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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 £ 5.71° and 10.17 + 3.84°, 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 = 2.57°) in the Cantilever group, and labial inclination (2.85 + 3.53°) and
protrusion (1.41 = 1.40mm) in the First Class group. The maxillary first premolar
showed distal angulation (4.15 £ 4.87°) and distal movement (1.09 £ 1.54mm) in the
Cantilever group and mesial angulation (11.20 + 24.19°) 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 Il 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 Il; Orthodontic appliances; Cephalometry;
Dental models.
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RESUMO

Avaliagao tridimensional da distalizagao de molares superiores com
ancoragem esquelética
Introducao: Este estudo teve como objetivo avaliar as alteragbes apos distalizagédo
dos molares superiores com ancoragem esquelética direta, a partir da avaliagéo
cefalométrica e de modelos digitais e da analise 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 apos a distalizagdo do molar com o
software Dolphin Imaging. A sobreposi¢cdo de modelos digitais utilizando um software
aberto foi realizada na amostra do Cantilever. A AEF foi realizada para comparagoes
entre os métodos de distalizagao por vestibular e por palatino, ambos com ancoragem
esquelética. Resultados: Na amostra do Cantilever, todos os dentes superiores
apresentaram movimento distal e inclinagdo para palatino (incisivos) ou
mesioangulacéo (dentes posteriores), sendo estatisticamente significante a alteragcéo
ocorrida no primeiro pré-molar superior e no primeiro e segundo molar superior. As
mudancgas verticais foram minimas. O primeiro e 0 segundo molares apresentaram
rotacéo vestibulodistal da coroa de 19,31 £ 5,71° e 10,17 £ 3,84°, respectivamente.
Houve aumento da distancia intermolar. Quando o Cantilever com ancoragem
esquelética direta foi comparado ao First Class ancoragem indireta, o incisivo superior
apresentou inclinagdo palatalina (0,75 + 2,57°) no grupo Cantilever, e inclinagéo
vestibular (2,85 £+ 3,53°) e protruséo (1,41 + 1,40 mm) no grupo do First Class. O
primeiro pré-molar superior apresentou angulagao distal (4,15 + 4,87°) e movimento
distal (1,09 £ 1,54mm) no grupo Cantilever e angulagdo mesial (11,20 + 24,19°) e
movimento mesial (2,62 + 2,08mm) no grupo do First Class. Em relacdo a AEF, os
movimentos de inclinagdo foram predominantes no primeiro e no segundo molar em
ambos os métodos de distalizagdo, uma vez que maiores valores de deslocamento
foram encontrados no nivel coronal que nas regides apicais. No aparelho de
distalizagao por palatino, a raiz palatina apresentou deslocamento ligeiramente maior
do que no aparelho por vestibular, principalmente em relacdo ao movimento distal.
Conclusoées: O Cantilever ancorado a mini-implante foi eficaz para a distalizagado dos

molares superiores com poucos efeitos colaterais. Deslocamento tridimensional foi







observado para todos os dentes apds distalizacdo. O movimento distal foi
progressivamente maior dos dentes anteriores para os posteriores. Os aparelhos
Cantilever e First Class corrigiram a relagdo molar de Classe |l com angulagéo distal
molar semelhante, porém ancoragem indireta ndo promove absoluta ancoragem. A
AEF mostrou movimentos predominantemente de inclinagdo nos dois métodos de

distalizagao e o Von Misses Stress mostrou padrdes diferentes entre os aparelhos.

Palavras-Chave: Ma oclusdo de Classe Il; Aparelhos ortoddnticos; Cefalometria;
Modelos dentarios.
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1 INTRODUCTION

Several protocols have been proposed for Class Il 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.! Maxillary molars can be moved
distally by force systems that require patient compliance including headgear? and
Wilson maxillary bimetric distalizing arch system.®> However, protocols that require

minimal dependence on patient compliance may produce more predictable results.*®

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,” superelastic nickel-titanium archwires,? coil springs
on continuous archwire or on a sectional archwire (Jones jig° and distal jet'°
appliances), springs in beta titanium alloy (pendulum),’, and vestibular screws
combined with palatal nickel-titanium coilspring (First Class)."?

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.'®® 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." 31 In addition, molar tipping is

frequently observed in most of the cases.>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.9-26

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.?3?7
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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.?® 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.?®

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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2 ARTICLES

The articles presented in this thesis were written according to the American
Journal of Orthodontics and Dentofacial Orthopedics instructions and guidelines for

article submission.

ARTICLE 1 - Three-dimensional changes after maxillary molar distalization with

miniscrew anchored cantilever: A prospective clinical study

ARTICLE 2 - Direct versus indirect skeletal anchorage for maxillary molar
distalization

ARTICLE 3 - Finite element analysis of two skeletally anchored maxillary molar
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2.1 ARTICLE 1

Three-dimensional changes after maxillary molar distalization with miniscrew

anchored cantilever: A prospective clinical study
ABSTRACT

Introduction: This prospective study aimed to evaluate the skeletal,
dentoalveolar and soft tissue changes after maxillary molar distalization in Class Il
patients, based on cephalometric and superimposition of digital dental models
evaluations. Methods: The sample included 20 patients (9 male, 11 female; mean age
13.21 £1.54 years) treated with the miniscrew anchored Cantilever. Lateral
radiographs and dental models obtained before (T1) and immediately after molar
distalization (T2) were evaluated with the Dolphin software and performing
superimposition of digital dental models using an open-source software, respectively.
Descriptive statistics was obtained for all measurements and intragroup change
comparisons were performed with dependent t test or with Wilxocon test, depending
on normality (P<0.05). Results: The mean distalization time was 0.43 + 0.13 years. 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 distal movement progressively increased from
the incisors to the molars. The vertical changes were minimal and only the first molar
showed a small intrusion. The first and second molars showed crown distal rotation of
19.31 £ 5.71°and 10.17 £ 3.84°, respectively. The increase of the maxillary intermolar
distance was greater when the mesiovestibular cusps where considered when
compared to the increase when the mesiopalatal cusps were considered (2.63 £ 1.56
mm; 1.09 £ 1.86 mm, respectively). Conclusion: 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.

Keywords: Malocclusion, Angle Class Il; Orthodontic Appliances; Cephalometry;
Dental Models.
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INTRODUCTION

To overcome the disadvantages that extraoral appliances and intermaxilar
elastics because of the need of patient compliance, many clinicians use different
intraoral distalization appliances to distally move the maxillary molars in Class |l
malocclusion treatment without extractions. Conventional distalizers show reciprocal
anchorage loss’# and great molar tipping. 58

Temporary anchorage devices (TADs) have become widely used and helpful in
this type of orthodontic mechanics. Some authors have been developed different
intraoral distalization systems with skeletal anchorage involving miniplates or
miniscrews.%'® Miniscrews have become versatile and are commonly used because of
the ease of insertion and removal, the possibility of immediate activation, and the
minimal invasiveness, in contrast to miniplates that require greater surgical
procedures.!”

Although some studies have shown a decrease or absence of anchorage loss
with the use of miniscrews, the effects caused by distal movement of molars including
distal tipping or extrusion have not yet been solved.'>'® To control the effects in
maxillary molar distalization with miniscrews, it is necessary the understanding of the
appliances biomechanics.

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. 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.'

Tooth movements after distalization mechanics have been commonly analyzed
on cephalometric radiographs and less usually on dental models.'®?! (Few studies
have reported three-dimensional analysis to evaluate maxillary molar distalization
using superimposition of maxillary dental models. Some described a complex
methodology,???® others based their superimpositions in few points either in the papilla
area®* or around the palatal rugae,?® and other used an additional software to quantify
changes.?® Recently, a new method for superimposition of maxillary digital models
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using an open-source software has been reported as reliable for normal changes
evaluation.?’

Therefore, the purpose of this prospective clinical study was to evaluate the
skeletal, dentoalveolar and soft tissue changes after maxillary molar distalization with
the miniscrew anchored cantilever in patients with Class Il malocclusion based on

cephalometric and superimposition of digital dental models assessments.

MATERIAL AND METHODS

This prospective study was approved by the Ethics in Research Committee of
Bauru Dental School, University of Sao Paulo, Brazil (protocol number
43930715.8.0000.5417). Informed consent was signed by all patients and their legal
guardians permitting the treatment was executed.

Sample size calculation was performed based on an alpha error of 5% and beta
of 10% to achieve a test power of 90% to detect a mean change of 1.75 mm for the
maxillary molar distalization, with a previous reported standard deviation of 1.5 mm.8
A minimum of 12 patients was necessary.

The patients” selection criteria included: a minimum of % cusp bilateral Class |l
molar relationship,?® all permanent teeth up to the first molars erupted, no severe
mandibular crowding, and no previous orthodontic treatment. Patients with craniofacial
anomalies or syndromes were excluded.

The sample consisted of 20 patients (9 males, 11 females; mean age 13.21
+1.54 years). Six patients presented V4 Cusp; 7, 2 Cusp; 4, % Cusp; and 3, Full Cusp
Class Il molar relationships. All patients were treated with the cantilever with miniscrew
anchorage (Fig 1). An orthodontic miniscrew (8-mm length, 1.5-mm diameter; Morelli,
Sorocaba, SP, Brazil) buccally placed between the maxillary first molars and second
premolars, with an oblique of 20 to 30°, was used as skeletal anchorage. A cantilever
made of 1.0-mm stainless steel wire (Morelli, Sorocaba, SP, Brazil) was inserted and
soldered into the circular tube on the maxillary first molar band. After the appliance was
cemented, a NiTi closed coil spring (Morelli, Sorocaba, SP, Brazil) from the miniscrew
to the cantilever was used as active unit. The height of the cantilever in relation to the
miniscrew was adjusted to deliver a horizontal force as close as possible to the center
of resistance of the maxillary first molar (Figs 1 and 2). The coil spring was activated
once a month to deliver 200g of force. The mean of distalization time was 0.43 years
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(x0.13) and the maxillary first molars were distalized until achieve a super Class | molar

relationship (Fig 2).2°

Cephalometric evaluation

All cephalograms obtained before (T1) and after molar distalization (T2) were
digitized and digitally evaluated using Dolphin Imaging software 11.5 (Version 11.5,
Dolphin Imaging and Management Solutions, Chatsworth, CA, USA). The software
corrected the magnification factor of the radiographic images that varied between 9.1%
and 9.4%. A total of 27 variables were measured to evaluate the skeletal, dentoalveolar

and soft tissue changes (Figs 3A-C). Bilateral structures of interest were averaged.

Digital dental model evaluation

Dental models at T1 and T2 were scanned using a R700 3D scanner (3Shape
A/S, Copenhagen, Denmark) and stored as .STL files. These files were converted to
VTK files using SlicerCMF 4.1 software (www.slicer.org). The image analysis was
performed in the same software and followed the steps reported by a previously
validated method:?’

1.  Orientation: The T1 dental models were oriented using the midpalatal raphe,
the occlusal plane (defined passing from the first molars to the central incisors), and
the (incisal line) in the occlusal (axial), lateral (sagittal) and frontal (coronal) views,
respectively.

2. Approximation: The T2 models were approximated to the oriented T1 model
by a first superimposition of corresponding landmarks placed at the tip of the buccal
cusps of first premolars and at the middle of incisal edge of central incisors, on both
sides.

3. Superimposition (registration): A total of 9 landmarks were placed at the
posterior limit of the incisive papilla, at the medial edges of the second palatal rugae,
at the medial and lateral edges of the third rugae and at 10 mm distal to the medial
edge of third rugae. In addition, regions of interest (20-mm each) were defined around
the landmarks placed at the middle edge of the second and third palatal rugae, and
around the most posterior landmarks. These procedures were performed for the
oriented T1 model and for the approximated T2 model. Subsequently, the software
superimposed (registered) the approximated T2 model to the oriented T1 model by
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matching the coordinates of the corresponding landmarks and the respective regions
of interest.

4. Quantitative 3D assessment: Landmarks were placed in the oriented T1 and
registered T2 models at the tip of the mesiobuccal and distobuccal cusps of the second
molars, mesiobuccal, distobuccal and mesiopalatal cusps of first molars, buccal cusp
of the first and second premolars, cusp of canines and at the middle of incisal edge of
lateral and central incisors, bilaterally. Finally, the displacements in mm in the
coordinates X (right-left), Y (antero-posterior), and Z (superior-inferior) as well as the
3D displacement between T1 and T2 were provided by the software using the Q3DC
tool. Forward, inferior and lateral displacements had positive values. Backward,
superior and medial displacements had negative values.?” Lines connecting landmarks
placed at the mesiobuccal and distobuccal cusps of the molars were defined at T1 and
at T2. Then, the angles between the two lines were calculated to evaluate rotation
(yaw) and mesiodistal angulation (pitch) of first and second molars. Additionally, the
inter-first molar distances were calculated using landmarks placed at the mesiobuccal
and mesiopalatal cusps of the first molars, individually in T1 and T2. (Figs 4A-C)

Error study

Lateral cephalograms and dental models of 50% of the sample were randomly
selected and the measurements were repeated by the same examiner after a minimum
of 15-day interval. The random errors were evaluated with Dahlberg’s formula,*® and
the systematic errors were estimated with dependent t tests at P<0.05.

Statistical analyses

Treatment changes were calculated as T2-T1. Means and standard deviations
were calculated for all measurements at T1, T2 and for T2-T1. The normal distribution
of the variables was evaluated with Shapiro-Wilk tests. Inter-stage changes were
compared with dependent t tests in case of normality. The Wilcoxon tests, was
performed for not normally distributed variables. For dental models measurements,
right and left sides were averaged and descriptive statistics was reported. All statistical
analyses were performed with the SPSS software (Version 25.0; IBM, Armonk, NY,
USA) and the results were considered significant at P<0.05.
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RESULTS

For the cephalometric analysis, the random errors varied from 0.26 to 1.01 mm
and from 0.44 to 1.75 degrees for the linear and angular measurements, respectively.
Only two from the 27 variables showed significant systematic error. For the digital
dental models assessment, the random errors varied from 0.1 to 1.48 mm and from
0.86 to 2.19 degrees for the linear and angular measurements, respectively. Only two
of the 41 variables demonstrated significant systematic error.

The cephalometric analysis demonstrated that 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 (Table |). The maxillary first molar showed a statistically significant intrusion.
Statistically significant changes were observed for the overjet and molar relationship.
These variables showed a small reduction and a great improvement, respectively (Fig
5).

The maxillary dentoalveolar changes evaluated by superimposition of digital
dental models showed a minimal lateral displacement for the anterior teeth and second
molars and greater lateral displacements for the premolars and first molars (Table II).
The greater changes were observed in the anteroposterior displacement. Except the
central incisor, all teeth showed distal movement. The amount of this movement was
progressively greater from the lateral incisor to the molars. The first molar distalization
was greater when measured using the mesiovestibular cusp than using the
mesiopalatal cusp. The vertical changes were minimal and only the first molar showed
a small intrusion when the mesiopalatal cusp was considered. The greatest 3D
displacement changes were observed for the first and second molars, as well.

After the superimposition of the maxillary digital models, the first and second
molars showed a crown distal rotation of 19.31 (+ 5.71) and 10.17 (+ 3.84) degrees,
respectively (Table Ill). It was observed 8.80 (+ 3.79) and 6.46 (+ 3.30) degrees of
distal angulation for the maxillary first and second molars, respectively. In addition, the
increase of the maxillary intermolar distance was greater when the mesiovestibular
cusps where considered compared to the increase observed when the mesiopalatal

cusps were considered (2.63 versus 1.09 mm).
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DISCUSSION

Few authors have reported cephalometric and digital dental model analyses at
the same study to evaluate maxillary molar distalization.??*"32 One clinical study
performed these analyses and evaluated maxillary molar distalization with
interradicular buccal miniscrews. However, the distalization was delivered
simultaneously with orthodontic fixed appliances therapy.3' Orthodontic fixed
appliances were not included during the distalization phase in the present study.
Thereby, it was possible to determine the isolated effects of the distalization mechanics
and the potential movements occurred in all teeth with no interference of other
forces.1426.:33

In this study, cephalometric tracings and digital models were used for three-
dimensional analysis.

Cephalometric superimposition has been widely used in orthodontics and can
reveal skeletal, soft tissue and dentoalveolar changes in both vertical and sagittal
dimensions. Dental models analysis can provide further information since involves the
evaluation of all teeth, including transverse and rotational changes assessment.

Superimposition of maxillary digital models needs to be performed using stable
regions. Palatal rugae have been described as relatively stable references during
growth.3* The distal limit of the incisive papilla and the medial point of palatal rugae
have been reported as being more stable during growth and orthodontic treatment.
Medial points of the third palatal rugae were found to be stable enough in untreated
patients and in patients treated with premolar extractions and en masse retraction.3%36

On this regard, few studies have reported contemporary methods for
superimposition of digital dental models to evaluate, specifically, distalization of
maxillary molars. One study considered only three points to perform the
superimposition; the most anterior point, the most prominent point, and the most
posterior point of the incisive papilla area.?* Other study considered three points along
the the third rugae, only.?> Although other study seems to have considered various
landmarks in the palatal rugae, they did not deeply explain their superimposition
method in detail and used one software to perform the superimposition and another
additional software to quantify the changes.?® Using only three points in the incisive
papilla area or along the third rugae could lead to some rotation of the digital dental
models in the axial (yaw), coronal (roll), and in the sagittal (pitch) plane. The use of
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another software to compute the 3D changes after superimposition limits the procedure
making it longer.

In this study, an open-source software was used, and landmarks were placed
at stable regions, including the posterior limit of incisive papilla and the medial end of
second and third rugae. Additionally, two landmarks were placed at the lateral end of
third rugae and two more were placed 10 mm posteriorly to the third rugae in order to
avoid the rotation of dental models in the coronal plane (roll) and in the sagittal plane
(pitch), respectively, during the superimposition.?” The same software was used to
performed the superimposition and to quantify the 3D changes. In addition, the
methodology used in this study was previously validated.

Miniscrews are preferred because they are cheaper and less invasive than other
methods.!” The placement of miniscrews in the buccal interradicular bone is one of the
most common approaches used to provide skeletal anchorage. The interradicular
space is a potentially advantageous region for insertion, because there is less potential
for complications related to soft tissue irritation.3! In this study, miniscrews of 1.5 mm
of diameter were inserted at an oblique angle of 20 to 30 degrees to the long axis of
the proximal tooth.3" The reported success rates of miniscrews range from 80% to
95%.%". Among the miniscrews installed in the 20 patients included in this study, 3 from
40 screws (7.5%) were loose and need to be removed. In these cases, second screws
were inserted successfully during their next visit. Oral hygiene deficiency was the
probable cause of screw failure in these cases.

After maxillary molar distalization, all maxillary teeth showed distal movement.
The cephalometric analysis showed statistically significant changes for the maxillary
first premolar and maxillary first and second molars (Table I), and this could be
expected. A meta-analysis revealed that a spontaneous distal movement of the
premolars with no incisor protrusion could only be observed using direct skeletal
anchorage, because of stretching of the transeptal fibers.38

The first molar distally moved 3.38 mm and 4.54 mm according to the
cephalometric and digital models analyses (mesiobuccal cusp), respectively. In this
study, cranial base and the pterygoid vertical line (Ptv) were used as references for
distal movement measurements in cephalometric evaluation, as most of the previous
studies.?358 Nevertheless, distalization could be imperfectly assessed by cranial base
superimposition (CBS) in growing subjects, especially in adolescents. Maxillary

forward growth could lead to misleading interpretations and represent a measurement
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bias.3®40 Cozzani et al. compared dentoalveolar maxillary measurements traced by
CBS and maxillary superimposition (MS). A slight difference in the horizontal
movements relative to molar and premolar was observed in their study, concluding that
CBS could underestimate the amount of molar distalization.®® Therefore, the slight
difference between the both methods used in this study, could be considered with no
clinical significance and may be explained by the inner characteristics of each method.

In our study, the second premolars distalized 2.15 mm (+£0.91) on average. Kilkis
et al. used miniplate at the zygomatic region and reported spontaneously distal
movement of second premolar of 1.63 mm (+1.90).23 Bolla et al. reported 2.7 mm of
distal movement of second premolar, measured in dental casts, after using the Distal
jet appliance.® None study with buccal interradicular miniscrew reported the amount of
second premolar distalization. Although interdental miniscrews may limit mesiodistal
movement of the adjacent tooth, our results are in the range of the reported with
different mechanics.

All teeth anterior to the first molar showed some amount of distal movement.
Since this behavior facilitate correction of the malocclusion simplifying the subsequent
mechanic, it could be speculated that it might reduce the treatment time with
orthodontic fixed appliances.'

The maxillary first molar distalization with unilateral force application is
commonly associated with rotation of the crown. This occurs around the palatal root
and can be evaluated by digital models. On this regard, as the mesiobuccal cusp
distalize, it also rotates. Therefore, the amount of distalization may be overestimated
when this cusp is used as reference. Few studies have evaluated the amount of molar
distal movement using the mesiopalatal cusp.®'94" In digital models the maxillary first
molar moved 2.61 mm when measured by the mesiopalatal cusp, within 0.43 years,
that means a 0.5 mm distalization rate per month.

Some authors suggest it is more effective to distalize the maxillary first molars
before eruption of the second molars.>?° However, Flores-Mir et al. showed minimal
effect of the maxillary second and third molar eruption stages on molar distalization.*?
In the current study, the amount of distalization of second molars were in accordance
with previous studies.26:39:43

The significant intrusion of first molar, that the cephalometric analysis showed,
could be expected. Some intrusion was also noted in the dental model analysis when
evaluating the mesiopalatal cusp of the first molar. The distal movement was followed
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by distal angulation that consequently promote intrusion of the distal cusp. This could
have contributed to see this significant intrusion. This intrusive movement was similar
to the reported in previous studies that ranged from 0.3 to 0.76 mm.14.26.31.33

Although an effort to exert a force closer to the center of resistance of the molar
was performed, distal tipping was observed. Distal tipping varying from 3 to 12 degrees
have been reported after distalization with skeletal anchorage.® Only one study,33
used buccal distalizing forces, with no association with orthodontic fixed appliances,
and reported 6.4 degrees (+ 5.4) of molar distal angulation in cephalometric analysis,
similar as in the present study. Even when buccal distalizing forces are delivered using
miniscrews associated with fixed appliances a distal angulation between 4.8 to 7.2
degrees, could be expected.3!43

Regarding molar rotation, it can be a desirable effect in some cases. According
to previous study the majority of patients with Class Il malocclusion exhibit maxillary
first molars that are rotated mesially around their palatal root.** Then, some distal
rotation associated to buccal distalization forces, as observed in this study, should be
welcome. No other studies reported the amount of molar rotation in buccal distalizing
appliances.

The intermolar widths increases were expected, as previously reported after the
use of skeletally distalizing appliances.'*?%2" This is favorable to maintain a proper
transverse relationship of the maxillary to mandibular molars.

Overall, the miniscrew anchored cantilever corrected the Class Il molar
relationship by effectively distalizing the maxillary first molars. Some minimal distal
angulation and rotation were observed within the acceptable limits after this type of
treatment mechanics. The assessment of lateral cephalograms and the
superimposition of maxillary digital dental models were very useful to undertsand the
three-dimensional effects of this appliance. Further studies evaluating the
comprehensive treatment and the stability after Class Il malocclusion correction with
this appliance should be performed.

CONCLUSIONS

Based on the cephalometric analysis and the superimposition of maxillary digital

dental models evaluated in this study, it could be concluded that:
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. The miniscrew anchored cantilever was effective for maxillary molar distalization
with minimal side effects and no need for patient compliance.

. Lateral, anteroposterior, supero-inferior and 3D displacements were observed
for all teeth.

« The greater changes were observed for the anteroposterior displacement.

- Distal movement was progressively greater from anterior to posterior teeth.
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FIGURE LEGENDS

Fig.1 Miniscrew anchored Cantilever. A, sagittal view. B, occlusal view.

Fig.2. Intraoral photographs of patient. A, before treatment. B, cantilever positioned.

C after distalization. D, treatment whit fixed appliances. E, treatment concluded.

Fig.3. Skeletal, soft tissue and dentoalveolar variables. A, A. SNA; B.SNB; C. ANB; D.
A-PTV; E. B-PTV; F. FMA; G. SN.GoGn; H. SN.Occlusal plane; I. Nasolabial angle; J.
SL-Sline. B, A. Mx1-PTV; B. Mx4-PTV; C. Mx6-PTV; D. Mx7-PTV; E. Mx1-PP; F. Mx4-
PP; G. Mx6-PP; H. Mx7-PP; |. Md6-PTV; J. Overjet; K. Overbite; |. Molar relationship.
C, A. Mx1.SN; B. Mx4.SN; C. Mx6.SN; D.Mx7.SN; E. Md6.MP.

Fig.4. Superimposed models and ilustration of measurements. A, occlusal view.
Intermolar distance was evaluated using mesiovestibular cusps (line 1) and
distopalatal cusps (line 2). B, sagittal view. Linear displacements were calculated by
distances between point 1 and point 2 in three dimensions. Molar distal angulation was
calculated by angle formed between line 3 and line 4 on vertical plane. C, occlusal
view. Molar rotation was calculated by angle between line 1 and line 2 on transverse

plane.

Fig. 5. Mean superimposition of all cephalometric tracings.
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— Initial
——  After distalization

Fig 5.
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Table . Initial (T1), post distalization (T2) and treatment changes (T2-T1). Cephalometric

measurements and statistical analysis.

T1 T2 T2-T1 95%Cl P
Variable Mean SD Mean SD Mean SD Lower Upper
Maxillary and madibular skeletal
SNA 8225 418 8264 416 0.39 4.16 1.03 -0.25 0.219f
SNB 78.06 431 7821 435 0.16 4.35 0.61 -0.30 0.483t
ANB 421 220 447 207 026 207 0.64 -0.12 0.163f
A-Nperp -0.22 257 034 265 055 265 1.35 -0.25 0.168"
P-Nperp -7.08 622 -595 711 113 7.1 2.69 -0.44 0.148t
Vertical skeletal
FMA 2581 514 2525 522 -0.57 5122 0.19 -1.32 0.136"
SN.GoGn 31.85 6.27 31.63 6.38 -0.22 6.38 0.67 -1.11 0.613f
SN.OP 17.74 6.89 18.13 572 040 572 1.92 -1.13 0.595t

Maxillary dentoalveolar
Antero-posterior

Mx1-Ptv 5426 485 5421 536 -0.05 1.36 0.65 -0.75 0.717%
Mx4-Ptv 36.14 3.74 3494 419 -1.21 419 -0.45 -1.96 0.003*
Mx6-Ptv 16.29 3.50 1291 351 -3.38 2.51 -2.88 -3.87 0.000*
Mx7-Ptv 11.79 277 967 283 -2.12 283 -1.53 -2.71 0.000*
Angulation

Mx1.SN 107.38 7.72 106.37 7.94 -1.02 7.94 0.18 -2.21 0.070%
Mx4.SN 8045 521 76.16 7.10 -429 7.10 -2.09 -6.49 0.001%*
Mx6.SN 7255 7.02 6573 822 -6.82 8.22 -5.44 -8.19 0.0001*
Mx7.SN 63.14 725 5484 836 -830 8.36 -5.54 -11.05 0.000*
Vertical

Mx1-PP 26.63 242 2693 240 031 240 0.61 0.00 0.050%
Mx4-PP 2254 230 2278 242 025 242 0.62 -0.13 0.184%
Mx6-PP 2044 241 1953 235 -0.72 235 -0.49 -1.34 0.0001*
Mx7-PP 1558 3.88 15.67 3.89 0.09 3.89 0.82 -0.65 0.810t

Mandibular dentoalveolar
Antero-posterior

Md6-Ptv 1366 397 1416 385 050 3.85 1.15 -0.16 0.133f

Angulation

Md6.MP 9212 352 9320 469 1.08 4.69 3.03 -0.87 0.260"
Interdental

Overbite 225 145 1.94 1.57 -0.31 1.57 0.12 -0.73 0.151%

Overjet 579 205 547 1.85 -0.32 1.85 -0.04 -0.60 0.028™*

Molar relationship 1.75 161 -294 169 -469 1.69 -4.08 -5.29 0.000™*
Soft tissue

NLA 107.07 8.30 105.68 9.67 -1.40 9.67 1.14 -3.93 0.263f

UL-Sline 1.19 125 0.95 1.64 -0.24 1.64 0.19 -0.67 0.260"

Tdependent t test; * Wilcoxon.
*Statistically significant at P <0.05
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Table Il. 3D linear displacements obtained by superimposition of maxillary digital

dental models. Descriptive statistics.

R-L A-P S-l 3D
Tooth Min Max Mean SD Min Max Mean SD Min Max Mean SD Min Max Mean SD
1 -0.50 0.75 0.10 0.29 -0.84 1.35 0.01 0.54 -0.69 1.17 0.50 0.47 0.38 2.07 0.98 0.41
2 -0.600.75 0.20 0.30 -0.55 1.34 -0.08 045 -0.34 1.41 054 043 0.31 1.65 0.91 0.37
3 -0.31152 047 041 -223 0.66 -0.72 0.76 -0.07 3.36 1.31 0.95 0.51 4.11 1.81 0.99
4 026 216 1.18 0.58 -3.39 -0.05 -1.48 069 -0.16 1.54 0.73 045 1.11 4.06 2.19 0.70
5 055 3.03 158 0.72 -3.98 -0.89 -2.15 0.91 -0.47 195 0.51 0.58 1.29 4.83 2.87 1.06
6V -0.66 2.44 129 0.83 -6.73 -2.62 -454 123 -1.94 144 0.15 0.75 3.17 6.79 4.93 1.12
6P -0.97 1.89 0.62 0.85 -4.83 -0.58 -2.61 1.04 -1.30 1.08 -0.12 0.54 1.12 4.84 2.97 0.99
7 -098 170 053 0.86 -4.86 -2.25 -3.57 0.90 -1.66 1.53 0.22 0.79 242 524 3.81 0.94

R-L: transversal displacement.

A-P: anteroposterior displacement. S-I: vertical displacement. 1. central
incisor. 2. lateral incisor. 3. canines. 4. first premolars. 5. second premolars. 6V. first molars using
mesiovestibular cusps. 6P. first molars using mesiopalatal cusps. 7. second molars.
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Table lll. Rotation, angulation and intermolar changes obtained by superimposition of
maxillary digital dental models. Descriptive statistics.

Min Max Mean SD
Rotation
6 9.56 32.22 19.31 5.71
7 4.59 17.04 10.17 3.84
Mesio Distal Angulation
6 -15.48 -2.96 -8.80 3.79
7 -13.21 1.17 -6.46 3.30
Intermolar Distances
6-6(V) T1 45.91 55.34 50.87 2.51
6-6(V) T2 46.86 57.97 53.50 2.69
6-6(V) Change -0.31 4.87 2.63 1.56
6-6(P) T1 32.63 45.93 40.64 3.11
6-6(P) T2 32.69 45.81 41.73 3.09
6-6(P) Change -2.55 3.78 1.09 1.86

6. first molars. 7. second molars. (V) mesiovestibular cusps. (P)
mesiopalatal cusps
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2.2 ARTICLE 2

Direct versus indirect skeletal anchorage for maxillary molar distalization

ABSTRACT

Introduction: This study aimed to compare the effects of direct versus indirect
skeletal anchorage for maxillary molar distalization. Methods: The Cantilever group
comprised 23 patients (9 male; 14 female, mean age of 14.03 years) treated with the
miniscrew anchored Cantilever and The First Class group comprised 26 patients (11
male; 15 female) treated with skeletally anchored First Class. Lateral cephalograms
were analyzed before and after molar distalization. T tests and Mann-Whitney U tests
were used for intergroup comparisons. Results: The maxillary incisor showed palatal
inclination (0.75 = 2.57°) in the Cantilever group, and labial inclination (2.85 + 3.53°)
and protrusion (1.41 = 1.40mm) in the First Class group. The maxillary first premolar
showed distal angulation (4.15 £ 4.87°) and distal movement (1.09 £ 1.54mm) in the
Cantilever group and mesial angulation (11.20 + 24.19°) and mesial movement (2.62
+ 2.08mm) in the First Class group. The maxillary first molar distalization and intrusion
were significantly greater in the Cantilever group (3.31 £ 1.01mm; -0.75 £ 1.01mm)
than in the First Class (1.79 £1.12; 0.07 £0.72mm). The Class Il molar relationship
change was significantly greater in the Cantilever compared to the First Class group.
In addition, the treatment time was shorter in the Cantilever group. Conclusions: Both
appliances corrected the Class Il molar relationship with similar molar distal angulation.
The miniscrew anchored cantilever showed distal movement of premolars and
preservation of incisor sagittal position and a shorter treatment time, while the opposite
behavior was observed for the skeletally anchored First Class.

Keywords: Malocclusion, Angle Class Il; Orthodontic Appliances, Orthodontic
Anchorage Procedures; Cephalometry
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INTRODUCTION

Intraoral distalizers are practical resources for the correction of Class molar
relationship in a short period of time. These appliances are easy to install and promote
distal movement of the maxillary molars without an orthopedic maxilla restriction
effect.? 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.?® In addition, molar tipping is frequently
observed in most of the cases.5*

In order to obtain a greater anchorage during mechanics, some authors have
been developed different systems using skeletal anchorage by miniplates or
miniscrews.'%-'7 Based on their reduced invasiveness, ease of insertion and removal,
the possibility of immediate loading, and their versatility, the association of miniscrews
with distalizing appliances has been increased."”

Miniscrews can be direct or indirect skeletal-supported anchorage. In the
indirect one, the active component applies the force on the tooth or group of teeth that
act as intermediate anchorage elements since they are the ones anchored to the
miniscrews.®.

The main objectives of skeletally anchored molar distalizing therapy are to
induce a bodily distal movement and to produce minimal molar distal tipping with no
anchorage loss.’ Many authors have been developed skeletally anchored devices
with different designs in order to minimize undesirable effects as the distal tipping and
extrusion of the first molars, and protrusion of anterior teeth.!®19 Distalization forces
could be applied by the palatal side, buccal side, or bilaterally.

The First Class appliance’®?® associated with palatal miniscrews delivers
bilateral forces to distalize the maxillary molars and uses the second premolars as
dental anchorage, these premolars are the ones anchored to the miniscrews. Although
its seems a very good option, no studies associating this appliance with skeletal
anchorage have been reported. A simple alternative is to perform maxillary molar
distalization with distalizers directly anchored to buccal interradicular miniscrews.
Some studies reported the use of this approach simultaneously with orthodontic fixed
appliances.?'?? Nevertheless, the isolated distalization effects using these mechanics

have not been reported.
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Therefore, the aim of this study was to compare the dentoskeletal effects of the
miniscrew anchored cantilever (direct anchorage) versus the First Class appliance
associated with palatal miniscrews (indirect anchorage) for maxillary molar

distalization.

MATERIAL AND METHODS

This study was approved by the Institutional Ethics in Research Committee of
Bauru Dental School (Protocol 43930715.8.0000.5417), University of Sdo Paulo,
Brazil. Informed consents were obtained from all patients and legal guardians.

A minimum of 21 subject per group was necessary to detect a mean difference
of 1.75 mm between the groups for the maxillary first molar distalization, considered
as the main outcome, and using a standard deviation of 1.5 mm, as previously
reported.® Sample size calculation was performed considering an alpha error of 5%
and a power of 90%.

The inclusion criteria consisted on the following requirements: to present a
minimum of % cusp Class || molar relationship,?® all permanent teeth up to the first
molars erupted, no severe mandibular crowding and no previous orthodontic
treatment. were treated at different times. Patients were assigned to treatment when
they satisfied the selection criteria. The sample included two groups:

Cantilever Group, comprised 23 patients (9 male; 14 female) treated with the
miniscrew anchored cantilever (Fig 1A) at an initial mean age of 13.1 years old (SD
1.52). The cantilever was made of 1.0-mm stainless steel wire (Morelli, Sorocaba, SP,
Brazil) welded in the circular tube of the band cemented in the maxillary first molar. It
was activated by a closed nickel-titanium (NiTi) coil spring (Morelli, Sorocaba, SP,
Brazil) anchored to a buccally positioned miniscrew (8-mm length, 1.5-mm diameter;
Morelli, Sorocaba, SP, Brazil), placed between the roots of first molars and second
premolars with 20° to 30° of inclination. The height of the miniscrew and cantilever
were chosen to apply a force closer to the center of resistance of the molars. The
height of the cantilever was manually adjusted, when necessary. The coil spring was
activated once a month providing 200g of force.

First Class Group, comprised 26 patients (11 male; 15 female) treated with First
Class appliance skeletally anchored to palatal miniscrews (Fig 1B) at an initial mean
age of 14.03 years old (SD 1.50). The First Class (Loene®, Florence, ltaly) consists of
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2 bands on the maxillary first molars and 2 bands on the maxillary second premolars,
2 buccal activation screws (10 mm long) that are soldered to the first molar bands and
seated into closed rings welded to the second premolar bands, two 0.010x0.045-in
palatally positioned open nickel-titanium coil springs (10 mm long), buccal and palatal
tubes.® Two miniscrews (6-8 mm length, 1.6-1.8 mm diameter; S.I.N. Implant System,
Sé&o Paulo, SP, Brazil) were placed anteriorly in the paramedian region of the palate
with 45° of insertion. A stainless steel wire (Morelli, Sorocaba, SP, Brazil) was soldered
on palatal side of second premolar bands and extended anteriorly until be connected
to the miniscrews, promoting an indirect skeletal anchorage. To fixate the extensions
to the miniscrews, acrylic resin and a modified acrylic Nance button were used in 12
patients, and in 14 patients, respectively. The patients’ guardians activated the
appliance by turning the buccally positioned screws a quarter turn in a

counterclockwise direction once a day, widening of 0.1 mm.'®

The Cantilever group was treated exclusively by one operator, and the First
Class group was treated by two operators. All treatments were supervised by the same
professor. In both groups, the molar relationship was overcorrected until a super Class
| relationship was achieved. Each group was treated at different times at the
Orthodontic Clinic of Bauru Dental School, University of Sdo Paulo, Brazil.

Lateral cephalograms taken before (T1) and after molar distalization (T2) were
digitized and analyzed using the Dolphin Imaging software 11.5 (Dolphin Imaging and
Management Solutions, Chatsworth, CA, USA). A total of 29 variables were included
in the cephalometric analysis (Fig 2). Bilateral structures were averaged. The software
corrected the magnification factor of the cephalograms that varied between 9.1% and
9.4%.

Error study

Thirty per cent of the cephalograms were randomly selected and retraced by
the same examiner after a 30-day interval. The random errors and the systematic
errors were evaluated using Dahlberg’s formula®* and dependent t tests at P<0.05,
respectively.
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Statistical analyses

Shapiro-Wilk tests were used to evaluated the normal distribution of the
variables. Sex distribution were evaluated with the chi-square test. Intergroup
comparisons were performed with t tests and Mann-Whitney U tests for variables with
and without normal distribution, respectively.

All statistical analyses were performed with SPSS Software (Version 25.0; IBM,
Armonk, NY, USA) and the results were considered significant at £<0.05.

RESULTS

The random errors varied from 0.28 to 1.02 mm and from 0.61 to 3.48 degrees
for the linear and angular variables, respectively. No variables showed significant

systematic errors.

The groups were comparable regarding sex distribution, Class Il malocclusion
severity, presence of second molars and initial mean age (Table I). The Cantilever
group presented a significantly smaller final mean age and consequently shorter
treatment time than the First Class group.

At pretreatment, the groups were comparable regarding the dentoskeletal and
soft tissue characteristics (Table II).

After distalization, the maxillary incisor showed palatal inclination in the
Cantilever group and labial inclination in the First Class group (Table 1), it also showed
a significantly greater protrusion in the First Class group. The maxillary first premolar
showed distal angulation and distalization in the Cantilever group and mesial
angulation and mesialization in the First Class group (Figs 3 and 4).

The maxillary first molar distalization and intrusion were statistically significant
greater in the Cantilever group than in the First Class (Table IIl). The overjet increased
in First Class group and was minimally reduced in the Cantilever group. The Class I
molar relationship change was statistically significant greater in the Cantilever

compared to the First Class group (Figs 3 and 4).

DISCUSSION

Conventional nonextraction protocols for Class Il malocclusion treatment often

insufficient due to deficient patient compliance. The use of miniscrews became highly
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common and are preferred because they are cheaper and less invasive than other
temporary anchorage devices (TADs). Miniplates have the disadvantage of the
requirement of a mucoperiosteal incision or flap surgery when the plates are placed
and removed. Therefore, it is not a minor procedure and the cost increase due to the
surgical intervention. 2

The placement of miniscrews in the buccal interradicular bone is one of the most
common approaches used to provide skeletal anchorage in orthodontics. The
interradicular space is a potentially advantageous region for insertion, because is
relatively comfortable, easy for placement and there is less potential for complications
related to the soft tissue.???5 Regarding its use for maxillary molar distalization
mechanics, it could be argued that the adjacent second premolar would have a limited
distal movement. However, 3 mm of distalization per side can be achieved with a
properly positioned miniscrew.

Contrary to buccal miniscrews, paramedian miniscrews inserted in the anterior
palatal region allows mesiodistal movement of the teeth without significant limitations.
However, miniscrew anchored palatal appliances usually require more elaborated
desgins and an ideal angulation is not always obtained during manually insertion.
Nevertheless, this could be overcome using an implant contra angle handpiece and
using an implant motor.2"?7

The application of force direct to the center of resistance of the tooth is very
challenging. Many authors developed different appliance designs associated with
miniscrews to control the mesiodistal movement of the molar manipulating the line of
action.'®28 Some studies have reported the use of buccal interradicular miniscrews for
molar distalization associated with simultaneously orthodontic fixed appliances.?'22:29
Others used screws in the infrazygomatic crest to distalize the maxillary dentition.3°
Although they are very good alternatives, they do not allow to evaluate the isolated
effects of the maxillary molar distalzation.

In this study, the Cantilever group had buccal direct skeletal anchorage and the
First Class group had paramedian palatal indirect skeletal anchorage. Although both
mechanics included skeletal anchorage, it does not mean that the anchorage loss
would be totally eliminated. This study is important to show the isolated effect of a
buccal direct and a palatal indirect skeletal anchorage.
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The groups were comparable regarding all dentoeskeletal and soft tissue and
other pretreatment characteristics (Tables | and Il) which decrease the influence of
these factors on treatment changes comparisons.

In this study, the distribution of presence/absence erupted second molars were
similar in both groups. The influence of the eruption status of second molars on
maxillary first molar distalization is inconclusive. Some authors recommend distalize
first molars before eruption of the second molars.®3!' However, a systematic review
showed minimal effect of the maxillary second and third molar eruption stages on first
molar distalization.3? Fortini et al, did not find significant differences in the amount of
first molar distalization and distal inclination between subjects with unerupted and
those with partially or totally erupted second molars.' Other studies also have found
no difference in distalization when second molars were or not erupted using different
appliances.”?®

Both the miniscrew anchored cantilever and the skeletally anchored First Class
appliances showed a successful distalization of maxillary first molar to a Class | molar
relationship (Table Ill). However, the different designs of the appliances and the direct
or indirect skeletal anchored characteristics lead to some different dental movements.

The distalization time was significantly greater in the First Class group, and the
final age of this group was greater than the Cantilever group, as consequence (Table
). The rate of distalization for the Cantilever and First Class groups was 0.5 and 0.2
mm per month, respectively. The distalization rate showed by the First Class group is
among the smallest rates reported.?’ Probably the friction between the wire and tube,
and the need of a daily activation of the buccal screws, may have reduced the
distalization rate on this group.

The bucco-lingual and mesiodistal angulation and sagittal movement of all
maxillary teeth anterior to the first molar showed statistically significant differences
between groups (Table lll). Spontaneous distal movement of the premolars and no
incisor protrusion have only been reported using direct skeletal anchorage.® In the
Cantilever group, the incisor showed palatal inclination and practically remained in a
stable position; and the first premolar showed a distal angulation of 4.15 degrees and
distal movement of 1.09 mm. It has been already reported that premolars move distally
because of the action of transeptal fibers." 315 |t could be thought, that interdental
miniscrews might limit distal movement of the adjacent tooth. However; according to

some authors, interradicular miniscrews may not interfere with tooth movement when
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they are obliquely inserted in the alveolar bone with adequate buccolingual
thickness.?'??2 Cozzani et al reported 1.9 mm of spontaneous first premolar distalization
with miniscrew palatally positioned between maxillary first molar and second premolar.
However, there is no clinical studies with buccal interradicular miniscrew that report
the amounts of premolar distal movement after maxillary molar distalization.

In contrast, the First Class group showed 2.85 degrees of buccal inclination and
1.41 mm of anterior movement of incisors. Additionally, this group showed 11.2
degrees of mesial angulation and 2.62 mm of mesial movement of first premolars. This
could be expected because of the appliance design. Other studies that used indirect
skeletal anchorage have shown similar results.3*35 It might be resulted by the reaction
force, in conjunction with other factors, such as movement of the miniscrew due to
bone elasticity and the absence of osseointegration or flexibility of the wire that connect
the premolar to miniscrew.333%

The Cantilever group demonstrated a slight intrusive movement of first molar
while the First Class group remained almost vertically stable. It may be related to the
difference in the appliances design. Since the First Class is a more rigid device with
bilateral units, smaller vertical effects could be expected.

It has been reported that after distalization, the first molar distal angulation
varies from 3 to 12 degrees when skeletal anchorage is used.3? Although some studies
suggest that the line of action of the distal force on the palatal side, applies the force
superiorly to the crown of the maxillary first molar and promotes predominantly body
movement'®19 the both buccal and palatal groups showed similar molar distal
angulation in this current study.

Fortini et. al and Papadopoulos et. al evaluated the First Class appliance and
found a mean of first molar distal angulation of 4.6 and 8.56 degrees, respectively. In
our study the mean distal angulation was 5.73 in the First Class group. This value was
slightly smaller than in the Cantilever group, that presented 6.84. However, this 1.11
degrees of difference was not statistically significant. Indeed, it is also not clinically
singnificant.

Regarding the studies that used buccal distalizing forces without the association
of fixed appliances during distalization, only one author reported a mean of 6.4 degrees
of first molar distal angulation. However, miniplates in zygomatic region were used as
anchorage.3® Yamada et. al and Lee et. al found 4.8 and 7.2 degrees of first molar

distal angulation, respectively, with buccal interradicular miniscrew for distalization,
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when using fixed appliances simultaneously.?'?° The 6.84 degrees of distal angulation
observed in the Cantilever group are within the reported limits.

In this study, the clinical success of maxillary molar distalization and Class Il
relationship correction was observed in both groups. However, the amount of
distalization and molar relationship improvement were significantly greater in the
Cantilever group than in First Class group. The numerical, but no statistically
significant, greater initial Class |l severity showed in the Cantilever group for the molar
relationship variable may have played a role to find these differences.

The overjet reduced minimally in the Cantilever group and increased in First
Class group. It was expected since distal movement of all teeth was observed in the
group with direct skeletal anchorage in contrast with the group with indirect skeletal
anchorage that presented mesial movement of anterior teeth. Fewer undesirable
effects simplify subsequent mechanic. Consequently, it is possible to assume that the
following treatment time with fixed appliance would be reduced.'

Further studies comparing the three-dimensional dentoalveolar effects between
these appliances by means of superimposition of maxillary digital dental models should
be performed to complement the results of the present study. In addition, future
comparisons regarding cephalometric changes and treatment efficiency between the
appliances after full comprehensive treatment with orthodontic fixed appliances should
be done.

CONCLUSIONS
Based on the results of this study, it could be concluded that:

. The miniscrew anchored cantilvever (direct anchorage) and the skeletally
anchored First Class (indirect anchorage) were effective for maxillary molar
distalization and successfully corrected the Class Il molar relationship with
similar molar distal angulation.

. Indirect anchorage does not provide absence of anchorage loss;

. The miniscrew anchored cantilever showed distal movement of premolars,
preservation of incisor position and a shorter treatment time, while the
opposite behavior was observed for the First Class with indirect skeletal
anchorage.
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FIGURE LEGENDS

Fig.1. Distalization appliances. A, miniscrew anchored cantilever; sagittal view. B,
skeletally anchorared First Class; occlusal view.

Fig.2. Skeletal, soft tissue and dentoalveolar variables. A, A. SNA; B.SNB; C. ANB; D.
Co-A; E. Co-Gn; F. FMA; G. SN.Gn; H. LAFH; I. SN.Occlusal plane; J. Nasolabial
angle; K. SL-S line; L. IL-S line . B, A. Mx1-PTV; B. Mx4-PTV; C. Mx6-PTV; D. Mx7-
PTV; E. Mx1-PP; F. Mx4-PP; G. Mx6-PP; H. Mx7-PP; |. Md6-PTV; J. Overjet; K.
Overbite; I. Molar relationship. C, A. Mx1.SN; B. Mx4.SN; C. Mx6.SN; D.Mx7.SN; E.
Md6.MP.

Fig.3. Mean superimposition of cephalometric tracing in Cantilever group. Black line

(pretreatment), Red line (after distalization of maxillary first molars).

Fig.4. Mean superimposition of cephalometric tracing in First Class group. Black line
(pretreatment), Red line (after distalization of maxillary first molars).
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Table I. Comparison of sex, Class Il malocclusion severity, and erupted maxillary
second molars distributions, initial and final ages and treatment times.

Variable Cantilever First Class
Group Group P
n=23 n=26
Sex
Male 9 (39.1%) 11 (42.3%) 0.821€
Female 14 (60.9%) 15 (57.7%) '
Malocclusion severity
Ya cusp Class |l 6 (26.1%) 8 (30.8%)
Y2 cusp Class Il 10 (43.5%) 12 (46.2%) 0.778¢
% cusp Class Il 3 (13.0%) 4 (15.4%) '
Full cusp Class Il 4 (17.4%) 2 (7.7%)
Presence of second molars
Erupted 17 (73.9%) 20 (76.9%) 0.807¢
Non erupted 6 (26.1%) 6 (23.1)
Mean SD Mean SD
Initial age 13.10 1.52 14.03 1.50 0.054"
Final age 1345 154 14.79 1.45 0.010™*
Treatment time 043 0.13 0.76 0.35 0.001™*

€Chi-Square test; ' t test
*Statistically significant at P<0.05.




Articles 73

Table Il. Pretreatment intergroup cephalometric comparison

Cantilever First Class
Group Group
(n=23) (n=26) Mean
Variables Mean SD Mean SD difference 95% CI P
Maxillary and madibular skeletal
SNA 81.97 3.99 82.36 4.12 -0.39 -2.73 1.95 0.740t
SNB 77.83 4.16 78.32 3.37 -0.50 -2.66 1.67 0.646"
ANB 4.16 2.11 4.04 2.26 0.11 -1.15 1.38 0.856"
Co-A 80.17 5.23 79.72 4.64 0.45 -2.38 3.29 0.7491
Co-Gn 106.85 6.93 107.05 4.78 -0.20 -3.59 3.19 0.9057
Vertical skeletal
FMA 25.95 5.28 26.51 4.92 -0.56 -3.49 238 0.705"
SN.GN 61.50 4.89 61.75 4.60 0.02 242 246 0.464*
LAFH 67.45 4.81 67.43 3.66 -0.25 -2.98 248 0.855"
SN.OP 17.89 6.60 16.52 4.99 1.37 -1.97  4.71 0.394*

Maxillary dentoalveolar
Mx1.SN 107.29 7.36  104.23 6.24 3.06 -0.85 6.97 0.331%
Mx1-Ptv 53.64 4.81 52.74 4.49 0.90 -1.77  3.57  0.896*
Mx1-PP 26.66 2.31 27.20 2.78 -0.55 -2.03 093 0.4617
Mx4.SN 80.55 5.70 74.21 14.41 6.34 415 16.83 0.249%
Mx4-Ptv 35.49 3.94 35.45 4.05 0.04 227 234  0.9741
Mx4-PP 22.50 2.24 22.47 2.47 0.03 -1.33  1.39  0.968"
Mx6.SN 71.82 6.85 74.47 4.75 -2.65 -6.10 0.80  0.089*

Mx6-Ptv 15.76 3.56 15.99 3.47 -0.23 -2.25 1.80 0.822f
Mx6-PP 20.36 2.36 20.13 2.08 0.23 -1.04 1.51 0.7141
Mx7.SN 62.43 7.91 64.15 6.21 -1.72 -5.78 2.34 0.3991
Mx7-Ptv 11.50 2.75 11.53 3.16 -0.03 -1.75  1.68 0.968"
Mx7-PP 15.13 4.07 16.33 2.58 -1.20 -3.14 0.74 0.2191

Mandibular dentoalveolar
Md6.MP 92.53 3.69 90.28 4.05 2.24 0.00 4.48 0.050t

Md6-Ptv 13.11 4.06 14.38 3.77 -1.27 -3.52 0.98 0.2611
Interdental

Overbite 2.30 1.40 1.95 1.55 0.35 -0.50 1.20 0.413t

Overjet 5.95 2.22 4.93 1.60 1.01 -0.09 2.12 0.067t

Molar 1.75 1.54 0.90 1.40 0.85 0.01 1.69 0.0507

relationship

Soft tissue

NLA 106.76 799 105.35 10.66 1.41 -4.07 6.88 0.608"

UL-S line 1.19 1.23 1.12 1.50 0.08 -0.72  0.87 0.8481
LL-S line 1.47 2.16 1.37 1.68 0.09 -1.01 1.20 0.8671

't test. *Mann-Whitney U test.
*Statistically significant at P <0.05.
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Table lll. Intergroup treatment changes comparison

Cantilever First Class
Group Group
(n=23) (n=26) Mean
Variables Mean SD Mean SD difference 95% CI P
Maxillary and madibular skeletal
SNA 0.37 1.32 0.19 1.54 0.18 -0.66 1.01 0.670"
SNB 0.14 0.92 0.07 0.81 0.08 -0.42 0.58 0.753"
ANB 0.25 0.78 0.12 1.25 0.13 -0.48 0.74 0.663"
Co-A 0.45 1.79 1.02 2.07 -0.57 -1.69 0.55 0.098"
Co-Gn 0.97 1.60 1.73 2.75 -0.76 -2.08 0.55 0.1117
Vertical skeletal
FMA -0.60 1.51 0.03 1.77 -0.63 -1.59 0.32 0.088*
SN.GN 0.30 1.38 0.22 0.76 0.08 -0.55 0.71 0.974"
LAFH 0.87 1.26 1.30 1.97 -0.42 -1.39 0.54 0.207%
SN.OP 0.58 3.28 -0.88 2.80 1.46 -0.29 3.21 0.100"
Maxillary dentoalveolar
Mx1.SN -0.75 2.57 2.85 3.53 -3.61 -5.40 -1.81  0.000"™
Mx1-PTV 0.02 1.41 1.41 1.40 -1.39 -2.20 -0.58  0.001"™
Mx1-PP 0.22 0.69 -0.07 1.16 0.29 -0.27 0.85 0.188*
Mx4.SN -4.15 4.87 11.20 14.19 -5.34 -15.68 -5.01  0.000*"
Mx4-PTV -1.09 1.54 2.62 2.08 -3.71 -4.77 -2.64  0.000%
Mx4-PP 0.13 0.81 0.68 1.10 -0.55 -1.11 0.01 0.055"
Mx6.SN -6.84 2.73 -5.73 4.11 -1.11 -3.15 0.92 0.277"
Mx6-PTV -3.31 1.01 -1.79 1.12 -1.52 -2.14 -0.91  0.000%
Mx6-PP -0.75 1.01 0.07 0.72 -1.11 -1.61 -0.61  0.000"™
Mx7.SN -8.00 6.13 -7.47 6.22 -0.54 -4.09 3.02 0.763"
Mx7-PTV -2.16 1.17 -1.78 1.29 -0.38 -1.09 0.34 0.470"
Mx7-PP 0.00 1.49 -0.01 2.08 0.01 -1.04 1.06 0.638"
Mandibular dentoalveolar
Md6.MP 0.43 4.42 1.12 3.99 -0.69 -3.11 1.72 0.567"
Md6-PTV 0.44 1.33 0.87 1.10 -0.43 -1.13 0.27 0.223"
Interdental
Overbite -0.33 0.94 -0.57 1.07 0.24 -0.34 0.82 0.415"
Overjet -0.20 0.67 1.06 1.06 -1.26 -1.77 -0.76  0.000"™
Molar -4.55 1.25 -2.57 1.34 -1.98 -2.73 -1.23  0.000*"
relationship
Soft Tissue

NLA -1.08 5.48 1.18 6.40 -2.26 -5.70 1.19 0.194"
UL-S line -0.25 0.90 -0.17 0.98 -0.09 -0.63 0.46 0.750"
LL-S line -0.37 1.30 -0.34 1.17 -0.02 -0.73 0.69 0.928*

't test. *Mann-Whitney U test.
*Statistically significant at P <0.05.
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2.3 ARTICLE 3

Finite element analysis of two skeletally anchored maxillary molar distalization
methods

ABSTRACT

Introduction: The purpose of this study was to evaluate two methods for
maxillary molar distalization with skeletal anchorage using finite element analysis.
Methods: Two three-dimensional models were created: the miniscrew anchored
Cantilever appliance, that consisted in a distalization method anchored in a buccal
miniscrew placed between the first permanent molar and second premolar; and the
miniscrew anchored palatal appliance, that consisted in a distalization method
anchored in a miniscrew inserted on the anterior region of the palate. Finite element
analysis was used to simulate the distalization methods. Results: Greater lateral than
distal displacement was observed in the Cantilever appliance for the first molar, while
the opposite was observed in the palatal appliance. Greater displacements were
observed at crown levels than at apical regions, buccolingual and mesiodistal molar
angulations could be with both appliances. Greater stress was observed at buccal
crown and cervical regions in the Cantilever appliance and at palatal crown and
cervical regions in the palatal appliance. The second molar showed greater stress
distribution in the palatal than in the Cantilever appliance. The stress distribution at
apical regions were progressively greater from incisors to first molars with both
appliances. Conclusions: Some buccolingual and mesiodistal angulations are
expected after molar displacements with both distalization methods. Greater von mises
stress distribution patterns could be expected at the crown and cervical region for the
first molars in the buccal side and the palatal side for the Cantilever and for the palatal

appliances, respectively

Keywords: Malocclusion, Angle Class II; Orthodontic Anchorage Procedures;
Orthodontic Appliances, Finite Element Analysis.
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INTRODUCTION

Maxillary molar distalization with intraoral distalizers is considered a
conservative method for Class |l malocclusion treatment. This protocol requires
minimal dependence on patient compliance which produces more predictable
results.”? When associated to temporary anchorage devices (TADs), undesirable
effects related to distalization with conventional appliances, such as mesial angulation,
protrusion and extrusion of premolars and anterior teeth could be solved with skeletally
anchored methods.?* Miniscrews are commonly used in orthodontic mechanics and
can be inserted in different locations in the maxillary bone. They may be inserted
between the roots of maxillary first molars and second premolars at the buccal side®®
or either median or paramedian to the midpalatal suture at the anterior palatal region.*”

Many authors have developed skeletally anchored devices with different
designs to apply continuous forces to distalize maxillary molars considering their center
of resistance.*2? It is well known that the resultant displacement pattern of an object
is associated to the relationship between its center of resistance and the line of force.
The appliances associated with skeletal anchorage could deliver the force from the
buccal, palatal or from both sides. In addition, the force could be applied directly from
the miniscrews to the molars or indirectly, using other teeth that intermediate the
delivery of the force and that are anchoraged to the miniscrews .81

Finite element analysis (FEA) is an experimental method used for the
interpretation of force systems, resultant displacement patterns and stress
distributions. This engineering technique enables quantitative visualization of an object
in three dimensions (3D)." Regarding to orthodontics, it complements the evaluation
and helps to better understand the clinical effects of different mechanics. Although
some studies have used this analysis to evaluate maxillary molar distalization,'>'> only
one of them have evaluated the isolated effects of skeletally anchored distalizers on
maxillary molars without association of multibrackets appliances.

Therefore, the aim of this study was to compare the displacement and stress
distributions of maxillary molars in two methods of skeletally anchored maxillary molar

distalization using finite element analysis.
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MATERIAL AND METHODS

A 3D model was generated from a cone beam computed tomography (CBCT)
scan (0.3 mm per pixel resolution) of a patient with full permanent dentition up to
second molars. To create the 3D model, the DICOM file images were imported and
segmented with the use of InVesalius (version 3.1, Renato Archer Information
Technology Center - CTIl, Campinas, SP, Brazil). Then, the 3D model (.STL file) was
exported to Solidworks 3D CAD software (version 2019, Dassault Systemes, Waltham,
USA) to create the models. The orthodontic appliances were sketched in this
computer-aided design (CAD) system to reproduce the commercially available wire,
coil, bands and miniscrews. Two set-ups were modeled: Model 1, the miniscrew
anchored Cantilever appliance, that consisted in a buccally positioned cantilever
soldered into the tube of the maxillary first molar band, activated by a closed coil spring
anchored to the miniscrew located between the maxillary first molar and second
premolar (Figs 1A and B). Model 2, the miniscrew anchored palatal appliance, that
consisted in a device soldered on the palatal region of maxillary first molar band with
an anterior extension that slid distally, by using a closed coil spring, on another parallel
a cervical located wire connected to a miniscrew placed on the anterior region of the
palate (Figs 1C and D). This second model was based on the design of the Beneslider
appliance.®

The created models were exported to the Finite Element Modeling And
Postprocessing - FEMAP software (version 11.2, Siemens PLM software Inc., Plano,
TX, USA), using the .prt (parasolid) extension. The models comprised a total of 770801
tetrahedral elements and 158529 nodes for the Model 1 (Fig 2A) and 799012
tetrahedral elements and 164594 nodes for the Model 2 (Figs 2B). Homogeneous
isotropic material properties were assigned for the maxillary bone, teeth, stainless steel
(SS) wire and miniscrews using data from previous reports on FEA studies in
orthodontics.'>7:® The mechanical properties regarding Poisson ratio and Young
modulus used in the models are shown in Table |. Boundary conditions were set to
fixate the circummaxillary suture system in all directions. A single force vector of 2
newtons (N) was applied parallel to occlusal plane.

The 3D coordinates were based on the occlusal plane: X (transverse plane), Y
(anteroposterior plane), and Z (vertical plane). Positive values for X, Y, and Z indicated
medial, distal, and upward displacement. The values obtained from teeth
displacements were calculated by assessing the tip of the mesiobuccal cusp, the
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mesiopalatal cusp and the palatal root apex of the molars in each plane of space using
the x, y, and z coordinates. Furthermore, the von Mises stress distribution was
calculated and quantitatively visualized. Non-linear analysis was performed by the
FEMAP software to calculate and visualize the displacements and stress distribution.

RESULTS
Displacements

Lateral displacements were greater in the cantilever appliance for the
mesiobuccal and mesiopalatal cusps of the first molar, when compared with the palatal
appliance (Table Il, Fig 3). The lateral displacements of the first molars palatal root,
and second molars (mesiobuccal and palatal cusp, and palatal root) were similar
between the appliances.

Distal displacements were slightly greater in the palatal appliance for the
mesiobuccal and mesiopalatal cusps and palatal root of the first molar, compared to
Cantilever appliance (Table Il, Fig 4). The distal displacements of second molars were
similar between both appliances.

Greater lateral than distal displacement was observed in the Cantilever
appliance for the first molar, while the opposite was observed in the palatal appliance
(Table Il, Figs 3 and 4)

Intrusive displacement was observed for the mesiobuccal cusp of first and
second molars in the Cantilever appliance, while extrusive displacement was observed
for theses cusps in the palatal appliance (Table Il, Fig 5). A slight greater extrusive
displacement was observed for the mesiopalatal cusp of first and second molars in the
palatal appliance compared to the Cantilever appliance. The palatal roots showed
similar extrusive displacements in both appliances.

The 3D displacements for the mesiobuccal and mesiopalatal cusps of first
molars were slightly greater in the Cantilever appliance, while the first molar palatal
root 3D displacement was slightly greater in palatal appliance (Table Il, Fig 6). The 3D
displacements for second molars were similar between both appliances.

Stress distribution
First molars showed greater stress than second molars (Fig 7), and the stress
was more accentuated at the crown and cervical levels than at apical regions in both

models. Greater stress was observed at buccal crown and cervical regions in the
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Cantilever appliance and at palatal crown and cervical regions in the palatal appliance.
The second molar showed greater stress distribution in the palatal than in the
Cantilever appliance. The stress distribution at apical regions were progressively
greater from incisors to first molars with both appliances.

The pattern of stress distribution on alveolar bone was different between the
appliances (Fig 8). In the Cantilever appliance, the stress was greater at the
mesiobuccal root region and spread around the buccal and distal sides of first molar
and anteriorly around of second premolar. In the palatal appliance, the stress was
greater at the mesial and distal sides of palatal root region and spread to the buccal
region of first molar, palatal region of second premolar and posteriorly to the palatal

region of second molar.

DISCUSSION

One of the main challenges in orthodontics is to obtain the precise control of
teeth movements. In order to understand such difficulties, many methods have tried to
simulate the effect of the forces applied on the teeth.!” The finite element analysis
(FEA) is a digital model that allows the reproduction of a clinical situation and calculate
and exhibit the displacement and stress that tissues, as teeth and alveolar bone, suffer
when exposed to simulated forces. The use of this analysis has been increasing in
orthodontics with different mechanics; even more with the association temporary
anchorage devices.'?'3

Previous studies have evaluated maxillary molar distalization using finite
element analysis.'>'® The majority of them evaluated distalization methods in
association with orthodontic fixed appliances simultaneously. However, no finite
element study evaluated the isolated distalization effects using buccal versus palatal
miniscrews. In this study, two appliances that uses direct skeletal anchorage were
evaluated: the miniscrew anchored Cantilever (model 1) and the miniscrew anchored
palatal appliance (model 2).

These devices applied unilateral (buccal or palatal) continuous forces to
distalize maxillary molars. Although they eliminate the collateral effects observed with
conventional or with indirect skeletal anchored distalizers on the anterior teeth, they do
not eliminate some side effects on molars which might undergo distal angulation,
extrusion and rotation when unilateral forces are used.® Some studies have

recommended the application of the distal force on the palatal side for maxillary molar
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distalization, because the force application become closer to the molar center of
resistance and promotes predominantly body movement.'8'% However, no previous
studies compared the isolated effects of palatal and buccal distalizers with direct
skeletal anchorage using finite element analysis.

Finite element analysis evaluates only the initial effect of the appliances on the
teeth and surrounding tissues by means of initial displacement and initial stress
distribution. It does not represent changes that occur over time as in the cases of
continuous forces and do not include the bone remodeling that is observed during
orthodontic tooth movement.'>'3 This must be considered when interpreting the results
of this study.

The results obtained for displacements should be interpreted from a qualitative,
and not so specifically from a quantitative, point of view since they correspond only to
the early movement of the tooth." Although, the displacements observed by the two
appliances were minimal in terms of millimeters, it gives us an idea of what it could be
expected when applying the forces using these appliances.

Because greater displacements were observed at crown levels than at apical
regions in this study (Table Il), buccolingual and mesiodistal angulations could be
expected for first and second molars with both appliances. Previous studies also
demonstrated greater tipping movements even when fixed appliances were included
during distalization.?-14

The greater lateral than distal displacement observed in the Cantilever
appliance for both mesiobuccal and mesiopalatal cusps of first molars (Table II)
demonstrated a tendency of buccal tipping or distal rotation around the palatal root.
Contrary to the Cantilever appliance, the palatal appliance showed greater distal than
lateral displacement of both first molar cusps. This demonstrates a greater distal
movement with the palatal appliance immediately after the application of the force. It
does not mean that the palatal appliance would have a greater distalization than the
Cantilever appliance after the distalization phase. Curiously, the slight transverse
displacement of the first molar cusps in palatal appliance was in lateral direction, as
occurred with the cantilever appliance. However, clinical studies with palatal distalizing
forces reported mesial rotation."”-2° Then, it would be expected a medial displacement.
Because the finite element method evaluates only the initial movement of the tooth. It
could be expected that mesial rotation could occurred after the distalization phase and
for this reason it was not observed in this study.
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The differences observed in the vertical displacement for the first molar suggest
a tendency of buccal tipping with the Cantilever appliance, since the mesiobuccal cusp
showed intrusive movement in contrast to the mesiopalatal cusp and palatal root. In
the palatal appliance, the slight greater extrusion of the mesiobuccal than the
mesiopalatal cusp suggest only a minimal buccal tipping. According to Yu et al. most
favourable outcome in palatal distalizing methods were found when compared to
buccal distalizing methods.

Regarding second molar, the amount of transverse and anteroposterior
movement was more similar in both appliances, as expected since they receive the
distal force by the contact with the distal surface of the first molar. However, the distal
movement of the palatal root was smaller, suggesting no body movement. In previous
study, the second molar demonstrated uncontrolled distal and buccal tipping and
extrusion of the mesiopalatal cusp as well."

The differences and similarities discussed above for both appliances reflected
in the 3D displacements that was slight different for the first molars and similar for
second molars between the both appliances.

The greater stress observed at the crown and cervical regions for first molars
was expected since they were the regions where the appliances were soldered (Fig 7).
Similar results were observed in previous study that compare three different
appliances." The side where the force was applied showed greater stress than the
opposite side, in each appliance. The stress spread apically and, in smaller magnitude,
to their respective roots. Greater stress distribution patterns were observed for the first
molars in the buccal side and the palatal side for the cantilever and for the palatal
appliances, respectively. This was expected because of the design of each appliance.

The second molar showed greater stress distribution with the palatal appliance
than with Cantilever appliance. This could be associated to the greater distal
displacement observed for the palatal appliance (Table Il). Then, the second molar
probably received more indirect force because of the contact point with first molar. It
has been reported significant positive correlations between the average stresses and
the total displacements of buccal teeth under direct anchorage. While greater positive
correlations exist between stress and displacement along the sagittal and vertical

plane, negative correlations were observed in the transverse plane.'?
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The progressively greater stress distribution from incisors to first molars at their
apical region observed with both appliances, were expected and reflects clinical
findings reported with direct skeletally anchored distalizers.*°

In Cantilever appliance, the stress was distributed between the mesio- and
distobuccal roots area in the alveolar bone, was predominant around buccal roots area
and spread to the buccal and distal sides of first molar and anteriorly around of second
premolar. In the palatal appliance, the stress was more concentrated around the
palatal root alveolus showing greater stress than the Cantilever appliance. It spread to
the buccal region of first molar, palatal region of second premolar and posteriorly to
the palatal region of second molar.

The pattern of stress distribution on alveolar bone was different between
appliances, since it was influenced by the area size on which the force is applied.
Therefore, as the anatomy and size of buccal roots and palatal root are different, the
stress distribution did not present the same pattern.

This study gives an idea of what expect after initial force application with the
both appliances. This could help clinicians to complement the understanding of
isolated distalization mechanics involving direct skeletal anchorage and force
application from different sides. Then, any associated mechanics as orthodontic fixed
appliances or aligners could have a more predictable planning. Clinical evaluations of
these appliances are necessary to overcome the FE limitation regarding the time effect
and individual variability.

CONCLUSIONS

. Some buccolingual and mesiodistal angulations are expected after molar
displacements in the transverse, sagittal and vertical plane with both
distalization methods.

. The stress distribution at apical regions were progressively greater from
incisors to first molars with both distalization methods.

. Greater von mises stress distribution patterns could be expected at the
crown and cervical region for the first molars in the buccal side and the
palatal side for the Cantilever and for the palatal appliances, respectively

« The stress distribution on alveolar bone depend on the region on which the
force is applied
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FIGURE LEGENDS

Fig.1. Distalization appliances. A-B, sagittal and occlusal view of Cantilever. C-D,
sagittal and occlusal view of palatal appliance

Fig.2. Finite element models

Fig.3. Displacement in x plane. A, occlusal view; B, Buccal view; C, palatal view.

Fig.4. Displacement in y plane. A, occlusal view; B, Buccal view; C, palatal view.

Fig.5. Displacement in z plane. A, occlusal view; B, Buccal view; C, palatal view.

Fig.6. Three-dimensional displacement A, occlusal view; B, Buccal view; C, palatal

view.

Fig. 7. Stress distribution. A, occlusal view; B, Buccal view; C, palatal view.

Fig.8. Stress distribution in alveolar bone. Oclusal view. A, model 1. B, model 2.
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Fig 1.
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Model 1 Model 2
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Model 1 Model 2
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Model 1 Model 2

Fig 7.
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Table I. Material properties of the models” components.

Young’'s Module

Poisson ratio

(MPa)
Teeth 20 000 0.30
Miniscrew 114 000 0.34
SS wire 200 000 0.30
Bone 1500 0.30
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Table II. Displacement after application of distalizing force (unit 10 mm)

Miniscrew anchored Cantilever Miniscrew anchored palatal appliance
Model 1 Model 2

X( R-L) Y (A-P) Z (S-) 3D X (R-L) Y (A-P) Z (S-) 3D
16 MBC -0.149 0.084 0.040 0.173 -0.057 0.117 -0.020 0.125
16 MPC -0.134 0.077 -0.009 0.157 -0.066 0.129 -0.018 0.138
16 PR -0.040 0.047 -0.018 0.065 -0.046 0.066 -0.016 0.081
17 MBC -0.117 0.113 0.004 0.163 -0.103 0.123 -0.025 0.162
17 MPC -0.116 0.108 -0.011 0.158 -0.105 0.126 -0.026 0.165
17 PR -0.029 0.034 -0.012 0.045 -0.038 0.038 -0.011 0.055

MVP, mesiobuccal cusp; MPC, mesiopalatal cusp; PR, palatal root. Positive values for X, Y, and Z
indicate medial, distal, and intrusive displacement, respectively. Negative values for X, Y, and Z indicate
lateral, mesial, and extrusive displacement, respectively.
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3 DISCUSSION

In this study, cephalometric tracings, digital models and finite element analysis
(FEA) were used for three-dimensional analysis of mamxillary molar distalizations with
skeletal anchorage.

Cephalometric superimposition has been extensively used in orthodontics to
evaluate skeletal, soft tissue and dentoalveolar changes in both vertical and sagittal
dimensions. Dental models analysis can provide further information including
transverse and rotational changes assessment. Studies comparing direct
measurements made from dental casts with those made from digitized dental models
have shown that the latter method had a highly accuracy for dental model analysis.'42®
Few studies have reported contemporary methods for superimposition of digital dental
models to evaluate, specifically, distalization of maxillary molars. In this study, an open-
source software was used, the methodology used was previously validated.?°

Lateral, anteroposterior, supero-inferior and 3D displacements were observed
for all teeth. The first molar distally moved 3.38 mm and 4.54 mm according to the
cephalometric and digital models analyses (mesiobuccal cusp), respectively. All teeth
anterior to the first molar showed some amount of distal movement. Since this behavior
facilitate correction of the malocclusion simplifying the subsequent mechanic, it could
be speculated that it might reduce the treatment time with orthodontic fixed

appliances.?*

When cantilever with direct anchorage was compared to First Class with indirect
anchorage, botah were effective for correction of the Class |l molar relationship with
similar molar distal angulation. However, indirect anchorage does not provide absence
of anchorage loss. The bucco-lingual and mesiodistal angulation and sagittal
movement of all maxillary teeth anterior to the first molar showed statistically significant
differences between direct and indirect anchorage. Spontaneous distal movement of
the premolars and no incisor protrusion have only been reported using direct skeletal

anchorage.®
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The use of this FEA also has been increasing in orthodontics with different
mechanics. Previous studies evaluated molar distalization using finite element.3'-34
However, no finite element studies evaluated the isolated distalization effects using

buccal miniscrew versus palatal miniscrew.

The application of force direct to the center of resistance of the tooth is very
challenging. Different authors developed different appliance designs with direct or
indirect skeletal anchorage to control the movement of the molar manipulating the line
of action.?32* Although some studies suggest that the line of action of the distal force
on the palatal side promotes predominantly body movement,%'235 the both Cantilever
and First Class showed similar molar distal angulation in this current study. Also, the
FEA in this study showed predominantly tipping movements 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.
Previous studies also demonstrated greater tipping movements even when fixed

appliances were included during distalization.3'-33

This FEA study provides an instantaneously observation of the initial stresses
and displacements when the tooth is submitted to a distal force. The results may not
reflect exact clinical outcomes, which are influenced by the cumulative effects of
continuous bone reactions and rebounding of the archwire related to secondary
displacement of the teeth. The time-dependent (continuous/dynamic) FE approach
should help in exploring such changes to yield accurate mathematical simulations of
the biologic processes of tooth movements over time (including bony reactions).3?

Further studies comparing the three-dimensional dentoalveolar effects between
different appliances by means of superimposition of maxillary digital dental models and
FEA should be performed to complement the results of the present study. In addition,
long-term stability after treatment for molar distal movement achieved with skeletal
anchorage devices in nonextraction cases should be evaluated in future researches in

large samples. This is a theme for future studies in orthodontics.
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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 Il 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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ANNEX A. Ethics Committee approval, protocol number 1.235.588 (verso).
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concorde com a participacdo no estudo. E importante que vocé esteja consciente de que a participacdo
neste estudo é completamente voluntaria e de que o menor pode recusar-se a participar ou sair do estudo a
qualquer momento sem penalidades". No termo de assentimento anexado, consta a frese "Este termo de
consentimento encontra-se

impresso em duas vias, sendo que uma copia sera arquivada pelo pesquisador responsavel, e a outra sera
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responsaveis pelo menor.
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aos menores participantes (esta incorreto na PB) e um TCLE dirigido aos responsaveis pelos menores (esse
TCLE néo se encontra na PB). SE a pesquisa néo for incluir participantes maiores de idade, devera ser
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a emissdo do parecer.
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comunicadas a este CEP sob risco de ndo aprovagéo do relatério final. Quando da apresentacéo deste,
deverdo ser incluidos todos os TCLEs e/ou termos de doagdo assinados e rubricados, se pertinentes.
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TCLE / Termos de | TCLE.pdf 26/08/2015 |LORENA VILANOVA| Aceito
Assentimento / 12:50:19 |FREITAS DE SOUZA
Justificativa de
Auséncia
TCLE /Termosde |TERMO_DE_ASSENTIMENTO.pdf 26/08/2015 |LORENA VILANOVA| Aceito
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12:51:31 | FREITAS DE SQUZA
Folha de Rosto Folha_de_rosto.pdf 26/08/2015 |LORENA VILANOVA| Aceito
12:52:22 |FREITAS DE SOUZA
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Situacao do Parecer:
Aprovado
Necessita Apreciacao da CONEP:
Nao

BAURU, 18 de Setembro de 2015

Assinado por:
Izabel Regina Fischer Rubira Bullen
(Coordenador)

Enderego: DOUTOR OCTAVIO PINHEIRO BRISOLLA 75 QUADRA 9
Bairro: VILA NOVA CIDADE UNIVERSITARIA CEP: 17.012-901

UF: SP Municipio: BAURU

Telefone: (14)3235-8356 Fax: (14)3235-8356 E-mail: cep@fob.usp.br

Pagina 03 de 03




122 Annexes

ANNEX B - Informed consent for children (front)

Universidade de Sio Paulo
Faculdade de Odontologia de Bauru

Oepartamentio de ODdontopediatria. Ortodontia ¢ Saude Coletiva
Discipline de Ortodontia

JERMO DE ASSENTIMENTO

Viocé esta sendo convidado(a) a participar da pesquisa: “Avaliagio cefalométrica
das alteragtes dentoesqueléticas da ma ochishbo de classe Il tratada com distalizacio dos
molares supenores com Jones jig ¢ com ancoragemn esquelética direta™. Neste estudo
pretendemos avaliar ¢ comparar por meio de mdiografias as mndangas ocomidas apds
distalizagho (movimento do dente para trits) dos molares supenores

A participagho neste esmado ¢ completamente voluntania ¢ vocé pode recusar-sc a
participar ou saw do estudo a qualquer momento san penabdades. Para paticipar, nio
havera custos, nem receberd qualquer vantagem finomceun. Ndo sera oferecida
remuneragio, mixilio para alimentagdo ou transporte até o local nos dins de
atendimento,

Para imiciar o tratamento serfo realizadas folos extrabucais, mtrabucais,
telermadiografia, mdiografia panorfmica e modelos de pesso.

Para o tratamento com distahizagio, serlbo mstalados dots mum-umplantes. Sua
instalacho ¢ um procedimento rapido, seguo e simples, realizado com anestesia topica
(pomada), podendo gerar o minmmo de desconforto no momento da instalagho, O
dispositive confeccionado com  fio ooddntico nho gem desconforto. Apds a
distalizagho, serdo realizadas fotos intrabucais, moldagem ¢ elermadiografia para avalinr
os efertos da movimentacio dentirna.

As fotos utihizadas nesie mabalho, bem como todo procedimento ou dado que
possa identifica-lo, serfo mantidas em sigilo, € nio serd liberado sem a permuissdo do
responsavel

O procedimento de moldagem que serd realizado pode provocar semsagho de
Ansia, porém o profissional tomard as devidas providéncias para reduzir este
descotiforto, caso necessdno.

As tomadas mdiognificas sho procedimentos comums realizados respeitando
todas as medidas de seguranga com a minima exposicho necessina #os Mmios-x.

Durante as consultas havera onentagho sobre cmdados com a sande bucal, sobre
a necessidade de qualquer tipo de mtamento odomtoldgico que se faga pecessino ¢
sobre evenmums questionamentos. E ganntido mdemizacho em casos de danos
decorrentes dos procedimentos empregiados nesta pesquisa.

Apds os procedumentos que emvolvem o pesquisa, ¢ assepurada a contimudade
do tratmmento onoddntico até sua finalizacho

Este termo de assentimento encontra-se impresso em duas vias igualmente
viilidas (s via para o menor ¢ oulra para o pesqusador responsdvel). Qualguer divada
poderd contatar o onentador José Fermando Castanha Henriques ou a mestranda Lorena
Vilanova Freitas de Souza no telefone (T9/0954-3885 ou e-mail Jorenumvilapovadusp by

Rubrica do parhcipante  menor I [w-mm@wmﬂm [

Al D¢ Octivo Paibewo Braciia, 9.75 - Bawna-SP - CEP 17012000 -CP 13
e-mad veragatodiioh ump br - Fone (Totd) 32050217 - Fax (Ouxid) 32204670
Filllgs [ Bl gy B
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ANNEX B - Informed consent for children (verse)

En . portadioa)
do docimenio de Identidade fin informadoda) dos olyetivos do
presente estudo de manetra clam e detalhads Declaro que concordo em pamicipar desse
esindo, Esth claro que a minha vontade serd prevalecida. Recebi mma copia deste termo
de mssentimnento e me fod dada a opormuisidade de ler e esclarecer i minhas dinadas

Avinabars Ao meee Asunahss do peupmasbon

O Comiti ds [Een sm Prapna - CIF speersds ¢ osde pels TOBLSPE s T908% (Partaia
CDostL FOB! prrveis oo dem VI e Ersalocho o 668 10 do Comelbo Narsenal dr Sanle do Mmsbene da
Snibe iguildeads oo DCAL de 1004201 10 ¢ o= Colrpueds mirsdacpbas ¢ edrpadeatr. de otbruioon pobles de
R = Lk o & n ciibde pais defrndes o @RI & partcpantts 4 Praquna ek
wrgradade ¢ il © poadn Costrideie e dewrn b st b et desro g poadiies e

Craadopery dermamcis ¢ ool e Lmag be walar s panhe e ko R g paden b e irpieds o re CEF

ot e | o 3 rim Preicguans

Faruldade e Odompabepia de Bosgs- T0F - Pyadw da Pos Gosbaagiio (hlere [ - pavenesie ssgrosor) de sepasds 8
s s me beriews daa D3RV a0 |7 Barwt om dus nies

Alsprds D Chcrwvne Pasborae Bavsolls, 9. 75

Vili Ussvermdioss - Baarw = 87 = CEPF 170012000

Tebefoae F AN 12 V-BE58

emul cepd ok usp by

Al D Octivis Pinboeo Brnclla, §-75 - Daoru-5P - CEP 17T012-801 - CP T3
emall veragaioPiob ung b - Fone (O 14) I3E-A21T - Fas (Ot d) CEFL-48TH
By Marerw S0k U B
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ANNEX C - Informed consent for children’s legal guardians (front)

Universidade de Sio Paulo
Faculdade de Odontologia de Bauru

eriio de Ddonispediatria Oriodonta ¢ Saude Coletiva
Diacipding e Oricdontia

O menod wob i ewpomabilidade el wendo coividado o paticipar come volmtaria da
peupens “Avaliacho crfalomeinica des alleyagtes dentorsqueleticn do g ochndo de clewe 1) bratads
com divialisacho don molires superioney Com Jones fig © Com ancofagmn cosquelétics dueta”. cujos
olbyetrvo ko avaliar ¢ compant pog meko de rahografiss s alieragde ouseas, demtarias ¢ de perfil apos a
distalizacho (movumento do dente pars tres ) dos molares supenone

Todos o procedimenios do etudo werdo nfordos de fonua detallada 50 nemor de forma
verbal ¢ por mese de mm TERMO DE ASSENTIMENTO ssunsdo por esie caso copcorde com a
particrpacio o evfudo A partcipechs pede evhado ¢ cospletaparmnie voluntins ¢ o ool pode pecuna
o & participar ou wir do eviudo o qualqoer mousente wem pealdies. pors wa vontsde sers prevalecids.

Serd realizads & docrimntacho convencoanal paly mial O Hatssenio ortodEico. s Cotnts
de foton exmrabocain, intrabuncsin. relaradiografia. dsogralis pancrimics @ modelos de geon

Para o wratamento com dintalizsgho, werlo gutalsdos do ms-ingplantes. Sus imtalacho ¢ mn
precedinnesto pedo. o ¢ wmples. ralisade com anestenla Wopica (poomsda). podendo perar o
s de desconforio po momenio da mstalagio. O beago de alavancs confeccionsdo com Bo
opoddntico ¢ wn SEpotive simples ¢ que nlbo pora momodo a0 pacitale. Apds ¢ procedunesto de
dustalisachks, seybo realizides [oton mdratucals. moddegem ¢ ieloradicgrafis para svalur os efciion da
[HE T LR B L Y

A fotos unlrades meste traballio, bem consy todo procedumesno o dado que posss shestificar o
inenor, wrho maniiden an upile. O procadiseente de mokiapin pode provocsr semacho de lnda, poran
o profivuscnal romars s devides providéncas pan recdinr gue AbConfono, Ces0 GECEING.

A opusdas radbografices o procodintos oo realiradion reapaitando todes se meedides B
SERERDCE (ORI B HEIS POt o tRCEvAaria Aoy Tl

buedistanente spos 8 ditalirscio, ov pacemtes werdo encanunbsdos pars ortedontis corretive
para slinbusmento + rvelsmento dos a1Cos ¢ fimaluracho do retamets.

Damante o conmialtin haverd onentacho sobire Cidndor conn 8 wiikde bocal. wobwe 8 Decevidade
de qualquey Bpo de alamenio cdontolivpoo que s g Decedno ¢ solve eventmals (ueIOBAIETIOL
Nbo werd oferecida renEmeracho, sixilio pars alimeotacho ou TEREpore B o bocal Bod dia de
wtendumento. F garsmtido indeniiacho em casos de danos decorventes dos procedisientos emgmegadon
el Pl

On prsquiaderns anvolrides wio o medrands Loremas Vilmovs Fremtas de Soom ¢ sm
onetitsdor Jost Femando Cavtanba Hemrqoss, coum o qushs podert manber comtado vis +-muail
lorenrvilmovaifusp be ou irkefomr (TV) $PEE E snepursds o eclarecimento de dindes dormsie
tosda pewpaiaa, b come werh gparanido ¢ ivre soeves o todes o inforusgies adicionais sobre o sshado

Pelo presmie  etrunentc que semde b ewipbnoias  Jepsis.  ofa) Sa. (e)
. porador da codula de udentulnde
. respomadvel  pelo  menor g
eihara pmmacioes das indormagtes comvamies maeste TERMO DE CONSENTIMENTO LIVRE E
ESCLARECIDO, devidaments explicads pelos profivionns ¢in sy oo detalles. coente dos

[ Rubnca do Respomancel pelo menor ] mawwn]

Al D Ot Pedees Degola, §-75 - Bawey- 55 - CEP TI0129000 -C P T3
emal verapaiodiiol uwp b - Fore Ootd) 33T - Fas jiloid ) XXT348T0
g Feram b wp De
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ANNEX C - Informed consent for children’s legal guardians (verso)

En . portadonal
do documento de Identidade fim mformmadola) dos obsetivos do
presente evmdo de manetra clam ¢ detalhada. Declaro que concordo em pamicipar desse
eshudo. Esta ¢laro que o munha vontade sera prevalecida,. Recebi mma copia desie tomo
de msentimcnto ¢ e for dada & opormndade de ler e esclirecer s minhrs dincidas

Asananas do menod ANGERETET 30 P i

0 Comsite de Lt om Proguins - CLP opesrsds ¢ cosde pels FOB-DSP, mn J500% (Perisris
GO TOB | prevpie e sem VT ds Ressdugle of 48012 do Conerlle Marmaal de Loabe b Sl ds
Sonnde (poblecids no DOFL de 100220015 ¢ mm { slrads sarrdnoplas ¢ edeprmdeste de rfbrvincs pablics de
ey copwslirre delisnmtn ¢ rdacmn e onaks pars drfender e sy ey pars ity di peuieis Fm o
e pslade ¢ dopuakacke ¢ gt s ool e drern oh e ke pregiine dnao & paltes i

(puakgers deemes ¢ o el b wlber i partopeg o B g poders wey peportsds 5 mie CEF

Haviarie # bl de [encienmenty,

C ot dr Flaca em

Faoallnie e (ol e Amin L8P Posdes di Pos dandusfhs (hlocs T promarsie vaperes | b wepumds &
wenia fewa we bowirw dos 10RME 40 17 bswan rmn s wiens

Alugeds De Oxtives Poleww Bosalls 8 75

W ila Unerversstions - Basew < 5F - CEF 17042901

Trbrfoae TAN(1 )01 B1 0

el popd b mip by

M O Ot Pedseey Brncls, 518 - Baeg-5F - CEP 112800 -CF 1
emad veragainliob wp bt - Forne (o ia ) 12358217 - Fas @t 37704078
i P it L b
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