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ABSTRACT 
 

Three-dimensional evaluation of maxillary molar distalization with skeletal 
anchorage 

 
Introduction: This study aimed to evaluate the changes after maxillary molar 

distalization with direct skeletal anchorage, based on cephalometric superimposition 

of digital dental models evaluations and finite element analysis (FEA). Methods: The 

sample included 23 patients (9 males, 11 females; mean age 13.21 ±1.54 years) 

treated with the miniscrew anchored Cantilever and 26 patients treated by the First 

Class skeletally anchored First Class. Lateral cephalograms before and after molar 

distalization were evaluated with the Dolphin software. Superimposition of digital dental 

models using an open-source software was performed in Cantilever sample. FEA was 

performed to comparisons between buccal and palatal distalizing methods with 

skeletal anchorage. Results: In Cantilever sample, all maxillary teeth showed distal 

movement and palatal (incisors) or distal (posterior teeth) angulation showing 

statistically significance for the maxillary first premolar and maxillary first and second 

molars. The vertical changes were minimal. The first and second molars showed crown 

distal rotation of 19.31 ± 5.71º and 10.17 ± 3.84º, respectively. There was increase in 

intermolar distance. When Cantilever with direct skeletal anchorage was compared to 

First Class with indirect anchorage, the maxillary incisor showed palatal inclination 

(0.75 ± 2.57º) in the Cantilever group, and labial inclination (2.85 ± 3.53º) and 

protrusion (1.41 ± 1.40mm) in the First Class group. The maxillary first premolar 

showed distal angulation (4.15 ± 4.87º) and distal movement (1.09 ± 1.54mm) in the 

Cantilever group and mesial angulation (11.20 ± 24.19º) and mesial movement (2.62 

± 2.08mm) in the First Class group. Regarding FEA, tipping movements were 

predominant in first and second molars with both modalities, due to the higher 

displacements values at coronal levels than at apical regions. In the palatal appliance 

the palatal root showed slight greater displacement than in cantilever appliance, 

especially regarding distal movement. Conclusions: The miniscrew anchored 

cantilever was effective for maxillary molar distalization with minimal side effects. 

Three-dimensional displacement was observed for all teeth. Distal movement was 

progressively greater from anterior to posterior teeth. Both Cantilever and First Class 

appliances corrected the Class II molar relationship with similar molar distal angulation. 

Indirect anchorage  does  not  provide  absence  of  anchorage  loss.  The  FEA  showed 



 

 

 

  



 

 

predominantly tipping movements in both distalization methods and the von mises 

stress showed different patterns between appliances  

 

Key words: Malocclusion, Angle Class II; Orthodontic appliances; Cephalometry; 

Dental models. 
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RESUMO 
 

Avaliação tridimensional da distalização de molares superiores com 
ancoragem esquelética 

 
Introdução: Este estudo teve como objetivo avaliar as alterações após distalização 

dos molares superiores com ancoragem esquelética direta, a partir da avaliação 

cefalométrica e de modelos digitais e da análise de elementos finitos (AEF). Métodos: 

A amostra incluiu 23 pacientes (9 homens, 11 mulheres; idade média de 13,21 ± 1,54 

anos) tratados com o Cantilever ancorado diretamente em mini-implante e 26 

pacientes tratados com aparelho First Class com ancoragem esquelética indireta. 

Telerradiografias laterais foram avaliadas antes e após a distalização do molar com o 

software Dolphin Imaging. A sobreposição de modelos digitais utilizando um software 

aberto foi realizada na amostra do Cantilever. A AEF foi realizada para comparações 

entre os métodos de distalização por vestibular e por palatino, ambos com ancoragem 

esquelética. Resultados: Na amostra do Cantilever, todos os dentes superiores 

apresentaram movimento distal e inclinação para palatino (incisivos) ou 

mesioangulação (dentes posteriores), sendo estatisticamente significante a alteração 

ocorrida no primeiro pré-molar superior e no primeiro e segundo molar superior. As 

mudanças verticais foram mínimas. O primeiro e o segundo molares apresentaram 

rotação vestibulodistal da coroa de 19,31 ± 5,71º e 10,17 ± 3,84º, respectivamente. 

Houve aumento da distância intermolar. Quando o Cantilever com ancoragem 

esquelética direta foi comparado ao First Class ancoragem indireta, o incisivo superior 

apresentou inclinação palatalina (0,75 ± 2,57º) no grupo Cantilever, e inclinação 

vestibular (2,85 ± 3,53º) e protrusão (1,41 ± 1,40 mm) no grupo do First Class. O 

primeiro pré-molar superior apresentou angulação distal (4,15 ± 4,87º) e movimento 

distal (1,09 ± 1,54mm) no grupo Cantilever e angulação mesial (11,20 ± 24,19º) e 

movimento mesial (2,62 ± 2,08mm) no grupo do First Class. Em relação à AEF, os 

movimentos de inclinação foram predominantes no primeiro e no segundo molar em 

ambos os métodos de distalização, uma vez que maiores valores de deslocamento 

foram encontrados no nível coronal que nas regiões apicais. No aparelho de 

distalização por palatino, a raiz palatina apresentou deslocamento ligeiramente maior 

do que no aparelho por vestibular, principalmente em relação ao movimento distal. 

Conclusões: O Cantilever ancorado a mini-implante foi eficaz para a distalização dos 

molares superiores com  poucos  efeitos  colaterais.  Deslocamento  tridimensional  foi 



 

 

 

  



 

 

observado para todos os dentes após distalização. O movimento distal foi 

progressivamente maior dos dentes anteriores para os posteriores. Os aparelhos 

Cantilever e First Class corrigiram a relação molar de Classe II com angulação distal 

molar semelhante, porém ancoragem indireta não promove absoluta ancoragem. A 

AEF mostrou movimentos predominantemente de inclinação nos dois métodos de 

distalização e o Von Misses Stress mostrou padrões diferentes entre os aparelhos.  

 

Palavras-Chave: Má oclusão de Classe II; Aparelhos ortodônticos; Cefalometria; 

Modelos dentários. 
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1 INTRODUCTION 

 

 

Several protocols have been proposed for Class II malocclusion treatment. In 

nonextraction protocol, maxillary molar distalization could be used to correct molar 

relationships in patients with discrepancy between tooth size and arch length in the 

maxillary arch and minor skeletal discrepancies.1 Maxillary molars can be moved 

distally by force systems that require patient compliance including headgear2 and 

Wilson maxillary bimetric distalizing arch system.3 However, protocols that require 

minimal dependence on patient compliance may produce more predictable results.4-6  

For this reason, for over a decade, various appliances and intraoral devices for 

maxillary molars distalization have been proposed as an alternative to reduce the need 

for patient collaboration. Most of these devices consist generally of an anchorage unit, 

usually comprising premolars or deciduous molars and an acrylic Nance button, and 

an active unit which varies according to the type of appliance. The active components 

of force can be repelling magnets,7 superelastic nickel-titanium archwires,8 coil springs 

on continuous archwire or on a sectional archwire (Jones jig9 and distal jet10 

appliances), springs in beta titanium alloy (pendulum),11, and vestibular screws 

combined with palatal nickel-titanium coilspring (First Class).12 

These intraoral distalizers are practical resources for correct the molar 

relationship in a short period of time. These appliances are easy to install and promote 

distal movement of the maxillary molars without the effect of orthopedic maxilla 

restriction.10,13 However, in most of these intraoral methods, the major disadvantage is 

the undesirable reciprocal anchorage loss, as can be seen by mesial crown movement, 

tipping and extrusion of incisor and premolar.1,13-15 In addition, molar tipping is 

frequently observed in most of the cases.5,16-18  

In order to obtain a total anchorage resistance and to control the line of action 

of the distal force, some authors have been developed different systems with skeletal 

anchorage by miniplates or miniscrews.19-26 

Although some studies have shown a decrease or absence of anchoring loss 

with the use of miniscrews, the effects caused by distal movement of molars including 

distal tipping or extrusion have not yet been solved.23,27 
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The achievement of an ideal force system is challenging and the bodily 

movement is directly related to the force vector and the center of resistance. In an ideal 

situation, the direction of force should be as close as possible to the center of 

resistance of the molar.23 For this reason, an appliance that allows the adjustment of 

the force application in relation to the vertical position of the miniscrew is necessary. 

Thus, the desired line of action of the distal force should be placed closer to the center 

of resistance of maxillary molars.23 

The aim of this study is to evaluate the changes after maxillary molar 

distalization with skeletal anchorage, based on cephalometric, superimposition of 

digital models and and finite element analysis (FEA). 
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4 FINAL CONSIDERATIONS 

 

 

The miniscrew anchored Cantilever produced lateral, anteroposterior, supero-

inferior and 3D displacements in all teeth. The distal movement was progressively 

greater from anterior to posterior teeth. When compared to the First Class with palatal 

indirect skeletal anchorage, both were effective for maxillary molar distalization and 

successfully corrected the Class II molar relationship with similar molar distal 

angulation. However, indirect anchorage did not eliminate anchorage lose of anterior 

teeth. Complementary, FEA showed greater displacements and stress distributions 

values at cervical levels than at apical regions in two different methods of distalization. 

The stress distribution was associated to the side of force application. 

Therefore, the desirable body movement of maxillary molar is a great challenge 

in orthodontics. The tipping movements seems to be continuously associated to 

maxillary molars distalization with both buccal and palatal distalizing method. Selection 

of the device should depend on predictability, minimal undesirable side effects and 

patient need. 
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APPENDIX A - DECLARATION OF EXCLUSIVE USE OF THE ARTICLE 1 IN 
DISSERTATION/THESIS 
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ANNEX A. Ethics Committee approval, protocol number 1.235.588 (front). 
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ANNEX A. Ethics Committee approval, protocol number 1.235.588 (verso). 
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ANNEX A. Ethics Committee approval, protocol number 1.235.588 (verso). 
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ANNEX B – Informed consent for children (front)
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ANNEX B – Informed consent for children (verse)
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ANNEX C – Informed consent for children´s legal guardians (front) 
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ANNEX C – Informed consent for children´s legal guardians (verso) 




