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ABSTRACT

Three-dimensional evaluation of the maxillary dentoalveolar changes with
three different intraoral distalization systems: Jones Jig, Distal Jet and First

Class

Introduction: To compare the maxillary dentoalveolar changes of patients treated with
three distalization force systems: Jones Jig, Distal Jet and First Class, using digitized
models. Material and Methods: The sample comprised 51 patients with Class Il
malocclusion divided into three groups: Group 1 consisted of 17 patients treated with
the Jones Jig appliance; Group 2 consisted of 17 patients treated with the Distal Jet,
and Group 3 comprised 17 patients treated with the First Class. Initial and post-
distalization plaster models of all patients were digitized and evaluated in the
OrthoAnalyzer™ software. The initial and post-distalization measurements regarding
sagittal, rotational and transverse changes were compared by the One-way Analysis
of Variance (ANOVA) and Kruskal-Wallis tests, depending on normality. Results: All
appliances presented similar amounts of distalization and anchorage loss. The Distal
Jet appliance promoted significantly smaller mesial displacement of premolars and
greater expansion of posterior teeth. The First Class presented the smallest rotation of
the maxillary molars and treatment time. Conclusion: The distalizers were effective in
correcting a Class Il molar relationship, however, a palatal force seems to provide
fewer undesirable effects. Additionally, the degree of rotation and expansion is

associated with the side of force application.

Keywords: Imaging, Three-Dimensional; Rotation; Malocclusion, Angle Class II.
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RESUMO

Avaliacgao tridimensional das alterag6es dentoalveolares na maxila com trés
diferentes sistemas de distalizagao intrabucal: Jones Jig, Distal Jet e First

Class

Introdugao: Comparar as alteragdes dentoalveolares na maxila de pacientes tratados
com trés sistemas distalizacao: Jones Jig, Distal Jet e First Class, utilizando modelos
digitalizados. Material e Métodos: A amostra foi composta por 51 pacientes com ma
oclusédo de Classe Il divididos em trés grupos: o Grupo 1 consistiu de 17 pacientes
tratados com aparelho Jones Jig; Grupo 2 formado por 17 pacientes tratados com
Distal Jet; e o Grupo 3 compreendeu 17 pacientes tratados com First Class. Modelos
de gesso iniciais e pos-distalizacdo de todos os pacientes foram digitalizados e
avaliados no software OrthoAnalyzer™. As medidas iniciais e pos-distalizagao
referentes as alteragdes sagitais, rotacionais e transversais foram comparadas pelos
testes de Anadlise de varidncia (ANOVA) e Kruskal-Wallis, dependendo da
normalidade. Resultados: Todos os distalizadores apresentaram quantidades
semelhantes de distalizacdo e perda de ancoragem. O distalizador Distal Jet
promoveu um deslocamento mesial significativamente menor dos pré-molares e maior
expansao dos dentes posteriores. O distalizador First Class apresentou menor rotagao
dos molares maxilares e tempo de tratamento. Conclusao: Os distalizadores foram
eficazes na correcao da relagdo molar de Classe Il, no entanto, uma forga por palatina
parece causar menos efeitos indesejaveis. Além disso, o grau de rotagédo e expansao

esta associado ao lado da aplicagao da forga.

Palavras-chave: Imagem Tridimensional; Rotacdo; Ma oclusdo de Angle Classe II.
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1 INTRODUCTION

Class Il malocclusion as defined by Angle in 1899 is characterized by a
disharmonious mesiodistal relationship between the dental arches, with the lower teeth
occluding distally in relation to the upper teeth, producing marked changes mainly in
the incisor region. (BRODIE, 1931) Besides the dental characteristics, this
malocclusion has a skeletal component related to maxillary protrusion, mandibular

retrusion or association of both.

It has a considerable prevalence of approximately 24% for Class Il division | and
3.5% for Class Il division Il, among children aged 11-14 years. (BORZABADI-
FARAHANI et al., 2009)

This higher prevalence in the population stimulated researchers to acquire
information about its etiology. McNamara evaluated 277 individuals and postulated that
Class Il malocclusion is not a single clinical entity, but rather a result of the combination
of several components. Only a small percentage of the cases studied by Mcnamara
presented skeletal maxillary protrusion in relation to the base of the skull, the mean of
the cases had the maxilla in a neutral position. Therefore, mandibular retrusion is the
most common contributory factor for the development of this malocclusion.
(MCNAMARA, 1981)

Because of its multifactorial etiology, the treatment of Class |l malocclusion is
challenging, especially when the presence of skeletal retrusion of the mandible and/or
vertical growth overload is observed, thus the orthodontist must be aware of the various

ways of treatment to achieve the patient's expectations. (MCNAMARA, 1981)

Many treatment approaches and protocols are available to clinicians and
orthodontists to correct this anteroposterior discrepancy. They include a variety of
extraoral force systems, functional or mechanical orthopedic appliances, intraoral
distalizers, and mechanical distal systems with and without the extraction of teeth
through the aid of intermaxillary elastics. However, each of these treatment choices
differs in their effects on the skeletal and dentoalveolar structures. (KLOEHN, 1961;
RUNGE et al., 1999; DE ALMEIDA et al., 2002; RODRIGUES DE ALMEIDA et al.,
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2002; JANSON et al., 2004; ANTONARAKIS e KILIARIDIS, 2008; JANSON et al.,
2013)

Among the factors influencing these protocols, patient cooperation can be
considered a determinant point to reach the goals of the treatment. Thus, systems that
require minimal patient collaboration presents great value in orthodontic practice, since
the lack of collaboration causes an increase in treatment time and may lead to results
that are less than expected. Patient cooperation can be considered the exceptional

parameter to the success of orthodontic therapy. (KLAUS et al., 2017)

In this context, the intraoral distalizers present a system that requires minimum
patient cooperation, becoming an alternative for the correction of the Class Il molar
relationship since the beginning of the 70s. These devices include magnetos, nickel-
titanium springs and intraoral devices such as Pendulum, Jones Jig, Distal Jet, First
Class, among others. (JONES e WHITE, 1992; CARANO et al., 1996; FORTINI et al.,
1999; CHAQUES-ASENSI e KALRA, 2001)

These systems are exclusively indicated in cases where the Class I
malocclusion is predominantly dental and is expected to be corrected by distalization
of the molars with protrusion of the upper anterior teeth; and cases with small skeletal
discrepancies where it is possible to perform a dental compensation. In general, they
correct the molar relationship in a short period, are easy to install and inexpensive, but
do not have orthopedic effects. (ANTONARAKIS e KILIARIDIS, 2008; GREC et al.,
2013)

Most of these devices have similar characteristics as they are supported on the
upper arch and have an anchorage unit (usually premolars or deciduous molars) and
an active unit that varies according to the appliance, but performs mild and continuous

forces in the molars and consequently in the anchoring unit.

In 1992, Jones and White developed the Jones Jig appliance, which is a system
that includes an active unit commonly called “jig” associated with a nickel-titanium
spring and an anchoring unit corresponding to the Nance button. (JONES e WHITE,
1992) The jig is inserted into the first molar tube, in both rectangular and circular slots.
The spring is activated to generate the necessary force for distalization of the molars.
The system is efficient to promote molar distalization, but significant adverse effects

such as linear and angular movement of the anchorage unit to mesial were observed,
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as well as the increase in overjet and lower anterior facial height, which many times
are unfavorable for Class Il resolution. (PATEL et al., 2009; PATEL et al., 2014) The
reciprocal force of the spring sometimes causes a distolingual rotation of the molars,

which if significant can produce a posterior crossbite. (RUNGE et al., 1999)

Distolingual rotation of the molars and loss of anchorage led to the development
of new devices to minimize these side effects. Carano and Testa in 1996 developed
the Distal Jet appliance, which according to the authors, is able to distalize the molars
bodily with less inclination because its system of forces is closer to the molar center of
resistance. They also state that their anterior anchorage unit remains stable during
distalization, and at the end of it, the apparatus itself can be modified in a Nance button
as a retainer. (CARANO et al., 1996; BOWMAN, 2016)

The union of the buccal force applied by the Jones Jig with the palatal force of
the Distal Jet was idealized by Fortini in 1999, who developed the First Class
appliance. An intraoral distalization system with an anchoring unit characterized by a
modified Nance button, and a mechanism of forces in the buccal and palatal sides at
the same time, in order to minimize rotation of the molars and loss of anchorage.
(FORTINI et al., 1999; FORTINI et al., 2004)

The efficiency of these intraoral distalization appliances for Class Il correction is
well defined in the literature, however, while the distal movement of the molars occurs,
inclination effects and anchorage loss are observed. It can be argued that the distal
movement of the molars is always accompanied by a degree of inclination and
undesirable effects, usually in the premolars. (CHIU et al., 2005; GREC et al., 2013)

The distal angulation of the molars is related to the distance between the point
of force application and the center of resistance of the tooth. In the case of the molars,
where the center of resistance is close to the trifurcation of the roots, a force applied
closer to this center will cause a greater body movement. Therefore, it is possible to
soften the inclination movement by positioning the molar tube closer to the cervical
and/or applying forces from the buccal side. (KINZINGER et al., 2008; BOWMAN,
2016)

Several studies report the effectiveness of the aforementioned devices in
achieving molar distalization, with minimal patient cooperation. (FORTINI et al., 1999;
PAPADOPOULOQOS et al., 2010; PATEL et al., 2014; BOWMAN, 2016) In addition, other
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studies were performed with intraoral distalizers to compare the dentoskeletal effects
between them and to find the system that achieved distalization effectively with less
undesirable effects. (CHIU et al., 2005; PATEL et al., 2009; VILANOVA et al., 2017)

These studies were based on cephalometric comparisons to obtain their results,
however, the advent of three-dimensional imaging for occlusion evaluation stimulated
a growing interest of professionals in the dental area about its usefulness in the clinic
and research, and exhibited the same quality and accuracy of plaster models. (WAN
HASSAN et al., 2016)

The feasibility and accuracy of the digitized models, when compared to the
plaster models, are already well described. Studies such as Fleming's in 2010 and
Hassan's in 2016 state that the use of the digitized models is a diagnostic alternative
with clinical validity when compared with the plaster models. It is reasonable to
consider that measurements made by software in digital models are clinically
acceptable, and slight differences with respect to measurements in plaster models are
clinically insignificant. (WAN HASSAN et al., 2016)

Although the dentoskeletal effects of the intraoral distalizers are well defined by
the cephalometric analysis studies, there is still a deficiency in the evaluation of some
clinically relevant variables promoted by distalizers, especially regarding rotation of the
distalized molars and the transversal changes. (UZUNER et al., 2016) In this context,
this study aimed to compare the maxillary dentoalveolar sagittal, rotational and
transversal changes of patients treated with three distalization force systems: Jones

Jig, Distal Jet and First Class.
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Sagittal, rotational, and transverse changes with three intraoral distalization

force systems: Jones Jig, Distal Jet and First Class

Abstract

Introduction: To compare the maxillary dentoalveolar changes of patients treated with
three distalization force systems: Jones Jig, Distal Jet and First Class, using digitized
models. Material and Methods: The sample comprised 51 patients with Class Il
malocclusion divided into three groups: Group 1 consisted of 17 patients treated with
the Jones Jig appliance; Group 2 consisted of 17 patients treated with the Distal Jet,
and Group 3 comprised 17 patients treated with the First Class. Initial and post-
distalization plaster models of all patients were digitized and evaluated in the
OrthoAnalyzer™ software. The initial and post-distalization measurements regarding
sagittal, rotational and transverse changes were compared by the One-way Analysis
of Variance (ANOVA) and Kruskal-Wallis tests, depending on normality. Results: All
appliances presented similar amounts of distalization and anchorage loss. The Distal
Jet appliance promoted significantly smaller mesial displacement of premolars and
greater expansion of posterior teeth. The First Class presented the smallest rotation of
the maxillary molars and treatment time. Conclusion: The distalizers were effective in
correcting a Class Il molar relationship, however, a palatal force seems to provide
fewer undesirable effects. Additionally, the degree of rotation and expansion is

associated with the side of force application.

Introduction

Class Il malocclusion is characterized by an abnormal mesiodistal relationship
between the dental arches, with the mandibular teeth occluding distally in relation to
the maxillary teeth, producing marked changes. In addition to the dental characteristic,
this type of malocclusion may have a skeletal component related to maxillary
protrusion, mandibular retrusion or association of both.?

Many treatment protocols are available to correct this sagittal discrepancy.
They include extraoral traction,® functional orthopedic appliances,*® intraoral

distalizers,%'° and mechanics with and without teeth extraction associated with Class
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Il intermaxillary elastics.’ 12 However, each of these treatment choices differ in their
effect on the skeletal and dentoalveolar structures.

The intraoral distalizers requires minimum patient cooperation, becoming a
common alternative to correct the Class Il molar relationship. These devices include
magnetos,'® nickel-titanium (NiTi) springs,’ Pendulum,''® Jones Jig,'®'” First Class,?
Distal Jet,® among others.

It could be argued that the design of these appliances may be related to the
amount of distalization promoted and possible undesirable effects. Therefore, different
changes could be expected with the Jones Jig, that applies a buccal distalization force,
the Distal Jet that applies a force from the palatal side, and the First Class which
includes buccal and palatal forces.

Previous studies investigated the dentoskeletal effects of distalizers.
However, most of them were performed using cephalometric measurements®8.10.18.19,
Thus, there is still a deficiency in the evaluation of some clinically relevant variables
especially regarding rotation and transverse changes after the use of distalizing
appliances.?° Knowledge of these dentoalveolar effects and the extent of their possible
undesirable effects could influence decision-making during treatment planning.

Therefore, the purpose of this study was to compare the maxillary sagittal,
rotational and transverse changes of patients treated with three different distalization

force systems: Jones Jig, Distal Jet and First Class, using digitized models.

Material and Methods

This retrospective study was approved by the Ethics in Research Committee of
Bauru Dental School, University of Sa&o Paulo, Brazil (Protocol number
71639017.0.0000.5417; decision number: 2.600.663).

The sample size calculation was based on an alpha significance level of 5% and
a beta of 20%, to detect a mean difference of 2.04 mm, with a standard deviation of
1.41 mm in the sagittal displacement of the maxillary first molar, reported in a previous
study.?’

A minimum of 11 patients were required in each group based on the sample
size calculation. Thus, to increase the power of the study 17 patients were included in

each group.
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Sample characteristics

The sample comprised 51 patients (18 male, 33 female) divided into 3 groups,
treated at the Department of Orthodontics, Bauru Dental School, University of S&o
Paulo, Brazil. The inclusion criteria were based on the following characteristics: 1.
Presence of Class Il malocclusion; 2. No severe skeletal discrepancies; 3. A minimum
of a one-quarter cusp Class Il molar relationship; 4. No severe maxillary and
mandibular crowding; 5. No crossbite; 6. Absence of previous orthodontic treatment;
7. Patients with ages between 10 to 16 years.

Group 1 consisted of 17 patients (8 male, 9 female) with a mean initial age of
13.01 years (standard deviation [SD], 1.12 years), treated with the Jones Jig appliance
(Fig. 1A). In order to exert a continuous force (125g) to the molars, the appliance was
built with a nickel-titanium (NiTi) coil spring (American Orthodontics, Sheboygan,
Wisc), activated 5mm every 4 weeks to maintain its effective length. The anchorage
unit used was a Nance button attached to the second premolars.'®

Group 2 comprised 17 patients (4 male, 13 female) with a mean initial age of
12.38 years (SD, 1.39), treated with the Distal Jet appliance (Fig. 1B). The open-coils
springs of the appliance were selected to exert 2409 of force in patients with the second
molars erupted and 180g in those with absent of these teeth. The appliance was
reactivated once a month, and after distalization, the Nance button was converted to a
Nance holding arch.®

Group 3 consisted of 17 patients (6 male, 11 female) with a mean initial age of
13.14 years (SD, 1.41), treated with the First Class appliance (Fig. 1C). The appliance
performed forces from the buccal and palatal sides, with activation screws and NiTi
coil springs (10mm long) respectively. A modified Nance butterfly shaped button was
used as the anchorage unit, and the appliance was activated rotating the screws in a
counterclockwise direction once a day.82?

In all three groups, distalization was performed aiming overcorrection until a
super-Class | molar relationship was obtained.?® The mean distalization time was 0.90
years (SD, 0.35); 0.97 years (SD, 0.34); and 0.69 years (SD, 0.21), for the Jones Jig,

Distal Jet and First Class appliances respectively.
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Digitized Models Analysis

Plaster models before (TO) and after molar distalization (T1) from all patients
were submitted to 3D surface laser scanning by the 3Shape scanner model R700
(3Shape A/S, Copenhagen, Denmark). The scanner generated three-dimensional
images of all plaster models (n=102). Therefore, pre- and post-distalization scans were
analyzed with the OrthoAnalyzer™ software (3Shape Ltd, Copenhagen, Denmark),
following an adapted method previously described.?*

A frontal plane, perpendicular to the sagittal plane, and passing through the
most anterior point of the incisive papilla was constructed by the software on the
digitized models to determine the sagittal changes presented by the incisors, canines,
premolars and molars?* (Fig. 2A). Then, perpendicular lines from the centroid point2%26
of the teeth to the frontal plane were drawn. Positive values indicated a mesial teeth
displacement, while negative values indicated distal displacement.

To quantify the degree of molar rotation, two lines were constructed. One,
passing through the most anterior point of the incisive papilla, to the tip of the
distopalatal cusp of the maxillary first molar, and another line connecting the tips of the
mesiobuccal and distopalatal cusps of the same molar (Fig. 2A). The angle formed by
the intersection of these two lines was evaluated.?* An increase of the angle indicated
a distal rotation of the molar during treatment, and the decrease a mesial rotation.

To measure the amount of transversal changes, the sagittal plane was used.?*
Thus, the distance from this plane to the canines, premolars and molars centroids was
measured (Fig. 2B). Positive values represented a buccal displacement, and negative
values a palatal displacement.

All these measurements were performed on the digitized models before (TO)

and after distalization (T1), and the differences (T1-T0) between them were compared.

Error Study

After a month interval from the first measurements, 20 randomly selected
models were redigitized and remeasured by the same researcher (S.A.B.P). The
random errors were estimated according to Dahlberg’s formula?’, while the systematic

errors were calculated with dependent t tests, at P < 0.05.28
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Statistical Analysis

The presence of normal distribution was evaluated by Shapiro Wilk tests in the
three groups and in both treatment stages (TO and T1) for all teeth.

Comparability between the groups regarding sex, Class Il molar relationship
severity distributions and presence or absence of second molars (7s) were analyzed
with Chi-square tests. Pre- and posttreatment ages and treatment time intergroup
comparability were evaluated with One-way Analysis of Variance (ANOVA), followed
by Tukey tests.

Intergroup initial teeth location and treatment changes (T1-T0) were compared
with ANOVA, followed by Tukey tests for the teeth with normal distribution, and with
Kruskal Wallis tests for those without normal distribution.

All the analyses were performed using Statistica for Windows 7.0 (Copyright
Stat Soft, Inc. Tulsa, Okla, USA), with the level of significance set at P < 0.05.

Results

The random errors ranged from 0.10 mm to 0.42 mm (sagittal displacement of
teeth 24 and 22 respectively),?® and from 0.89° to 0.92° (rotation of teeth 16 and 26),
considered inside the acceptable limits for clinical implication3®3' (Table 1). No
systematic errors were found.

The groups were comparable regarding sex, Class Il malocclusion severity
distributions, presence or absence of second molars (7s), pre- and posttreatment ages
(Table Il). However, the First Class group presented a significantly smaller treatment
time when compared to the Distal Jet group.

Intergroup comparison before treatment showed the left first molar and second
premolar significantly more palatally located in the Distal Jet group when compared to
First Class group (Table IlI).

During treatment, the second premolars in the Distal jet group moved distally,
while in the Jones Jig and First Class groups a mesial displacement was observed,
therefore, demonstrating significant differences (Table V). The Jones Jig group
presented significantly greater mesial displacement of the first premolars when

compared with the Distal Jet group.
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There were significant differences during distalization regarding rotation of the
first molars between the groups (Table 1V). The Jones Jig and First Class groups
presented distal rotation, while the Distal Jet group showed a mesial rotation. A
significantly different behavior between the groups was also observed in the first
molars transversal displacement, with the Jones Jig group resulting in a palatal
displacement and the other two groups presenting a buccal displacement. Moreover,
the second premolars in the Distal Jet group showed a significantly greater buccal

displacement than the Jones Jig and First Class groups.

Discussion

Previous studies evaluated the dentoskeletal effects of distalizers by means of
cephalometric analysis after distalization”'® and after orthodontic treatment.3233
However, few studies?®3* evaluated the rotational and transversal dental changes
induced by these appliances, especially using distalizers with different sites of force
application. Therefore, this study compared three distalization systems, with different
characteristics, using digitized models to evaluate the dentoalveolar changes during

distalization.

Sample Characteristics

It could be considered that the retrospective design of this study may give rise
to selection bias and other biases.’® However, the presence of this inherent
methodological limitation should be overcome by the great intergroup comparability.
The groups were quite similar in terms of sex, Class Il malocclusion severity
distributions, presence and absence of second molars, pre- and posttreatment ages
(Table II).

The treatment time of the groups was inside the limits suggested by previous
studies.®3¢ Additionally, the shorter treatment time presented with the First Class
appliance was similar to previous reports.837

At the pretreatment stage, the majority of dental characteristics regarding teeth
location was also comparable between the groups (Table Ill). The first molar and

second premolar significantly more palatal located in the Distal Jet group might not
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have interfered in the results since this difference could be considered without clinical

significance and did not alter the performance of the distalizers.

Sagittal Changes

The major objective of using intraoral distalizing appliances is to correct the
molar relationship by distalizing the molars until a super-Class | is achieved. In this
study, all the appliances tested were capable to perform molar distalization efficiently
with amounts ranging from 2.93 to 3.78 mm (Table IV). These findings corroborate with
other studies that presented similar amounts of distalization.37-3°

Nevertheless, the effectiveness of these appliances is controversial since their
use is commonly associated with undesirable effects such as premolars mesial
displacement and incisors protrusion.®4° However, in the case of the second
premolars, the groups behaved differently, since the second premolars in the Distal Jet
group accompanied molar distal movement (Table IV). The anchorage unit of the Distal
Jet appliance is supported on the first premolars, therefore, allowing the second
premolars to drift distally under the pulling effect of the transseptal fibers.3440
Nonetheless, as expected, the first premolars from all groups presented a mesial
displacement. The Jones Jig group presented the greater values, similar from other
studies.’”41

The anterior teeth from all groups presented mild protrusion (Table 1V). This
anchorage loss can be reflected in a clinically significant increase in the overjet.3’
These findings are suggested in most studies with intraoral distalizing appliances
conventionally anchored.”-17:18:37.4042 |t could be possible that the anchorage unit of the
appliances was insufficient to counteract the reciprocal distalization force, and the use
of skeletal anchorage is the only possibility to reduce or even prevent anchorage

loss.941

Rotational and Transverse Changes

During distalization, the groups presented significant differences regarding
rotation of the molars (Table V). In the case of the Jones Jig, the force applied from
the buccal side promoted a distal rotation.4'#3 Thus, a force from the palatal side

promoted a mesial rotation, which was the case for the Distal Jet appliance.*°
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Furthermore, the First Class group showed distalization without significant rotational
effects since the force was applied from both sides. It is reasonable to state that the
molars rotation is directly affected by the side of force application, whether from buccal,
palatal or both sides.

A recent study compared the buccally acting Karad’s Integrated Distalizing
System (KIDS) with the palatally acting Frog appliance.?® The first, promoted a
maxillary molar distal rotation ranging from 5.5° to 6.3°, and the Frog appliance showed
a mesial rotation ranging from 4.4° to 5.9°. Our findings are consistent with those and
showed similar amounts of rotation with a force applied from the buccal (Jones Jig)
and palatal (Distal Jet) sides (Table 1V). Additionally, another study3* obtained greater
values of mesial rotation, ranging from 7.88° to 8.35° with a skeletonized Distal Jet
appliance, suggesting that skeletal anchorage did not improve the control of the molars
rotation in this case. Probably rotation is not affected by the type anchorage used.

The distal rotation promoted by the Jones Jig appliance may be a beneficial
factor in correcting the Class Il molar relationship (Table IV). However, it should be
considered that this effect is not always desired. Therefore, using forces from the
buccal and palatal sides might neutralize these rotational effects.

Regarding the transversal aspect, the significant changes during distalization
were concentrated on the molars and second premolars (Table IV). The Jones Jig
group showed a significant palatal displacement of the molars. Probably, the moment
of force produced by the coil spring caused the distal rotation and this could reflect in
a tendency of posterior crossbite in some teeth.#' Nevertheless, these transversal
changes on the molars did not exceed 1 mm, then it may have minimum clinical
significance. On the other hand, the Distal Jet and First Class groups presented buccal
displacement of the molars, representing mild expansion, as previously
demonstrated.34:37:40

The Distal Jet group showed significantly greater buccal displacement of the
second premolars when compared to the other groups (Table IV). This was already
expected, since the anchorage unit is supported by these teeth in the Jones Jig and
First Class appliances, resulting in no transverse changes. Differently, the second
premolars in the Distal Jet groups were able to accompany molar distalization and
expansion.3440

This study quantified the dentoalveolar changes exclusively during distalization

with different designed appliances and may complement the cephalometric studies
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previously performed. However, further research is also required to better understand

the treatment effects after the end of the orthodontic treatment.

Clinical Relevance

Orthodontists should understand the dentoalveolar effects promoted by
distalizers and their undesirable effects, to comprehend the benefits of associating or
not these appliances with skeletal anchorage. Therefore, knowing the effects of several
distalizing appliances would facilitate decision making considering the patient's
features. Selection of the appliance design must consider cost-effectiveness, fewer

undesirable effects, and the patients’ assumptions.

Conclusions

- Correction of the Class Il molar relationship was effectively obtained with the
appliances tested. Similar amounts of distalization were promoted with some
degree of undesirable effects.

- The Distal Jet appliance promoted smaller mesial displacement of premolars
and greater expansion of posterior teeth.

- The First Class presented the smallest rotation of maxillary molars and
treatment time.

- The degree of molar rotation and expansion was associated to the side of force

application.
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Figure Legends

Fig. 1 — Pre- and post-distalization intraoral photographs: A) Jones Jig appliance; B)

Distal Jet appliance; C) First Class appliance.

Fig. 2 — Measurements performed on the digitized models. Centroid points (black) and
reference planes (green). A) Sagittal (blue) and rotational (red) measurements. B)

Transverse measurements (yellow).
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Table I. Random and systematic errors (Dahlberg and t tests).

Measured Measurement 1 Measurement 2
Tooth* Mean | S.D. Mean | S.D. Dahlberg P
Sagittal
16 26.96 1.88 27.02 1.85 0.31 0.513
26 27.07 1.86 27.18 1.87 0.26 0.184
15 18.49 4.48 18.57 1.77 0.23 0.240
25 18.49 4.49 18.50 1.76 0.25 0.859
14 11.71 1.55 11.78 1.55 0.17 0.221
24 11.74 1.50 11.76 1.46 0.10 0.552
13 4.01 1.46 412 1.34 0.23 0.124
23 4.18 1.90 4.35 1.29 0.31 0.090
12 1.05 0.58 0.93 0.58 0.21 0.060
22 1.10 0.93 1.21 0.96 0.42 0.423
11 3.57 1.07 3.56 1.03 0.28 0.928
21 3.52 1.20 3.65 1.1 0.28 0.148
Rotational
16 64.13 6.12 64.54 6.39 0.89 0.144
26 63.99 5.56 64.18 6.06 0.92 0.518
Transverse
16 23.65 1.30 23.72 1.33 0.19 0.308
26 22.90 1.20 22.92 1.19 0.12 0.561
15 20.83 4.78 20.75 1.15 0.20 0.207
25 20.07 4.59 20.06 1.00 0.15 0.783
14 18.31 1.12 18.22 1.08 0.19 0.119
24 17.63 0.90 17.55 0.88 0.25 0.289
13 16.35 3.84 16.19 1.03 0.30 0.094
23 15.98 4.98 15.85 0.84 0.41 0.353

¥Teeth were numbered according to the Federation Dentaire Internationale (FDI)
World Federation notation.?®
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Table II. Intergroup comparison of sex, Class Il malocclusion severity distributions,
presence or absence of second molars (7s), pre- and posttreatment ages, and

treatment times.

Group 1 - Group 2 - | Group 3 - First
Variable Jones Jig n | Distal Jetn | Class n=17 P
=17 (%) =17 (%) (%)
Sex
Male 8 (47) 4 (24) 6 (35) 0.351€
Female 9 (53) 13 (76) 11(65)
Class Il malocclusion severity
4 Cusp Class Il 7 (41) 7 (41) 8 (47)
2 Cusp Class Il 4 (23) 7 (41) 4 (23) 0.843€
% Cusp Class 3(18) 1(6) 3 (18) '
Full-Cusp Class Il 3 (18) 2(12) 2(12)
Second Molars (7s)
Presence 15 (88) 14 (82) 13(77) 0.667€
Absence 2(12) 3 (18) 4(23)
Mean | S.D. |Mean| S.D. |Mean| S.D.
Pretreatment age 12.99 | 1.12 {12.38| 1.39 [13.14| 1.41 |0.2177
Posttreatment age 13.89 | 1.27 {13.35| 1.38 [13.83| 1.41 | 0.4577
Treatment time 0.9048 | 0.35 |0.97A| 0.34 |0.698| 0.21 |0.027'*

Capital letters indicate statistically significant differences (P < 0.05).

€Chi-Square tests.

TOne-way Analysis of Variance tests.
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Table Ill. Pretreatment intergroup comparison (One-way Analysis of Variance and
Kruskal-Wallis tests).

Measured Jones Jig Distal Jet First Class
Tooth* Mean | S.D. Mean | S.D. Mean | S.D. P
Sagittal
16 27.00 2.61 27.31 2.1 27.54 1.91 0.78071
26 27.49 1.98 27.43 1.94 28.00 2.04 | 0.6561
15 18.36 2.33 18.97 1.65 18.90 1.92 | 0.628TT
25 18.82 1.77 19.12 1.53 19.34 214 | 0.7171
14 11.74 1.97 12.23 1.42 11.89 1.68 | 0.698f
24 11.99 1.48 12.29 1.28 12.32 1.82 | 0.793f
13 3.96 1.64 4.24 1.34 4.27 1.82 | 0.843"
23 4.38 1.22 4.51 1.49 4.82 1.71 0.6967
12 1.23 1.11 0.81 0.53 1.20 1.16 | 0.660TT
22 0.90 0.74 0.76 0.57 1.15 0.93 | 0.424tt
11 3.50 1.22 3.26 1.11 3.54 0.95 | o0.717¢t
21 3.75 1.00 3.03 1.09 3.42 0.87 | 0.119f
Rotational
16 61.69 5.93 60.70 4.17 63.75 5.83 | 0.191ft
26 61.94 6.54 62.65 3.54 64.38 3.58 | 0.3177
Transverse
16 23.10 1.62 22.66 1.57 23.64 1.28 | 0.173°
26 22.71A8 1.41 21.94A 1.17 23.208 1.15 | 0.0171t*
15 20.46 1.50 19.90 1.26 20.78 1.24 | 0.1697
25 20.0648 1.52 19.38A 0.90 20.248 0.96 | 0.0217t*
14 17.80 1.54 17.46 1.20 18.32 1.29 | 0.1871
24 17.63 1.51 17.15 1.00 17.91 0.99 | 0.078ft
13 16.58 1.20 16.11 1.20 16.21 1.25 | 0.542f
23 16.12 0.93 15.75 0.96 15.99 0.97 | 0.556t

¥Teeth were numbered according to the Federation Dentaire Internationale (FDI)
World Federation notation.?®

Capital letters indicate statistically significant differences (P < 0.05).

TOne-way Analysis of Variance tests.

TTKruskal-Wallis tests.
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Table IV. Intergroup treatment changes comparison (One-way Analysis of Variance
and Kruskal-Wallis tests).

Measured Jones Jig Distal Jet First Class
Tooth* Mean | S.D. Mean | S.D. Mean | S.D. P
Sagittal
16 -3.52 1.96 -3.42 1.50 -3.04 1.40 0.668"
26 -3.78 1.50 -3.10 1.21 -2.93 1.03 0.222ft
15 2.58A 1.37 -1.478 1.34 1.497 0.99 0.000t*
25 2.57A 1.19 -1.488B 1.15 1.73A 0.87 0.0007*
14 2.43A 1.10 1.338 1.23 1.68AB 1.20 0.027t*
24 2.45A 1.05 1.408 1.28 2.01AB 0.90 0.025™
13 1.62 0.79 1.15 1.34 1.52 1.48 0.5707
23 1.98 0.94 1.37 1.27 1.92 1.02 0.2451
12 0.68 0.85 0.67 1.03 0.67 1.48 0.80111
22 0.91 0.97 1.13 1.37 0.78 1.09 0.6901T
11 0.28 0.67 0.28 0.96 0.32 0.79 0.98471
21 0.56 0.69 0.21 0.80 0.30 0.48 0.2971
Rotational
16 6.47A 4.76 -3.368 4.11 1.76° 2.86 | 0.000ft*
26 5.65A 5.56 -4.258 5.04 0.05¢ 3.44 0.000t*
Transverse
16 -0.47A 0.74 1.908 0.74 0.918 0.80 0.0007*
26 -0.82A 1.14 1.658 1.02 0.998 0.99 | 0.0007t*
15 0.09A 0.50 0.938 0.48 0.08A 0.72 0.000™*
25 0.04A 0.52 0.628 0.72 0.06A 0.85 0.0361*
14 -0.19 0.86 0.22 0.57 -0.26 0.71 0.111%
24 -0.01 0.67 -0.14 0.63 -0.04 0.50 0.8127
13 0.14 0.51 0.13 0.58 -0.17 0.94 0.3607
23 -0.05 0.68 0.19 0.46 0.26 0.58 0.2797

¥Teeth were numbered according to the Federation Dentaire Internationale (FDI)
World Federation notation.?®

Capital letters indicate statistically significant differences (P < 0.05).

TOne-way Analysis of Variance tests.

TtKruskal-Wallis tests.
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3 DISCUSSION

Most of the studies evaluating molar distalization were performed using
cephalometric analysis. (FORTINI et al., 2004; CHIU et al., 2005; PATEL et al., 2009;
PAPADOPOULOS et al., 2010; GREC et al., 2013; VILANOVA et al., 2017) However,
this approach is incapable of evaluating some clinically relevant variables that may
influence decision making in orthodontic treatment. Variables regarding rotation of
teeth and transversal treatment changes may be better understood by means of
models analyses. (NALCACI et al., 2015)

Thus, this study compared with digitized models the dentoalveolar treatment
changes during distalization promoted by three different distalization systems. To the
author's knowledge, this is the first study to directly compare three different distalization
force systems, with an applied force from the buccal, palatal or both sides using

digitized models.

This clinical retrospective study evaluated a sample of 51 patients treated in the
Department of Orthodontics of Bauru Dental School. It could be argued that the
retrospective characteristic of the study may give rise to the inclusion of bias in the
results. (DALZIEL et al., 2005) Nonetheless, the study design limitation was
overcomed by the great intergroup comparability presented in the sample.

The groups were comparable regarding sex, Class Il malocclusion severity
distributions, presence and absence of second molars, pre- and postreatment ages
(Table Il). Although, the groups presented significant differences in treatment time, with
the First Class appliance presenting a significantly shorter treatment time. Similar
findings have been previously reported. (FORTINI et al., 2004; PAPADOPOULOQOS et
al., 2010)

At pretreatment, most of the dental characteristics were similar between the
groups (Table Ill). The significant differences regarding the transversal position of the
left first molar and second premolar may not affect the results of this study since this
difference do not alter the performance of the distalizers.

All the appliances evaluated were able to perform molar distalization with

average amounts of 3.62mm, 3.26mm, and 2.98mm for the Jones Jig (JJ), Distal Jet
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(DJ) and First Class (FC) appliances, respectively (Table 1V). These values are similar
to other studies that evaluated distalization with lateral radiograhs. (CHIU et al., 2005;
PATEL et al., 2009; PAPADOPOULOQOS et al., 2010) Moreover, is comomm knowledge
that this distalizers promote undesirable effects, generally characterized by the
premolars mesial displacement and loss of anchorage. (ANTONARAKIS e
KILIARIDIS, 2008; GREC et al., 2013)

In this study, the second premolars behaved differently between the groups
(Tabe 1V). In the Distal Jet group, the second molars accompained distalization
movement of the molars. Since the anchorage unit in the DJ is supported by the first
premolars, the second premolars are able to drift distally, which is not observed in the
JJ and FC appliances, as they use the second premolars to support the anchorage
unit. (CARANO et al., 1996; BOWMAN, 2016)

The reciprocal distalization force promoted in the anchorage unit also affects
the anterior teeth. All groups presented mild protrusion of the incisors and canines
(Table 1V). These findings corroborate with other previous studies. (FORTINI et al.,
2004; KINZINGER et al., 2008; PATEL et al., 2009; PAPADOPOULOS et al., 2010;
BOWMAN, 2016) It can be argued that any conventionally anchored distalizer is not

absent of undesirable effects.

During distalization, significant differences were encontered regarding the
molars rotation and transversal changes (Table IV). The Jones Jig appliance promoted
a distal rotation of the molars. Therefore, considering that the majority of the Class I
patients present the maxillary molars mesially rotated, this effect was positive. (JONES
e WHITE, 1992) However, in some cases the amount of force applied also delivered
some undesirable contriction of the intermolar width. (JONES e WHITE, 1992; RUNGE
et al., 1999)

In this context, the Distal Jet appliance applies the force from the palatal side
promoving molars distal rotation, increasing intermolar width, as previously reported.
(CARANO et al., 1996; CHIU et al., 2005; BOWMAN, 2016)

Although the First Class group presented some degree of molar rotation and
expansion, it was considered significantly smaller to present clinical implications.
(PAPADOPQULOS et al., 2010) It is resonable to afirm that the amount of maxillary
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first molar expansion and rotation could be modulated by individualizing the appliance
construction. (BOWMAN, 2016)

This recent findings associated with the cephalometric studies can improve the
knowledge regarding the use of conventionally anchored intraoral distalizing
appliances and suggest that new studies evaluating distalizers with skeletal anchorage
should be performed. The skeletal anchorage devices may play an important role in
the side effects reduction regarding the mesial displacement of premolars and loss of
anchorage. (GREC et al., 2013)

Orthodontists should understand the dentoalveolar effects promoted by
distalizers and their undesirable effects, to comprehend the benefits of associating or
not these appliances with skeletal anchorage. Therefore, knowing the effects of several
distalizing appliances would facilitate the decision for the ideal treatment alternative

considering the patient's features.







4 CONCLUSION
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4 CONCLUSIONS

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

- Correction of the Class Il molar relationship was effectively obtained with
the appliances tested. Similar amounts of distalization were promoted with

some degree of undesirable effects.

- The Distal Jet appliance promoted smaller mesial displacement of

premolars and greater expansion of posterior teeth.

- The First Class presented the smallest rotation of maxillary molars and had

the smallest treatment time.

- The degree of molar rotation and expansion was associated to the side of

force application.







REFERENCES







References 57

REFERENCES

Antonarakis GS, Kiliaridis S. Maxillary molar distalization with noncompliance
intramaxillary appliances in Class Il malocclusion. A systematic review. Angle Orthod.
2008;78(6):1133-40.

Borzabadi-Farahani A, Borzabadi-Farahani A, Eslamipour F. Malocclusion and
occlusal traits in an urban Iranian population. An epidemiological study of 11- to 14-
year-old children. Eur J Orthod. 2009;31(5):477-84.

Bowman S. Upper-Molar Distalization and the Distal Jet. Journal of clinical
orthodontics: JCO. 2016;50(3):159.

Brodie AG. The Angle Concept of Class II, Division | Malocclusion. The Angle
Orthodontist. 1931;1(4):117-38.

Carano A, Testa M, Siciliani G. The Distal Jet for uprighting lower molars. J Clin Orthod.
1996;30(12):707-10.

Chaques-Asensi J, Kalra V. Effects of the pendulum appliance on the dentofacial
complex. J Clin Orthod. 2001;35(4):254-7.

Chiu PP, McNamara JA, Jr., Franchi L. A comparison of two intraoral molar
distalization appliances: distal jet versus pendulum. Am J Orthod Dentofacial Orthop.
2005;128(3):353-65.

Dalziel K, Round A, Stein K, Garside R, Castelnuovo E, Payne L. Do the findings of
case series studies vary significantly according to methodological characteristics?
2005.

de Almeida MR, Henriques JFC, Ursi W. Comparative study of the Frankel (FR-2) and
bionator appliances in the treatment of Class Il malocclusion. American Journal of
Orthodontics and Dentofacial Orthopedics. 2002;121(5):458-66.

Fortini A, Lupoli M, Giuntoli F, Franchi L. Dentoskeletal effects induced by rapid molar
distalization with the first class appliance. Am J Orthod Dentofacial Orthop.
2004;125(6):697-704; discussion -5.




58 References

Fortini A, Lupoli M, Parri M. The First Class Appliance for rapid molar distalization.
Journal of clinical orthodontics: JCO. 1999;33(6):322-8.

Grec RH, Janson G, Branco NC, Moura-Grec PG, Patel MP, Castanha Henriques JF.
Intraoral distalizer effects with conventional and skeletal anchorage: a meta-analysis.
Am J Orthod Dentofacial Orthop. 2013;143(5):602-15.

Janson G, Brambilla Ada C, Henriques JF, de Freitas MR, Neves LS. Class Il treatment
success rate in 2- and 4-premolar extraction protocols. Am J Orthod Dentofacial
Orthop. 2004;125(4):472-9.

Janson G, Sathler R, Fernandes TM, Branco NC, Freitas MR. Correction of Class Il
malocclusion with Class Il elastics: a systematic review. Am J Orthod Dentofacial
Orthop. 2013;143(3):383-92.

Jones RD, White JM. Rapid Class Il molar correction with an open-coil jig. J Clin
Orthod. 1992;26(10):661-4.

Kinzinger GS, Eren M, Diedrich PR. Treatment effects of intraoral appliances with
conventional anchorage designs for non-compliance maxillary molar distalization: a
literature review. Eur J Orthod. 2008;30(6):558-71.

Klaus K, Stark P, Serbesis TS, Pancherz H, Ruf S. Excellent versus unacceptable
orthodontic results: influencing factors. Eur J Orthod. 2017.

Kloehn SJ. Evaluation Of Cervical Anchorage Force In Treatment. The Angle
Orthodontist. 1961;31(2):91-104.

McNamara JA, Jr. Components of class Il malocclusion in children 8-10 years of age.
Angle Orthod. 1981;51(3):177-202.

Nalcaci R, Kocoglu-Altan AB, Bicakci AA, Ozturk F, Babacan H. A reliable method for
evaluating upper molar distalization: Superimposition of three-dimensional digital
models. Korean J Orthod. 2015;45(2):82-8.

Papadopoulos MA, Melkos AB, Athanasiou AE. Noncompliance maxillary molar
distalization with the first class appliance: a randomized controlled trial. American
Journal of Orthodontics and Dentofacial Orthopedics. 2010;137(5):586. e1-. e13.




References 59

Patel MP, Henriques JFC, Freitas KMSd, Grec RHdAC. Cephalometric effects of the
Jones Jig appliance followed by fixed appliances in Class Il malocclusion treatment.
Dental press journal of orthodontics. 2014;19(3):44-51.

Patel MP, Janson G, Henriques JF, de Aimeida RR, de Freitas MR, Pinzan A, et al.
Comparative distalization effects of Jones jig and pendulum appliances. Am J Orthod
Dentofacial Orthop. 2009;135(3):336-42.

Rodrigues de Almeida M, Castanha Henriques JF, Rodrigues de Almeida R, Ursi W.
Treatment effects produced by Frankel appliance in patients with class Il, division 1
malocclusion. Angle Orthod. 2002;72(5):418-25.

Runge ME, Martin JT, Bukai F. Analysis of rapid maxillary molar distal movement
without patient cooperation. Am J Orthod Dentofacial Orthop. 1999;115(2):153-7.

Uzuner FD, Kaygisiz E, Unver F, Tortop T. Comparison of transverse dental changes
induced by the palatally applied Frog appliance and buccally applied Karad's integrated
distalizing system. Korean J Orthod. 2016;46(2):96-103.

Vilanova L, Henriques JFC, Janson G, Patel MP, Reis RS, Aliaga-Del Castillo A. Class
Il malocclusion treatment effects with Jones Jig and Distal Jet followed by fixed
appliances. The Angle Orthodontist. 2017;88(1):10-9.

Wan Hassan WN, Othman SA, Chan CS, Ahmad R, Ali SN, Abd Rohim A. Assessing
agreement in measurements of orthodontic study models: Digital caliper on plaster
models vs 3-dimensional software on models scanned by structured-light scanner. Am
J Orthod Dentofacial Orthop. 2016;150(5):886-95.







APPENDIX







Appendix 63

APPENDIX A - DECLARATION OF EXCLUSIVE USE OF THE ARTICLE IN
DISSERTATION/THESIS

We hereby declare that we are aware of the article “Three-dimensional evaluation of
the maxillary dentoalveolar changes with three different intraoral distalization systems:
Jones Jig, Distal Jet and First Class” will be included in Dissertation of the student
Silvio Augusto Bellini Pereira and may not be used in other works of Graduate
Programs at the Bauru School of Dentistry, University of S&do Paulo.

Silvio Augusto Bellini Pereira
Author

José Fernando Castanha Henriques

Bauru, December 2nd, 2018.

Author

77

7 Sighature

2 \/

/ Sighature







ANNEXES







Annexs 67

ANNEX A. Ethics Committee approval, protocol number 71639017.0.0000.5417
(front).

USP - FACULDADE DE
ODONTOLOGIA DE BAURU DA W“‘
USP

PARECER CONSUBSTANCIADO DO CEP

DADOS DA EMENDA
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dos modelos entre diferentes

distalizadores intraorais. Objetivos: Avaliar e comparar, através da analise tridimensional (3D), as altera¢des
dentoalveolares na maxila de jovens

com ma oclusdo de Classe Il tratados com trés sistemas de distalizagido: Jones Jig, Distal Jet e First Class.
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quantificacdo do deslocamento anteroposterior e transversal dos dentes e avaliada a rotagdo dos molares
pelo software OrthoAnalyserTM 3D,
seguida da comparacao estatistica entre os resultados obtidos.

Objetivo da Pesquisa:

Emenda - Avaliar e comparar, através da analise tridimensional (3D), as alteragdes dentoalveolares na
maxila de jovens

com ma oclusao de Classe |l tratados com trés sistemas de distalizag&o: Jones Jig, Distal Jet e First Class.

Avaliacdo dos Riscos e Beneficios:

Riscos: Riscos da perda de

documentacdo e quebra de modelos de gesso também serdo evitados pelo manuseio cuidadoso e
sistematico por parte do pesquisador

Beneficios: Esta pesquisa trara como beneficio principal apontar o distalizador intrabucal dentre os trés
testados, que soluciona a relagdo molar de Classe Il de

maneira mais eficiente (maior distalizagdo em menor tempo) e com menos efeitos colaterais nos outros
dentes. Facilitando a escolha de qual

distalizador usar em ambito clinico.
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Retirar dos riscos, os que s&o relacionados ao pesquisador e deixar somente os relacionados aos dados de
prontuario e modelo dos pacientes.

Considerac¢ées Finais a critério do CEP:

A emenda apresentada pelo(a) pesquisador(a) foi considerada APROVADA na reunido ordinaria do CEP de
11/04/2018, com base nas normas éticas da Resolugdo CNS 466/12. No entanto sugere-se a adequacgao
dos riscos, conforme mencionado no item Concluses ou Pendéncias e Lista de Inadequacgdes. Ao término
da pesquisa o CEP-FOB/USP exige a apresentagéo de relatério final. Os relatérios parciais deverao estar de
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das alteragGes dentoalveolares na maxila com trés diferentes sistemas de distalizacdo
intrabucal: Jones Jig, Distal Jet e First Class”, de autoria de Silvio Augusto Bellini Pereira sob a
orientagdo do Prof. Dr. José Fernando Castanha Henriques.
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