTRODUCTION 

The temporomandibular joint (TMJ) is a complex structure of the human body that needs a 

functional balance in order to maintain the masticatory system in normality. The condyle and 

mandibular fossae are the main bone anatomical structures of the TMJ that can undergo 

alterations of position and shape.1,2 The functional loads applied to the bone structures of the 

TMJs may influence the morphology of their anatomical structures. Therefore, it can be 

suggested that both the condyle and mandibular fossae differ in form in individuals with 

malocclusion problems.2,3 The different malocclusions may interfere directly with the 

masticatory loads of the patients. Such occlusal force is one of the important factors that 

influence maxillofacial development. Research has reported that the maxillofacial dimension 

of the patients, for closely related to occlusal strength and for presenting greater or lesser 

muscular weakness, can alter the mandibular growth. A study of the masseter muscle 

resection in growth-stage rats indicated that the occlusal force could affect the condylar 

growth of the animal. Thus, the occlusal strength and morphology of the mandibular condyles 

seem to influence each other, although this relation has not yet been reported in a clinical 

study with humans.4 Among the different malocclusion changes that can lead to 

temporomandibular disorders we can mention the absence of teeth, abrasion, premature 

contact, dento-skeletal changes and unilateral crossbite.1,2 

One of the most important malocclusions that can alter the morphology, remodeling and 

growth of the mandibular condyle is the presence of unilateral posterior crossbite (UPC). UPC 

is a malocclusion commonly found during the mixed dentition stage (11% -20%). A 

transverse problem that may be associated with one or more dental elements and is 

characterized by the inversion of the buccolingual relation of upper and lower posterior teeth. 

UPCs are classified as skeletal, dental or functional, and can also be divided in unilateral or 

bilateral. Considering the possibility of spontaneous correction of this type of malocclusion is 

practically infeasible, diagnosis and treatment should occur as soon as possible. Changes in 

the morphology of the mandibular condyles and mandibular fossae and their associations with 

existing malocclusion are widely reported in the mixed and permanent dentition stage; 

however, few studies report the relation of dimensions of the mandibular condyle and 

association with the UPC.5 

The conventional imaging methods do not allow a complete view of the anatomical structures 

of the TMJ, so the position and shape of the condyle in relation to the mandibular fossae 
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could only be clearly evaluated after the advent of Computed Tomography (CT). However, 

the high dose of radiation exposed by CT and high costs of the examination made it 

impossible to have a broader application, restricting its use to specific cases. In the late 1990s, 

a new method of Computed Tomography was introduced, three-dimensional images with a 

lower dose of radiation and at a lower price compared to CT, called Cone Beam CT or Dental 

CT, as it covers mostly the area of the cranio maxillomandibular complex.6 

As is believed by several orthodontists, the position of the anatomical structures of the TMJ is 

correlated with the occlusion, so the achievement of an ideal occlusion planned by the  

orthodontic treatment may be closely related to the position and shape of the mandibular 

condyles in patients with different types of malocclusions.6 Thus, the aim of the present study 

was to evaluate the volume of mandibular condyles by means of CBCT images in patients 

with unilateral posterior crossbite. 

MATERIAL AND METHODS 

After approval by the local Research Ethics Committee, number 071/2015. 

Sample selection 

A sample of twenty-four subjects (fifteen women and nine men – aged from 4-10 years old) in 

the mixed dentition stage were selected, all presenting unilateral posterior crossbite, without 

premature contacts, functional mandibular displacements and transverse maxillary 

deficiencies. All the patients selected were indicated for orthodontic treatment, justifying the 

volume acquisition. Patients who had undergone previous orthodontic treatment, patients with 

pain symptomatology, history of facial trauma, systemic diseases such as juvenile rheumatoid 

arthritis, limitation of mouth opening, congenital or genetic anomalies and skeletal 

asymmetries which could result in temporomandibular joint disorders were excluded. 

Acquisition of tomographic images 

All volumes were acquired using the i-CAT Next Generation device (Imaging Science 

International, Hatfield, PA, USA). The images were obtained with the patients in the habitual 

maximum intercuspation and with the Frankfurt plane parallel to the ground and the median 

sagittal plane perpendicular to the ground. All images used a 16 x 8 cm Field of View (FOV) 

protocol covering the dental arches and TMJs entirely and with a voxel size of 0.25 mm. 

Segmentation of images of the mandibular condyles 
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Two PhD students in oral radiology with experience interpreting CBCT images performed the 

volumetric segmentation of the mandibular condyles using the ITK-SNAP Software 1.4.1 

software (according to figure 1)7 where the images in the DICOM format were exported from 

the native software and imported into ITK. Using the region competition snakes tool available 

in the software, the evaluators did the segmentation (or delimitation) of the mandibular 

condyles. After the segmentation, the structure can be visualized, and the volume values can 

be obtained, shown in voxel/mm3. After 15 days the measurements were repeated with 25% 

of the sample. Data on mandibular condyle volume values on the sides with and without 

posterior crossbite were tabulated for statistical evaluation. 

Statistical analysis 

Statistical analysis of the data was performed using MedCalc software version 14.8.1 

(MedCalc Software bvba, Ostend, Belgium). The reliability of the measurements was 

evaluated by the intraclass correlation coefficient (ICC) for intra and inter-examiner analyses. 

For the comparative analysis between the mandibular condyle volumes of patients with and 

without crossbite, the t student test was used for paired samples 

RESULTS 

Using the ICC test, we can observe in the inter-observer analysis a value of 0.76; for the intra-

observer analysis the values observed were (evaluator 1- 0.78 and evaluator 2- 0.82) 

evidencing reliability for the volumetric measurements. The descriptive statistics were then 

presented with the mean values, standard deviation and standard error of the means in each 

one of the groups: side with and without crossbite (Table 1). Finally, the p-value (p = 0.2122) 

showed no statistical difference between the groups with and without crossbite. (Table 2). 

 

DISCUSSION 

The unilateral posterior crossbite is one of the malocclusions that has been indicated as a 

predisposing factor to possible morphological variations in the mandibular condyles being 

caused by excessive occlusal forces. The mixed dentition stage is the period of greater facial 

growth in the individuals during the skeletal formation phase. The occlusal relationships in 

this growth phase demonstrate a fundamental role in the balance of all the stomatognathic 

functions as is the case of the masticatory system.2,5,8,9 
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Koop reported that not only there are genetic factors capable of altering the growth of bone 

structures (mandibular condyle), but they can also be modified by functional factors such as 

occlusal loading. In this study it was reported that the individuals who suffered a high 

occlusal load had a greater development of the condyle in the long axis, a greater shape and 

were more rounded in the lateral pole and  posterior region.10 Another study in adult rats 

showed that bilateral removal of the masseter muscle interfered with the growth of the 

mandibular condyles.11 Likewise, a study with finite elements in the human TMJ evidenced a 

greater stress generated in the condylar areas (mid-lateral and supero-posterior) in mandibular 

mouth closing movements.12 In this sense, the regions of higher masticatory loads showed 

mandibular condyles with larger volumetric surfaces on their respective sides and a smaller 

volume on the contralateral side in which growth was inhibited. The present study aimed at 

doing a condylar analysis performing a volumetric analysis of the mandibular condyles, which 

would show an incipient correlation with the malocclusions indicated for orthodontic 

treatment and preventing more severe and irreversible alterations in the temporomandibular 

joints.4 

As previously seen, masticatory loads can trigger overloads in TMJ structures when 

imbalances are present. Some cases of malocclusion such as unilateral posterior crossbite can 

lead to an imbalance of masticatory loads, evidencing the need for imminent intervention of 

the orthodontist for a corrective treatment. In the present study, with the aim of investigating 

possible volumetric changes in the mandibular condyles in patients with mixed dentition with 

the presence of unilateral posterior crossbite, it was observed that the mean volume of the 

mandibular condyles on the crossbite side were higher than the condyles on the sides without 

crossbite, although they did not show a statistically significant difference between the 

analyzed condyles. In contrast to our results, Hayashi et al. 2004 reported in a study with 

individuals with skeletal asymmetries a correlation between the mandibular condyle shapes 

with the sides that presented lateral mandibular deviations or unilateral posterior crossbite.13 

Also, Illipronti-Filho et al. found results similar to ours, reporting that the sides of individuals 

with UPC showed higher mean values on the sides with crossbites when compared to non-

crossed sides.5 Such contradictory results between the present study and Hayashi et al. can be 

explained because Hayashi et al. carried out the study in patients divided into groups of 

different skeletal morphologies, class 1, class 2 and class 3 facial changes or even by patients 

presenting different occlusal loads among patients affected by each malocclusion, which will 

lead to more evident condylar morphological alterations at a later time, that is, to be more 
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evident in the permanent dentition. Because of this, studies are needed to evaluate patients 

with malocclusion both in the mixed dentition and in the permanent dentition.13 

Pinto et al. and Kiki et al. observed a relationship between the crossed and non-crossed sides, 

as well as the presence of condylar asymmetry, by means of numerical or cross-sectional and 

non-crossed sides, however no statistically significant difference was observed. These results 

agree with the present study, despite the fact that they presented two-dimensional 

radiographic methods (Submental Vertex and Panoramic Radiography). Different authors 

report the importance of UPC treatment in the deciduous dentition; still, when this correction 

is performed during the mixed dentition, the results obtained are more stable. Despite this, the 

authors have not observed the cases in which patients are accompanied with malocclusion and 

evolve for a longer period with the UPC and we believe that in these cases the difference 

between the mandibular condyle of the crossed side will be much more evident than its 

contralateral side.14–16 

The analysis of anatomical structures of the TMJ when analyzed by CT scans presents a 

greater precision and image quality than when compared with the two-dimensional 

radiographic methods17, in addition, if we choose Cone-Beam Computed Tomography 

(CBCT) as the exam of choice, a radiation dose much lower than Computed Tomography 

(CT) can be obtained.18 

Huntjens et al., images analyzed the mandibular condyle volume in children with juvenile 

idiopathic arthritis in a study with CBCT19, as well as Illipronti-Filho et al who performed 

linear measurements on the mandibular condyles of patients with UPC. Thus, such studies are 

unanimous in concluding that CBCT images are the most appropriate for analysis of bone 

structures of the TMJ. In our study, we used a tool of this technology capable of quickly and 

accurately analyzing the mandibular condyles volume and thus increasing the chances of 

orthodontists and dental surgeons incipiently identifying possible condylar morphometric 

variations and also possible correlations with patients with malocclusions.5,19 

In the same way as Illipronti-Filho et al., we believe that asymmetries in patients with UPC 

with the presence of crossed and non-crossed sides, if not corrected can lead to more 

advanced stages during the course of the  skeletal natural development of the patient and 

consequently increasing the condylar morphology of the individual because they are directly 

related. For this reason we ratify the importance of the correlations between malocclusions 

and morphological changes in TMJ, since we can with an early diagnosis not only correct a 

malocclusion of the patient, but also prevent TMJ consequences that could be even more 

harmful to the patient.5,20,21 
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CONCLUSION 

Due to the previously mentioned results, we can conclude that according to the analyzed 

sample, although the mandibular condyle volumes were superior on the crossbite sides, it did 

not show a statistically significant difference on the non-crossed side. We believe that despite 

the relationship between malocclusion and volumetric increase of the mandibular condyles, 

these differences will only be more evident with the joint analysis of the mixed dentition and 

permanent dentition due to the need for a longer overload time for a significant volumetric 

increase. 
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Conclusão 

3 CONCLUSÃO 

Devido aos resultados anteriormente citados, podemos concluir que, de acordo 

com a amostra analisada, embora os volumes do côndilo mandibular fossem superiores no 

lado da mordida cruzada, não houve diferença estatisticamente significante no lado não-

cruzado. Acreditamos que, apesar da relação entre a má oclusão e o aumento volumétrico dos 

côndilos mandibulares, essas diferenças só serão mais evidentes com a análise conjunta da 

dentição mista e da dentição permanente, devido à necessidade de maior tempo de sobrecarga 

para um aumento volumétrico significativo. 
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Anexo 1 

ANEXO 1 – Certificado de Participação do PIBIC 
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Anexo 2 

ANEXO 2 – Comitê de Ética em Pesquisa. 
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Anexo 3 

ANEXO 3 - Relatório de software de verificação de originalidade e prevenção de plágio 

 

 


