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ABSTRACT

Profile and smile attractiveness after conventional orthognathic three-phase
surgery treatment and with the surgery-first approach

Objective: This study aimed to compare the attractiveness of the profile and smile in
patients treated with Conventional Three-phase Orthognathic Surgery (CTOS) and
Surgery-First Approach (SFA). Material and methods: The sample to evaluate the
attractiveness of the profile comprised 46 patients that were divided into 2 groups:
Group 1: 25 patients treated with SFA with mean age of 31.05 years (SD 7.99); Group
2: 21 patients treated with CTOS with mean age of 28.81 years (SD 9.24). The sample
to evaluate the attractiveness of smile comprised 40 patients that were divided into 2
groups: Group 1: 25 patients treated with SFA with mean age of 31.05 years (SD 7.99);
Group 2: 15 patients treated with CTOS with mean age of 25.88 years (SD 7.67).
Medical records and digital dental models or dental casts of patients treated
orthodontic-surgically by SFA and by CTOS were selected retrospectively from private
clinics of Belém and Bauru, Brazil. Pretreatment and posttreatment silhouettes of both
groups were performed by transferring the cephalometric tracings from Dolphin
software to Adobe Photoshop 2020. Pretreatment and posttreatment smile
photographs were cropped in a dimension of 21 x 12.4 cm and converted to black and
white after removing the hair face and blemishes to reduce the number of confusing
variables. The participants of each modality were randomized in Excel in T1 and T2 for
both variables. Then a questionnaire separated for each variable (profile and smile)
with Informed Consent Form, the records of the evaluators, the randomized silhouettes
and smile in T1 and T2 using a scale in the form of a 10-point grading was sent to
WhatsApp Messenger to laypeople, orthodontists, and maxillofacial surgeons.
Intergroup comparability of initial age, treatment time, initial PAR index, and
cephalometric measurements was performed with independent t tests and sex
distribution and type of malocclusion was performed with chi-square test. The score of
the initial and final profile and smile attractiveness between the three groups of
evaluators was compared with one-way ANOVA and Tukey test. A backward multiple
linear regression was used to evaluate if the %PAR and OGS are predictors in the final
profile attractiveness. The association between the surgical modalities and the OGS,
%PAR and final smile attractiveness were verified with Spearman correlation test.

Results: In both groups, SFA and CTOS, there was an improvement of profile and







smile attractiveness with treatment. Before treatment, the profile of the SFA presented
no difference when compared with the CTOS group. Before treatment, the smile of the
CTOS group was significantly less attractive than the SFA group. At the final stage,
the SFA group presented a more attractive and greater improvement of the profile than
the CTOS group. At the final stage, the SFA group presented a more attractive smile
than the CTOS group. The %PAR is a predictor in the attractiveness of the final profile
and the OGS has a strong and positive correlation with the surgical modalities.
Conclusions: In this study the SFA show better results in attractiveness of smile and
profile with better quality of finishing than COS group. SFA has become a good
alternative for patients, maxillofacial surgeons and orthodontists with shorter treatment

time.

Keywords: Malocclusion. Orthognathic surgery. Esthetic.







RESUMO

Atratividade do perfil e do sorriso ap6s o tratamento com cirurgia
convencional de trés fases e com beneficio antecipado

Objetivo: O objetivo deste estudo foi comparar a atratividade do perfil e do sorriso em
pacientes tratados com Cirurgia Ortognéatica Convencional de Trés Fases (COCTF) e
Cirurgia Ortognatica de beneficio antecipado (COBA). Material e métodos: A amostra
para atratividade do perfil incluiu 46 pacientes que foram divididos em 2 grupos: Grupo
1: 25 pacientes tratados com COBA com média de 31,05 (7,99) anos; Grupo 2: 21
pacientes tratados com COCTF com média de 28,81 (9,24) anos. A amostra para
avaliacao da atratividade do sorriso foi composta por 40 pacientes que foram divididos
em 2 grupos: Grupo 1: 25 pacientes tratados com SFA com média de 31,05 (7,99)
anos; Grupo 2: 15 pacientes tratados com CTOS com média de 25,88 (7,67) anos. Os
prontuarios e modelos dentarios digitais ou fisicos de pacientes pela COBA e pela
COCTF foram selecionados retrospectivamente em clinicas privadas de Belém e
Bauru, Brasil. O pré-tratamento e o pés-tratamento da silhueta de ambos os grupos
foram realizados por transferéncia de tracados cefalométricos do software Dolphin
para Adobe Photoshop 2020. O pré-tratamento e o pés-tratamento dos sorrisos foram
recortados em uma dimensao de 21 x 12,4 cm e convertidos para preto e branco para
reduzir o numero de variaveis de confundimento. Os participantes de cada modalidade
foram randomizados no Excel em T1 e T2 para ambas as varidveis. Em seguida, foi
enviado ao WhatsApp Messenger um questiondrio separado para cada variavel (perfil
e sorriso) para avaliadores leigos, ortodontistas e cirurgides bucomaxilofacial, com o
Termo de Consentimento Livre e Esclarecido, os dados dos avaliadores, as silhuetas
e 0s sorrisos randomizados, o sorriso e a silhueta em T1 e T2 utilizando a escala na
forma de pontuacdo de 10 pontos. A comparabilidade intergrupos de idade inicial,
tempo de tratamento, indice PAR inicial e medidas cefalométricas foram realizadas
com testes t independentes e distribuicdo de sexo e tipo de ma ocluséo foi realizada
com teste de qui-quadrado. A pontuagéo do perfil inicial e final e atratividade do sorriso
entre os trés grupos de avaliadores foi comparada com ANOVA one-way e teste de
Tukey. Uma regressao linar multipla foi usada para avaliar se a % PAR e 0 OGS séo
preditores da atratividade final do perfil. Para avaliar a associacdo entre as
modalidades cirargicas com as variaveis OGS,% PAR e atratividade final do sorriso

foi utilizada a correlacdo de Spearman. Resultados: Antes do tratamento, o perfil do







grupo COBA néao apresentou diferenca do grupo COCTF. Antes do tratamento, o
sorriso do grupo COCTF era significativamente menos atraente do que o grupo SFA.
Na fase final, o grupo COBA apresentou uma melhora de perfil mais atraente e maior
do que o grupo COCTF. Na fase final, o grupo SFA apresentou um sorriso mais
atraente do que o grupo COCTF. A regressao linear multipla mostrou que a %PAR é
um preditor na atratividade final do perfil. A qualidade da finalizacdo (OGS) tem
correlacgéo forte e positiva com as modalidades cirurgicas. Conclusdes: Neste estudo
a COBA apresentou melhores resultados na atratividade do sorriso e do perfil com
melhor qualidade da finalizagéo ortodéntica do que a COCTF. A COBA tornou-se uma
boa alternativa para pacientes, cirurgibes bucomaxilofaciais e ortodontistas com

menor tempo de tratamento.

Palavras-chave: Malocluséo. Cirurgia ortognatica. Estética.
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1 INTRODUCTION

The first case of orthognathic surgery without prior orthodontics was reported in
1944 by Dingman.(Dingman and Surgery 1944)In the 1960s, surgeons rarely
depended on orthodontic-surgical preparation and performed orthognathic surgery
without prior orthodontic treatment or even after the patient had received orthodontic
treatment.(Poulton, Taylor et al. 1963) Due to below expectations results, and to the
fact that only the mandibular setback was performed, it was observed that the amount
of horizontal overlap was insufficient to correct the bone discrepancy.(Poulton, Taylor
et al. 1963)

Bell et al. 1973 reported the need for a minimal orthodontic treatment for
surgically correcting cases of maxillary protrusion and bimaxillary protrusion through
segmentation of the maxilla and mandible and advancing the chin.(Bell and Dann llI
1973)

Since 1976, Worms et al.(WoRMs, ISAACSON et al. 1976) expanded the
concept of performing orthodontic treatment before surgery for all types of dentofacial
deformities, emphasizing that orthodontic treatment should be performed before
surgery to eliminate all dental compensations and allow better positioning of the bone
bases.(WoRMs, ISAACSON et al. 1976) Thus, the treatment before orthognathic
surgery has become a standard procedure among all surgery teams around the
world.(WoRMs, ISAACSON et al. 1976, Huang, Hsu et al. 2014)

Even with orthodontic preparation before orthognathic surgery having become
the model of choice among teams of orthodontists and maxillofacial surgeons until the
end of the first decade of the 21st century, other authors have highlighted the possibility
of performing surgery before orthodontics.(Epker and Fish 1977, Behrman and
Behrman 1988, Brachvogel, Berten et al. 1991, Lee 1994)

Epker and Fish 1977,(Epker and Fish 1977) demonstrated orthognathic surgery
before orthodontics or even with minimal orthodontic alignment and leveling in the

treatment of hyperdivergent patients with anterior open bite.(Epker and Fish 1977)
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Behrman and Behrman 1988, reported the benefits of performing surgery
before orthodontics, as the economic, social and psychological demands of adult

patients are different from that of young patients.(Behrman and Behrman, 1988)

Brachvogel et al. 1991 (Brachvogel, Berten et al. 1991) proposed surgery before
orthodontics, because after the correction of the bone bases, the correction movement
for Class | is the same as a compensatory treatment, in addition, small relapses can

be easily corrected by the orthodontist himself.(Brachvogel, Berten et al. 1991)

Lee 1994,(Lee 1994) demonstrated the advantages of performing the correction
of bone bases and soft tissues as quickly as possible, considering that it is easy to
perform the orthodontic movement on a face with the bone bases, musculature and

soft tissues in balance.(Lee 1994)

However, the major paradigm shift occurred from the article published by
Nagasaka et al. in 2009.(Nagasaka, Sugawara et al. 2009) The main "insight" of those
authors was the insertion of miniplates SAS (Skeletal Anchorage System)(Sugawara,
Umemori et al. 1998, Umemori, Sugawara et al. 1999) to eliminate dental
compensations after the correct relationship of the bone bases, and this new concept
allowed the elimination of the surgery limitations before orthodontics that was heavily
criticized by the surgery and orthodontics teams.(Sugawara, Nagasaka et al. 2018)
From that period onwards, the Surgery-First Approach orthognathic surgery allowed a
new possibility for patients with dentofacial deformities, orthodontists and maxillofacial
surgeons.(Sugawara, Nagasaka et al. 2018)

At Tohoku University, Sugawara et al. reported a rate of 91.7% of surgical cases
treated with the Surgery-First Approach and only 8.7% are performed conventionally,
among the cases of early benefit, the percentage of cases treated with surgery in only
one of the jaws is 76.3% and bimaxillary in 23.7%.(Sugawara, Nagasaka et al. 2018)
The vast majority of deformities are class Il (85.5%), followed by class Il deformities
(9.1%) and finally class | deformities (5.4%).(Sugawara, Nagasaka et al. 2018)
Hernandez-Alfaro et al.(Hernandez-Alfaro and Guijarro-Martinez 2014) reported that
the percentage of cases treated with the SFA is performed in only 18,8% of

orthosurgical patients.(Hernandez-Alfaro and Guijarro-Martinez 2014)
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Although most patients with dentofacial deformities can be treated with SFA, the
most indicated cases are patients with mandibular prognathism associated or not to
the mandibular deficiency, with an interincisal angle close to normal, mild to moderate
crowding and spee curve flat or slightly deepened, that is, without a big bite adjustment
or also without an open bite.(Choi, Garagiola et al. 2019, Uribe, Farrell et al. 2020) In
the transversal direction, there should be no cross bite or collapse when the models
are handled in class I.(Liou, Chen et al. 2011, Gandedkar, Chng et al. 2016) While
whereas, the least indicated would be those in need of tooth extractions, severe
crowding, very open or very closed interincisal angle, and retrognathic
individuals.(Choi, Garagiola et al. 2019, Uribe, Farrell et al. 2020) But the experience
of the orthodontist and the maxillofacial surgeon increases the range of possibilities
with this approach.(Uribe, Farrell et al. 2020)

Most articles report a shorter treatment time with the SFA when compared to
Conventional Orthognathic Three-Phase Surgery (CTOS).(Hernandez-Alfaro,
Guijarro-Martinez et al. 2014, Huang, Hsu et al. 2014, Peiro-Guijarro, Guijarro-
Martinez et al. 2016, Yang, Xiao et al. 2017, Barone, Morice et al. 2020) In addition,
there are reports of improvements in the quality of life of individuals undergoing
orthognathic surgery, because malocclusions with facial deformities have a negative
impact on quality of life, whereas correction of these significantly increases it.(Soh and
Narayanan 2013, Pachéco-Pereira, Abreu et al. 2016, Barone, Morice et al. 2020)
Patients who performed ortho-surgical treatment reported increased psychological
well-being and self-confidence.(Park, Choi et al. 2015, Huang, Chen et al. 2016, Feu,
de Oliveira et al. 2017, Pelo, Gasparini et al. 2017, Zingler, Hakim et al. 2017)

However, SFA also has its disadvantages. Some authors have reported as
disadvantages, the need for greater overcorrections of the bone bases to eliminate the
dental compensations, a great “expertise” of the orthodontist and the maxillofacial
surgeon, shorter interval between consultations than in the conventional approach and
constant communication between the orthodontist and maxillofacial surgeon.
However, the main disadvantage has been a possible percentage of recurrence with
counterclockwise rotation of the jaw.(Peiro-Guijarro, Guijarro-Martinez et al. 2016,
Choi, Kim et al. 2019, Uribe, Farrell et al. 2020)
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The literature has shown a certain divergence on the issue of this post-surgical
instability of orthognathic surgery of SFA; however, some have shown that there are
no statistically significant differences.(Liao, Chiu et al. 2010, Ko, Hsu et al. 2011, Hsu,
Gateno et al. 2013, Huang, Hsu et al. 2014, Park, Yang et al. 2015, Sharma, Yadav et
al. 2015, Park, Sandor et al. 2016, Yang, Xiao et al. 2017, Soverina, Gasparini et al.
2019)

On the other hand, stability has been reported with less stability and
anteroposterior changes in the counterclockwise direction of the pogonion and point
B, which can lead to statistically significant changes in the mandible and affect the
aesthetics of the facial profile.(Hsu, Gateno et al. 2013, Kim, Lee et al. 2013, Kim, Lee
et al. 2014, Choi, Hwang et al. 2016, Wei, Liu et al. 2018) From this premise, there
may be a difference in the results of facial profiles.

The position of the jaw has a great influence on facial esthetics,(Johnston, Hunt
et al. 2005, Kuroda, Sugahara et al. 2009, Naini, Donaldson et al. 2012, Kim, Lee et
al. 2014) a fact that reinforces the speculation that the attractiveness of the profile
would be impaired in the SFA modality in relation to CTOS. Higher skeletal recurrence
would imply less predictability of the final integumentary aspect, as well as invariably
affect the intra and interarch occlusal relationship since skeletal recurrence would act
against the decompensating work of the orthodontist.(Ko, Hsu et al. 2011, Hutchinson
and Lee 2013, Kim, Lee et al. 2014, Akamatsu, Hanai et al. 2016, Mah, Kim et al. 2017)
Thus, there would also be less predictability of the final occlusion since greater
adjustments would be necessary for the arches separately so that the ideal
intercuspation was achieved. The repercussion of these adjustments on the anterior
teeth and overlapping would inevitably damage the final aspect of the smile as
well.(Chang, Fields Jr et al. 2011, Machado, Moon et al. 2013)

However, the amount of information in the scientific literature about the
attractiveness of the profile and when it comes to orthodontic-surgical approaches is
extremely scarce and, in general, almost entirely restricted to the traditional protocol
(CTOS). The articles that evaluated facial aesthetics, made only quantitative
comparisons through cephalometric measures.(Liao, Chiu et al. 2010, Zhou, Li et al.
2016) Qualitative comparisons evaluating the attractiveness of the profile of patients

treated by the only two existing protocols (CTOS and SFA) were never performed.
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Therefore, despite several studies pointing to the SFA protocol as an alternative
with shorter treatment time,(Hernandez-Alfaro, Guijarro-Martinez et al. 2014, Choi, Lee
et al. 2015, Huang and Chen 2015, Janakiraman, Feinberg et al. 2015, Park, Yang et
al. 2015, Peiro-Guijarro, Guijarro-Martinez et al. 2016) and so that the patient is not
exposed to the psychosocial cost of pre-surgical esthetic deterioration(Park, Yang et
al. 2015, Huang, Chen et al. 2016, Feu, de Oliveira et al. 2017, Pelo, Gasparini et al.
2017, Zingler, Hakim et al. 2017) due to the dental decompensation required in the
three-phase protocol, it is necessary to compare the final attractiveness of the profile

and between both protocols.
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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 D).

e Article 1 - Profile attractiveness after conventional orthognathic three-

phase surgery treatment and with surgery-first approach.

e Article 2 - Smile attractiveness after conventional orthognathic three-phase

surgery treatment and with surgery-first approach.
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2.1 ARTICLE 1

Profile attractiveness after conventional orthognathic three-phase surgery
treatment and with the surgery-first approach.

ABSTRACT

Objective: This study aimed to compare the attractiveness of the profile and smile in
patients treated with Conventional Three-phase Orthognathic Surgery (CTOS) and
Surgery-First Approach (SFA). Material and methods: The sample to evaluate the
attractiveness of the profile comprised 46 patients that were divided into 2 groups:
Group 1: 25 patients treated with SFA with mean age of 31.05 years (SD 7.99); Group
2: 21 patients treated with CTOS with mean age of 28.81 years (SD 9.24). Medical
records and digital dental models or dental casts of patients treated orthodontically-
surgically by SFA and by CTOS were selected retrospectively from private clinics of
Belem and Bauru, Brazil. Pretreatment and posttreatment silhouettes of both groups
were performed by transferring cephalometric tracings from Dolphin software to Adobe
Photoshop 2020. The participants of each modality were randomized in Excel in T1
and T2. Then a questionnaire with Informed Consent Form, the records of the
evaluators, the randomized silhouettes in T1 and T2 using a scale in the form of a 10-
point grading was sent to WhatsApp Messenger to laypeople, orthodontists, and
maxillofacial surgeons. Intergroup comparability of initial age, treatment time, initial
PAR index, and cephalometric measurements was performed with independent t tests
and sex distribution and type of malocclusion was performed with chi-square test. The
score of the initial and final profile attractiveness between the three groups of
evaluators was compared with one-way ANOVA and Tukey test. A backward linear
regression was used to evaluate the %PAR and OGS like independent variables and
the final silhouette profile like dependent variable. Results: In both groups, SFA and
CTOS, there was an improvement of profile attractiveness with treatment. Before
treatment, the profile of the SFA had no difference when compared to the CTOS group.
At the final stage, the SFA group presented a more attractive and greater improvement
of the profile than the CTOS group. The %PAR was a predictor of the profile
attractiveness. Conclusions: In this study the SFA demonstrated better results in
attractiveness of profile with better quality of finishing than COS group. SFA has
become a good alternative for patients, maxillofacial surgeons and orthodontists with
shorter treatment time.

Keywords: Malocclusion. Orthognathic surgery. Esthetic.
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INTRODUCTION

The standard of beauty seems to be a factor of great impact on society, as the
attractiveness of the face and the beauty parameters is an important factor for social
acceptance.! Patients with borderline dentofacial deformities have a higher profile than
patients who only received compensatory orthodontic treatment.? Assuming that most
severe malocclusions are associated with large-scale skeletal discrepancies, an
important percentage of people require combined surgical-orthodontic treatment.3

Patient prototypes have been changing over the past 15 years due to factors
such as minimally invasive procedures, shorter hospital stays, orthodontic and surgical
software to increase patient accuracy and understanding, and new surgical
approaches.®® In addition to the exposure of patients and professionals on social
media, such as YouTube, Instagram and Facebook, it has drawn more attention even
from patients with dentofacial deformities.>®

Today we have three modalities of orthognathic surgery: Conventional Three-
Phase Orthognathic Surgery (CTOS), Surgery-First Approach (SFA) and Minimal
Presurgical Orthodontic Preparation (MPOP)."11

The surgery before or even after or without orthodontic treatment has been
performed since the 60’s decade, but the limitations of orthodontic mechanics, surgical
techniques and planning tools determined the unsuccess of this approach.'? For this
reason, Worms et al. 1976 standardized the Orthodontic-First Approach to
decompensate the teeth for all cases of orthognathic surgery.

Other authors continued to publish about the Surgery-First Approach (SFA),*
17 but the most ortho-surgical teams in the world chose the orthognathic surgery that
became known as Conventional Three-Phase Orthognathic Surgery (CTOS).

However, the major paradigm shift occurred from the article published by
Nagasaka et al. in 2009.1® The main "insight" of those authors was the insertion of
miniplates SAS (Skeletal Anchorage System)!®20 to eliminate dental compensations
after the correct relationship of the bone bases, and this new concept allowed the
elimination of the surgery limitations before orthodontics that was heavily criticized by
the surgery and orthodontics teams.® From that period onwards, the SFA allowed a
new possibility for patients with dentofacial deformities, orthodontists and maxillofacial
surgeons.?!

Although most patients with dentofacial deformities can be treated with Surgery-
First Approach, the most indicated cases are patients with mandibular prognathism
associated or not to the mandibular deficiency, with an interincisal angle close to
normal, mild to moderate crowding and spee curve flat or slightly deepened, that is,
without a big bite adjustment or also without an open bite.?223 In the transversal
direction, there should be no cross bite or collapse when the models are handled in
class 1.24#2> While whereas, the least indicated would be those in need of tooth
extractions, severe crowding, very open or very closed interincisal angle, and
retrognathic individuals.??23 But the experience of the orthodontist and the maxillofacial
surgeon increases the range of possibilities with this approach.?

Most articles report a shorter treatment time with the SFA when compared to
Conventional Orthognathic Three-Phase Surgery (CTOS).(Yang et al., 2017; Huang et
al., 2014; Park et al., 2015; Hernandez-Alfaro, 2014; Peiro-Guijarro et al., 2016;
Barone et al., 2020) In addition, there are reports of improvements in the quality of life
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of individuals undergoing orthognathic surgery, because malocclusions with facial
deformities have a negative impact on quality of life, whereas correction of these
significantly increases it.(Pachéco-Pereira et al., 2016; Soh, et al. 2013 ; Barone et al.,
2020) Patients who performed ortho-surgical treatment reported increased
psychological well-being and self-confidence.(Pelo et al., 2017; Huang et al., 2016;
Park et al., 2015; Feu et al, 2017; Zingler et al., 2017)

The literature has shown a certain divergence on the issue of this post-surgical
instability of orthognathic surgery of SFA; however, some have shown that there are
no statistically significant differences. (Yang et al., 2017; Sharma et al., 2015; Soverina
et al., 2019; Huang et al., 2014; Hsu et al., 2013; Ko et al., 2011; Park et al., 2015;
Park et al. 2016; Liao et al, 2010)

On the other hand, stability has been reported with less stability and
anteroposterior changes in the counterclockwise direction of the pogonion and point
B, which can lead to statistically significant changes in the mandible and affect the
aesthetics of the facial profile.(Hsu et al, 2013; Choi et al., 2016; Kim et al., 2014; Kim,
et al.,2014; Wei et al., 2018) From this premise, there may be a difference in the results
of facial profiles.

The position of the jaw has a great influence on facial esthetics,(Naini et al.,
2012; Kuroda et al., 2009; Johnston et al., 2005) a fact that reinforces the speculation
that the attractiveness of the profile would be impaired in the SFA modality in relation
to CTOS. Higher skeletal recurrence would imply less predictability of the final
integumentary aspect, as well as invariably affect the intra and interarch occlusal
relationship, since skeletal recurrence would act against the decompensating work of
the orthodontist(Kim et al., 2014; Hutchinson et al., 2013; Mah et al., 2017; Akamatsu
et al., 2016; Ko et al., 2011). Thus, there would also be less predictability of the final
occlusion since greater adjustments would be necessary in the arches separately so
that the ideal intercuspation was achieved. The repercussion of these adjustments on
the anterior teeth and overlapping would inevitably damage the final aspect of the smile
as well. (Chang et al, 2011 ;Machado et al., 2013)

However, the amount of information in the scientific literature about the
attractiveness of the profile when it comes to orthodontic-surgical approaches is
extremely scarce and, in general, almost entirely restricted to the traditional protocol
(CTOS). The articles that evaluated facial aesthetics, made only quantitative
comparisons through cephalometric measures.(Liao et al, 2010; Zhou, et al., 2016)
Qualitative comparisons evaluating the attractiveness of the profile of patients treated
by the only two existing protocols (CTOS and SFA) were never performed.

Therefore, despite several studies pointing to the SFA protocol as an alternative
with shorter treatment time,(Hernandez-Alfaro et al., 2014 ;Park et al, 2015;Peiro-
Guijarro et al., 2016; Huang et al., 2015; Janakiraman et al., 2015;Yang et al., 2017)
even though this topic also has some controversy, and so that the patient is not
exposed to the psychosocial cost of pre-surgical esthetic deterioration (Pelo et al.,
2017; Huang et al., 2016; Park et al., 2015; Feu et al., 2017; Zingler et al., 2017) due
to the dental decompensation required in the CTOS protocol, it is necessary to
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compare the initial and final attractiveness of the profile and treatment time between
both protocols.

OBJECTIVES

This study aimed to retrospectively evaluate the attractiveness of the profile in
the pretreatment (T1), posttreatment (T2) and treatment time in patients with
dentofacial deformities treated by the CTOS and SFA.

MATERIAL AND METHODS

The study was approved by the Ethics in Research Committee of Bauru Dental
School, University of Sao Paulo, Brazil (protocol number CAAE:
51458521.6.0000.5417, decision number: 5.054.066).

Sample size calculations (patients)

The sample size calculation was based on an alpha significance level of 5%
(0.05) and a beta of 20% (0.20) to achieve 80% power test to detect a minimum
difference of 0.85 points with a standard deviation of 0.95 for the posttreatment profile
attractiveness.?® Thus, the sample size calculation resulted in the need for at least 21
patients in each group.?’

Sample size calculations (evaluators)

The sample size calculation was based on an alpha significance level of 5%
(0.05) and a beta of 20% (0.20) to achieve 80% power test to detect a minimum
difference of 0.7 points with a standard deviation of 0.95 for the posttreatment profile
attractiveness score (Mendes et al, 2019). Thus, the sample size calculation resulted
in the need for at least 30 evaluators in each group.?’

PARTICIPANTS

Eligibility Criteria

To provide greater reliability to the results that may be obtained, the medical
records will be selected according to the following criteria: Complete initial and final
orthodontic documentation, two-jaw surgery, absence of craniofacial anomalies,
complete initial diagnosis, plaster models or 3D prints in good condition. Exclusion
criteria consisted of patients with craniofacial anomalies or syndromes, one-jaw
surgery, supernumerary and/or anomalous teeth. Consecutive patients, within the
inclusion criteria, were retrospectively selected from the files of private orthodontic
clinics of Bauru and Belem, Brazil, from March 2004 to December 2020. Seventy-six
medical records were evaluated, forty-five were SFA modality and Thirty-one were
CTOS.

The sample was divided into two groups: Group 1 consisted of 21 subjects
treated with CTOS with a mean age of 28.81 (9.24), 10 were male and 11 females, 3
were Class I, 11 Class Il and 7 Class Ill. and Group 2, composed of 25 patients treated
with SFA, with mean age of 31.05 years (7.99), 7 were male and 18 females, 4 were
Class I, 12 Class Il and 9 Class Ill. All the patients received bimaxillary surgery with
Lefort | in the upper jaw and bilateral sagittal split osteotomy (BSSO) in both groups
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with and without genioplasty. In the SFA group, the patients did not receive any
orthodontic treatment before surgery and the brackets were positioned by the same
operator (P.G.0O.P) a week before the surgery and the wire a day before the procedure
in all cases. The ortho-surgical treatment was made by a single orthodontist (P.G.O.P)
and surgeon (F.S.N.F). The orthodontic treatment begins 15 to 21 days after surgery.
All the patients that were treated with SFA received four miniplates in strategics sides,
depending on the biomechanics necessity and no patient remained with the final
guides after surgery. Surgical stabilization was maintained with intermaxillary elastics
and orthodontic miniplates. Nine of these patients were treated by lingual technique,
three with Invisalign e and the others thirteen with labial multibrackets technique. The
CTOS group was treated by the same orthodontist (M.J.) with twenty-six years like a
specialist in Orthodontics and surgeon (E.S) with twenty-seven years like a specialist
in maxillofacial surgery, and all patients were treated with labial multibrackets
technique. The orthodontic treatment begins 45 days after surgery. For both groups
lateral cephalograms, photography and dental casts were obtained. The groups were
made compatible regarding (1) initial age, (2) treatment time, (3) distribution between
the sexes, (4) malocclusion type and (5) cephalometric variables (Table 1).

Cephalometric variables.

The teleradiographs were oriented with the photographs in NHP (Natural Head
Position) using a horizontal line across the C point (the most prominent point of the
Cornea) and a vertical line, like described by Lundstrom et al. 1995 and Finn et al.
2019 (Fig 1).222° All the cephalometric tracing and orientation of the head were
calibrated between the operator (PGOP) and an expert (GJ). All the vertical angles
between the vertical line and N’-PG in cephalometric radiograph and photography were
measured with open-source Image J software with a tolerance level of 0.3° degrees.
Then all the cephalometric measurements were performed on Dolphin software
version 11.95 in PNC.

Profile scan and silhouettes

As the radiographs were taken in different documentation centers and different
X-ray devices, the magnification factor was indicated. This varies between 6% and
9.8%, depending on which X-ray machine has been used. This correction was made
using the Dolphin 11.95 program (Chatsworth, California, USA), inserting the size of
the calibration rule (Ruler Length) of the image with the magnification correction. In
cases where the lateral cephalograms were generated digitally using CT scans or
digitized with the Sidexis 4 software in Orthophos SL 3D (Denstply Sirona, York,
Pennsylvania, United States), the 1: 1 ratio will be used, without the need for correction
of the magnification in Dolphin.

The teleradiographs and photographs of each patient before and after treatment
were imported to Adobe Photoshop 2020 Software. The teleradiographs were oriented
with the photographs in NHP (Natural Head Position) using a horizontal line across the
C point (the most prominent point of the Cornea) and a vertical line like described by
Lundstrom et al. 1995 and Finn et al. 2019 (Fig 1).282° All the cephalometric tracing
and orientation of the head were calibrated between the operator (PGOP) and an
expert (GJ). All the vertical angles between the vertical line and N'-PG in cephalometric
radiograph and photography were measured with open-source Image J software with
a tolerance level of 0.3° degrees.
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Pretreatment and posttreatment silhouettes of both groups were imported from
Photoshop to Dolphin and performed the cephalometric tracing in PNC and then sent
to Photoshop again. The drawings were delimited in the posterior region by a line
tangent to the most posterior point of the condyle, inferiorly, below the cervical point,
and in the superior part, just above the Glabella (Fig.2).3%-3?> The same procedure was
performed to the final silhouette (Fig 3). And the initial and final photographs were
calibrated and compared more than one time with the silhouettes by the operator
(P.G.O.P) and reassessed by an expert (G.J) (Fig. 4). The cephalometric tracings were
performed in PNC on Dolphin 11.95 software to compatible the groups with linear and
angular measurements.

Evaluation of Profile

The patients were randomized in T1 and T2 and then the evaluation of the
attractiveness of the profiles was carried out through a customized questionnaire on
Google Forms, generating a link, which was sent via WhatsApp Messenger and emails
from orthodontists, oral and maxillofacial surgeons, laypeople.333* Informed consent
term was signed by all patients.

A brief questionnaire for the evaluator was made, the date of birth, sex, area of
activity will be recorded (Laypeople; Laypeople / Orthodontics; Dentistry / Oral and
Maxillofacial Surgery ; Dentistry). For proper calibration, the evaluator will be instructed
to examine all profile images before starting to analyze them, so it will be easier to
assign a fair score to each one.?”:3

Therefore, each evaluator will judge the attractiveness through a different
display order, without knowing the treatment protocol used in each case.?6:27:35

The subjective analysis of attractiveness will be performed using a 10-point note
scale (Figure 5). Grade 0 will indicate a profile considered less attractive as possible
and grade 10, most attractive as possible. The evaluator may change the notes at any
time before submitting the research.?26:27,3536

INITIAL PAR, FINAL PAR INDEX AND %PAR

The initial and final PAR index was used to assess the initial and final difficulty
level of orthodontic treatment in both protocols, as described by Richmond.3” The PAR
index considers five occlusal characteristics, which were measured by one operator
(G.J) in the Ortho Analyzer software (3 Shape, Copenhagen, Denmark), that is
calibrated by an expert in 3D softwares and virtual Planing PGOP.384°_ The occlusal
characteristics are posterior occlusion, overjet, overbite, crowding and midline. Each
of these characteristics has well-defined criteria for measurement and will be applied
to the initial and final models (Figs. 6 and 7 ). The PAR percentage was used to
evaluate the reduction of the PAR Index by applying the following formula:

%PAR = PART2 — PART1 x 100.
PART1

ABO OGS (Objective Grading System)

The calculation of the OGS index will be done by summing the scores assigned
to eight criteria evaluated in plaster models or by 3D printing, which were measured by
one operator (G.J), and namely: alignment, marginal ridges, buccolingual inclination,
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occlusal relationships, occlusal contacts, overjet, interproximal contacts and root
angulation. 4

Error study

To evaluate the error of the method, the measurements were repeated in 30%
of the sample after a month interval. The Dahlberg formula was used to evaluate the
random errors and the systematic errors were evaluated with dependent t tests.

To evaluate the precision of the evaluators of the silhouettes of the
guestionnaire, two silhouettes were randomly repeated throughout the questions, and
the Intraclass correlation coefficient (ICC) was used.

Statistical analysis

Normality and homogeneity of the variances of data were checked with Shapiro-
wilk and Levene’s test, respectively.

Intergroup comparability of initial age, treatment time, initial PAR index and
cephalometric measurements were performed with independent t tests and sex
distribution and type of malocclusion were performed with chi-square tests.

Intragroup comparison of the initial and final stages of each group was
performed with dependent t tests. Intergroup comparison of the profile attractiveness
was performed with independent t tests.

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,
respectively. The score of the initial and final profile attractiveness between the three
groups of evaluators was compared with one-way ANOVA and Tukey test.

Intergroup comparability of quality of finalization (OGS) and the percentage of
the amount of occlusion improvement were performed with independent t tests.

The backward multiple linear regression model was used with the final
atractiveness of the profile as dependent variable and OGS and %PAR as independent
variables to evaluate if the independent variable were predictors of depedent variables.

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

The random errors varied from 0.27mm (Overbite) to 0.67mm (Overjet), and
from 0.33° (SNA) to 0.93° (SNPLO). The random error of the initial PAR index, Final
PAR, OGS and %PAR varied from 0.27 to 0.91. These random errors were considered
acceptable. The systematic errors were not statistically significant.

The Intraclass Correlation Coefficient (ICC) of laypeople, orthodontists and
maxillofacial surgeons were 0.66, 0.78 and 0.81, respectively, and this is considered
satisfactory and excellent.*?

There was comparability of the initial age, initial PAR index, sex distribution,
type of malocclusion and cephalometric variables (Table 1).

In both groups, SFA and CTOS, there was an improvement of profile
attractiveness with treatment (Table 2).

Before treatment, the profile was similar between the modalities SFA and CTOS
group (Table 3). At the final stage, the SFA group presented a more attractive profile
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than the CTOS group (Table 3). The SFA group presented a greater improvement of
profile attractiveness with treatment than the CTOS group (Table 3).

The orthodontist's group was significantly older and presented more females
than the other two groups (Table 4).

There was a statistically significant difference in initial profile attractiveness
scores between the three groups of evaluators. The maxillofacial surgery was more
critical, followed by laypeople, and the orthodontists were less critical (Table 5). For
the final profile attractiveness, the orthodontists were less critical than the laypeople
and the maxillofacial surgeons (Table 5).

The SFA presented a significantly shorter treatment time than CTOS (Table 6).
The quality of finalization measured by the OGS index (Table VII) and the percentage
of the amount of occlusion improvement measured by the %PAR (Table VIII) were
significantly better in quality of finishing.

The backward multiple linear regression showed that the OGS and %PAR had
a negative and positive correlation, respectively, on the final attractiveness of the
profile. A great amount of occlusion improvement would generate a better silhouette
attractiveness and the quality of finalization is not a predictor to a better silhouette
profile at the end of the treatment. (Table 1X).

DISCUSSION

The attractiveness of the profile has been the motivation for many researchers
to provide scientific support to clinicians, using different methodologies to
comparison.***8  Furthermore, the self-perception of patients with dentofacial
deformities has a negative influence on the degree of happiness, self-confidence and
beauty, including an attractive profile, may be related to greater professional and
personal success.148

On the other hand, the return of SFA and MPOP as another treatment option,
even though it is still a topic that generates a certain controversy among ortho-surgical
teams.*® Although for us seemed obvious, that most cases could be treated starting
with surgery or performing a quick orthodontics, eliminating small compensations and
controlling the spee curve and then eliminate the compensations with skeletal
anchorage, with the same esthetic in the profile, corroborating the results of this
study.8%0

This question depends on a series of factors such as interaction between the
team of surgeons and orthodontists, the technical skill of the surgeon in performing
different osteotomies, the clinical skill of the orthodontist and knowledge of orthodontic
biomechanics and handling of 3D software for surgery and orthodontics and
communication between this software.>>>* Some authors report that SFA guidelines
are indicated in cases where they do not have great dental compensation, with an
interincisal angle close to normal, flat or slightly deepened curve, the transversal
relationship of the Class | arches, and there can be no major discrepancies and the
expertise of ortho-surgical team like discussed above. The guidelines to SFA they are
worthy of discussion because they depend on the above factors and on the patient’s
opinion.?425

The results with better profile attractiveness in cases treated with SFA may
seem like a bias. But for us this is a very clear issue because our approach is
orthodontic-surgical driven, where surgical movements are greater and dental
compensations are removed after orthodontic treatment. The fact that CTOS is linked
to the completion of a Class | occlusal relationship can limit the surgeon and,
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consequently, the esthetic results in the profile. Sugawara et al. 2018 perform an
orthodontic-driven approach with most cases treated with one-jaw approach, which
could influence facial attractiveness,®'8, and Hernandez-Alfaro et al. 2014 perform a
SFA approach with surgery-driven approach, therefore they perform SFA in limited
cases because their team operate based on Class | occlusion.” All the cases were
treated by SFA with orthodontic decompensation described by Faber et al. %° and
Pereira et al. 2019 %%which in our view increases the esthetic possibilities and the
possibility of treating more patients with this approach.

Another expected result is the question of surgeons being more demanding on
grades, followed by laypeople and orthodontists. Surgeons are used to observing the
face more than orthodontists, who, on the contrary, observe the occlusal relationship
more than the surgeon. Lay people have a self-perception in facial esthetics,*® and
historically the orthodontists have more tendency to perform compensatory treatment
and are less critical than laypeople.2>’

The silhouettes were drawn using the submental-cervical angle it’s an important
factor to an attractive profile like mentioned by Naini et al. 2016, therefore we decide
to draw a part of the neck on tracings and silhouettes because an angle of the 90° to
105° is the most acetable by clinicians and laypeople. We decide to use silhouettes to
avoid confounding bias due to individual preferences like skin color, hair style, and
age.?® On the other hand, Hockley et al. 2012 showed differences between
photographs and silhouettes, %8 therefore Pithon et al. demonstrated that there aren’t
differences between both protocols,>® and because Brazil is a country with great racial
miscegenation, we prefer to use the silhouettes.

We use the PNC instead of the Frankfurt Plane (FP) because PNC is
reproducible and stable and less suitable to alterations in the profile due to variations
of cranial positions than FP.?82%60 The FP could become favorable or unfavorable the
attractiveness of the profile due to alterations of the anatomic structure of Porium to
Orbitale (FP) points, mainly in Class Il, with a difference in the NHP.FP° of 2.04°
+4.79 and -1.20° + 3.03.°

Although the results were in favor of SFA for laypersons, maxillofacial surgeons
and orthodontists, we believe that there is no clinical difference between the modalities,
as long as there is a correct indication. The limitations of the SFA are patients with
dental biprotrusion with maxillary and mandibular deficiency, Class Il division 2, some
cases of deepened bite and cases that need SARPE (Surgically Assisted Rapid Palatal
Expansion) because the segmentation of the maxilla and or the mandible is not
indicated. Although the shorter treatment time can be observed in the most of
studies”21.61-68_ Only the study published by Ko et al. 2011 demonstrated that CTOS
had a shorter treatment time than SFA. This study corroborated most of the studies,
and one of the factors could be related to RAP (Reginal Acceleratory Phenomenon)
with increasing of alkaline phosphatase and C-terminal telopeptide of type | collagen®®,
SAP (Systemic Acceleratory Phenomenon)”™, and biomechanics with miniplates
reducing the necessity of cooperation of the patient and extractions of premolars.® "1
In SFA group one patient extract one upper first premolar and another patient two
upper premolars. In CTOS group were extracted four first premolars in 2 patients, other
two patients were extracted two upper premolars, and one case has performed a
closing of the lower first molar. 7274

Wei et al. related in systematic review and metanalysis that SFA have a
postoperative tendency to counterclockwise rotation and poor stability. In this research
the results are not corroborated with this metanalysis. Another question is that the
studies included in this metanalysis are so much heterogeneous, the penultimate
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radiographs were performed immediately after surgery and must be immediately after
debonding and we can’t know if were used adequate biomechanics strategies to
control this “relapse”.” Furthermore, the authors inserted SFA and MPOP in the same
group, and this generates a big bias. If there was initial alignment and leveling, “the
surgery is not more first”. Other systematic reviews and metanalyses showed different
results from the results found by Wei and collaborators.?%.63.76¢ However, these studies
also present very heterogeneous studies. More robust studies, such as randomized
clinical trials are necessary but difficult to carry out.

Many articles have demonstrated the superiority of virtual planning when
compared the traditional face-bow planning,>* and some patients of CTOS group were
treated by traditional approach and all the patients treated with SFA approach were
treated by virtual ortho-surgical planning.”-51.77-82

A recent study using another methodology found results that corroborate with
our conclusions. Beccuti et al. 2021 found in a qualitative study that SFA and CTOS
had the same quantity of satisfaction but with less treatment time and
immediate profile improvement. The limitations of this study are the retrospective
sample and the treatment performed by different teams. Many studies with more
homogenous samples, randomized clinical trials or quasi-randomized clinical trials
need to be performed.

We observed that the quality of the finalization (OGS) and the amount of quantity
of improvement (%PAR) were significantly better in the SFA group and that the %PAR
was a predictor factor of the final attractiveness of the profile. The %PAR was better in
SFA group and the efficiency of the orthodontic treatment using miniplates could affect
the result, showing the importance of the orthodontists in the orthognathic surgery with
both modalities.

Clinical implications

With increasing the search for beauty, a pleasant profile, and functional
occlusion, many patients have advocated for SFA approach. With the findings of this
study, the teams of orthodontists and maxillofacial surgeons will be able to perform
SFA, MPOP and CTOS, according to indication, opinion of the patient and until the
moment that the patients could perform the Surgery.

Despite the results, although the SFA had a better attractiveness of the profile,
we believe that clinically the same results when the ortho-surgical team have expertise
with both approaches, therefore SFA have a shorter treatment time with the immediate
improvement of the profile.

Besides that, it's necessary an intensive learning curve, with literature reading
and training with expert teams in this approach. We have observed that many critical
performed by some colleagues happen due to a lack of deeper knowledge of the
technique, performing the same in cases that are not indicated, or the necessary
compensations have not been removed, co-mingling the current concept with surgery
before orthodontics performed in the '60s until 2009. The technique has changed,
technology has come to help surgeons and orthodontists, skeletal anchorage features,
minimally invasive techniques, new osteotomy techniques and materials to
complement the limitations of orthognathic surgery. It is necessary to break limiting
beliefs and get out of the comfort zone.
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CONCLUSIONS

In this study the SFA demonstrated better results in attractiveness of profile with better
quality of finishing than COS group. SFA has become a good alternative for patients,
maxillofacial surgeons, and orthodontists with shorter treatment time.
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LEGEND TO THE FIGURES

Fig. 1: Natural Head Position with same position between teleradiograph and
photography.

Fig. 2: Protocol to construction the silhouettes in NHP.

Fig. 3: Silhouettes construction in T1 and T2 (T1: Pretreatment; T2: Posttreatment)
Fig. 4: Photographs in T1 and T2 to compare the NHP between photographs and
silhouettes. (T1: Pretreatment; T2: Posttreatment; NHP: Natural Head Position)

Fig. 5: Silhouette with a 10-point grading on Google forms.

Fig. 6: Initial PAR index measured in the Ortho Analyzer software.

Fig. 7: Final PAR index measured in the Ortho Analyzer software.
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7) On a scale from 0 to 10, where O is the
least attractive and 10 is the most attractive,

what is your assessment for this profile?

Fig. 5
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Questionnaires
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Questionnaires
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Table 1. Results of intergroup comparability of initial ages, treatment time, initial PAR

index, sex distribution, type of malocclusion and cephalometric measurements.

GROUP 1 GROUP 2
. SFA CTOS
Variables n=25 n=o1 P
Mean (SD) Mean (SD)
Initial age (years) 31.05 (7.99) 28.81 (9.24) 0.885T
Initial PAR index 24.40 (13.00) 22.71 (11.98) 0.652 T
Sex X?=1.88
Males 7 10 DF=1
Females 18 11 p=0.143 °
Type of malocclusion 9
Class | 4 3 X —O_.09
DF=2
Class Il 12 11 0=0.952¢
Class I 9 7 '
Cephalometric
measurements
SNA (°) 83.85 (4.41) 82.26 (5.03) 0.2607
SNB (°) 80.65 (6.54) 79.30 (4.89) 0.4397
ANB (°) 3.19 (4.31) 2.93 (4.91) 0.8517
Wits Appraisal (mm) -0.94 (6.04) -2.49 (7.01) 0.4257
Overject (mm) 2.59 (2.98) 4.74 (5.48) 0.098"7
Overbite (mm) 1.22 (2.44) 0.13 (3.74) 0.2427
Y Axis (SN-SGn) (°) 67.69 (6.13) 70.42 (4.43) 0.0977
SNPLO (°) 7.37 (6.51) 10.32 (5.78) 0.1157
U1.NA (°) 22.53 (9.43) 25.39 (7.15) 0.2617
U1.PP (°) 113.64 (10.10) 112.37 (6.77) 0.6267
L1.NB (°) 31.81 (8.88) 27.37 (8.97) 0.1007
FMIA (°) 57.46 (12.50 58.85 (11,24) 0.6957

* Tindependent t test;  chi-square test
* Statistically significant for p<0.05
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Table 2. Results of intragroup comparison of the initial and final profile attractiveness

(independent t test).
Profile Initial (T1) Final (T2)

attractiveness Mean SD Mean SD P
SFA 2.47 1.47 6.51 1.69 0.000
CTOS 2.62 1.53 4.42 1.49 0.000*

* Statistically significant for p<0.05
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Table 3. Results of intergroup comparison of the profile attractiveness (independent t
test).

Profile GROUP 1 GROUP 2
attractiveness SFA CTOS P
Mean SD Mean SD
Initial (T1) 2.47 1.47 2.62 1.53 0.378
Final (T2) 6.51 1.69 4.42 1.49 0.000*
Treatment
changes 4.03 1.81 1.80 0.84 0.000*
(T2-T1)

* Statistically significant for p<0.05
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Table 4. Results of comparability of the groups of evaluators.

Maxillofacial Orthodontists

Laypeople _
Variables N=60 sulilg:%%ns N=70 P
Mean (SD) Mean (SD) Mean (SD)

Age 36.78 (11.78) A 38.40(8.71) B 41.24 (10.05)A 0.44*©
(years)

Sex X2=2.84
Female 29 16 44 DF=2

Male 31 14 26 p=0.242 ¢

* Statistically significant for p<0.05
O 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 5. Comparison of the three groups of evaluators (one-way ANOVA and Tukey
test).

Laypeople Maxillofacial Orthodontists
Profile surgeons p
attractiveness N=60 N=31 N=70
Mean (SD) Mean (SD) Mean (SD)

Initial (T1) 2.26 (2.15) A 1.76 (2.02) B 3.06 (2.13) © 0.000*
Final (T2) 5.03 (2.88) A 5.05(3.32) A 5.96 (2.39) B 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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Table 6. Results of intergroup of treatment time

Surgical Modality N Mean SD P
Treatment time SFA 25 1296 6.26  0.000*T
(months)

CTOS 21 35.19 1351

* Tindependent t test;
* Statistically significant for p<0.05
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Table 7. Results of intergroup comparison with ABO OGS index (independent t test).

Surgical Mean SD P
Modality

SFA 12.41~A 3.54 0.000*
OSA 21.57% 6.20

* 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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Table 8. Results of intergroup comparison with %PAR (independent t test).

Surgical Mean SD P
Modality

SFA 96.54A 6.82 0.000*
CTOS 61.64°8 25.66

* 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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Table 9. Backward multilinear regression analysis considering final silhouette
attractiveness as dependente variable.

Standardized coefficients 95%ClI
Model Beta t Sig. Lower Upper
limit limit
Constant 4.44 .000 -3.00 1.75
OGS -.262 -2.07 .044* -2.79 1,33
%PAR .506 4.00 .000* -2.62 1.52

Note, R = 0.622, R?=438, R?adjusted=0.412, p <0.001.
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2.2 Article 2

Smile attractiveness after conventional orthognathic three-phase surgery
treatment and with surgery-first approach.

ABSTRACT

Objective: This study aimed to compare the attractiveness of the smile in patients
treated with Conventional Three-phase Orthognathic Surgery (CTOS) and Surgery-
First Approach (SFA). Material and methods: The sample to evaluate the
attractiveness of smile comprised 40 patients that were divided into 2 groups: Group
1: 25 patients treated with SFA with mean age of 31.05 years (SD 7.99); Group 2: 15
patients treated with CTOS with mean age of 25.88 years (SD 7.67). Medical records
and digital dental models or dental casts of patients treated orthodontically-surgically
by SFA and by CTOS were selected retrospectively from private clinics of Belem and
Bauru, Brazil. Pretreatment and posttreatment of smile were cropped in a dimension
of 21 x 12.4 cm and converted to black and white after removing the hair face and
blemishes to reduce the number of confusing variables. The participants of each
modality were randomized in Excel in T1 and T2. Then a questionnaire with Informed
Consent Form, the records of the evaluators, the randomized smile in T1 and T2 using
a scale in the form of a 10-point grading was sent to WhatsApp Messenger to
laypeople, orthodontists, and maxillofacial surgery. Intergroup comparability of initial
age, treatment time, initial PAR index, and cephalometric measurements was
performed with independent t tests and sex distribution and type of malocclusion was
performed with chi-square test. The score of the initial and final smile attractiveness
between the three groups of evaluators was compared with one-way ANOVA and
Tukey test. To evaluate the association of the surgical modalities with the OGS, %PAR
and the final attractiveness of the smile, the Spearman Correlation test was used.
Results: In both groups, SFA and CTOS, there was an improvement of smile
attractiveness with treatment. Before treatment, the smile of the CTOS group was
significantly less attractive than the SFA group. At the final stage, the SFA group
presented a more attractive and greater improvement of the smile than the CTOS
group. Laypeople and maxillofacial surgeons were more critical than orthodontists at
the initial smile attractiveness. Laypeople were more critical than orthodontists and
maxillofacial surgeons at the final smile attractiveness. Conclusions: In this study the
SFA demonstrated better results in attractiveness of smile with better quality of
finishing than COS group. SFA has become a good alternative for patients,
maxillofacial surgeons and orthodontists with shorter treatment time.

Keywords: Malocclusion. Orthognathic surgery. Esthetic.
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INTRODUCTION

Facial attractiveness is very important in people’s social relationships. It is
relevant to personal, affective, and professional success. Facial attractiveness
influence personality traits like self-esteem, leadership, and emotional balance.'* The
attractiveness of the face has a strong relationship with a harmonious and attractive
smile.!

The esthetic perception of everyone varies according to different criteria: social
environment, gender, age, and personal experiences.* For the same reason the traits
of beauty on facial profiles between laypeople and dentists appear to be different.®
Although there may be differences in the preference for an attractive smile between
orthodontists and their patients, there is a common sense that both seek to achieve
beautiful smiles, both the patient and the professional. On the other hand, the impact
of malocclusion has a negative relationship in the smile attractiveness.?

Individuals who have facial beauty traits and an attractive smile are often seen
by individuals with facial deformities as mirrors.® Facial deformities generally show
discrepancies in the bone bases in the anteroposterior, vertical direction, or a
combination of the two*” and these individuals frequently presented low selfie-stream,
anxiety and more difficulty to social, affective and professional relationships.*8

In patients with severe dentofacial deformities the orthodontic !camouflage\[eou
treatment is not able to restore the correct relationship between the upper and lower
incisors and restore acceptable or pleasant facial esthetics to the patient.? In this
regard, orthognathic surgery appears as the best solution for returning function, facial
and smile esthetics.® Individuals with borderline dentofacial deformities may
experience an improvement in the face and smile, but to a lesser extent than
individuals who opt for surgical orthodontic treatment.®

An attractive smile is influenced by several factors such as smile display, buccal
corridor, symmetry, smile arch, teeth color, proportion, among others.® What is often
not possible to achieve with just orthodontic treatment alone, is to associate
orthognathic surgery and other areas of dentistry and medicine.®*?

Orthognathic surgery in patients with dentofacial deformities can be performed
by basically two different modalities, the Conventional Three-Phase Orthognathic
Surgery (CTOS) and the Surgery-First Approach (SFA).*317 More recently, a new
modality was relaunched, called Minimal Presurgical Orthodontic Preparation, where
an initial orthodontic treatment ranging from 1 to 6 months would be performed to
eliminate occlusal interference observed in SFA, reducing a possible surgical
relapse.181°

The CTOS assumed an important role from 1976 onwards since Worms et al.
1976 agreed with the orthodontic-first approach to all cases of orthognathic surgery.
Although the SFA was performed since the 1960’s decade,?%2%,13 the big paradigm
shift when Nagasaka et al. 2009 reported the need to overcorrect the bases to achieve
a class | skeletal relationship and then eliminate dental compensations with orthodontic
miniplates.?42°

Since then, many ortho-surgical teams around the world have used SFA in
some patients with dentofacial deformities.?5-3° Many patients and ortho-surgical teams
have advocated in favor of SFA due to an immediate improvement in the profile, shorter
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treatment time with the same level of satisfaction on the part of patients and a possible
superiority in quality of life when compared to conventional surgery.131530-33

On the other hand, some authors have demonstrated a relapse with a tendency
to counterclockwise rotation of the mandible. Although there is controversy regarding
this issue, this relapse could interfere in the final occlusal results and, consequently,
differences in the attractiveness of the smile when compared to CTOS. (Hsu et al,
2013; Choi et al., 2016; Kim et al., 2014; Kim, et al.,2014; Wei et al., 2018)(Yang et al.,
2017; Sharma et al., 2015; Soverina et al., 2019; Huang et al., 2014; Hsu et al., 2013;
Ko et al., 2011; Park et al., 2015; Park et al. 2016; Liao et al, 2010)

OBJECTIVES

This study aimed to retrospectively evaluate the attractiveness of the smile in
the pretreatment (T1), posttreatment (T2) and treatment time in patients with
dentofacial deformities treated by the CTOS and SFA.

MATERIAL AND METHODS

The study was approved by the Ethics in Research Committee of Bauru Dental
School, University of Sdo Paulo, Brazil (protocol number CAAE:
51458521.6.0000.5417, decision number: 5.054.066).

MATERIAL AND METHODS

Sample size calculations (patients)

The sample size calculation was based on an alpha significance level of 5%
(0.05) and a beta of 20% (0.20) to achieve 80% power test to detect a minimum
difference of 0.62 points with a standard deviation of 0.59 for the smile attractiveness
score (Negreiros et al, 2020). Thus, the sample size calculation resulted in the need
for at least 15 patients in each group.

Sample size calculations (evaluators)

The sample size calculation was based on an alpha significance level of 5%
(0.05) and a beta of 20% (0.20) to achieve 80% power test to detect a minimum
difference of 0.41 points with a standard deviation of 0.59 for the smile attractiveness
score (Negreiros et al, 2020). Thus, the sample size calculation resulted in the need
for at least 34 evaluators in each group.

PARTICIPANTS
Eligibility Criteria

To provide greater reliability to the results that may be obtained, the medical
records will be selected according to the following criteria: Complete initial and final

orthodontic documentation, two-jaw surgery, absence of craniofacial anomalies,
complete initial diagnosis, plaster models or 3D prints in good condition. Exclusion
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criteria consisted of patients with craniofacial anomalies or syndromes, one-jaw
surgery, supernumerary and / or anomalous teeth. Consecutive patients, within the
inclusion criteria, were retrospectively selected from the files of private orthodontic
clinics of Bauru and Belem, Brazil, from March 2004 to December 2020. Seventy-six
medical records were evaluated, forty-five were SFA modality and Thirty-one were
CTOS.

The sample was divided into two groups: Group 1 consisted of 15 subjects
treated with CTOS with a mean age of 25.88 years (SD 7.67), 5 were male and 10
females, 3 were Class I, 8 Class Il and 4 Class Ill. And Group 2, composed of 25
patients treated with SFA, with mean age of 31.05 years (SD 7.99), 7 were male and
18 females, 4 were Class I, 12 Class Il and 9 Class lll. All the patients received
bimaxillary surgery with Lefort | in the upper jaw and bilateral sagittal split osteotomy
(BSSO) in both groups. In the SFA group, the patients did not receive any orthodontic
treatment before surgery and the brackets were positioned by the same operator
(P.G.O.P) a week before the surgery and the wire a day before the procedure in all
cases. The ortho-surgical treatment was made by a single orthodontist (P.G.O.P) and
surgeon (F.S.N.F) with thirteen years as specialist in orthodontics and maxillofacial
surgery. The orthodontic treatment begins 15 to 21 days after surgery. All the patients
that were treated with SFA received four miniplates in strategics sides, depending on
the biomechanics necessity and no patient remained with the final guides after surgery.
Surgical stabilization was maintained with intermaxillary elastics and orthodontic
miniplates. Nine of these patients were treated by lingual technique, three with
Invisalign e and the others thirteen with labial multibrackets technique. The CTOS
group was treated by the same orthodontist (M.J) with twenty-six years as specialist in
orthodontics and surgeon (E.S) with twenty-seven years as specialist in maxillofacial
surgery, and all patients were treated with labial multibrackets technique. The
orthodontic treatment begins 45 days after surgery. For both groups lateral
cephalograms, photography and dental casts were obtained. The groups were made
compatible regarding (1) initial age, (2) treatment time, (3) distribution between the
sexes, (4) malocclusion type and (5) cephalometric variables (Table 1).

Cephalometric variables.

The teleradiographs were oriented with the photographs in NHP (Natural Head
Position) using a horizontal line across the C point (the most prominent point of the
Cornea) and a vertical line, like described by Lundstrom et al. 1995 and Finn et al.
2019 (Fig 1).3435 All the cephalometric tracing and orientation of the head were
calibrated between the operator (PGOP) and an expert (GJ). All the vertical angles
between the vertical line and N'-PG in cephalometric radiograph and photography were
measured with open-source Image J software with a tolerance level of 0.3° degrees.
Then all the cephalometric measurements were performed on Dolphin software
version 11.95 in PNC.

Smile evaluation

Patients were instructed to show a pleasant smile and as natural as possible
with their teeth in MIH (Maximum Habitual Intercuspidation).®6-38 (Fig.2a and 2b)
Several frontal photographs using a Canon 6D photographic camera (Tokyo, Japan)
were taken of each patient, and the most pleasant one will be included in the sample.3®
All photographs were obtained in manual mode, colored, with fine quality, 1ISO
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(International Organization of Standardization) 800, diaphragm opening of at least 16
and a shutter speed of 125, with standardized flash in multi ¥a. The macro lens was
always adjusted to focus on the patient's 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.3840

All images will be imported into Adobe Photoshop 2020 and resized to a size
close to the actual size.®” To eliminate the influence of confounding factors, such as
skin tone, lips and teeth, the images will be cut out and evaluated in black and
white.3"38 (Fig.2c and 2d).

Evaluation of Smile Attractiveness

The evaluation of the attractiveness of the smile profiles was carried out through
a customized form on Google Forms, generating a link, which was sent via WhatsApp
Messenger and emails from orthodontists, oral and maxillofacial surgeons, lay
people.*14? Informed consent term was signed by all patients.

A brief questionnaire for the evaluator was made, the date of birth, sex, area of
activity will be recorded (Laypeople; Laypeople / Orthodontics; Dentistry / Oral and
Maxillofacial Surgery; Dentistry). For proper calibration, the evaluator will be instructed
to examine all smile images before starting to analyze them, so it will be easier to
assign a fair score to each one.3":38

Therefore, each evaluator will judge the attractiveness through a different
display order, without knowing the treatment protocol used in each case.373843

The subjective analysis of attractiveness will be performed using a 10-point note
scale (Figure 3). Grade 0 will indicate a smile considered as least attractive as possible
and grade 10, as attractive as possible. The evaluator may change the notes at any
time before submitting the research, both in the questionnaire on Google Forms.444°

INITIAL PAR INDEX

The initial PAR index was used to assess the initial difficulty level of orthodontic
treatment in both protocols, as described by Richmond.*® The PAR index considers
five occlusal characteristics, which were measured the operator (G.J) in the Ortho
Analyzer software (3 Shape, Copenhagen, Denmark), that is calibrated by an expert
in 3D software and virtual Planing PGOP.47-4° The occlusal characteristics are posterior
occlusion, overjet, overbite, crowding and midline. Each of these characteristics has
well-defined criteria for measurement and will be applied to the initial models (Fig. 4).

OGS, final PAR index and %PAR evaluation

To evaluate the final quality of the result of the treated cases, which was
compared between the two protocols, the OGS Index was used in all patients in the
sample.>® The same examinator (G.J) performed all measurements of this study, then
the objective grading system (OGS) index and PAR index were evaluated in both
groups to analyze the finishing quality in the COS and SFA.

The calculation of the OGS index was done through the sum of the scores
attributed to eight criteria evaluated in the plaster models or by 3D printing, these being:
alignment, marginal ridges, bucco-lingual inclination, occlusal relations, occlusal
contacts, overjet, interproximal contacts, and root angulation. >

The final PAR index was used to assess the amount the occlusion improvement.
of orthodontic treatment in both protocols, as described by Richmond.*® modality. The
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PAR index considers five occlusal characteristics, which were measured the operator
(G.J) in the Ortho Analyzer software (3 Shape, Copenhagen, Denmark), that is
calibrated by an expert in 3D software and virtual Planing PGOP.**° The PAR
percentage was used to evaluate the reduction of the PAR Index by applying the
following formula:

%PAR = PART2 — PART1 x 100.
PART1

Error study

To evaluate the error of the method, the measurements were repeated in 30%
of the sample after a month interval. The Dahlberg formula was used to evaluate the
random errors and the systematic errors were evaluated with dependent t tests.

To evaluate the precision of the evaluators of the smiles of the questionnaire,
two smiles were randomly repeated throughout the questions, and the Intraclass
correlation coefficient (ICC) was used.

Statistical analysis

Normality and homogeneity of the variances of data were checked with Shapiro-
wilk and Levene’s test. respectively.

Intergroup comparability of initial age. treatment time and initial PAR index were
performed with independent t tests and sex distribution and type of malocclusion were
performed with chi-square test.

Intragroup comparison of the initial and final stages of each group was
performed with dependent t tests. Intergroup comparison of the profile attractiveness
was performed with independent t tests.

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.
respectively.

The correlation between the surgical modality and the variables OGS, %PAR
and final attractiveness of the smile was performed with Spearman’s correlation.

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

The random errors varied from 0.27mm (Overbite) to 0.92mm (Overjet), and
from 0.33° (L1.NB) to 0.89° (U1l.L1). The random error of the initial PAR index, Final
PAR, OGS and %PAR varied from 0.27 to 0.91. These random errors were considered
acceptable. The systematic errors were not statistically significant.

The Intraclass Correlation Coefficient (ICC) of laypeople, orthodontists and
maxillofacial surgeons were 0.67, 0.75 and 0.81, respectively, and this is considered
satisfactory and excellent.>!

There was comparability of the initial age, sex distribution and type of
malocclusion (Table 1).
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In both groups, SFA and CTOS, there was a significant improvement in the smile
attractiveness with treatment (Table 2).

Before treatment, the smile of the CTOS group was significantly less attractive
than the SFA group, although this difference is very small. 2.44 and 2.59. respectively
(Table 3). At the final stage. the SFA group presented a more attractive smile than the
CTOS group (Table 3). The SFA group presented a greater improvement of smile
attractiveness with treatment than the CTOS group (Table 3).

There were no differences between the ages of laypeople. orthodontists and
maxillofacial surgeons (Table 4). The laypeople group had more females in contrast to
the other two groups of evaluators.

For the initial smile attractiveness. the laypeople and maxillofacial surgeons
were more critical than orthodontists (Table 5). For the final smile attractiveness. the
laypeople were more critical than the other two groups (Table 5).

The SFA group presented a shorter treatment time than the CTOS group, with
better improvement in the orthodontic treatment, and quality of the finalization (Table
6).

The Spearman correlation result in a Spearman'’s correlation showed a strong
and positive correlation of the surgical modality with the quality of finalization (OGS),
and a moderate and strong negative correlation, respectively, with the final
attractiveness of the smile and %PAR (Table 7).5?

DISCUSSION

The main reasons for patients with dentofacial deformities to seek ortho-surgical
treatment are esthetic, functional, and self-steam.>3-%% Although there is controversy
when this topic is involved, %657 most of the research corroborate that the esthetic is
the main reason.®>>’ The patients with dentofacial deformities were less happy when
compared with patients without dentofacial appearance with their dental appearance,
especially women with Class Il malocclusion. The shape and dental protrusion of teeth
were the most frequent causes of concern.>®

The ortho-surgical teams and patients have two modalities of orthognathic
surgery: the SFA and CTOS.1317 Although many patients have advocated by SFA due
the immediate esthetic profile and less orthodontic treatment time with similar facial
esthetic and self-satisfaction, 3 it's important to investigate if the attractiveness of the
smile has differences between this two approaches. Many articles have demonstrated
the attractiveness between modalities of orthodontic treatment 693738 but none
compare these orthognathic-surgery approaches. Therefore, this article was
performed to investigate this issue.

The sample was matched according to age, sex, type of malocclusion, degree
of initial malocclusion difficulty (initial PAR index) and dental and linear and angular
cephalometric variables, demonstrating a good degree of compatibility between the
groups (Table I).

In this study the SFA group presented smiles more attractive than CTOS group,
although both groups presented a great improvement. One of the issues can be
explained by the best results in how much the occlusion improvement (final PAR index)
when compared with CTOS group (Table 7). Previous articles demonstrated that the
ideal score of final PAR index should be shorter than score 7 and we can observe a
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great difference between the groups.3”*° This issue can be explained because the
CTOS sample is treated with a more traditional approach, depending on greater patient
cooperation. All the patients treated with SFA received four miniplates, which facilitate
movements in the three planes of space without depending on the patient's
cooperation.?®

Another factor that could affect the smile attractiveness in orthodontics and
ortho-surgical treatment is the quantity of gingival display demonstrating that a smile
with £ 4mm is less unattractive in the opinion of orthodontists, dentists, and laypeople.*
Furthermore, esthetic can be affected by level of education, social status, ®%and
culture.* The most attractive gingival display it varies from 0 to +2mm of gingival
display, with differences in the opinion of laypeople, dentists, orthodontists, and the
orthodontists were more critical corroborated with our results.® Three of fifteen
patients treated with CTOS yet presented a gingival above to 3mm after the
orthognathic surgery, which it's considered less attractive between the orthodontists,
dentists, and laypeople. 4Valverde-Montalva, 2021 #2934

The soft tissue position has a significant level of contribution to the smile
attractiveness. The curvature of the upper lip is classified as downward, straight, and
upright, and the first one is considered the less unattractive.{Van der Geld, 2011
#2935}. The more downward with more gingival display, the less attractive the smile
becomes.®? A study demonstrated that the relationship between the lips before and
after the orthognathic surgery became better compared with the pretreatment and the
control group. The upper and lower lips on smiling moved significantly laterally and
superiorly made the smile more attractive.%3

Not least the curvature of the lower lip plays an important role in the
attractiveness of the smile.®0 In this study the laypeople preferred a smile with 2mm
recovered the upper incisors and 2mm of exposition of lower incisors, while the
orthodontists and preferred a smile with 0.5mm recovered the upper incisors and
0.5mm of exposition of lower incisors. Only one of the patients in the SFA group
presented an inferior labial line bigger than 2mm and between the CTOS group four
patients presented the lower lip bigger than 2mm, showing an unattractive exposure
of the lower lip and consequently the attractiveness of smile.5°

The smile arc is another important factor in achieving an attractive smile. The
relationship between the curvature of upper incisors and canines edge to the curvature
of the lower lip is defined as smile arch.®* Some factors are important to get a smile
arch relationship and include the midline deviation, inclination of maxillary incisors,
diastemas, the lengths of the maxillary teeth, the curvature of lower lip, arch width, and
the occlusal plane angle.'% Both, orthodontic and surgical treatment can affect the
occlusal plane and consequently the smile arch.%6:67 An ideal occlusal plane angle must
have 10° of inclination in relation to a true horizontal line, showing a small level of
gingival display.® The ortho-surgical teams must be an attempt in this question because
the rotation of occlusal angle is frequently used in orthognathic surgery,®® and this fact
could improve the face and make the smile less attractive.® In CTOS two patients
presented an occlusal plane less than ideal, showing more gingival display the
posterior region. And in the SFA only one patient presented the same condition.

The inclination of premolars and canines is another question that must be well
planned by ortho-surgical teams because the orthodontists preferred an inclination of
canines from 0° to -7° and -3° to -11° in the premolars inclination, and the lay people
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another time have a different opinion compared by the orthodontists, having a greater
tolerance range, showing that orthodontists are more critical,®® corroborating the
findings of this study.

Kaya and Uyar 2017 evaluated the gingival display associated with occlusal
canting and found that increasing both, gingival display and occlusal plane decrease
the attractiveness of smile and the orthodontists were more critical another time than
dentists and laypeople. How we can receive many factors affect the smile
attractiveness in the three planes of the space: roll, pitch, and yaw, associated with
soft tissues mainly the upper and lower lip, as described by Ackerman et al. 2007.7°

In this study, the surgical modality showed a strong correlation between the
quality of the finalization and the surgical modality. The orthodontists must attempt to
this fact because it probably affects the final smile attractiveness in patients with
dentofacial deformities.

In summary, the literature has a lack of studies comparing the influence of teeth
and lips in macro and micro esthetics combined with orthognathic surgery. Many
variables influence the smile attractiveness, mainly in patients with dentofacial and the
ortho-surgical teams need to be attempted to all these factors.

Clinical implications

With increasing in the search for beauty, a pleasant profile and smile, as soon
as a functional occlusion, many patients have chosen for SFA approach. With the
findings of this study, the teams of orthodontists and maxillofacial surgeons will be able
to perform SFA, MPOP and CTOS, according to indication, opinion of the patient and
until the moment that the patients could perform the Surgery.

Despite the results, although the SFA had a better attractiveness of the smile,
we believe that clinically the same results, because some factor could affect the result.
After all, all the cases of SFA were planned with a virtual approach, therefore SFA has
a shorter treatment time with the immediate improvement of the profile.

Besides that, it is necessary an intensive learning curve, with literature reading
and training with expert teams in this approach. We have observed that many critical
performed by some colleagues happen due to a lack of deeper knowledge of the
technique, performing the same in cases that are not indicated, or the necessary
compensations have not been removed, co-mingling the current concept with surgery
before orthodontics performed in the '60s until 2009. The technique has changed,
technology has come to help surgeons and orthodontists, skeletal anchorage features,
minimally invasive techniques, new osteotomy techniques and materials to
complement the limitations of orthognathic surgery. It is necessary to break limiting
beliefs and get out of the comfort zone.

CONCLUSIONS

In this study the SFA demonstrated better results in attractiveness of profile with better
guality of finishing than COS group. SFA has become a good alternative for patients,
maxillofacial surgeons, and orthodontists with shorter treatment time.
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List of the legends to the figures

Fig 1. Methods to perform the cephalometric tracings in T1 Pretreatment) and T2
(Posttreatment) in Natural Head Position (NHP)

Fig.2: Photographs to reduce confounding variables: ( A) original image , ( B) i mage
cropped at a standardized proportion of 21 x 12.4 cm , ( C ) e limination of facial
blemishes and facial hair , ( D) image conversion to black and white.

Fig.3: Questionnaire of smile attractiveness on Google Forms.

Fig.4: Initial PAR index.

Fig.5 Final PAR index
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Figure 1
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Figure 2
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7) On a scale from O to 10, where O is the least attractive and 10 is the most attractive, whatis *

your assessment for this smile?
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Figure 3
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[F] OrthoAnalyzer. Patient ID: Elaine Mathias, Patient name: Elaine Mathias

Questionnaires

Questomaire |PAR Index ver. 2.0

Upper Anterior Segment
Upper left 3-2 displacement
Upper left 2-1 displacement
Upper 1-1 displacement
Upper right 1-2 displacement
Upper right 2-3 displacement

Lower Anterior Segment
Lower left 3-2

Loweer left 2-1 displacement
Lower 1-1 displacement
Lower right 1-2 displacement
Lower right 2-3 displacement

Left Buccal Ocdusion
Antero-posterior dimension
Vertical dimension
Transverse dimension

Right Buccal Occlusion
Antero-posterior dimension
Vertical dimension
Transverse dimension

Overjet and Anterior Crossbite
Overjet
Anterior crossbite

Overbite (deep) and Open bite
Overbite (deep)
Open Bite

Midiine Assessment

Midline screiani

Unnweighted Total 10

Figure 4
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Questionnaires

|PAR Index ver. 2.0 v|
Upper Anterior Segment Upper Anterior Segment: UW:0 W: x1=0
Upper left 3-2 displacement Upper left 3-2: 0 me to 1 mm
Upper left 2-1 displacement Upper left 2-1: O 1o T
Upper 1-1 displacement
Upper right 1-2 displacement Upper 1-1 distance: Omm to 1 mm
Upper right 2-3 displacement Upper right 1-2: 0 s o T
Lower Anterior Segment Upper right 2-3: o 10
Lower left 3-2 displacement & z 7
Lower left 2-1 displacement Lower Anterior Segment: UW:0 W: x1=0
Lower 1-1 displacement Lowerleft 3-2: Ommto 1mm
Lower right 1-2 displacement Lower left 2-1: 0 men > Lom
Lower right 2-3 displacement i omio s
Left Buccal Occlusion gnr
Antero-posterior dimension Lower right 1-2: Omm to 1mm
Vertical dimension Lower right 2-3: Orerio i
Transverse dimension
ight Buccal Occlusion e Neats
Right Bucca e s
Antero-posterior dimension Kokl
Vertical dimension Vertical dimension: No open bite
Transverse dimension Tronsverse dhueation: No
mo.ier}eztand Anterior Crossbite | o, - (AT e
rje
Anterior crossbite 2 dass [, Mor IIN)
Overbite (deep) and Open bite | Vertical dimension: JEsveltre
Overbite (deep) Transverse dimension: No crossbite.
Dt B0 Overjet and Anterior Crossbite: UW: 0 W: x6 =0
Midiine Assessment Overjet e
Midline discrepar
PRV - e
d Open bite:  UW: 0 W: x2=0
Overbite: Less than 1/3 overlap of the lower incisors
Open bite: No open bite:
Midline Assessment: UW: 0 Wi x=0
Midline discrepancy:

Unweighted Total 0

Weighted Total 0

Less than or equal to one quarter dscrepancy of loer central indsor
width

[Terev | x|

Figure 5
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Table 1. Results of intergroup comparability of initial ages. treatment time. initial PAR
index. sex distribution and type of malocclusion.

GROUP 1 GROUP 2
. SFA CTOS
Variables n=25 n=15 P
Mean (SD) Mean (SD)
Initial age (years) 31.05 (7.99) 25.88 (7.67) 0.0517
Initial PAR index 24.40 (13.00) 23.73 (12.98) 0.876 T
Sex X?=0.13
Males 7 5 DF=1
Females 18 10 p=0.495 ¢
Type of malocclusion _
Class | 4 3 XZ_O_'39
DF=2
Class Il 12 8 0=0.823°
Class I 9 4 '
SNA (°) 83.85 (4,41) 81.84 (4.41) 0.1757
SNB (°) 80.65 (6.54) 78.54 (5.04) 0.2917
ANB (°) 3.19 (4.31) 3,28 (5.25) 0.953T
Wits Appraisal (mm) -0.94 (6.04) -3.26 (7.57) 0.2917
Overject (mm) 2.59 (2.98) 4.88 (5.99) 0.1157
Overbite (mm) 1.22 (2.44) -0.24 (3.71) 0.140T7
UL.NA (°) 22.52 (9.53) 24.94 (7.18) 0.4027
U1.PP (°) 113.64 (10.10) 112.24 (6.90) 0.6397
L1.NB (°) 31.81 (8.88) 27.68 (7.71) 0.1447
FMIA (°) 57.46 (12.50) 57.39 (9.87) 0.9857
'”te””c'sa'(gng'e UL-LL | 12246 (10.89) 124.09 (8.52) 0.6247

* T independent t test; @ chi-square test
* Statistically significant for p<0.05
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Table 2. Results of intragroup comparison of the initial and final smile attractiveness

(dependent t test).
Smile Initial (T1) Final (T2)

attractiveness Mean SD Mean SD P
SFA 3.79 1.68 6.10 1.72 0.009*
CTOS 3.37 1.56 5.06 1.62 0.000*

* Statistically significant for p<0.05




86 Articles

Table 3. Results of intergroup comparison of the smile attractiveness (independent t
test).

Smile GROUP 1 GROUP 2
attractiveness SFA CTOS P
Mean SD Mean SD
Initial (T1) 3.79 1.68 3.37 1.56 0.009*
Final (T2) 6.10 1.72 5.07 1.65 0.000*
Treatment
changes 2.30 1.38 1.69 0.69 0.000*
(T2-T1)

* Statistically significant for p<0.05




Articles 87

Table 4. Results of comparability of the groups of evaluators.

Laypeople
Variables N=79
Mean (SD)
Age
(years) 34.99 (9.76)
Sex
Female 55
Male 25

* Statistically significant for p<0.05
O One-way ANOVA and Tukey test
@ chi-square test

Maxillofacial
surgeons
N=34
Mean (SD)

35.79 (10.03)

Orthodontists
N=92

Mean (SD)
37.27 (9.21)

41
50

0.302 ©
X2=26.37
DF=2
p=0.000* @
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Table 5. Comparison of the three groups of evaluators (one-way ANOVA and Tukey
test).

' Laypeople Maxillofacial Orthodontists
Smile N=79 surgeons N=92 p
attractiveness N=34
Mean (SD) Mean (SD) Mean (SD)
Initial (T1) 3.28 (1.80) A 3.58 (1.57) A 4.31(1.47) 8 0.000*

Final (T2) 5.55(1.88) B 6.48 (1.58) A 6.44 (1.49) A 0.001*
* 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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Table 6. Results of intergroup of treatment time, %PAR and OGS (independent t
test)

GROUP 1 GROUP 2
SFA CTOS D
Mean SD Mean SD
Treatment 12.96 6.26 36.93 15.30 0.000*
time
% PAR 96.28 7.09 59.62 2758 0.000*
OGS 12.40 3.54 2253 6.10 0.000*

* Statistically significant for p<0.05
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Table 7 Spearman correlation comparing the variable surgical modality with the
variables OGS, %PAR and final attractiveness of smile

OGS %PAR Final smile
Surfical Modality .691** -.817** -.320*
p .000 .000 .004

**The correlation is significant in level .001
* The correlation is significant in level .005
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3 DISCUSSION

The attractiveness of the profile has been the motivation for many researchers
to provide scientific support to clinicians, using different methodologies to
comparison.(Vargo, Gladwin et al. 2003, Johnston, Hunt et al. 2010, Naini, Donaldson
et al. 2012, Naini, Donaldson et al. 2012, Patcas, Bernini et al. 2019, Bou Wadi, Freitas
et al. 2020) Furthermore, the self-perception of patients with dentofacial deformities
has a negative influence on the degree of happiness, self-confidence and beauty,
including an attractive profile, may be related to greater professional and personal
success.(Kiekens, Maltha et al. 2006, Johnston, Hunt et al. 2010)

The main reasons for patients with dentofacial deformities to seek ortho-surgical
treatment are esthetic, functional, and self-steam.(Rivera, Hatch et al. 2000, Stirling,
Latchford et al. 2007, Gasperini, da Costa Andrade et al. 2019) Although there is
controversy when this topic is involved, (Proothi, Drew et al. 2010, Patcas,
Cunningham et al. 2017) most of the research corroborate that the esthetic is the main
reason.(Patcas, Cunningham et al. 2017, Gasperini, da Costa Andrade et al. 2019)
The patients with dentofacial deformities were less happy when compared with
patients without dentofacial appearance with their dental appearance, especially
women with Class Il malocclusion. The shape and dental protrusion of teeth were the

most frequent causes of concern.(Johnston, Hunt et al. 2010)

On the other hand, the return of SFA and MPOP as another treatment option,
even though it is still a topic that generates a certain controversy among ortho-surgical
teams.(Wei, Liu et al. 2018) Although for us seemed obvious, that most cases could
be treated starting with surgery or performing a quick orthodontics, eliminating small
compensations and controlling the spee curve and then eliminate the compensations
with skeletal anchorage, with the same esthetic in the profile, corroborating the results

of this study.(Sugawara, Nagasaka et al. 2018, Beccuti, Cozzani et al. 2021)

This question depends on a series of factors such as interaction between the
team of surgeons and orthodontists, the technical skill of the surgeon in performing
different osteotomies, the clinical skill of the orthodontist and knowledge of orthodontic

biomechanics and handling of 3D software for surgery and orthodontics and
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communication between this software.(Janakiraman, Feinberg et al. 2015, Tran,
Tantidhnazet et al. 2018, Elshebiny, Morcos et al. 2019, Chen, Mo et al. 2021) Some
authors report that SFA guidelines are indicated in cases where they do not have great
dental compensation, with an interincisal angle close to normal, flat or slightly
deepened curve, the transversal relationship of the Class | arches, and there can be
no major discrepancies and the expertise of ortho-surgical team like discussed above.
The guidelines to SFA they are worthy of discussion because they depend on the
above factors and on the patient’s opinion.(Liou, Chen et al. 2011, Gandedkar, Chng
et al. 2016)

The results with better profile attractiveness in cases treated with SFA may
seem like a bias. But for us this is a very clear issue because our approach is
orthodontic-surgical driven, where surgical movements are greater and dental
compensations are removed after orthodontic treatment. The fact that CTOS is linked
to the completion of a Class | occlusal relationship can limit the surgeon and,
consequently, the esthetic results in the profile. Sugawara et al. 2018 perform an
orthodontic-driven approach with most cases treated with one-jaw approach, which
could influence facial attractiveness,(Nagasaka, Sugawara et al. 2009, Sugawara,
Nagasaka et al. 2018), and Hernandez-Alfaro et al. 2014 perform a SFA approach with
surgery-driven approach, therefore they perform SFA in limited cases because their
team operate based on Class | occlusion.(Hernandez-Alfaro, Guijarro-Martinez et al.
2014) All the cases were treated by SFA with orthodontic decompensation described
by Faber et al. (Faber, Miranda et al. 2018) and Pereira et al. 2019 (Pereira, Moura et
al. 2019)which in our view increases the esthetic possibilities and the possibility of

treating more patients with this approach.

In this study the SFA group presented smiles more attractive than CTOS group,
although both groups presented a great improvement. One of the issues can be
explained by the best results in how much the occlusion improvement (final PAR index)
when compared with CTOS group (Table 7). Previous articles demonstrated that the
ideal score of final PAR index should be shorter than score 7 and we can observe a
great difference between the groups.(Freitas, Freitas et al. 2008, Janson, Branco et al.
2014) This issue can be explained because the CTOS sample is treated with a more
traditional approach, depending on greater patient cooperation. All the patients treated

with SFA received four miniplates, which facilitate movements in the three planes of
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space without depending on the patient's cooperation.(Sugawara, Nagasaka et al.
2018)

Another factor that could affect the smile attractiveness in orthodontics and
ortho-surgical treatment is the quantity of gingival display demonstrating that a smile
with £ 4mm is less unattractive in the opinion of orthodontists, dentists, and
laypeople.(Al Taki, Hayder Mohammed et al. 2017) Furthermore, esthetic can be
affected by level of education, social status, (Tosun and Kaya 2020)and culture.(Al
Taki, Hayder Mohammed et al. 2017) The most attractive gingival display it varies from
0 to +2mm of gingival display, with differences in the opinion of laypeople, dentists,
orthodontists, and the orthodontists were more critical corroborated with our
results.(Valverde-Montalva, Flores-Mir et al. 2021) Three of fifteen patients treated with
CTOS yet presented a gingival above to 3mm after the orthognathic surgery, which it's
considered less attractive between the orthodontists, dentists, and laypeople. (Al Taki,
Hayder Mohammed et al. 2017){Valverde-Montalva, 2021 #2934

The soft tissue position has a significant level of contribution to the smile
attractiveness. The curvature of the upper lip is classified as downward, straight, and
upright, and the first one is considered the less unattractive.{Van der Geld, 2011
#2935}. The more downward with more gingival display, the less attractive the smile
becomes.(Van der Geld, Oosterveld et al. 2011) A study demonstrated that the
relationship between the lips before and after the orthognathic surgery became better
compared with the pretreatment and the control group. The upper and lower lips on
smiling moved significantly laterally and superiorly made the smile more

attractive.(Islam, Kitahara et al. 2010)

Not least the curvature of the lower lip plays an important role in the
attractiveness of the smile.(Tosun and Kaya 2020) In this study the laypeople preferred
a smile with 2mm recovered the upper incisors and 2mm of exposition of lower incisors,
while the orthodontists and preferred a smile with 0.5mm recovered the upper incisors
and 0.5mm of exposition of lower incisors. Only one of the patients in the SFA group
presented an inferior labial line bigger than 2mm and between the CTOS group four
patients presented the lower lip bigger than 2mm, showing an unattractive exposure
of the lower lip and consequently the attractiveness of smile.(Tosun and Kaya 2020)
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Wei et al. related in systematic review and metanalysis that SFA have a
postoperative tendency to counterclockwise rotation and poor stability. In this research
the results are not corroborated with this metanalysis. Another question is that the
studies included in this metanalysis are so much heterogeneous, the penultimate
radiographs were performed immediately after surgery and must be immediately after
debonding and we can’t know if were used adequate biomechanics strategies to
control this “relapse”.(Jeong, Kim et al. 2014) Furthermore, the authors inserted SFA
and MPOP in the same group, and this generates a big bias. If there was initial
alignment and leveling, “the surgery is not more first”. Other systematic reviews and
metanalyses showed different results from the results found by Wei and
collaborators.(Yang, Xiao et al. 2017, Soverina, Gasparini et al. 2019, Barone, Morice
et al. 2020) However, these studies also present very heterogeneous studies. More
robust studies, such as randomized clinical trials are necessary but difficult to carry

out.

A recent study using another methodology found results that corroborate with
our conclusions. Beccuti et al. 2021 found in a qualitative study that SFA and CTOS
had the same quantity of satisfaction but with less treatment time and immediate profile
improvement. The limitations of this study are the retrospective sample and the
treatment performed by different teams. Many studies with more homogenous
samples, randomized clinical trials or quasi-randomized clinical trials need to be

performed.

In summary, the literature has a lack of studies comparing the influence of teeth
and lips in macro and micro esthetics combined with orthognathic surgery. Many
variables influence the smile attractiveness, mainly in patients with dentofacial and the

ortho-surgical teams need to be attempted to all these factors.
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4 CONCLUSION AND FINAL CONSIDERATIONS

In this study the SFA show better results in attractiveness of smile and profile
with better quality of finishing than COS group. SFA has become a good alternative for
patients, maxillofacial surgeons, and orthodontists with shorter treatment time.

The ideal design of this study was a randomized clinical trial with the same
ortho-surgical team with expertise in both modalities. Thus, various biases could be

eliminated, and higher levels of scientific evidence could be evaluated by clinicians.
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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
elsewhere. 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 those 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 submission and review
The American Journal of Orthodontics and Dentofacial Orthopedics uses the Elsevier Editorial System
(EES), an online manuscript submission and review system.

To submit or review an article, please go to the AJO-DO EES website: http://ees.elsevier.com/ajodo.
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University of Washington

Department of Orthodontics, D-569

HSC Box 357446

Seattle, WA 98195-7446

Telephone (206) 221-5413

E-mail:ckburke@aol.com

BEFORE YOU BEGIN
Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Human and animal rights

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; Uniform Requirements for manuscripts submitted to
Biomedical journals. Authors should include a 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 Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed.

Conflict of interest

Each author should complete and submit a copy of the International Committee of
Medical Journal Editors Form for the Disclosure of Conflicts of Interest, available at
http://www.icmje.org/conflicts-of-interest/.
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Submission declar: n and verifi ion

Submission of an artlcle lmplres that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see 'Multiple, redundant or concurrent publication' section of our ethics policy 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 authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection service CrossCheck.

Contribut

Each author is required to declare his or her individual contribution to the article: all authors must have
materially participated in the research and/or article preparation, so roles for all authors should be
described. The statement that all authors have approved the final article should be true and included
in the disclosure.

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 request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. 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, deletion 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 'Journal Publishing Agreement' (see
more 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 internal
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 open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of 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. More
information.

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

p

Role 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.
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Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.

The American Journal of Orthodontics and Dentofacial Orthopedics offers authors a choice in
publishing their research:

Traditional Access

Articles are available at no additional cost to subscribers through individual or library subscriptions.
Users in some developing countries and patient groups can access articles through our universal
access programs. Other users can access articles on a pay-per-view basis. No publication fees are
charged for traditional publication.

Open access

Open access articles are available to subscribers and nonsubscribers, and to the wider public with
permitted reuse. For open access articles, permitted third party (re)use is defined by the following
Creative Commons user licenses. The open access publication fee for this journal is $3000, excluding
taxes. Learn more about Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.
Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

Green open access embargo period

For subscription articles, an appropriate amount of time is needed for journals to deliver value to
subscribing customers before an article becomes freely available to the public. This is the embargo
period and it begins from the date the article is formally published online in its final and fully citable
form. Find out more.

This journal has an embargo period of 12 months.

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 use the English
Language Editing service available from Elsevier's WebShop.

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
and copies of the consents or evidence that such consents have been obtained must be provided to
Elsevier on request. 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 materials (including all illustrations and videos) must
be removed before submission.
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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 requests for
revision, is sent by e-mail.

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 author. The
following submission items are sent to reviewers during the review process and should not contain
any identifying information.

Manuscript * Figures * Tables * Other Material

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 is mentioned, use the "hidden" format in Word to conceal it, or move it to the title
page.

guidelihes Submlt Originai Articieé \;ri.a EES: http://ees.elsevier.com/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 200 words or less are preferred. A structured abstract contains
the following sections: Introduction, describing the problem; 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 sections: 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 name
or their FDI tooth number. For style questions, refer to the AMA Manual of Style, 10th edition. Cite
references selectively, and number them in the order cited. Make sure that all references have been
mentioned in the text. Follow the format for references in "Uniform Requirements for Manuscripts
Submitted to Biomedical Journals" (Ann Intern Med 1997;126:36-47); http://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, avoid screening, shading, and
colored backgrounds; use the simplest patterns available to indicate differences in charts. If a figure
has been previously 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.

5. 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; 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.
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6. Model release and permission forms. Photographs of identifiable persons must be accompanied by
a release signed by the person or both living parents 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. 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 here] to the American Association of Orthodontists in the event the work is published. The
undersigned author(s) warrants that the article is original, does not infringe upon any copyright or
other proprietary right of any third party, is not under consideration by another journal, has not been
previously published, and includes any product that may derive from the published 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 EES.

8. Use the International Committee of Medical Journal Editors Form for the Disclosure of Conflict 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 sources 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.

9. 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-DO Systematic Reviews
and Meta-Analyses. This guide includes links to a Model Orthodontic Systematic Review and an
accompanying Explanation and Elaboration document.

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.

Systematic Review and Meta-Analysis Guide for Authors

You can access a link to an annotated example of a Model Orthodontic Systematic
Review. Further explanation of reporting practices is given in the 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).

However, we have made these guidelines more relevant to orthodontics 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 Handbook
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 prepared 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.
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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 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 article that was published within the previous six (6) months and must be less than 500 words
including references. Submit Letters via the EES 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-569, 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; 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

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-blind review
This journal uses double-blind 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.
Blinded manuscript (no author details): 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 Methods

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.

+ 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, including 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 refereeing
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, a '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.

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 encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed 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
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 c¢m 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 all technical requirements.

Highlights

Highlights are a short collection of bullet points that convey the core findings of the article. Highlights
are optional and 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). You can view example Highlights on our information site.
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Collate acknowledgments in a separate section 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 aaaa].

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 research, 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.

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.

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

* Use a 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.

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.
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;

* Supply files that are too low in resolution;

+ Submit graphics that are disproportionately large for the content.
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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 to a minimum but explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. 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.

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 recommended in the reference list, but may be mentioned 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

Increased discoverability of research and high quality 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 incorrect 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 encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. 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 J.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, https://doi.org/10.1029/2001JB000884. Please note the format of such
citations should be 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 references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

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 a 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.
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Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor 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.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following

link:
http://open.mendeley.com/use-citation-style/american-journal-of-orthodontics-and-dentofacial-orthopedics
When preparing your manuscript, you will then be able to select this style using the Mendeley plug-

ins for Microsoft Word or LibreOffice.

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;16351-9.

Reference to a 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
6 should be listed followed 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.nlm.nih.gov/bsd/uniform_requirements.html).

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 video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

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, models,
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 research data page.
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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.g., 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. Before submitting your article, you can deposit
the relevant datasets to Mendeley Data. Please include the DOI of the deposited dataset(s) in your
main manuscript file. The datasets will be listed and directly accessible to readers next to your
published article online.

For more information, visit the Mendeley 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.

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

You can enrich your online articles by providing 3D models (optional) in PLY, OBJ or U3D format,
which will be visualized using the interactive viewer next to the article. Each 3D model will have to
be zipped and uploaded to the online submission system via the '3D models' submission category.
Please be advised that the recommended model size before zipping is maximum 150 MB. Multiple
models can be submitted. Please provide a short informative description for each model by filling in
the 'Description' field when uploading a dataset. Note: all datasets will be available for download from
the online article on ScienceDirect. If you have concerns about your data being downloadable, please
provide a video instead. More information on OBJ and PLY models or U3D models.

The following list will be useful during the final checking of an article 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:
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» 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)

For any further information please visit our customer support site at http://support.elsevier.com.

To use information borrowed or adapted from another source, authors must obtain permission from
the copyright holder (usually the publisher). This is necessary even if you are the author of the
borrowed material. 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 borrowed 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
http://www.elsevier.com/about/policies/author-agreement/obtaining-permission.

Permission is also required for the following images:

sPhotos of a product if the product is identified or can reasonably be identified from the photo
sLogos

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

AFTER ACCEPTANCE

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 paper proofs will be sent by post) or, a link will be provided in the
e-mail so that authors can download the files themselves. Elsevier now provides authors with PDF
proofs which can be annotated; for this you will need to download the free Adobe Reader, version 9
(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 return 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 article 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.

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 used 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
Freguently 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.

© Copyright 2014 Elsevier | http://www.elsevier.com
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