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ABSTRACT

Comparison of smile attractiveness, dental inclination, and dental arch widths
in patients treated with Damon system self-ligating appliance, using two
different bonding: conventional and “Smile Arc”

Objective: The purpose of this retrospective study was to evaluate whether there is a
difference in the smile attractiveness, dental inclinations and dental arches dimensions
in patients treated by the Damon® System, using two different orthodontic bonding:
conventional and “Smile Arc Protection”. Material and methods: The sample
consisted of 40 patients (19 women, 21 men) with completed orthodontic treatment
who already have all the initial and final documentation, including cone beam
computed tomography (CBCT). The sample was divided into two groups: group 1 - 20
patients, 7 women and 13 men, with initial age mean of 23,75 + 4,03 and final age
mean 26,87 + 4,09, treated with Damon system using conventional bonding; group 2 -
20 patients, 12 women and 8 men, with initial age mean of 28,11 + 9,66 and final age
mean 30,62 + 10,46, treated with Damon system using “Smile Arc” bonding. Eighty
CBCT images, 40 pretreatment and 40 posttreatments were evaluated. Initials and
finals dental inclinations, and dental arches dimensions were evaluated, and compared
between these two groups. Eighty frontal photographs of the posed smile, 40
pretreatment (T1) and 40 posttreatment (T2) photographs were evaluated to compare
the smile attractiveness between the two groups, and compared between these two
groups. A website with the smile attractiveness evaluation instructions was created for
the raters. Through e-mail, each possible evaluator received a link to the evaluations
form. The smiles were automatically randomized, each time the user accessed the
webpage. The groups of evaluators consisted of 3 groups: group 1 - 59 orthodontists,
group 2 - 62 dentists and group 3- 57 lay people with a mean age of 39.83 (+10.48),
48.73 (+14.07) and 42.68 (+14.03) respectively. Results: The intergroup comparison
of the dental inclination at the initial stage (T1), the conventional group was presenting
statistically significantly greater dental inclination than the smiler arc group, and the
smile arc group showed a smaller arch width than the conventional group. In the final
stage (T2), after the end of orthodontic treatment and after removal of the orthodontic
appliance, the dental buccal inclinations of the both groups increased in relation to the
initial stage, with the exception of the mandibular molars in the smile arc group, and
the intergroup comparison the conventional group presented statistical significantly

greater increase of dental buccal inclinations than the smile arc group and the smile







arc group showed statistically significantly smaller arch dimensions than the
conventional group. In the intergroup comparison of the changes that occurred during
treatment (T2-T1), the smile arc group presented higher buccal dental inclinations
statistical significantly than the conventional group in 3 of 24 evaluated dental
inclinations. On the other hand, the smile arc group presented smaller buccal dental
inclinations statistical significantly than the conventional group in 6 of the 24 dental
inclinations. And in relationship of the arch dimensions the conventional group
presented a greater increase in all the measures analyzed than smile arc group, and
in 5 of the 8 analyzed arch widths there were statistically significant differences.

In the intragroup comparison of smile dimensions, in relation to the initial (T1) and final
(T2) stages, dependent t test showed that the smile arc group, there was an increase
in the Smile Width (SW), Maxillary Intercanine Width (MICW), and Buccal Corridor
(BC), and in the Interlabial Distance (ILD) there was a decrease, but all these changes
were not statistically significant. However, there was a statistically significant increase
in the Smile Index (SI). Regarding the treatment changes (T2-T1) between the groups,
none of the 5 analyzed variables presented statistically significant differences. The
results of comparability of the groups of evaluators, one-way ANOVA and Tukey test
showed statistically significant difference between the age of groups, the Dentists
group presented an older age. Regarding gender, the chi-square test also showed the
presence of a statistically significant difference between the groups. Conclusion: The
conventional bonding group showed, in general, a greater dental buccal inclination and
a larger transversal increase in the arch’s dimensions. The 5 attractiveness variables
analyzed showed no differences between groups. The perception of smile

attractiveness, considered the highest rating for the Smile Arc bonding group.

Key words: Damon System, Self-ligating Appliance, Dental inclination, Dental Arch

Widths, Attractiveness, Cone Beam Computed Tomography.







RESUMO

Comparacgéo da atratividade do sorriso, inclinagdes dentarias e dimensdes dos
arcos dentarios em pacientes tratados com aparelho autoligavel, no sistema
Damon, com colagem convencional e “Smile Arc”

Objetivo: O objetivo deste estudo retrospectivo foi avaliar se existe diferenca na
atratividade do sorriso, inclinacdes dentarias e dimensfes das arcadas dentarias em
pacientes tratados pelo Sistema Damon®, utilizando duas colagens ortoddnticas
distintas: convencional e “Smile Arc Protection”. Material e métodos: A amostra foi
composta por 40 pacientes (19 mulheres, 21 homens) com tratamento ortodontico
concluido que ja possuem toda a documentacdo inicial e final, incluindo tomografia
computadorizada de feixe conico (TCFC). A amostra foi dividida em dois grupos: grupo
1 - 20 pacientes, 7 mulheres e 13 homens, com média de idade inicial de 23,75 + 4,03
e media de idade final de 26,87 + 4,09, tratados com sistema Damon com colagem
convencional; grupo 2 - 20 pacientes, 12 mulheres e 8 homens, com média de idade
inicial de 28,11 + 9,66 e média de idade final de 30,62 + 10,46, tratados com sistema
Damon com colagem “Smile Arc”. Oitenta imagens de TCFC, 40 pré-tratamento e 40
pés-tratamento foram avaliadas. As inclinagbes dentarias iniciais (T1) e finais (T2) e
as dimensfes das arcadas dentarias foram avaliadas e comparadas entre os dois
grupos. Oitenta fotografias frontais do sorriso posado, 40 fotografias de pré-tratamento
(T1) e 40 de pés-tratamento (T2) foram avaliadas para comparar a atratividade do
sorriso entre os dois grupos e comparadas entre esses dois grupos. Foi criado um site
com instrugbes de avaliagdo da atratividade do sorriso para os avaliadores. Os
sorrisos eram randomizados automaticamente, cada vez que o UsSuario acessava a
pagina. Os grupos de avaliadores foram compostos por 3 grupos: grupo 1 - 59
ortodontistas, grupo 2 - 62 dentistas e grupo 3- 57 leigos com média de idade de 39,83
(+10,48), 48,73 (+14,07) e 42,68 (+14,03) respectivamente. Resultados: Na
comparacdo intergrupos da inclinacdo dentaria na fase inicial (T1), o grupo
convencional apresentou inclinacdo dentaria estatisticamente significativamente
maior do que o grupo “Smile Arc”, e o grupo “Smile Arc” apresentou uma largura de
arco menor que o grupo convencional. No estagio final (T2), apés o término do
tratamento ortodontico e apds a retirada do aparelho ortoddntico, as inclinacdes
bucais dentais de ambos 0s grupos aumentaram em relacdo ao estégio inicial, com
excecao dos molares inferiores do grupo “Smile Arc”, e na comparacao intergrupos, o

grupo convencional apresentou aumento estatisticamente significativamente maior







das inclinacdes dentais vestibulares do que o grupo “Smile Arc” e este, apresentou
dimensdes de arco estatisticamente significativamente menores do que 0 grupo
convencional. Na comparagao intergrupos das mudangas ocorridas durante o
tratamento (T2-T1), o grupo “Smile Arc” apresentou estatisticamente
significativamente maiores inclinagcbes dentarias vestibulares, do que o grupo
convencional em 3 das 24 inclinacdes dentarias avaliadas. Por outro lado, o grupo
“Smile Arc” apresentou inclinacdes dentérias vestibulares estatisticamente
significantemente menores do que o grupo convencional em 6 das 24 inclinagdes
dentarias. E em relacédo as dimensdes do arco, o grupo convencional apresentou um
aumento maior em todas as medidas analisadas do que o grupo “Smile Arc”, sendo
que em 5 das 8 larguras de arco analisadas houve diferencas estatisticamente
significantes.

Na comparacéo intragrupo das dimensdes do sorriso, em relacdo aos estagios inicial
(T1) e final (T2), o teste t dependente mostrou que no grupo “Smile Arc”’, houve um
aumento na Largura do Sorriso (SW), Largura Intercanino Maxilar (MICW ), e Corredor
Bucal (BC), e na Distancia Interlabial (DPI) houve uma diminuicdo, mas todas essas
alteracdes nao foram estatisticamente significativas. No entanto, houve um aumento
estatisticamente significativo no indice de Sorriso (SI). Em relacdo as mudancas de
tratamento (T2-T1) entre os grupos, henhuma das 5 variaveis analisadas apresentou
diferenca estatisticamente significativa. Os resultados da comparabilidade dos grupos
de avaliadores, ANOVA one-way e teste de Tukey mostraram diferenca
estatisticamente significante entre as idades dos grupos, o grupo Dentistas
apresentou uma idade mais avancada. Em relacdo ao sexo, o teste do qui-quadrado
também mostrou a presenca de diferenca estatisticamente significante entre os
grupos. Concluséo: O grupo de colagem convencional apresentou, em geral, uma
maior inclinagdo dentaria vestibular e um maior aumento transversal nas dimensdes
do arco. As 5 varidveis de atratividade do sorriso analisadas ndo apresentaram
diferencas entre os grupos. A percepc¢ao da atratividade do sorriso, considerada a

classificagcdo mais alta para o grupo de colagem Smile Arc.

Palavras-chave: Sistema Damon, Aparelho Autoligavel, Inclinacdo Dentéria,
Larguras do Arco Dentéario, Atratividade, Tomografia Computadorizada de Feixe

Coénico.
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1 INTRODUCTION

For a long time, the results of successful orthodontic treatments were based
only on occlusal factors and lateral cephalometric measurements. Information is
needed concerning soft-tissue and dental relationships from a frontal view to provide
a wider basis for assessing facial esthetics.?

Common perceptions about facial aesthetics are usually based on author's
opinions rather than scientific methods. This might be explained by the difficulty to
qualify and quantify beauty and the close association between esthetics and the fine
arts, which questions the validity of measuring beauty. However, the measurement of
what is beautiful or the perception of beauty in dentistry is fundamental for providing

scientific data that can guide diagnosis and treatment planning.?

Patients today seeking esthetic treatment are looking for enhancement of their
appearance for improved quality of life. Interdisciplinary treatment also has been
necessary, with the inclusion of soft tissue and periodontal components of the dentition

and smile assessment, as well as the whole face.?

Facial and dental esthetics have become greatly important during the last
decade. Currently, there is to focus on esthetics, with emphasis on the soft tissues.
The increasing demand for a “beautiful smile” requires a harmonious balance between

soft tissue and occlusion.?

The “art of the smile” is reported as the orthodontist's ability to evaluate the
patient in 3-dimensions and use the latest technologies to document and communicate
the treatment strategy to patients and colleagues involved in interdisciplinary treatment

planning.®

Smile is also an important factor in facial attractiveness and it is important to
differentiate posed or social smile from pleasant or involuntary smile. The posed or
social smile is a voluntary smile that is used in a social environment or when posing
for photographs, while the pleasant smile is involuntary and reflects the emotion of the

moment.>
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Many variables may influence the attractiveness of the smile, among which we
highlight: the width of the buccal corridors (BC) and the smile area, evaluated by smile
index (SI).56

The buccal corridor is the transverse dimension of the smile and is measured
from the angle of the distal line of the maxillary canine to the interior portion of the
commissure of the lips. The smile area is described by the area framed the vermilion

borders of the lips during the posed smile.>’

The technological developments in orthodontic materials have grown
exponentially and provided the professional with tools for more efficient orthodontic
treatment and comfort for the patient, thus improving its quality of life. Self-ligating
orthodontic appliances are currently popular among orthodontists. They allow to
perform teeth alignment and leveling more effectively, with a relatively reduced chair
time and less need for dental extractions, in cases of significant crowding compared

with conventional edgewise brackets.®

The Damon® system (Ormco Corp., Glendora, CA, USA) is a passive self-
ligating (PSL) bracket system that was originally introduced in 1994. Damon's

philosophy is based on the use of light forces only sufficient to initiate tooth movement.8

The fundamental principle of this force is that it should be light enough to prevent
obstruction of the periodontal membrane blood vessels and allow biochemical cells
and messengers to be transported to the side where bone is being resorbed and where

bone apposition will occur and then allow dental movement.®

The positioning of brackets used in the Damon® system follows the principles
suggested by Andrews?, where brackets are positioned at a midpoint of the facial axis
of the clinical crown of teeth with the vertical positioners of these brackets parallel to

that axis.1!

Recently, another way of bracket positioning, called “Bracket positioning for
Smile Arc Protection”, was considered an innovation that combined the art of
contemporary aesthetics with the science behind three-dimensional control of dental
positioning, achieving superior and more predictable aesthetic results at the

orthodontic treatment.?
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Positioning the upper brackets for protection or enhancement of the smile arc
has been called “Smile Arc Protection”. Although the positioning of brackets in this
technique is individualized to meet the aesthetic needs of each patient, usually the
upper incisor brackets are bonded more gingivally than the canine brackets. The lower
posterior brackets are also placed more gingivally to allow occlusion, while the
occlusal-gingivally positioning of the mandibular incisors depends on the vertical
relationship of the bite, and the lower anterior brackets are placed more incisal to

improve overbite or more gingivally to correction the open bite.*?

The advantages defended by the authors of the Damon system include: the
possibility of increasing the size of the dental arches, without periodontal compromise,
with alveolar bone accompanying tooth movement!!, and reduction of tooth
extractions, due to the this increase in dental arch size, would be possible the crowded
teeth to be aligned without the need for dental extractions. The increase in arch length
and transverse dimensions without performing orthopedic procedures, such as
maxillary disjunction, results from distal movement of the posterior teeth, advancement

of the anterior teeth, and expanding the arch transversely.!3

Dental inclinations with displacement of the tooth from the center of its bone
base may lead to an increased risk of bone defect onset or worsening 4%, and gingival

recessions.16.17

The most appropriate exam for the study of maxillary and mandibular alveolar
bone changes is cone-beam computed tomography (CBCT), because it allows axial,

sagittal and frontal cuts with good accuracy and precision.181°

Therefore, this study assessed whether there is a significant difference in
relation to the smile attractiveness, dental inclination, and dental arch widths in patients
with orthodontic treatment already completed by the Damon system with two types of

bracket bonding, conventional®® and “Smile Arc Protection.?!
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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 (Annex B).

e Article 1 - Comparison of smile attractiveness in patients treated with
Damon system self-ligating appliance, using two different bonding:

conventional and “smile arc”.

e Article 2 — Comparison of dental inclination and dental arch widths in
patients treated with Damon system self-ligating appliance, using two

different bonding: conventional and “smile arc”.







Articles 23

2.1 ARTICLE 1

COMPARISON OF SMILE ATTRACTIVENESS IN PATIENTS TREATED
WITH DAMON SYSTEM SELF-LIGATING APPLIANCE, USING TWO
DIFFERENT BONDING: CONVENTIONAL AND “SMILE ARC”.

ABSTRACT

Introduction: In this retrospective study, the purpose was to evaluate whether there
is a difference in the smile attractiveness in patients treated by the Damon® System,
using two different orthodontic bonding: conventional and “Smile Arc Protection”. And
whether there is an influence in the buccal corridor and smile area. Material and
methods: The sample consisted of 40 patients (19 women, 21 men) with completed
orthodontic treatment who already have all the initial and final documentation, including
cone beam computed tomography (CBCT). The sample was divided into two groups:
group 1 - 20 patients, 7 women and 13 men, with an initial mean age of 23.75 + 4.03
and final age mean 26.87 + 4.09, treated with Damon system using conventional
bonding; group 2 - 20 patients, 12 women and 8 men, with an initial mean age of 28.11
+ 9.66 and final age mean 30.62 + 10.46, treated with Damon system using “Smile
Arc” bonding. Eighty frontal photographs of the posed smile, 40 pretreatment (T1) and
40 posttreatment (T2) photographs were evaluated to compare the smile
attractiveness between the two groups, and compared between these two groups. A
website with the smile attractiveness evaluation instructions was created for the raters.
Through e-mail, each possible evaluator received a link to the evaluations form. The
smiles were automatically randomized, each time the user accessed the webpage. The
groups of evaluators consisted of 3 groups: group 1 - 59 orthodontists, group 2 - 62
dentists and group 3- 57 laypeople with a mean age of 39.83 (+10.48), 48.73 (+14.07)
and 42.68 (+14.03) respectively. Results: In the intragroup comparison of smile
dimensions, in relation to the initial (T1) and final (T2) stages, dependent t test showed
that in the smile arc group, there was an increase in the Smile Width (SW), Maxillary
Intercanine Width (MICW), and Buccal Corridor (BC), and in the Interlabial Distance
(ILD) there was a decrease, but all these changes were not statistically significant.
However, there was a statistically significant increase in the Smile Index (SI).
Regarding the treatment changes (T2-T1) between the groups, none of the 5 analyzed
variables presented statistically significant differences. The results of comparability of
the groups of evaluators, one-way ANOVA and Tukey test showed a statistically
significant difference between the age of groups, the Dentists group presented an older
age. Regarding gender, the chi-square test also showed the presence of a statistically
significant difference between the groups. Conclusion: The 5 variables analyzed
showed no differences between groups. The perception of smile attractiveness
considered the highest rating for the Smile Arc bonding group.

Keywords: Damon System, Self-ligating Appliance, Attractiveness, Smile Width,
Buccal Corridor, and Smile Index.
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INTRODUCTION

For a long time, the results of successful orthodontic treatments were based
only on occlusal factors and lateral cephalometric measurements. Information is
needed concerning soft-tissue and dental relationships from a frontal view to provide
a wider basis for assessing facial esthetics.!?

Common perceptions about facial aesthetics are usually based on the author’s
opinions rather than scientific methods. This might be explained by the difficulty to
gualify and quantify beauty and the close association between esthetics and the fine
arts, which questions the validity of measuring beauty. However, the measurement of
what is beautiful or the perception of beauty in dentistry is fundamental for providing
scientific data that can guide diagnosis and treatment planning.3

Patients today seeking esthetic treatment are looking for enhancement of their
appearance for improved quality of life. Interdisciplinary treatment also has been
necessary, with the inclusion of soft tissue and periodontal components of the dentition
and smile assessment, as well as the whole face.*

Facial and dental esthetics have become greatly important during the last
decade. Currently, there is to focus on esthetics, with emphasis on the soft tissues.
The increasing demand for a “beautiful smile” requires a harmonious balance between
soft tissue and occlusion.®

The “art of the smile” is reported as the orthodontist's ability to evaluate the
patient in 3-dimensions and use the latest technologies to document and communicate
the treatment strategy to patients and colleagues involved in interdisciplinary treatment
planning.®

Smile is also an important factor in facial attractiveness and it is important to
differentiate posed or social smiles from pleasant or involuntary smiles. The posed or
social smile is a voluntary smile that is used in a social environment or when posing
for photographs, while the pleasant smile is involuntary and reflects the emotion of the
moment.”’

Many variables may influence the attractiveness of the smile, among which we
highlight: the width of the buccal corridors (BC) and the smile area, evaluated by smile
index (SI).”8

The buccal corridor is the transverse dimension of the smile and is measured

from the angle of the distal line of the maxillary canine to the interior portion of the
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commissure of the lips. The smile area is described by the area framed by the vermilion
borders of the lips during the posed smile.”-°

The technological developments in orthodontic materials have grown
exponentially and provided the professional with tools for more efficient orthodontic
treatment and comfort for the patient, thus improving its quality of life. Self-ligating
orthodontic appliances are currently popular among orthodontists. They allow to
perform teeth alignment and leveling more effectively, with a relatively reduced chair
time and less need for dental extractions, in cases of significant crowding compared
with conventional edgewise brackets.19

The Damon® system (Ormco Corp., Glendora, CA, USA) is a passive self-
ligating (PSL) bracket system that was originally introduced in 1994. Damon's
philosophy is based on the use of light forces only sufficient to initiate tooth
movement.10

The fundamental principle of this force is that it should be light enough to prevent
obstruction of the periodontal membrane blood vessels and allow biochemical cells
and messengers to be transported to the site where the bone is being resorbed and
where bone apposition will occur and then allow dental movement.°

The positioning of brackets used in the Damon® system follows the principles
suggested by Andrews?!?, where brackets are positioned at a midpoint of the facial axis
of the clinical crown of teeth with the vertical positioners of these brackets parallel to
that axis.!?

Recently, another way of bracket positioning, called “Bracket positioning for
Smile Arc Protection”, was considered an innovation that combined the art of
contemporary aesthetics with the science behind three-dimensional control of dental
positioning, achieving superior and more predictable aesthetic results at the
orthodontic treatment.*?

Positioning the upper brackets for protection or enhancement of the smile arc
has been called “Smile Arc Protection”. Although the positioning of brackets in this
technique is individualized to meet the aesthetic needs of each patient, usually the
upper incisor brackets are bonded more gingivally than the canine brackets. The lower
posterior brackets are also placed more gingivally to allow occlusion, while the
occlusal-gingivally positioning of the mandibular incisors depends on the vertical
relationship of the bite, and the lower anterior brackets are placed more incisal to

improve overbite or more gingivally to correct the open bite.*3
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Therefore, this study assessed whether there is a significant difference in
relation to the smile attractiveness in patients with orthodontic treatment already
completed by the Damon system with two types of bracket bonding, conventionall

and “Smile Arc Protection”.1®

OBJECTIVES

Evaluate whether there is a difference in the smile attractiveness in patients
treated by the Damon® System, using two different orthodontic bonding: conventional
and “Smile Arc Protection”.

Secondly, whether there is an influence in the buccal corridor and smile area

when using these two different types of orthodontic bonding.

MATERIAL AND METHODS

This retrospective study was approved by the Ethics Research Committee of
Bauru Dental School, University of S&o Paulo, Brazil (protocol number:
24540619.8.0000.5417; decision number: 3.959.613).

Sample Calculation

The sample calculation was based on an alpha error of 5% and a beta error of
20%, with 80% test power to detect a minimum difference of 1.1 points in the evaluation
of smile attractiveness, considering the standard deviation of 1.2.1 Thus, the sample

calculation resulted in the need for 20 patients in each group.

Material

In this retrospective study, the sample consisted of 40 patients, 19 women
(47,5%) and 21 men (52,5%), with completed orthodontic treatment who already have
all the initial and final documentation, including cone beam computed tomography
(CBCT). The sample was divided into two groups: group 1 - 20 patients, 7 women and
13 men, with an initial mean age of 23.75 + 4.03 and final age mean 26.87 + 4.09,
treated with Damon system using conventional bonding; group 2 - 20 patients, 12
women and 8 men, with an initial mean age of 28.11 + 9.66 and final age mean 30.62

+ 10.46, treated with Damon system using “Smile Arc” bonding.
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Eighty frontal photographs of the posed smile, 40 pretreatment and 40
posttreatment photographs were evaluated to compare the smile attractiveness

between the two groups, and compared between these two groups.

Inclusion criteria

» Patients with Angle Class | or Class Il malocclusions

* Presence of all permanent teeth up to the first molar

» Absence of craniofacial anomalies

* Presence of initial and final orthodontic documentation

* Individuals treated with Damon system self-ligating fixed appliance

« Patients with absence of periodontal disease, agenesis or tooth loss.

Methods
Photograph’s standardization

The subjects were instructed to seat maintaining the natural head position — a
standardized and reproducible head position in an upright and natural posture with the
visual axis in the horizontal'’. They were also instructed to give a posed and as natural
smile as possible with their teeth in MI (Maximum intercuspation). Several photos were
taken of each subject at posed smile'®1® and the one which appeared more natural
was chosen?2921, The posed smile is voluntary and not elicited by emotion, can be a
learned greeting or a signal of appeasement and can be sustained, and is reliably
repeatable. It is not spontaneous and is unstrained and posed?. Patients were trained
before the photographs.

Frontal posed smiling photographs were taken of each patient by the same
investigator with a Canon T7 digital camera (Canon Corporation), assembled with a
Canon 100 mm macro lens and circular macro flash (Shenzhen Yongnuo Photography
Equipment). The macro lens was adjusted to focus at a constant object-to-lens

distance obtaining an image of the lower facial height.

Photograph equipment’s standardization

All photographs were obtained in manual mode, color, fine quality, ISO
(International Organization of Standardization) 800, aperture of at least 16, and a
shutter speed of 60. The macro lens will be adjusted to give the focus on the patient's
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lips?, at a distance of 60 cm from the soft tissue, obtaining an image of the lower third
of the face, which goes approximately from the tip of the nose to the middle of the

chin?®, The standardized flash is multi %a.

Confounding factors reduction

The photographs were imported into Photoshop (Adobe Systems CS6, San
Jose, California, USA) to crop the nose, cheeks and chin to reduce the number of
confusing variables. Facial blemishes and facial hair were removed from the smiling
photographs. Subsequently, the photographs were converted to black and
white116.19.22.23(Fig. 1). All images were in TIF format with 300 dpi of resolution.

The photographs were viewed under the same magnification on the computer
screen and the smile photographs were cropped at a proportional standardized size of
21 x12.4 cm.

Smile attractiveness evaluation

A website with the smile attractiveness evaluation instructions was created for
the raters. Through e-mail, each possible evaluator received a link to the evaluations
form. The smiles were automatically randomized, each time the user accessed the
webpage?*.

The attractiveness of each smile was judged and scored according to a 10-point
numerical scale. The scores were shown under each photograph and varied from 1 to
10, representing the most unattractive and the most attractive smile, respectively?®.
During the evaluation, one photograph was shown each time (Fig. 2).

The groups of evaluators consisted of 3 groups: group 1 - 59 orthodontists,
group 2 - 62 dentists and group 3- 57 laypeople with a mean age of 39.83 (+10.48),
48.73 (+14.07) and 42.68 (+14.03) respectively.

Buccal corridor evaluation

The buccal corridor (BC) was evaluated. Initially, the following attributes of the
smile were measured in millimeters through Adobe Photoshop software by using
vertical lines as limits (Fig. 3):

A. Smile width (SW): the distance from commissure to outer commissure1°,
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B. Maxillary intercanine width (MICW): the distance from the distal aspect of
the right canine to the distal aspect of the left canine.

By using these measurements, the buccal corridor was calculated as
percentages of the commissure width.

BC = SW — MICW / SW x 100.

Smile area evaluation

To visualize and quantify de frontal smile area was used the smile index”8(Sl),
which describes the area framed by the vermilion borders of the lips during the posed
smile. The smile index is determined by dividing the inter-commissure width or smile
width (SW) by the interlabial distance (ILD) during smile (Fig. 4):

A. Inter-commissure width or smile width (SW).
C. Interlabial distance (ILD).
SI=SW/ILD

Error Study

The intraexaminer reliability of the smile photographs measurements was
assessed by the intraclass correlation coefficient (ICC)?6. After a month interval, 24
smile photographs were re-measured, and these measurements were compared.

To evaluate the precision of the evaluators in rating the smile attractiveness of
the silhouettes of the questionnaire, two silhouettes were randomly repeated

throughout the questions, and the Intraclass correlation coefficient (ICC) was used?®.

STATISTICAL ANALYSIS

The normality of data was checked with Shapiro-wilk test.

Intergroup comparability of initial and final ages, treatment time and Little
irregularity index was performed with independent t tests and sex distribution was
performed with chi-square test.

Intragroup comparison of the initial and final stages of each group was
performed with dependent t test. Intergroup comparison of the smile dimensions and
attractiveness was performed with independent t test.

The comparability of the age and sex distribution of the three groups of

evaluators was performed with one-way ANOVA and Tukey test and chi-square test,
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respectively. The score of the smile attractiveness between the three groups of
evaluators was compared with one-way ANOVA and Tukey test.

Statistical analysis was performed with Statistica software (Statistica for
Windows, version 12.0, Statsoft, Tulsa, Okla) and the results were considered

significant for p<0.05.

RESULTS

Intraclass correlation coefficients (ICCs) of the smile photographs
measurements varied from 0.89 to 0.96, and the ICCs of the precision of the evaluators
in rating the smile attractiveness varied from 0.82 to 0.91. These ICCs indicate an
excellent intra-rater agreement?’.

Chi-square test showed that the two groups were not significantly different in
terms of sex distribution (P = 0.113). There was no significant distinction in the mean
initial age and mean final age between the groups (P = 0.098 and P = 0.144,
respectively). The intergroup comparability of the treatment time, independent t-test
showed no statistically significant differences (P = 0.107).

Regarding to the intergroup comparability of the mandible Little irregularity index
and maxilla Little irregularity index analysis, independent t-test showed no statistically
significant differences (P = 0.149 and P = 0.792, respectively) (Table I).

In the intragroup comparison of smile dimensions, in relation to the initial (T1)
and final (T2) stages, dependent t test showed that in the smile arc group, there was
an increase in the Smile Width (SW), Maxillary Intercanine Width (MICW), and Buccal
Corridor (BC), and in the Interlabial Distance (ILD) there was a decrease, but all these
changes were not statistically significant. However, there was a statistically significant
increase in the Smile Index (SI).

In the conventional group, there was a decrease in SW, MICW, BC, and ILD.
However, only ILD presented a statistically significant difference. As in the smile arc
group, there was an increase in the smile index, therefore it was not statistically
significant (Table I1).

In the intergroup comparison of smile dimensions, independent t test showed,
at the initial stage (T1), in all 5 variables analyzed, the smile arc group showed greater
than the conventional group, however, only the SW and MICW presented statistically

significant differences.
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At the final stage (T2), a greater increase was also observed in all variables in
the smile arc group than the conventional group, since the SW, MICW and BC showed
statistically significant differences.

Regarding the treatment changes (T2-T1) between the groups, none of the 5
analyzed variables presented statistically significant differences (Table IIl).

The results of comparability of the groups of evaluators, one-way ANOVA and
Tukey test showed a statistically significant difference between the age of groups, the
Dentists group presented an older age. Regarding gender, the chi-square test also
showed the presence of a statistically significant difference between the groups (Table
V).

The intergroup comparison of the smile attractiveness at the end of the
treatment (T2), obtained from the results of the evaluations carried out through the
website, by the groups of evaluators, independent t test showed that the Smile Arc
group had a statistically significantly higher smile attractiveness than the Conventional
group (Table V).

When comparing the three groups of evaluators in relation to their evaluations
of the attractiveness of the smile, the one-way ANOVA and Tukey test showed that in
all three groups the ratings were better for the smile arc group, whereas in the Dentists
group there was a statistically significant higher smile attractiveness rating for both,
Conventional and Smile Arc groups, when compared to the other groups of evaluators
(Table VI).

DISCUSSION

The main purpose of this study was to assess the effects of the use Damon®
system passive self-ligating appliance, comparing two different bracket bonding
protocols, in a no-extractions approach, on the smile attractiveness. Both groups used
the same bracket, Damon 3MX, with the same wire sequence: .014"cuniti,
.014X.025"cuniti, .018X.025cuniti and .019X.025" steel.

The conventional protocol for bracket positioning is the bracket positions
method with its center close to the center of the clinical crown, as recommended by
Andrews.!!

The “Smile Arc” protocol is the method for bracket positioning that follows an
exacting bracket placement to protect or enhance the smile and align buccal segment
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cusp tips and marginal ridges. The upper incisor brackets are generally placed more
gingivally than the canine brackets. The lower posterior brackets are placed somewhat
gingivally to avoid occlusion, while the lower anterior brackets are placed somewhat
incisally to optimize overbite.*®

Our study was retrospective since the two self-ligating samples were previously
treated. Thus, in a retrospectively designed study, intergroup compatibility is very
important to avoid the influence of other factors on the results.

There was concern in selecting comparable groups according to the amount of
initial crowding, sex distribution, to reduce the factors that could influence judgment of
smile attractiveness (Table I). This fact is very important because aged smiles undergo
several changes, such as a decrease in exposure of the maxillary incisors, greater
exposure of the mandibular incisor, the smile gets narrower vertically and there is a
decrease in the upper lip thickness.?®

The results of this study showed that the smile arc bonding group had a wider
smile, with a statistically significant greater increase in the smile index, in contrast to
the conventional bonding group showed a lower smile exposure with a statistically
significant decrease in the interlabial distance (Table II).

Despite this finding, in the intergroup comparison of the changes that occurred
between the phases (T2-T1), no significant differences were observed in the smile
width, maxillary intercanine width, buccal corridor, interlabial distance and smile index
(Table III). Some studies corroborate our findings, where variables such as buccal
corridor and smile width do not seem to present significant differences between the
different types of orthodontic treatment protocols.?42°

Regarding the smile attractiveness judgment, this study showed that there is a
significant difference in the intergroup comparison, with the Smile Arc bonding group
being statistically significantly better qualified than the conventional bonding group
(Table V). And when comparing the 3 groups of evaluators: orthodontists, dentists and
laypeople, there was a better assessment of the smile attractiveness for the Smile Arc
group, being that, the dentist group gave higher overall ratings statistically significantly
for the Smile Arc group. In contrast to these findings, some previous studies that
assessed smile attractiveness in different groups of raters concluded that there was
no difference in the perceptions of dental professionals and laypeople.16:18:2223,30-32 |

the present study, laypeople gave lower scores to the smile attractiveness than the
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orthodontists and dentists, which is in agreement with the finding described in the
literature (Table V1).2433:34

This could probably be because the group of dentists is older (Table 1V), so the
greater number of years in the clinical practice, it could significantly affect the
visualization and judgment of the attractiveness of smiles.?

The fact that there are many individual variables in both groups such as muscle
factors, tooth inclination and different amounts of crowding is not a surprise. The
findings of this study indicate that the buccal corridor and the smile display,
represented by the smile index, are probably not affected by the two types of
orthodontic bonding analyzed. On the other hand, in the evaluations of real clinical
photographs, there were significant differences between laypersons, orthodontists and
dentists in their preferences for the attractiveness of the smile achieved with the “Smile

Arc” orthodontic bonding.?433

CONCLUSIONS

There was no interference of the two types of orthodontic bonding analyzed in
the buccal corridor and smile index.

There was a statistically significant difference in the perception of smile
attractiveness by orthodontists, dentists and laypeople, which considered the highest

rating for the “Smile Arc” bonding group.
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FIGURE LEGENDS

Fig. 1 — Reduction of confounding variables: (A) original image, (B) image cropped at a
standardized proportion of 21 x 12.4 cm, (C) elimination of facial blemishes and facial
hair, (D) image conversion to black and white.

Fig. 2 — Example of smile photograph for evaluation.

Fig. 3 — Measurement of the following attributes of the smile by using the vertical lines as limits:
(A) smile width, (B) maxillary intercanine width.

Fig. 4 — Smile index: (A) Smile width, (C) Interlabial distance.
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Fig. 3
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Fig. 4
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Table I. Intergroup comparability of initial and final ages,

irregularity index and sex distribution.

treatment time,

Little

SMILE ARC (n=20) CONVEL\IJ()IONAL
Variables (n=20) P
Mean (SD) Mean (SD)
Initial Age (years) 28.11 (9.66) 23.75 (4.03) 0.098 7
Final Age (years) 30.62 (10.46) 26.87 (4.09) 0.1447
Treatment time 251 (1.09) 3.12 (1.24) 0.1077
(years)
Mx Little
irregularity index 6.92 (5.26) 7.27 (2.66) 0.7927
(mm)
Md Little
irregularity index 3.95 (2.98) 5.13 (1.99) 0.1497
(mm)
Sex X?=251
Male 8 13 DF=1
Female 12 7 p=0.113 ¢

T independent t-test; @ chi-square test




Articles 43

Table II. Intragroup comparison of the initial and final stages of the smile dimensions
(dependent t test).
INITIAL STAGE (T1
Variables (mm) (n=20) (T1) FINAL STAGE (T2) (n=20) b
Mean | SD Mean | SD
SMILE ARC GROUP
SW 17.44 1.74 17.55 2.02 0.799
MICW 10.82 1.10 10.89 1.40 0.801
BC 37.75 5.18 37.89 4.21 0.902
ILD 3.23 0.87 2.93 0.74 0.119
Si 5.79 1.80 6.41 2.17 0.020*
CONVENTIONAL GROUP
SW 14.97 2.18 14.57 2.36 0.456
MICW 9.69 1.29 9.64 1.58 0.887
BC 34.96 4.24 33.68 3.87 0.179
ILD 3.12 0.75 2.68 0.60 0.027*
Si 5.03 1.22 5.62 1.24 0.094

* Statistically significant at p<0.05
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Table Ill. Intergroup comparison of the smile dimensions at the initial stage (T1), final stage
(T2) and treatment changes (T2-T1) (independent t test).

. SMILE ARC (n=20 CONVENTIONAL (n=20
Variables (mm) Mean | ( SD) Mean | (SD ) P
INITIAL STAGE (T1)
SW 17.44 1.74 14.97 2.18 0.000*
MICW 10.82 1.10 9.69 1.29 0.005*
BC 37.75 5.18 34.96 4.24 0.071
ILD 3.23 0.87 3.12 0.75 0.671
Sl 5.79 1.80 5.03 1.22 0.127
FINAL STAGE (T2)
SW 17.55 2.02 14.57 2.36 0.000*
MICW 10.89 1.40 9.64 1.58 0.012*
BC 37.89 4.21 33.68 3.87 0.002*
ILD 2.93 0.74 2.68 0.60 0.247
Sl 6.41 2.17 5.62 1.24 0.163
TREATMENT CHANGES (T2-T1)
SW 0.11 1.91 -0.39 2.30 0.457
MICW 0.07 1.27 -0.05 1.57 0.787
BC 0.14 5.17 -1.28 4.10 0.340
ILD -0.30 0.81 -0.44 0.81 0.588
Sl 0.62 1.10 0.59 1.49 0.930

* Statistically significant at p<0.05
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Table IV. Results of comparability of the groups of evaluators.

Orthodontists Dentists Laypeople
Variables N=59 N=62 N=57 P
Mean (SD) Mean (SD) Mean (SD)
Age (years) | 39.83(10.48) 4 48.73 (14.07) B 42.68 (14.03)7 0.000* ©
Sex X?=14.95
Female 29 46 46 DF=2
Male 30 16 11 p=0.000* ©

* Statistically significant for p<0.05
© One-way ANOVA and Tukey test

@chi-square test

Different letters in a row indicate the presence of a statistically significant difference between

the groups.
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Table V. Results of intergroup comparison of the smile attractiveness (independent t
test).

Smile SMILE ARC CONVENTIONAL .
attractiveness Mean SD Mean SD
Final (T2) 6.99 2.13 6.08 2.32 0.000*

* Statistically significant for p<0.05
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Table VI. Comparison of the three groups of evaluators (one-way ANOVA and Tukey
test).

Orthodontists Dentists Laypeople
Smile N=59 N=62 N=57 P
attractiveness
Mean (SD) Mean (SD) Mean (SD)
CONVENTIONAL 5.92 (2.18) A 6.30 (2.37) B 6.02 (2.41)* 0.000*
SMILE ARC 6.88 (1.96) A 7.23(2.19)® 6.84 (2.20) A 0.000*

* Statistically significant for p<0.05
Different letters in a row indicate the presence of a statistically significant difference between
the groups.
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2.2 ARTICLE 2

COMPARISON OF DENTAL INCLINATION AND DENTAL ARCH
WIDTHS IN PATIENTS TREATED WITH DAMON SYSTEM SELF-
LIGATING APPLIANCE, USING TWO DIFFERENT BONDINGS:
CONVENTIONAL AND “SMILE ARC”.

ABSTRACT

Introduction: In this retrospective study, the purpose was to evaluate whether there
is a difference in dental inclinations and dental arches dimensions in patients treated
by the Damon® System, using two different orthodontic bonding: conventional and
“Smile Arc Protection”. Material and methods: The sample consisted of 40 patients
(19 women, 21 men) with completed orthodontic treatment who already have all the
initial and final documentation, including cone beam computed tomography (CBCT).
The sample was divided into two groups: group 1 - 20 patients, 7 women and 13 men,
with an initial mean age of 23.75 + 4.03 and final mean age 26.87 + 4.09, treated with
Damon system using conventional bonding; group 2 - 20 patients, 12 women and 8
men, with an initial mean age of 28.11 + 9.66 and final age mean 30.62 + 10.46, treated
with Damon system using “Smile Arc” bonding. Eighty CBCT images, 40 pretreatment
and 40 posttreatment were evaluated. Initial and final dental inclinations, and dental
arches dimensions were evaluated, and compared between the groups. Results: In
the intergroup comparison of the dental inclination at the initial stage (T1), the
conventional group was presenting statistically significantly greater dental inclination
than the smiler arc group, and the smile arc group showed a smaller arch width than
the conventional group. In the final stage (T2), after the end of orthodontic treatment
and after removal of the orthodontic appliance, the dental buccal inclinations of both
groups increased in relation to the initial stage, except for the mandibular molars in the
smile arc group, and the intergroup comparison the conventional group presented a
statistically significant greater increase of dental buccal inclinations than the smile arc
group and the smile arc group showed statistically significantly smaller arch
dimensions than the conventional group. In the intergroup comparison of the changes
that occurred during treatment (T2-T1), the smile arc group presented higher buccal
dental inclinations statistically significant than the conventional group in 3 of 24
evaluated dental inclinations. On the other hand, the smile arc group presented smaller
buccal dental inclinations statistically significant than the conventional group in 6 of the
24 dental inclinations. Regarding arch dimensions, the conventional group presented
a greater increase in all the measures analyzed than smile arc group, and in 5 of the 8
analyzed arch widths, there were statistically significant differences. Conclusion: The
conventional bonding group showed, in general, a greater dental buccal inclination and
a larger transversal increase in the arch’s dimensions.

Keywords: Damon System, Self-ligating Appliance, Dental inclination, Dental Arch
Widths, Cone Beam Computed Tomography.
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INTRODUCTION

The technological developments in orthodontic materials have grown
exponentially and provided the professional with tools for more efficient orthodontic
treatment and comfort for the patient, thus improving its quality of life. Self-ligating
orthodontic appliances are currently popular among orthodontists. They allow to
perform teeth alignment and leveling more effectively, with a relatively reduced chair
time and less need for dental extractions, in cases of significant crowding compared
with conventional edgewise brackets.!

The Damon system (Ormco Corp., Glendora, CA, USA) is a passive self-ligating
(PSL) bracket system that was originally introduced in 1994. Damon's philosophy is
based on the use of light forces only sufficient to initiate tooth movement.?!

The fundamental principle of this force is that it should be light enough to prevent
obstruction of the periodontal membrane blood vessels and allow biochemical cells
and messengers to be transported to the site where the bone is being resorbed and
where bone apposition will occur and then allow dental movement.?

The positioning of brackets used in the Damon system follows the principles
suggested by Andrews?, where brackets are positioned at a midpoint of the facial axis
of the clinical crown of teeth with the vertical positioners of these brackets parallel to
that axis.®

Recently, another way of bracket positioning, called “Bracket positioning for
Smile Arc Protection”, was considered an innovation that combined the art of
contemporary aesthetics with the science behind three-dimensional control of dental
positioning, achieving superior and more predictable aesthetic results at the
orthodontic treatment.*

Positioning the upper brackets for protection or enhancement of the smile arc
has been called “Smile Arc Protection”. Although the positioning of brackets in this
technique is individualized to meet the aesthetic needs of each patient, usually the
upper incisor brackets are bonded more gingivally than the canine brackets. The lower
posterior brackets are also placed more gingivally to allow occlusion, while the
occlusal-gingivally positioning of the mandibular incisors depends on the vertical
relationship of the bite, and the lower anterior brackets are placed more incisal to

improve overbite or more gingivally to correct the open bite.*
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The advantages defended by the authors of the Damon system include the
possibility of increasing the size of the dental arches, without periodontal compromise,
with alveolar bone accompanying tooth movement?, and reduction of tooth extractions,
due to this increase in dental arch size, would be possible the crowded teeth to be
aligned without the need for dental extractions. The increase in arch length and
transverse dimensions without performing orthopedic procedures, such as maxillary
disjunction, results from the distal movement of the posterior teeth, advancement of
the anterior teeth, and expanding the arch transversely.®

Dental inclinations with displacement of the tooth from the center of its bone
base may lead to an increased risk of bone defect onset or worsening 7, and gingival
recessions®?,

The most appropriate exam for the study of maxillary and mandibular alveolar
bone changes is cone-beam computed tomography (CBCT), because it allows axial,
sagittal and frontal cuts with good accuracy and precision.19:11

Therefore, this study will assess by CBCT whether there is a significant
difference in dental inclination, bone thickness and dental arch widths in patients with
orthodontic treatment already completed by the Damon system with two types of

bracket bonding, conventional and “Smile Arc Protection”.

OBJECTIVES

To evaluate whether there is a difference in dental inclinations and dental arches
dimensions in patients treated by the Damon® System, using two different orthodontic

bonding: conventional and “Smile Arc Protection”.

MATERIAL AND METHODS

This retrospective study was approved by the Ethics Research Committee of
Bauru Dental School, University of S&o Paulo, Brazil (protocol number:
24540619.8.0000.5417; decision number: 3.959.613).

Sample Size Calculation

The sample size calculation was based on an alpha error of 5% and a beta error
of 20%, with 80% test power to detect a minimum difference of 1.1 points in the
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evaluation of smile attractiveness, considering the standard deviation of 1.212. Thus,

the sample size calculation resulted in the need for 20 patients in each group.

Material

In this retrospective study, the sample consisted of 40 patients, 19 women
(47.5%) and 21 men (52.5%), with completed orthodontic treatment who already have
all the initial and final documentation, including cone beam computed tomography
(CBCT). The sample was divided into two groups: group 1 - 20 patients, 7 women and
13 men, with an initial mean age of 23.75 + 4.03 and final age mean 26.87 + 4.09,
treated with Damon system using conventional bonding; group 2 - 20 patients, 12
women and 8 men, with an initial mean age of 28.11 + 9.66 and final age mean 30.62
+ 10.46, treated with Damon system using “Smile Arc” bonding.

Eighty CBCT images, 40 pretreatment and 40 posttreatment were evaluated.
Initial and final dental inclinations and dental arches dimensions were evaluated, and

compared between these two groups.

Inclusion criteria

* Patients with Angle Class | or Class Il malocclusions

* Presence of all permanent teeth up to the first molar

» Absence of craniofacial anomalies

* Presence of initial and final orthodontic documentation

* Individuals treated with Damon system self-ligating fixed appliance

* Patients with absence of periodontal disease, agenesis or tooth loss.

Methods
Dental inclination analysis

The buccal and lingual inclinations of the teeth were evaluated using cone beam
computed tomography (CBCT) images, in the initial phase (T1) and final phase (T2),
through the measurement formed by the angle formed between the long axis (Line that
passes through the tip of the cusp vestibular (midpoint) and apical point (Ap) of each

upper or lower tooth) and their respective occlusal planes (Fig. 1).
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Arches dimensions analysis

The dimensions of the arches, that is, Intercanine widths, Interpremolar 1
(distance between the first homologous premolars), Interpremolar 2 (distance between
the homologous second premolars) and Intermolar 1 (distance between the first
molars) (homologous) were evaluated by measuring the transverse distances between
contralateral teeth, considering the tips of single, buccal or mesiobuccal cusps, for
canines, premolars and molars, respectively, using cone beam computed tomography

images, in the initial (T1) and final (T2) phases (Fig. 2).

Image evaluation method

The measurements of the images obtained by cone beam computed
tomography images, in the initial (T1) and final (T2) phases, will be performed in the
Dolphin 3D software (Dolphin Imaging and Management Solutions, Chatsworth, CA,
USA). The position of the head image was standardized, and then the cuts were
measured and selected. In the median sagittal plane, the patient's occlusal plane must
coincide with the horizontal reference line. In the frontal view, the front-maxillary inter-
suture line must coincide with the horizontal reference line and in the axial plane, the
line that passes through the incisor foramen and posterior nasal spine must coincide

with the vertical reference line.

Error Study

The intraexaminer reliability was assessed by the intraclass correlation
coefficient (ICC)*3. After a month interval, 24 CBCT scans were re-measured, and the

2 measurements were compared.

STATISTICAL ANALYSIS

The normality of data was checked with Shapiro-wilk test.

Intergroup comparability of initial and final ages, treatment time and Little
irregularity index was performed with independent t tests and sex distribution was
performed with chi-square test.

Intergroup comparison of the dental inclination and arch dimensions was

performed with independent t test.
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Statistical analysis was performed with Statistica software (Statistica for
Windows, version 12.0, Statsoft, Tulsa, Okla, USA) and the results were considered

significant for p<0.05.

RESULTS

Intraclass correlation coefficients (ICCs) varied from 0.85 to 0.94, indicating
excellent intra-rater agreement?!4,

Chi square test showed that the two groups were not significantly different in
terms of sex distribution (P = 0.113). There was no significant distinction in the mean
initial age and mean final age between the groups (P = 0.098 and P = 0.144,
respectively). The intergroup comparability of the treatment time, independent t-test
showed no statistically significant differences (P = 0.107).

Regarding the intergroup comparability of the mandibular Little irregularity index
and maxillary Little irregularity index analysis, the independent t-test showed no
statistically significant differences (P = 0.149 and P = 0.792, respectively) (Table I).

The intergroup comparison of the dental inclination at the initial stage (T1), the
conventional group was presenting statistically significantly greater dental inclination
than the smiler arc group, at the maxilla in the canines and incisors, at the mandible in
the canines and left first premolar, and all other dental inclinations were greater in the
conventional group but statistically non-significant (Table I1).

Already the intergroup comparison of the initial arch dimensions, the smile arc
group showed a smaller arch width than the conventional group, at the mandible, in
the first intermolar, second and first interpremolar and intercanine width and at the
maxilla in the intercanine width, however statistically non-significant. In the maxillary
first and second interpremolar and first intermolar width, the simile arc group showed
a greater than the conventional group, although statistically non-significant (Table IlI).

In the final stage (T2), after the end of orthodontic treatment and after removal
of the orthodontic appliance, the dental buccal inclinations of both groups increased in
relation to the initial stage, except for the mandibular molars in the smile arc group,
and the intergroup comparison the conventional group presented a statistical
significantly greater increase of dental buccal inclinations than the smile arc group, at
the maxilla in the bilateral first and second premolars, canines and incisors, at the

mandible in the bilateral molars, second premolars and lateral and central incisors, left
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canine and left first premolar. The remaining dental inclinations were also greater in
the conventional group, although statistically non-significant (Table 1V).

There was an increase in arch dimensions in both groups, although the smile
arc group showed statistically significantly smaller arch dimensions than the
conventional group, in the intergroup comparison, at the mandible, in the first
intermolar, first and second interpremolar and intercanine width and at the maxilla in
the first interpremolar and intercanine width. The maxillary first intermolar and second
interpremolar width were also smaller in the smile arc group, however statistically non-
significant (Table V).

In the intergroup comparison of the changes that occurred during treatment (T2-
T1), dental inclinations were analyzed and it was noticed that the smile arc group
presented buccal inclinations of the right maxillary canine, right and left mandibular
canines statistical significantly higher than the conventional group. On the other hand,
another 17 of the 24 evaluated dental inclinations, the smile arc group presented
smaller dental inclination than the conventional group. Although, only in 6 of the 17
dental inclinations, including the maxillary lateral incisors, there were statistical
differences (Table VI).

The treatment changes occurred in relationship of the arch dimensions in the
intergroup comparison, the conventional group presented a greater increase in all the
measures analyzed than smile arc group, and in 5 of the 8 analyzed arch widths there
were statistically significant differences, in the maxillary first intermolar, second and
first interpremolar, in the mandibular second and first interpremolar. Only 3 arch widths
measures, showed no statistically significant difference: the upper and lower

intercanine and lower intermolar distances (Table VII).

DISCUSSION

The main purpose of this study was to assess the effects, on the maxillary and
mandibular dental inclination and arch dimensions, with the use of Damon passive self-
ligating appliance, comparing two different bracket bonding protocols, in a no-
extractions approach. Both groups used the same bracket, Damon 3MX, with the same
wire sequence: .014"cuniti, .014X.025"cuniti, .018X.025cuniti and .019X.025" steel.




56 Articles

Our study was retrospective since the two self-ligating samples was previously
treated. Thus, in a retrospectively designed study, intergroup compatibility is very
important to avoid the influence of other factors on the results.

The conventional protocol for bracket positioning is the method positions each
bracket with its center close to the center of the clinical crown, as recommended by
Andrews.?

The “Smile Arc” protocol is the method for bracket positioning that follow an
exacting bracket placement to protect or enhance the smile and align buccal segment
cusp tips and marginal ridges. The upper incisor brackets are generally placed more
gingivally than the canine brackets. The lower posterior brackets are placed somewhat
gingivally to avoid occlusion, while the lower anterior brackets are placed somewhat
incisally to optimize overbite.'®

In this study, in relation to dental inclinations, there was an increase in buccal
inclinations in both groups, which is in agreement with the authors of studies that
evaluated the incisor's position after the relief of crowding using the Damon System.6-
18

The intergroup comparison of the treatment changes that occurred between
phases (T2-T1), the conventional group showed a greater buccal inclination, especially
in the upper laterals incisor region, which is statistically larger than in the Smile Arc
group (Table V1), probably due to the smile arc protocol using a more gingivally bonding
than in traditional technique, which provides an uprighting of the anterior teeth.1®

Regarding to the mean of the buccal inclinations of the maxillary right incisor
and the maxillary left canines have been greater, even not statistically significant, in
the Smile Arc group (Table VI), and the buccal inclinations of the maxillary right canine
and mandible right and left canines, significantly greater than the conventional group,
it probably may have occurred due to an initial buccal inclination of this teeth,
exaggeratedly higher in the conventional group than the smile arc group (Table II).

Regarding the arch dimensions, in both groups, there was an increase in all
analyzed inter-distances (Tables Ill and V), although the conventional group recorded
the greatest increases in arch dimensions, with these greatest increases in maxillary
and mandibular first and second interpremolar distances (Table VII). This probably
must have occurred due to a greater buccal dental inclination registered in the

conventional group at the end of the treatment.
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These results are in agreement with studies that evaluated arch changes,
comparing the Damon system with another type of treatment, stating that the largest
transverse changes were observed in the premolars regions and part due to the

increase in dental inclinations.16:17.19-22

CONCLUSIONS

This study showed that in the Damon system, using two different types of
bracket bonding protocols, there are differences between them, in dental inclination
and arch dimensions. Whereas the conventional bonding group showed, in general, a
greater buccal dental inclination and a larger transversal increase in the arch

dimensions.
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FIGURE LEGENDS

Fig.1 — Schematic representation of the measurement of dental inclination, in the selected
sagittal section.

Fig. 2 — Schematic drawing showing the method of measuring the widths of the arches used
in the analysis of the 3D model. Redesigned by Franchiet al., 2006.%
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Table I. Intergroup comparability of initial and final ages,

irregularity index and sex distribution.

treatment time, Little

SMILE ARC (n=20) CONVEEIZTOIONAL
Variables (n=20) P
Mean (SD) Mean (SD)
Initial Age (years) 28.11 (9.66) 23.75 (4.03) 0.098 7
Final Age (years) 30.62 (10.46) 26.87 (4.09) 0.1447
Treatment time 251 (1.09) 3.12 (1.24) 0.1077
(years)
Mx Little
irregularity index 6.92 (5.26) 7.27 (2.66) 0.792T7
(mm)
Md Little
irregularity index 3.95 (2.98) 5.13 (1.99) 0.1497
(mm)
Sex X?=251
Male 8 13 DF=1
Female 12 7 p=0.113¢

T independent t-test; @ chi-square test
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Table IlI. Intergroup comparison of the dental inclination at the initial stage (T1) (independent t
test).

. o SMILE ARC (n=20 CONVENTIONAL (n=20
Variables (°) Mean ( SD) Mean (SD : P
16 2.27 7.03 3.21 5.31 0.640
15 8.35 7.43 10.15 6.29 0.412
14 6.24 8.09 9.89 4.56 0.097
13 14.59 5.86 26.63 7.33 0.000*
12 22.58 6.79 28.18 6.91 0.014~*
11 20.24 9.35 29.49 7.07 0.001*
21 21.67 9.53 28.85 6.59 0.009*
22 24.52 6.45 29.78 6.01 0.011*
23 16.37 5.58 26.04 7.48 0.000*
24 7.80 7.15 10.65 5.29 0.173
25 9.94 6.11 9.63 9.19 0.900
26 2.79 5.05 5.70 4.97 0.075
36 -4.95 5.40 -1.48 5.33 0.051
35 4.84 5.10 7.66 4.77 0.083
34 7.01 6.46 12.02 4.84 0.010¢*
33 16.79 6.51 25.98 7.16 0.000*
32 22.55 7.87 25.10 5.88 0.254
31 25.49 10.45 28.14 5.77 0.327
41 24.55 11.08 26.16 5.86 0.570
42 22.14 8.55 24.50 8.21 0.379
43 15.08 7.40 25.01 5.02 0.000*
44 10.04 5.23 11.19 5.23 0.512
45 5.64 4.76 3.93 6.43 0.353
46 -4.82 473 -3.96 5.72 0.618

* Statistically significant at p<0.05
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Table Ill. Intergroup comparison of the arch dimensions at the initial stage (T1) (independent t

test).
. SMILE ARC (n=20 CONVENTIONAL (n=20
Variables (mm) Mean ( SD) Mean (SD ) P
U6-6 49.63 4.70 49.31 3.03 0.808
uU5-5 45.21 4.02 44.58 3.84 0.631
u4-4 40.57 3.13 40.41 2.05 0.848
u3-3 33.10 2.52 34.25 2.26 0.148
L6-6 43.18 3.75 44.31 3.93 0.371
L5-5 37.85 3.08 38.47 3.75 0.579
L4-4 32.22 2.00 32.83 2.92 0.474
L3-3 24.93 1.43 25.75 2.11 0.159

* Statistically significant at p<0.05. U — Upper, L — Lower.
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Table IV. Intergroup comparison of the dental inclination at the final stage (T2) (independent t
test).

. o SMILE ARC (n=20 CONVENTIONAL (n=20
Variables (°) Mean ( SD) Mean (SD : P
16 4.32 5.06 6.08 4.02 0.234
15 10.05 5.39 13.87 4.57 0.020¢*
14 10.79 4.28 14.30 4.08 0.017~+
13 18.30 2.70 24.61 4.44 0.000+
12 24.33 4.92 35.02 4.30 0.000*
11 25.56 5.46 34.57 2.65 0.000*
21 26.21 5.67 35.62 3.28 0.000*
22 25.56 5.28 36.02 4.28 0.000*
23 18.02 3.94 26.01 451 0.000*
24 10.93 5.70 17.16 4.69 0.001*
25 11.57 4.75 16.89 3.64 0.000*
26 4.82 4.66 6.83 3.48 0.130
36 -6.90 4.77 -0.56 477 0.000+
35 6.69 3.76 10.11 4.60 0.016*
34 13.80 4.33 17.13 3.86 0.017*
33 21.06 6.02 24.61 4.39 0.040¢*
32 27.10 6.45 32.63 4.38 0.003*
31 28.32 7.01 33.87 4.57 0.005*
41 26.73 7.48 32.28 4.14 0.006*
42 24.81 7.56 31.69 4.13 0.001*
43 21.16 7.87 23.46 4.12 0.253
44 13.55 5.76 15.71 3.84 0.182
45 5.49 5.61 8.74 4.16 0.047+
46 -5.84 478 -2.44 5.05 0.040*

* Statistically significant at p<0.05
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Table V. Intergroup comparison of the arch dimensions at the final stage (T2) (independent t
test).

. SMILE ARC (n=20 CONVENTIONAL (n=20
Variables (mm) Mean ( SD) Mean (SD ) P
U6-6 51.63 4.25 52.49 2.54 0.459
U5-5 47.43 3.36 48.76 2.56 0.183
u4-4 42.22 2.43 43.74 1.77 0.035*
U3-3 34.09 2.11 36.02 1.39 0.002*
L6-6 44,77 2.90 46.69 2.59 0.038*
L5-5 39.56 2.76 42.24 2.02 0.001*
L4-4 34.08 1.84 36.04 1.83 0.003*
L3-3 25.95 1.84 27.78 1.55 0.002*

* Statistically significant at p<0.05. U — Upper, L — Lower.
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Table VI. Intergroup comparison of treatment changes (T2-T1l) of the dental inclination
(independent t test).

. o SMILE ARC (n=20 CONVENTIONAL (n=20
Variables (°) Mean ( SD) Mean (SD : P
16 1.95 5.82 2.88 3.91 0.556
15 1.70 6.21 3.72 6.05 0.304
14 3.64 6.56 4.41 4.52 0.666
13 4.26 6.07 -2.02 6.28 0.003*
12 1.75 8.54 6.84 6.88 0.045*
11 5.32 8.32 5.08 6.22 0.917
21 4.55 8.37 6.77 5.86 0.337
22 1.04 6.97 6.24 5.64 0.013*
23 1.66 5.64 -0.03 7.30 0.418
24 2.66 5.54 6.51 5.37 0.032*
25 1.63 5.13 6.90 9.27 0.032*
26 2.03 5.37 1.14 4.18 0.562
36 -1.86 4.55 0.92 4.04 0.048*
35 1.76 5.78 2.45 4.33 0.674
34 6.11 7.68 5.11 4.52 0.617
33 4.27 4.39 -1.38 8.16 0.010*
32 4.55 6.18 7.54 6.74 0.152
31 2.83 6.81 5.74 6.31 0.170
41 2.18 6.94 6.12 6.13 0.065
42 2.68 7.11 7.20 8.20 0.070
43 6.08 4.40 -1.55 6.27 0.000*
44 2.98 531 453 4.27 0.317
45 -0.14 5.09 4.81 6.39 0.010*
46 -0.92 412 1.52 5.92 0.139

* Statistically significant at p<0.05
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Table VII. Intergroup comparison of treatment changes (T2-T1l) of the arch dimensions

(independent t test).
. SMILE ARC (n=20 CONVENTIONAL (n=20
Variables (mm) Mean ( SD) Mean (SD ) P
U6-6 1.81 1.52 3.02 1.50 0.015*
U5-5 2.00 1.91 3.97 2.64 0.010~*
u4-4 1.40 2.14 3.33 1.74 0.003*
Us-3 0.89 1.44 1.77 1.87 0.104
L6-6 1.43 1.99 2.38 2.94 0.239
L5-5 1.63 2.56 3.77 2.79 0.015*
L4-4 1.58 2.27 3.21 2.50 0.036*
L3-3 1.02 2.21 2.03 1.83 0.122

* Statistically significant at p<0.05. U — Upper, L — Lower.
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3 DISCUSSION

The main purpose of this study was to assess the effects of the use Damon®
system passive self-ligating appliance, comparing two different bracket bonding
protocols, in a no-extractions approach, on the smile attractiveness, dental inclination
and arch dimensions. Both groups used the same bracket, Damon 3MX, with the same
wire sequence: .014"cuniti, .014X.025"cuniti, .018X.025cuniti and .019X.025" steel.

The conventional protocol for bracket positioning is the bracket positions
method with its center close to the center of the clinical crown, as recommended by

Andrews.10

The “Smile Arc” protocol is the method for bracket positioning that follows an
exacting bracket placement to protect or enhance the smile and align buccal segment
cusp tips and marginal ridges. The upper incisor brackets are generally placed more
gingivally than the canine brackets. The lower posterior brackets are placed somewhat
gingivally to avoid occlusion, while the lower anterior brackets are placed somewhat

incisally to optimize overbite.?!

Our study was retrospective since the two self-ligating samples were previously
treated. Thus, in a retrospectively designed study, intergroup compatibility is very

important to avoid the influence of other factors on the results.

There was concern in selecting comparable groups according to the amount of
initial crowding, sex distribution, to reduce the factors that could influence judgment of
smile attractiveness (Table I). This fact is very important because aged smiles undergo
several changes, such as a decrease in exposure of the maxillary incisors, greater
exposure of the mandibular incisor, the smile gets narrower vertically and there is a

decrease in the upper lip thickness.??

The results of this study showed that the smile arc bonding group had a wider
smile, with a statistically significant greater increase in the smile index, in contrast to
the conventional bonding group showed a lower smile exposure with a statistically

significant decrease in the interlabial distance (Table II).
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Despite this finding, in the intergroup comparison of the changes that occurred
between the phases (T2-T1), no significant differences were observed in the smile
width, maxillary intercanine width, buccal corridor, interlabial distance and smile index
(Table III). Some studies corroborate our findings, where variables such as buccal
corridor and smile width do not seem to present significant differences between the

different types of orthodontic treatment protocols.?324

Regarding the smile attractiveness judgment, this study showed that there is a
significant difference in the intergroup comparison, with the Smile Arc bonding group
being statistically significantly better qualified than the conventional bonding group
(Table V). And when comparing the 3 groups of evaluators: orthodontists, dentists and
laypeople, there was a better assessment of the smile attractiveness for the Smile Arc
group, being that, the dentist group gave higher overall ratings statistically significantly
for the Smile Arc group. In contrast to these findings, some previous studies that
assessed smile attractiveness in different groups of raters concluded that there was
no difference in the perceptions of dental professionals and laypeople.?>3! In the
present study, laypeople gave lower scores to the smile attractiveness than the
orthodontists and dentists, which is in agreement with the finding described in the
literature (Table VI).2432.33

This could probably be because the group of dentists is older (Table IV), so the
greater number of years in the clinical practice, it could significantly affect the

visualization and judgment of the attractiveness of smiles.3?

The fact that there are many individual variables in both groups such as muscle
factors, tooth inclination and different amounts of crowding is not a surprise. The
findings of this study indicate that the buccal corridor and the smile display,
represented by the smile index, are probably not affected by the two types of
orthodontic bonding analyzed. On the other hand, in the evaluations of real clinical
photographs, there were significant differences between laypersons, orthodontists and
dentists in their preferences for the attractiveness of the smile achieved with the “Smile
Arc” orthodontic bonding.?4:32

In this study, in relation to dental inclinations, there was an increase in buccal

inclinations in both groups, which is in agreement with the authors of studies that
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evaluated the incisor's position after the relief of crowding using the Damon System.34
36

The intergroup comparison of the treatment changes that occurred between
phases (T2-T1), the conventional group showed a greater buccal inclination, especially
in the upper laterals incisor region, which is statistically larger than in the Smile Arc
group (Table VI), probably due to the smile arc protocol using a more gingivally bonding

than in traditional technique, which provides an uprighting of the anterior teeth.?!

Regarding to the mean of the buccal inclinations of the maxillary right incisor
and the maxillary left canines have been greater, even not statistically significant, in
the Smile Arc group (Table VI), and the buccal inclinations of the maxillary right canine
and mandible right and left canines, significantly greater than the conventional group,
it probably may have occurred due to an initial buccal inclination of this teeth,

exaggeratedly higher in the conventional group than the smile arc group (Table II).

Regarding the arch dimensions, in both groups, there was an increase in all
analyzed inter-distances (Tables Ill and V), although the conventional group recorded
the greatest increases in arch dimensions, with these greatest increases in maxillary
and mandibular first and second interpremolar distances (Table VII). This probably
must have occurred due to a greater buccal dental inclination registered in the

conventional group at the end of the treatment.

These results are in agreement with studies that evaluated arch changes,
comparing the Damon system with another type of treatment, stating that the largest
transverse changes were observed in the premolars regions and part due to the

increase in dental inclinations.34:35.37-40
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4 FINAL CONSIDERATIONS

There was no interference of the two types of orthodontic bonding analyzed in

the buccal corridor and smile index.

There was a statistically significant difference in the perception of smile
attractiveness by orthodontists, dentists and laypeople, which considered the highest

rating for the “Smile Arc” bonding group.

This study showed that in the Damon system, using two different types of
bracket bonding protocols, there are differences between them, in dental inclination
and arch dimensions. Whereas the conventional bonding group showed, in general, a
greater buccal dental inclination and a larger transversal increase in the arch

dimensions.
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GUIDE FOR AUTHORS

General Information

The American Journal of Orthodontics and Dentofacial Orthopedics publishes original research,
reviews, case reports, clinical material, and other material related to orthodontics and dentofacial
orthopedics.

Submitted manuscripts must be original, written in English, and not published or under consideration
elsewhera., Manuscripts will be reviewed by the editor and consultants and are subject to editorial
revision. Authors should follow the guidelines below.

Statements and opinions expressed in the articles and communications herein are thoss of the
author(s) and not necessarily those of the editor{s) or publisher; and the editor{s) and publisher
disclaim any responsibility or liability for such material. Neither the editor(s) nor the publisher
guarantees, warrants, or endorses any product or service advertised in this publication; neither do
they guarantee any claim made by the manufacturer of any product or service, Each reader must
determine whether to act on the information in this publication, and neither the Journal nor its
sponsoring organizations shall be liable for any injury due to the publication of erroneous information.

Electronic manuscript submissson and review
The American Journal of Orthodontics and Dentofacial Orthopedics uses Editorial Manager (EM), an
online manuscript submission and review system.

To submit or review an article, please go to the AJO-DO EM website:
https://www.editorialmanagerncom/ajodo/.

Rolf G. Behrents, Editor-in-Chief
E-mail: behrents@gmail.com

Send other correspondence to:

Chris Burke, Managing Editor

American Journal of Orthodontics and Dentofacial Orthopedics
University of Washington

Department of Orthodontics, D-569

HSC Box 357446

Seattle, WA 53155-7445

Telephone (206) 221-5413

E-mail:ckburke@aol.com

On the cover
To submit a smiling patient photo for use on the cover of the Journal, please send an e-mail to:
ckburke@aol.com.

BEFORE YOU BEGIN

Ethics in publishing
Please see our information on Ethics in publishina.

Studies in humans and animals

If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations, The terms sex and gender should be used correctly.

Authors should include a2 statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in

accordance with the U.K. Animals (Scientific Procedures} Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Research Council's Guide for the Care
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and Use of Laboratory Animals and the authors should clearly indicate in the manuscript that such
guidelines have been followed. The sex of animals must be indicated, and where appropriate, the
influence {or association) of sex on the results of the study.

Informed consent and patient details

Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
but copies should not be provided to the journal. Only if specifically requested by the journal in
axceptional circumstances (for example if a legal issue arises) the author must provide copies of the
consents or evidence that such consents have been obtained. For more information, please review the
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary matenials (including
all illustrations and videos) must be removed before submission.

Conflict of interest

Each author should complete and submit 2 copy of the International Committee of
Medical Joumal Editors Form for the Disclosure of Conflicks of Interest, available at
http://www.icmje.org/conflicts-of-interest/.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication’ for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authaorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English orin any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may ba checked by the originality detection service Crossref
Similarity Check.

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("dlinicians, patients/clients") as default/wherever possible
to avoid using “he, she,” or "he/she." We recommend avoiding the use of descriptors that refer
to personal attributes such as age, gendern race, ethnicity, culture, sexual orientation, disability or
health condition unless they are relevant and valid. When coding terminology is used, we recommend
to avoid offensive or exclusionary terms such as "master”, "slave", "blacklist" and “whitelist”™. We
suggest using alternatives that are more appropriate and (self-) explanatory such as “primary”,
“secondary”, "blocklist” and "allowlist". These guidelines are meant as a point of reference to help
identify appropriate language but are by no means exhaustive or definitive.

Author contributions

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRadiT roles: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To regquest such
a change, the Editor must receive the following from the corresponding author: (a) the reason
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for the change in author list and {b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or reamrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, delation or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Joumal Publishing Agreement' (see
meore information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for intarnal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author{s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
‘License Agreement’ (more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work., Mare
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals,

Reole of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Open access

Please visit our Open Access page for more information.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to usa the English
Language Editing service available from Elsavier's Author Services.

Submission

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files {e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and regquests for
revision, is sent by e-mail.

Blinding

The AJO-DO uses a blind review process; the identity of the author and the location of the research are
concealed from the reviewers, and the identities of the reviewers are concealed from the authorn The
following submission items are sent to reviewers during the review process and should not contain
any identifying information.

Highlights * Manuscript * Figures * Tables * Other Material
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The title page, which should contain complete author information, is not sent to reviewers, In the
manuscript, please pay special attention to Material and Methods and Acknowledgments sections;
wherever author or the author's institution is mentioned, use the "hidden” format in Word to conceal
it, or move it to the title page.

Guidelines for Original Articles
guidelines Submit Original Articles via EM: https://www.aditorialmanagerncom/ajodo/.

Before you begin, please review the guidelines below. To view a 7-minute video explaining how to
prepare your article for submission, go to Video on Manuscript Preparation.

1. Title Page. Put all information pertaining to the authors in a separate document. Include the title of
the article, full name(s) of the author(s), academic degrees, and institutional affiliations and positions;
identify the corresponding author and include an address, telephone and fax numbers, and an e-mail
address. This information will not be available to the reviewers.

2. Abstract. Structured abstracts of 250 words or less are preferred. A structurad abstract contains
the following sections: Introduction, describing the probiem; Methods, describing how the study was
performed; Results, describing the primary results; and Conclusions, reporting what the authors
conclude from the findings and any clinical implications.

3. Manuscript. The manuscript proper should be organized in the following sactions: Introduction
and literature review, Material and Methods, Results, Discussion, Conclusions, References, and figure
captions. Express measurements in metric units, whenever practical. Refer to teeth by their full
names. For style questions, refer to the AMA Manual of Styls, 10th adition. Cite references selectively,
and number them in the order cited. Make sure that all references have been mentioned in the text.
Follow the farmat for references in "Uniform Requirements for Manuscripts Submitted to Biomedical
Journals™ (Ann Intern Med 1997;126:36-47); htip://www.icmje.org. Include the list of references
with the manuscript proper. Submit figures and tables separately (see below); do not embed figures
in the word processing document.

4. Figures. Digital images should be in TIF or EPS format, CMYK or grayscale, at least 5 inches wide
and at least 300 pixels per inch {118 pixels per cm). Do not embed images in a word processing
program. If published, images could be reduced to 1 column width {about 3 inches), so authors should
ensure that figures will remain legible at that scale. For best results, aveid screening, shading, and
colored backgrounds; use the simplest patterns available to indicate differences in charts. If a figure
has been praviously published, the legend (included in the manuscript proper) must give full credit
to the original source, and written permission from the original publisher must be included. Be sure
you have mentioned each figure, in order, in the text.

S. Tables. Tables should be self-explanatory and should supplement, not duplicate, the text. Number
them with Roman numerals, in the order they are mentioned in the text. Provide a brief title for
each. If a table has been previously published, include a footnote in the table giving full credit to the
original source and include written permission for its use from the copyright holder. Submit tables
as text-based files (Word is preferred, Excel is accepted) and not as graphic elements. Do not use
colors, shading, boldface, or italic in tables. Do not submit tables as parts A and B; instead, divide
into 2 separate tables. Do not “protect” tables by making them "read-only." The table title should
be put above the table and not as a cell in the table. Similarly, table footnotes should be under the
table, not table cells.

6. Model release and permission forms. Photographs of identifiable persons must be accompanied by
a release signed by the person or both living parants or the guardian of minors. Illustrations or tables
that have appeared in copyrighted material must be accompanied by written permission for their
use from the copyright owner and original author, and the legend must properly credit the source.
Permission also must be obtained to use modified tables or figures.

7. Copyright release. All authors will be asked to e-sign a copyright release before the article is
published. In accordance with the Copyright Act of 1976, which became effective February 1, 1978,
all manuscripts must be accompanied by the following written statement, signed by all authors: "The
undersigned author(s) transfers all copyright ownership of the manuscript [insert title of article hera]
to the American Association of Orthodontists in the event the work is published. The undersigned
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author(’s) warrants that the article is original, does not infrings upon any copyright or other propristary
right of any third party, is not under consideration by another journal, has not bean previously
published, and incdudes any product that may derive from the publishad journal, whether print or
electronic media. I (we) sign for and accept responsibility for releasing this material.” Scan the printed
copyright release and submit it via EM.

8. Use the International Committee of Meadical Journal Editors Form for the Disclosure of Confiict of
Interest {ICMJE Conflict of Interest Form). If the manuscript is accepted, the disclosed information will
be published with the article. The usual and customary listing of scurces of support and institutional
affiliations on the title page is proper and does not imply a conflict of interest, Guest editorials, Letters,
and Review articles may be rejected if a conflict of interest exists.

3. Institutional Review Board approval. For those articles that report on the results of experiments of
treatments where patients or animals have been used as the sample, Institutional Review Board (IRB)
approval is mandatory. No experimental studies will be sent out for review without an IRB approval
accompanying the manuscript submission.

Guidelines for Systematic Reviews

Systematic Reviews and Meta-Analyses must be prepared according to contemporary PRISMA
{Preferred Reporting for Systematic Reviews and Meta-Analyses) standards. The AJO-DO will screen
submissions for compliance before beginning the review process. To help authors understand and
apply the standards, we have prepared a separate Guidelines for AJO-DOQ Systematic Reviews
and Meta-Analyses. This guide includes links to a Model Orthodontic Systematic Review and
an accompanying Explanation and Elaboration document. These documents have been prepared
in accordance with PRISMA guidelines and the "PRISMA Statement for Reporting Systematic
Reviews and Meta-Analyses of Studies that Evaluate Health Care Interventions: Explanations and
Elaboration" (http://www.plosmedicine.org/article/info:doi/10.1371/journal.pmed.1000100).

These guidelines are supplemental to the Guidelines for Original Articles, which describe how to meet
general submission requirements, such as figure formats, reference style, required releases, and
blinding. However, we have made these guidelines more relevant to orthodentics and have adapted
the reporting template to encourage transparent and pertinent reporting by introducing subheadings
corresponding to established PRISMA items.

Further information on reporting of systematic reviews can also be obtained in the Cochrane Handbeook
for Systematic Reviews of Interventions {http://www.cochrane-handbook.org).

Guidelines for Randomized Clinical Trials

Randomized Clinical Trials must meet current CONSORT (Consolidated Standards of Reporting Trials)
requirements. The AJO-DO will screen submissions for compliance before beginning the review
process. To help authors understand and apply the standards, we have preparad a separate document,
Guidelines for AJO-DO Submissions: Randomized Clinical Trials. This document contains links to an
Annotated RCT Sample Article and The CONSORT Statement: Application within and adaptations for
orthodontic trials.

These guidelines are supplemental to the Guidelines for Original Articles, which describe how to meet
general submission requirements, such as figure formats, reference style, required releases, and
blinding.

Guidelines for Case Reports

Effective April 1, 2021, please submit new Case Reports to the AJO-DO Clinical Companion,
https://www.aditorialmanagercom/xaor/. Author Guidelines are available at the Clinical Companion
website.

Clinician's Corner

Effective April 1, 2021, please submit new Clinician's Corner articles to the AJO-DO Clinical

Companion, https://www.aditorialmanagercom/xaor/. Author Guidelines are available at the Clinical
Companion website.

Digital Orthodontics
Articles published in the Digital Orthodentics section will rely on or feature an emerging technology.
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Guidefines for Miscellaneous Submissions

Letters to the Editor and their responses appear in the Readers' Forum section and are encouraged
to stimulate healthy discourse between authors and our readers. Letters to the Editor must refer to
an articde that was published within the previous six (6) months and must be less than 500 words
including references. Submit Letters via the Editorial Manager Web site. Submit a signed copyright
release with the letter,

Brief, substantiated commentary on subjects of interest to the orthodontic profession is published
occasionally as a Special Article. Submit Guest Editorials and Special Articles via the Web site.

Books and monographs (domestic and foreign) will be reviewed, depending upon their interest
and value to subscribers. Send books to Chris Burke, Department of Orthodontics, University of
Washington D-563, HSC Box 357446, Seattle, WA98195-7446., They will not be returned.
Checklist for Authors

Title page, including full name, academic degrees, and institutional affiliation and position of
each author, and full mailing address and contact information for the corresponding author; brief
description of each author's contribution to the submission; and author to whom correspondence and
reprint requests are to be sent, including address, business and home phone numbers, fax numbers,
and e-mail address

CRediT Author Statement, formatted with the names of authors first and CRediT role(s)
following. More datails and an example

__ Highlights (up to 5 Highlights, written in complete sentences, 85 characters each
__ Abstract {structured, 250 words; a graphical abstract is optional)
__ Manuscript, including references and figure legends
___ Figures, in TIF or EPS format
___ Tables
__ Copyright release statement, signed by all authors
Photographic consent statement(s)
___ICMIE Conflict of interest statement for each author
____ Permissions to reproduce previously published material

Permission to reproduce proprietary images (including screenshots that include a company logo)

PREPARATION

Double anonymized review

This journal uses double anonymized review, which means the identities of the authors are concealed
from the reviewers, and vice versa. More information is available on our website, To facilitate this,
please include the following separately:

Title page (with author details): This should include the title, authors' names, affiliations,
acknowledgements and any Declaration of Interest statement, and a complete address for the
corresponding author including an e-mail address.

Anonymized manuscript (no author datails): The main body of the paper (including the references,
figures, tables and any acknowledgements) should not include any identifying information, such as
the authors' names or affiliations.

Article structure
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Introduction

Provide an adequate background so readers can understand the nature of the problem and its
significance, State the objectives of the work. Cite literature selectively, avoiding a detailed literature
survey or a summary of the results.

Material and Mathods

Provide sufficient detail to allow the work to be reproduced. If methods have already been published,
indicate by a reference citation and describe only the relevant modifications. Include manufacturer
information (company name and location) for any commercial product mentioned. Report your power
analysis and ethics approval, as appropriate.

Results
Results should be clear and concise.

Discussion

Explain your findings and explore their significance. Compare and contrast your results with other
relevant studies. Mention the limitations of your study, and discuss the implications of the findings
for future research and for clinical practice. Do not repeat information given in other parts of the
manuscript.

Conclusions
Write a short Conclusions section that can stand alone. If possible, refer back to the goals or objectives
of the research.

Essential title page information

e Title. Concise and informative, Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family name(s}
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, induding the country name and, if available, the
e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of referesing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, @ 'Present address’ (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes,

Highlights

Highlights are optional yet highly encouraged for this journal, as they increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that capture the
novel results of your research as well as new methods that were used during the study (if any). Please
have a lock at the examples here: example Highlights,

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Absiract

A structured abstract using the headings Introduction, Methods, Results, and Conclusions is
required for Original Article, Systematic Review, Randomized Controlled Trial, and Techno Bytes. An
unstructured abstract is acceptable for Case Report and Clinician’s Corner.

Graphical abstract

Although a graphical abstract is optional, its use is encouragead as it draws more attention to the online
article, The graphical abstract should summarize the contents of the article in a concise, pictorial form
designad to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
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of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site,

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
and in accordance with zll technical requirements,

Acknowledgments

Collate acknowledgments in @ separate saction at the end of the article before the references; do not
include them on the title page, as a footnote to the title page, or otherwise, List here those individuals
who provided help during the research (eg, providing help with language or writing assistance, or
proofreading the article).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyyl:
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaal.

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the resesarch, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors,

Artwork

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation for
purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly,
For graphical images, this journal is applying the following policy: no specific feature within an image
may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast,
or color balance are acceptable if and as long as they do not obscure or eliminate any information
present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed
in the figure legend.

Electronic artwork

General points

¢ Make sure you use uniform lettering and sizing of your original artwork.

« Embed the used fonts if the application provides that option.

¢ Aim to use the following fonts in your illustrations: Arial, Courier; Times New Roman, Symbol, or
use fonts that look similar.

o Number the illustrations according to their sequence in the text.

* Use 3 logical naming convention for your artwork files,

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.

¢ Submit each illustration as a separate file,

e Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available,

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is’ in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats {note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings. keep to a minimum of 1000 dpi.
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TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors:

o Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.

¢ Embed your images in the Word document.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) in addition to color reproduction in print, Further
information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves te a minimum but explain all symbeols and abbreviations used.

Tables

Please submit tables as aditable text {Word) and not as images. Upload tables separately, together in
one file if the tables are small, or as individual files; do not embed tables in the manuscript, Number
tables consecutively in accordance with their appearance in the text and place any table notes below
the table body. Be sparing in the use of tables and ensure that the data presented in them do not
duplicate results described elsewhere in the article, Please avoid using vertical rules and shading in
table cells.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommendad in the reference list, but may be mentionad in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
‘Personal communication'. Citation of a reference as 'in press’ implies that the item has been accepted
for publication.

Reference links

Increasad discoverability of research and high guality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorract surnames, journal/book titles, publication year and pagination may prevent link
creation, When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar 1.C., Russo R.M,,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, htips://doi.org/10.1025/200118000884,
Please note the format of such citations should bz in the same style as all other references in the paper

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web referances can be listed separately (e.qg., after the reference list) under a
different heading if desired, or can be included in the reference list.
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Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version {(where available), year,
and global persistent identifier, Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in 3 special issue
Please ensure that the words 'this issue’ are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue,

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These incdude all products that support Citation Style Language
styles, such as Mendelay. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how te remove field codes from different reference
management software,

Reference style

Text: Indicate references by superscript numbers in the text. The actual authors can be referred to,
but the reference number{s) must always be given.

List: Number the references in the list in the order in which they appear in the text.

Examples:

Reference to a journal publication:

1. Van der Geer ], Hanraads JAJ, Lupton RA. The art of writing a scientific article, Sci Commun
2010;16351-S.

Reference to 2 book:

2. Strunk Jr W, White EB. The elements of style, 4th ed. New York: Longman; 2000.

Reference to a chapter in an edited book:

3. Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith
RZ, editors. Introduction to the electronic age. New York: E-Publishing Inc; 2009. p. 281-304.

Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors the first
& should be listed followad by 'et al.' For further details you are referred to 'Uniform Requirements
for Manuscripts submitted to Biomedical Journals’ (J Am Med Assoc 1997:;277:927-34) (see also
http://www.nim.nih.gov/bsd/uniform_raquirements.htmil).

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect, Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image, These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our vidsc instruction pages. Note! since video and animation
cannot be embedded in the print version of the journal, please provide taxt for both the electronic
and the print version for the portions of the article that refer to this content.

Data visualization
Inciude interactive data visualizations in your publication and let your readers interact and engage

more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.
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Research data

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, modeals,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript, If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the resaarch datz page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.q., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datassts directly to Mendaley
Data, The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendsley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

Submission Checklist

The following list will be useful during the final checking of an articie prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

¢ E-mail address

¢ Full postal address

« Phone numbers

All necessary files have been uploaded, and contain:

« All figure captions

¢ All tables (including title, description, footnotes)

Further considerations

* Manuscript has been 'spell-checked' and 'grammar-checked’

» References are in the correct format for this journal

¢ All references mentioned in the Reference list are cited in the text, and vice versa

» Permission has been obtained for use of copyrighted material from other sources (including the Web)
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For any further information please visit our customer support site at https://service.elsevier.com.

Perntissions

To use information borrowed or adapted from another source, authors must obtain permission from
the copyright holder (usuzlly the publisher). This is necessary even if you are the author of the
borrowed matenal. It is essential to begin the process of obtaining permissions early; a delay may
require removing the copyrighted material from the article. Give the source of a borrowed table
in a footnote to the table; give the source of a bomrowed figure in the legend of the figure. The
source must also appear in the list of references. Use exact wording required by the copyright holder.
For more information about permission issues, contact permissionshelpdesk@elsevier.com or visit
hitps://www.elsavier.com/about/policies/copyright/permissions.

Permission is also required for the following images:

oPhotos of a product if the product is identified or can reasonably be identified from the photo
eLogos

eScreenshots that involve copyrighted third-party material, whether a reasonably identifiable user
interface or any nonincidental material appearing in the screenshot

AFTER ACCEPTANCE

Proofs

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do not
have an e-mail address then papar proofs will be sent by post) or a link will be provided in the e-
mail so that authors can download the files themssalves. To ensure a fast publication process of the
article, we kindly ask authors to provide us with their proof corrections within twe days. Elsevier now
provides authors with PDF proofs which can be annotated; for this you will need to download the free
Adobe Reader, version 3 (or higher). Instructions on how to annotate PDF files will accompany the
proofs (also given online). The exact system requirements are given at the Adobe site,

If you do not wish to use the PDF annotations function, you may list the corrections {including replies
to the Query Form) and retum them to Elsevier in an e-mail. Please list your corrections quoting line
number. If, for any reason, this is not possible, then mark the corrections and any other comments
{including replies to the Query Form) on a printout of your proof and scan the pages and return via e-
mail. Please use this proof only for checking the typesetting, editing, completeness and correctness
of the text, tables and figures. Significant changes to the artide as accepted for publication will only
be considered at this stage with permission from the Editor. We will do everything possible to get your
article published quickly and accurately. It is important to ensure that all corrections are sent back
to us in one communication: please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be usad for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Webshop.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.

& Capyright 2018 Elsevier | https://www,elsevier.com|
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