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RESUMO

O objetivo desse ensaio clinico randomizado foi avaliar a eficacia de
microperfuracdes 0sseas (MPO) na aceleracdo da retracdo de incisivos superiores.
Os possiveis efeitos das MPO nos seguintes parametros foram avaliados:
deslocamento anteroposterior dos incisivos e primeiros molares, fechamento dos
espacos, inclinacdo e comprimento dos incisivos centrais. A amostra consistiu em 37
pacientes, com idades entre 16 e 40 anos, submetidos a exodontia dos primeiros
pré-molares superiores, aleatoriamente divididos em dois grupos: grupo controle -
retracdo dos incisivos ndo associada as MPO; grupo MPO - retracdo associada as
MPO, realizadas nas superficies vestibular e palatina na regido interradicular dos
Incisivos superiores. Escaneamentos digitais intraorais foram realizados antes do
inicio da retracdo, apds 14 dias e a cada més por um periodo de 4 meses. A analise
das sequéncias de modelos digitais permitiu a avaliacdo do deslocamento
anteroposterior dos incisivos e molares, e fechamento dos espacos. Além disso,
tomografias computadorizadas de feixes cbnicos, obtidas antes e apds 4 meses de
retracdo dos incisivos, proporcionaram a avaliagdo da inclinagdo e do comprimento
dos incisivos centrais. No grupo controle, os valores médios do deslocamento dos
incisivos a nivel incisal com 14 dias, 1 més, 2, 3 e 4 meses foram, em milimetros,
0,50, 0,77, 1,41, 1,88 e 2,29, respectivamente. No grupo MPO, os valores
encontrados foram 0,40, 0,79, 1,47, 2,09 e 2,62. A nivel cervical, no grupo controle,
os valores médios do deslocamento dos incisivos nos mesmos periodos de
avaliacdo foram 0,30, 0,32, 0,61, 1,10 e 1,39. No grupo MPO, os valores
encontrados foram 0,28, 0,41, 0,89, 1,36 e 1,73. A avaliacdo intragrupo revelou que
no grupo controle foram encontradas diferengcas estatisticamente significativas no
deslocamento dos incisivos a nivel incisal na comparacédo entre 1 e 2 meses; e a
nivel cervical, entre 2 e 3 meses. No grupo MPO, foram encontradas diferencas
significativas no deslocamento dos incisivos a nivel incisal entre 1 e 2 meses e entre
2 e 3 meses; a nivel cervical, entre 2 semanas e 1 més, entre 1 e 2 meses e entre 2
e 3 meses. Para as demais variaveis ndo foram encontradas diferencas significativas
entre os periodos avaliados em nenhum dos grupos. Na avaliacdo intergrupos, nao
foram encontradas diferencas significativas em nenhuma das variaveis analisadas
ao longo do tempo. Portanto, as microperfuracbes ésseas nao promoveram a

aceleracdo da retracdo dos incisivos superiores, assim como nao causaram menor



inclinacdo, reabsorcao radicular ou perda de ancoragem. Esses resultados sugerem
gue quando as MPO séo realizadas uma Unica vez previamente a instalacdo da
mecanica ortodontica, ndo proporcionam beneficios para a retracdo de incisivos

superiores.

Palavras-chave: Ortodontia. Ortodontia corretiva. Movimentacao dentaria.



ABSTRACT

The objective of this single-centered randomized clinical trial was to evaluate the
efficacy of micro osteoperforations (MOP) in accelerating the retraction of maxillary
incisors. The possible effects of MOP in the following parameters were evaluated:
anteroposterior incisors and molars displacement, space closure, inclination and
length of central incisors. The sample consisted of 37 patients aged 16 to 40 years,
who underwent upper first premolars extractions. These patients were randomly
divided into two groups: control group - upper incisors retraction not associated with
MOP; MOP group - retraction associated with MOP performed over the interradicular
region of the upper incisors on the buccal and palatal surfaces. Intraoral digital scans
were performed previously, after 14 days and every month after the beginning of
incisors retraction for a period of 4 months in order to evaluate the anteroposterior
displacement of the incisors, space closure and anteroposterior first molars
displacement. In addition, cone beam computed tomography scans were obtained
before and after 4 months of incisors retraction, providing the evaluation of central
incisors’ inclination and length changes. In the control group, the mean values of
incisor displacement at the incisal level at 14 days, 1 month, 2, 3 and 4 months were
0.50, 0.77, 1.41, 1.88 and 2.29, in millimeters, respectively. In the MPO group, the
values found were 0.40, 0.79, 1.47, 2.09 and 2.62. At the cervical level, the mean
values of incisor displacement in the same evaluation periods were 0.30, 0.32, 0.61,
1.10 and 1.39 in the control group. In the MPO group, the values found were 0.28,
0.41, 0.89, 1.36 and 1.73. The intra-group analysis revealed that in the control group,
statistically significant differences were only found in the displacement of the incisors
at the incisal level in the comparison between the periods of 1 month and 2 months;
and at the cervical level, only between 2 and 3 months. In the MOP group, significant
differences were found in the displacement of the incisors at the incisal level in the
comparison between the periods of 1 month and 2 months, and between 2 and 3
months; at the cervical level, between 2 weeks and 1 month, between 1 month and 2
months, and between 2 and 3 months. No significant differences were found over
time regarding the other variables in both groups. In the inter-group analysis, no
differences were found in any of the variables over time. Therefore, micro
osteoperforations did not accelerate the retraction of the upper incisors. In addition,

they do not cause less inclination or greater root resorption. These results suggest



that when the MOP are performed only once prior to the installation of the orthodontic

mechanics no benefit to the retraction of upper incisors is encountered.

Keywords: Orthodontics. Orthodontics corrective. Tooth movement techniques.
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1 INTRODUCAO

Devido a alta demanda estética da sociedade, a duracdo prolongada dos
tratamentos ortodonticos passou a ser vista pelos pacientes como um problema,
principalmente pelos adultos (OLIVEIRA; OLIVEIRA; SOARES, 2010; SHAHABEE et
al.,, 2019). Esta situacdo, frequentemente, acarreta na recusa do tratamento
ortodontico e escolha de alternativas mais rapidas, tais como implantes dentarios e
proteses fixas, mesmo oferecendo resultados menos satisfatérios (ALIKHANI et al.,
2013).

Longos periodos com aparelhos fixos ainda tém o potencial de aumentar a
ocorréncia de carie, reabsorcdes radiculares e danos aos tecidos periodontais
(NIMERI et al.,, 2013). Sendo assim, acelerar a taxa de movimentacdo dentaria
ortodéntica (MDO), possibilitando tratamentos mais rapidos, € desejavel (LONG et
al., 2013) e pode encorajar 0os pacientes relutantes a se submeterem ao tratamento
ortodéntico, além de prevenir os seus efeitos colaterais (ALSAYED HASAN;
SULTAN; HAMADAH, 2017; WILCKO; WILCKO, 2013).

Nesse cenario, métodos que diminuem a duracdo do tratamento sem
comprometer a qualidade de seus resultados passaram a ser alvo de pesquisas na
area de Ortodontia. Dentre outros, podemos citar a administracdo de farmacos locais
ou sistémicos (NIMERI et al., 2013; YAMASAKI, 1983), uso de estimulos fisicos, tais
como forcas vibratérias, campos eletromagnéticos, correntes elétricas e laser de
baixa intensidade (ALSAYED HASAN; SULTAN; HAMADAH, 2017; KIM et al., 2009),
procedimentos cirurgicos, como corticotomias alveolares (CA) (WILCKO et al., 2001;
WILCKO; WILCKO, 2013), corticision (KIM; PARK; KANG, 2008), piezocision
(DIBART; SEBAOUN; SURMENIAN, 2009) e microperfuracbes o6sseas (MPO)
(ALIKHANI et al., 2013).

Particularmente, em resposta ao estimulo traumatico proporcionado pelos
procedimentos cirdrgicos, o tecido 6sseo inicia um processo chamado fenémeno
aceleratorio regional (FAR), caracterizado pelo aumento temporario no turnover e
pela diminuicdo da densidade Ossea (FROST, 1983). O FAR estimula a
reorganizagdo tecidual e a cicatrizagcdo por meio de remodelacéo, resultando no
aumento na taxa de MDO (SHIH; NORRDIN, 1985).

Alikihani et al. (2013), por meio de um ensaio clinico, descreveram as MPO
utilizando o Propel® (PROPEL Orthodontics, Ossining, NY, EUA), instrumento
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patenteado e idealizado especificamente para esse fim. Seus resultados revelaram
um aumento da taxa de retracdo de caninos superiores de 2,3 vezes no grupo
experimental num periodo de avaliacdo de 28 dias apenas (ALIKHANI et al., 2013).
Além deste Ultimo, um estudo em ratos também demonstrou uma aceleracdo na
MDO (TEIXEIRA et al, 2010). Estudos clinicos mais recentes encontraram
resultados controversos, e, portanto, a literatura ndo € conclusiva no que diz respeito
a eficacia das MPO em acelerar a MDO (ABOALNAGA et al., 2019; SIVARAJAN et
al., 2019).

Revisdes sistematicas recentes sobre cirurgias minimamente invasivas como
método de aceleracdo da MDO enfatizam a baixa qualidade dos estudos existentes
por apresentarem amostras pequenas e consideraveis riscos de viés (ALFAWAL et
al., 2016; HOFFMANN et al., 2017; QAMRUDDIN et al., 2015; SHAHABEE et al.,
2019). As evidéncias que suportam esses procedimentos, portanto, sao limitadas,
havendo a necessidade da conducédo de estudos clinicos randomizados.

Adicionalmente, uma importante limitacdo dos estudos prévios € o método
utilizado para a mensuracdo da MDO. Nesse contexto, a superposi¢cdo de modelos
digitais € uma ferramenta inovadora utilizada para quantificar, de maneira confiavel,
alteracdes dentérias individuais entre dois ou mais registros (CHOI et al., 2012;
GARIB et al.,, 2019). Utilizando esta metodologia, o presente estudo tem como
objetivo avaliar os efeitos das MPO na retrac&o de incisivos superiores, uma vez que
a conducdo de ensaios clinicos randomizados de alta qualidade acerca da
efetividade das MPO em acelerar a MDO se faz necesséria. Além disso, a avaliagdo
dos efeitos das MPO no movimento de retracdo de incisivos, até o0 momento, nao foi

realizada.



27

2 REFERENCIAL TEORICO

Métodos para acelerar a movimentacdo dentaria tém chamado a atencéo de
pacientes e ortodontistas e, por isso, é assunto de muitos estudos nos ultimos anos
(CAMACHO; VELASQUEZ CUJAR, 2014). Injdria intencionalmente causada no 0Sso
cortical foi primeiramente descrita em 1892, como abordagem cirargica auxiliar no
tratamento ortodontico (KIM et al., 2009). Apos quatro décadas, Bichlmayr (1931)
desenvolveu outra técnica cirlrgica para correcdo ortodontica mais rapida de uma
grave protrusdo maxilar. Fatias de osso eram removidas com a finalidade de reduzir
seu volume para que os dentes anteriores pudessem ser retraidos.

Kdle (1959) descreveu um procedimento cirdrgico envolvendo corticotomias
verticais - por vestibular e lingual - e osteotomias supra-apicais que se estendiam
por toda espessura do alvéolo. Assim, os dentes eram individualizados em
diferentes “blocos 6sseos”. Acreditava-se, erroneamente, que o que facilitava a
movimentagao dentaria era o movimento dos “blocos 6sseos”, uma vez que estariam
conectados apenas pelo osso medular de menor densidade (KOLE, 1959; WILCKO
et al., 2001). Essa técnica foi pouco difundida, principalmente devido ao uso das
osteotomias supra-apicais, que a tornava extremamente invasiva, podendo levar a
perda da vitalidade dentaria e causar danos aos tecidos periodontais (BELL; LEVY,
1972). Apesar de Rynearson (1987), por meio de um estudo em primatas, ter
demonstrado que as placas de osso cortical ndo se movem junto com os dentes na
regido que recebeu corticotomia, o conceito da “movimentacdo em bloco 6sseo”
prevaleceu até 2001 (WILCKO; WILCKO, 2013).

Wilkco et al. (2001) publicaram dois casos clinicos de correcdo de
apinhamento dentario com o uso de CA, em que o tempo de tratamento foi reduzido
para 1/2 ou 1/3 do que seria normalmente necessario (WILCKO et al., 2001). Eles
encontraram, por meio de tomografia computadorizada dos dois pacientes, um
processo local transitério de desmineralizacdo do osso alveolar sobre as
proeminéncias radiculares dos dentes movimentados ortodonticamente, sugerindo
gue o processo de desmineralizacdo deixa uma matriz 6ssea colagena, que € levada
junto com as superficies radiculares e entdo remineralizada com a manutencdo da
posicdo dentéria. Os achados tomograficos dos pacientes desse relato acerca dos

processos de desmineralizacdo e remineralizacdo indicaram que a aceleracdo da
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MDO foi devido ao FAR e ndo ao movimento dos “blocos ésseos” (WILCKO et al.,
2001).

O FAR foi detalhadamente descrito em uma revisdo pela primeira vez por
Frost, em 1983. Foi observado que uma lesdo estrutural no tecido 6sseo causa a
reorganizacdo dos tecidos duros e moles adjacentes a area que sofreu a injaria.
Esse fendbmeno foi descrito como um complexo processo fisiolégico de cicatrizagéo,
o qual envolve o aumento na taxa de turnover 6sseo e decréscimo na densidade
Ossea local. Ele potencializaria a reorganizacao tecidual pelo surto transitério de
remodelacgao tecidual, sendo um importante facilitador da MDO (FROST, 1983).

Atualmente, sabe-se que as taxas de MDO sdo dependentes da atividade
osteoclastica (HENNEMAN; VON DEN HOFF; MALTHA, 2008). Sendo assim,
fatores que estimulam o recrutamento de precursores de osteoclastos e estimulam
sua diferenciacao e atividade, desempenham um importante papel na movimentacgéo
dentaria. Com a aplicacdo de forcas ortodénticas ha um aumento na expresséo de
marcadores inflamatoérios, como citocinas e quimiocinas (TADDEI et al., 2012). As
guimiocinas tém um importante papel no recrutamento de células precursoras de
osteoclastos. As citocinas, direta ou indiretamente, estimulam a diferenciacdo de
osteoclastos a partir de seus precursores até o estagio de amadurecimento
(FULLER; KIRSTEIN; CHAMBERS, 2006). A importancia desses mediadores foi
evidenciada em estudos que bloquearam seus efeitos. Isso resultou em uma
diminuicao significativa nas taxas de movimentacdo dentaria (IWASAKI et al., 2001;
TADDEI et al., 2012). Assim, pode-se presumir que 0 aumento da expressao desses
marcadores poderia acelerar a MDO (ALIKHANI et al., 2013).

Apés a popularizacdo das CA, seus efeitos tanto no que diz respeito as
respostas celulares quanto as taxas de MDO, tém sido bastante investigados
(ABBAS; SABET; HASSAN, 2016; AL-NAOUM; HAJEER; AL-JUNDI, 2014;
CAMACHO; VELASQUEZ CUJAR, 2014; KOLE, 1959; WILCKO et al., 2001).
Evidéncias clinicas demonstram sua eficacia em acelerar a movimentacao dentaria
(ABBAS; SABET; HASSAN, 2016; AL-NAOUM; HAJEER; AL-JUNDI, 2014;
CAMACHO; VELASQUEZ CUJAR, 2014). No entanto, as CA sdo procedimentos
cirdrgicos invasivos (Fig. 1), que podem trazer desconforto e complicacdes poés-
operatérias (AL-NAOUM; HAJEER; AL-JUNDI, 2014; KESER; DIBART, 2013),
contribuindo para a diminuicdo da taxa de aceitacdo por parte dos pacientes
(DIBART; SEBAOUN; SURMENIAN, 2009).
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Figura 1 — Corticotomias alveolares
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Vercellotti et al. (2007) propuseram o uso de uma ponta piezoelétrica no lugar
de brocas em cirurgias para acelerar o MDO, com o intuito de gerar menor trauma. A
técnica ainda envolvia o levantamento de retalho cirdrgico, mas oferecia a vantagem
de utilizar corticotomias pequenas, realizadas de maneira mais segura e precisa,
sem causar osteonecrose (VERCELLOTTI; PODESTA, 2007).

Apesar da comprovada eficacia das corticotomias e do método proposto por
Vercellotti et al. (2007), ortodontistas e pacientes tém se mostrado resistentes,
devido a extensdo do trauma gerado pelas cirurgias (DIBART; SEBAOUN;
SURMENIAN, 2009). Em 2006, uma abordagem alternativa foi introduzida por Park
et al. (2006), a corticision. Nessa técnica, sdo realizadas incis6es diretamente na
gengiva e no 0sso, usando lamina de bisturi reforcada e martelo cirdrgico, como um
cinzel para separar as corticais interproximais, sem levantar retalho cirtrgico. Os
autores sugerem que essa técnica ativa a remodelacédo éssea em direcdo a MDO,
eliminando as complicagbes das cirurgias com retalhos, como reabsorgao das cristas
O0sseas alveolares e deiscéncias Osseas (KIM; PARK; KANG, 2008). Uma
desvantagem da técnica € a grande forca que precisa ser utilizada para fazer a
incisdo na cortical 6ssea, podendo provocar tontura e vertigem nos pacientes
(DIBART; SEBAOUN; SURMENIAN, 2009). Estudos posteriores ao de Park et al.
(2006) sé@o controversos no que diz respeito a aceleracdo do MDO com o uso de
corticisions, o que pode ser atribuido, além de questdes inerentes ao procedimento
em si, a fatores metodolégicos, como diferencas na quantidade de injUrias realizadas
e dificuldade em padroniza-las (KIM; PARK; KANG, 2008; MURPHY et al., 2014).

Dibart et al. (2009) propuseram uma nova técnica cirdrgica, ainda menos

invasiva, para induzir um dano ao osso alveolar sem levantar retalho cirdrgico,
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chamada piezocision (Fig. 2). Esta técnica consiste em pequenas incisées verticais,
vestibulares e interproximais, feitas com lamina de bisturi diretamente sobre a
gengiva, tocando o osso alveolar. Essas incisdes inter-radiculares permitem o
acesso do instrumento piezoelétrico, utilizado para realizar corticotomias de 3 mm de
profundidade no osso alveolar (DIBART; SEBAOUN; SURMENIAN, 2009). A
duracdo do procedimento cirargico € significativamente menor em relacdo as CA.
Sebaoun et al. (2011) sugerem, com base em suas experiéncias clinicas com o uso
de piezocision, diminuicdo na duracdo do tratamento ortoddntico similar a obtida
com as CA. O desconforto pés-cirdrgico relatado é pequeno, proporcionando menor
trauma ao paciente (SEBAOUN; SURMENIAN; DIBART, 2011). Estudo histolégico
realizado em ratos pelo mesmo grupo de pesquisadores demonstrou que a
piezocision ativa o FAR, estimulando o turnover no 0sso alveolar e aumentando a
atividade osteoclastica, o que representa a base da aceleracdo da movimentacao
dentaria (KESER; DIBART, 2013).

Figura 2 -

Piezocisions.
S =

- v
SN

Fonte: Elaborado pelo grupo de pesquisa.

Alikhani et al. (2013) descreveram uma técnica para a realizacdo de MPO
consistindo no uso de um instrumento elaborado especificamente para essa
finalidade, o Propel® (PROPEL Orthodontics, Ossining, NY, EUA). Os autores
realizaram sobre a gengiva e a mucosa alveolar perfuragdes de 1,5 mm de diametro
e 2 mm a 3 mm de profundidade, sem haver a necessidade de incisdes adicionais
(Fig. 3). Esse estudo de boca dividida, conduzido na mesma universidade em que o
Propel® foi patenteado, conta com uma amostra de apenas 10 pacientes. Os autores
encontraram uma aceleragcdo de 2,3 vezes no movimento dentario no lado

experimental, em relacdo ao lado controle, no periodo de avaliacdo de 28 dias. Os
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pacientes nao relataram dor ou desconforto significante durante ou apos o
procedimento (ALIKHANI et al., 2013).

Figura 3 - Representacéo esquemaética do uso do Propel®para a
realizacdo de MPO

Fonte: Implant News Perio International Journal (disponivel em:
http://www.inpn.com.br/InPerio/Materia/Index/133653).

A partir deste estudo, a possibilidade de se alcancar um aumento na taxa de
MDO por meio de um procedimento cirdrgico minimamente invasivo passou a
chamar a atencdo da comunidade ortodontica, sendo alvo de muitas pesquisas. Em
estudos animais, Cheung et al. (2016) e Tsai et al. (2016) encontraram um aumento
na taxa de MDO tanto em ratos submetidos a corticision quanto a MPO, quando
comparados aos grupos controle (CHEUNG et al., 2016; TSAI et al., 2016). Os
autores relataram que ambos o0s procedimentos sdo capazes de aumentar a
remodelagdo Ossea, a atividade osteoclastica e induzir um movimento ortodéntico
mais rapido em ratos por, no minimo, duas semanas, periodo este significativamente
curto em relacéo a duracéo total média dos tratamentos ortodénticos.

Swapp et al. (2015), por sua vez, realizaram um estudo de boca dividida em
caées, submetendo-os a perfuragcdes padronizadas, nao encontrando aumento
significativo na taxa de MDO. Os resultados revelaram que os danos ficaram
restritos ao osso cortical. Com isso, 0s autores apontaram que a falta de efeito no
0sso medular préximo ao dente submetido a for¢a ortoddntica pode ter sido o fator
responséavel pelas MPO néo terem acelerado a movimentagédo dentaria (SWAPP et
al., 2015).

Attri et al. (2018), assim como Alikhani et al. (2013), utilizaram o Propel® para

a retracdo em massa dos dentes anteriores apdés a exodontia de primeiros pré-
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molares em 30 pacientes (grupo experimental). O grupo controle também contou
com 30 pacientes, nos quais a retracdo em massa foi realizada sem MPO. Os
resultados revelaram que a taxa de MDO naqueles pacientes submetidos a MPO
com o Propel® foi significativamente mais alta em relacéo ao grupo controle (ATTRI
et al., 2018). No entanto, é valido ressaltar que as MPO foram repetidas a cada 28
dias até que o fechamento do espaco fosse concluido. A realizacdo periodica de
nova injaria cirdrgica pode ter contribuido para o significativo aumento da taxa de
MDO.

Mais recentemente, a partir de 2018, ensaios clinicos comecaram a ser
publicados a fim de se esclarecer sobre o potencial das MPO em acelerar o MDO.
Em um estudo de boca dividica com uma amostra de 32 pacientes, Alkebsi et al.
(2018) avaliaram os efeitos de trés MPO realizadas com o auxilio de mini-implantes
(MI) na distal de caninos submetidos a distalizagdo. Os autores utilizaram o método
de sobreposicdo de modelos digitais para mensuracdo da taxa de MDO. Os
resultados revelaram que trés MPO ndo foram suficientemente eficazes para
acelerar a MDO em nenhum momento do periodo total de avaliacdo de 3 meses
(ALKEBSI et al., 2018).

Mais recentemente, Sivarajan et al. (2019) também utilizaram MI para a
realizacdo de MPO para retracdo de caninos em um ensaio clinico de boca dividida
com amostra total de 30 pacientes. As MPO foram repetidas em intervalos de 4, 8 e
12 semanas, e isso parece ter influenciado no resultado encontrado de que as MOP
estdo associadas a um aumento estatisticamente significativo nas taxas de MDO
(1,12 mm no periodo total de avaliacdo de 4 meses). No entanto, os autores apontam
gue esse resultado parece ndo ser clinicamente significativo (SIVARAJAN et al.,
2019).

Aboalnaga et al. (2019) também utilizaram MI para realizar MPO para
retracdo de caninos em um ensaio clinico de boca dividida com o periodo total de
avaliacdo de 4 meses e amostra de 18 pacientes. Os autores foram 0s Unicos, até o
momento, que se preocuparam em medir 0 movimento anteroposterior do canino
isoladamente, por meio da utilizacdo de um plano coronal como referéncia. Além
disso, o0 uso de tomografias computadorizadas de feixes cénicos (TCFC) permitiu a
avaliacdo do movimento radicular dos caninos. A partir dessa analise, foi possivel

concluir que as MPO nédo aceleraram a taxa de movimentacdo dentaria, mas
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permitiu que os dentes se movimentassem mais de corpo (ABOALNAGA et al.,
2019).

Além da taxa de MDO, estudos prévios se preocuparam em avaliar a
ocorréncia de reabsorcdes radiculares associada a procedimentos realizados para
aceleracdo da movimentacao orotoddntica (ABOALNAGA et al., 2019; ALKEBSI et
al., 2018). A reabsorcao radicular é um efeito indesejado e imprevisivel induzido
ortodonticamente. E definida como a perda de tecido duro dentério causada por
atividade clastica, apresentando etiologia complexa e multifatorial (WELTMAN et al.,
2010). A MDO leva a mudancas complexas no ligamento periodontal e 0Sso
alveolar, tecidos com diferentes populacdes celulares e capacidades de
remodelacdo. Durante a MDO, o surgimento de regides de hialinizacdo nos tecidos
periodontais ocorre principalmente devido a aplicacao de forcas pesadas. A remocéao
dessas areas pelos osteoclastos tem sido associada a reabsorcdo radicular
ortodontica (REITAN, 1974; WILCKO et al., 2001).

Embora Wilcko et al. (2001) tenham relatado que as CA diminuem a
incidéncia de reabsorcfes radiculares, as evidéncias cientificas encontradas na
literatura sédo limitadas para comprovar esse fato (PATTERSON et al.,, 2017;
WILCKO et al., 2001). O consenso geral baseado na limitada literatura indica que o
uso das CA nao resulta em mais reabsorcdo radicular do que a ortodontia
convencional (SHOREIBAH et al., 2012a) ou que de fato a diminui (SHOREIBAH et
al., 2012b). No entanto, a acuracia desses estudos pode ser questionada, uma vez
gue as andlises foram realizadas por meio de radiografias periapicais (PATTERSON
et al., 2017).

A microtomografia computadorizada € considerada o padrdo ouro para a
avaliacdo de reabsorcOes radiculares (PATTERSON et al., 2017). O ensaio clinico
de Patterson et al. (2017) foi o primeiro a utilizar a microtomografia computadorizada
para examinar os efeitos da piezocision no processo de reabsorcdo radicular. Os
resultados revelaram um aumento estatisticamente significativo na reabsorcéo
radicular induzida ortodonticamente quando associada a cirurgia. A avaliacdo de
reabsorcdes radiculares associadas a CA e MPO, até o presente momento, nao foi
conduzida utilizando microtomografia computadorizada. A caréncia de estudo
utilizando esse método justifica-se pelo fato de que os elementos dentarios precisam
ser extraidos para a realizacdo da analise por meio da microtomografia. Nesse

cenario, a TCFC representa uma ferramenta superior as radiografias periapicais e
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importante na avaliacdo de reabsor¢bes radiculares durante a movimentagéo
dentéria ortodontica.

Aboalnaga et al. (2019) tentaram avaliar a ocorréncia de reabsorces
radiculares nos caninos retraidos com e sem MPO, por meio da medida do seu
comprimento total realizada em TCFC. Os autores n&do encontram diferenca
significativa, levando-os a concluir que as MPO nao aumentam ou diminuem a
reabsorcao radicular induzida ortodonticamente (ABOALNAGA et al., 2019).

Diante dos dados controversos apresentados nessa revisao de literatura e da
importancia do esclarecimento acerca da significancia clinica dos efeitos reportados
pelos estudos prévios, ressalta-se a necessidade urgente de um ensaio clinico
randomizado controlado capaz de prover evidéncias cientificas fortes acerca dos

efeitos das microperfuracdes 0sseas.
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3 HIPOTESES

a)

b)

Hipotese alternativa: as microperfuracbes Osseas sado eficazes em
acelerar a taxa de movimentacdo de incisivos maxilares submetidos as
forcas de retracdo, quando comparadas ao grupo controle.

Hipotese nula: as microperfuracfes 0sseas ndo sdo eficazes em acelerar
a taxa de movimentacao de incisivos maxilares submetidos as forcas de

retracdo quando comparadas ao grupo controle.
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4 OBJETIVOS

4.1 Objetivo geral

Avaliar os efeitos de microperfuracdes Osseas na retracdo ortodbntica de

Incisivos superiores.

4.2 Objetivos especificos

a)

b)

avaliar e comparar a taxa de fechamento dos espacos superiores
anteriores em pacientes submetidos ou ndo as microperfuracdes ésseas;
avaliar e comparar o deslocamento anteroposterior dos incisivos
superiores submetidos a retracdo, associada ou ndo as microperfuragdes
osseas;

avaliar e comparar o deslocamento anteroposterior dos primeiros molares
durante a retracdo dos incisivos superiores, associada ou nao as
microperfuracdes Osseas;

avaliar e comparar a inclinagcdo de incisivos centrais superiores
submetidos a retracédo, associada ou ndo as microperfuracdes 0sseas;
avaliar e comparar o comprimento dos incisivos centrais superiores

submetidos a retracdo, associada ou ndo as microperfuracfes dsseas.
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5 MATERIAL E METODOS

O presente estudo foi submetido e aprovado pelo Comité de Etica em
Pesquisa da Pontificia Universidade Catdlica de Minas Gerais sob o nimero CAAE:
87658218.2.0000.5137 (ANEXO A). Todo o trabalho foi conduzido de acordo com os
principios éticos para pesquisa clinica e testes médicos envolvendo sujeitos
humanos estabelecidos pela declaracdo de Helsink (WORLD HEALTH
ORGANIZATION, 2013). Um Termo de Consentimento Livre e Esclarecido foi
assinado por todos os pacientes adultos e responsaveis pelos menores de idade
(ANEXO B).

5.1 Desenho do estudo

Ensaio clinico randomizado controlado, previamente registrado no
ClinicalTrials.gov, protocolo NCT03089996. A randomizacéao foi feita a partir de uma
sequéncia aleatoria, realizada pelo QuickCalcs (GraphPad Software, Inc., La Jolla,
CA, EUA), antes do inicio do estudo. No entanto, durante as andlises das imagens
para planejamento das MPO, observou-se que em alguns casos 0s espacos inter-
radiculares apresentavam-se bastante reduzidos, inviabilizando, assim, a realizacéo
do procedimento cirurgico. Nesses casos, 0s pacientes foram realocados no grupo

controle (Fig. 4).

Figura 4: Auséncia de espaco inter-radicular para realizagcdo de MPO

Fonte: Acervo da Pesquisa.



40

5.2 Célculo amostral

O tamanho da amostra foi determinado por meio do software Power and
Sample Size Calculation (PS, versdo 3.0, Nashville, TN, EUA). Os seguintes
parametros de um estudo prévio (ATTRI et al., 2018) foram utilizados: (1) diferencga
média da taxa mensal de fechamento do espaco entre 0os grupos experimental e
controle de 0,25 mm, (2) desvio padrdo de 0,17mm. A proporc¢édo entre os individuos
foi 1:1. Para um estudo com poder da amostra de 99% e erro tipo | de 0.05, 36
individuos (18 no grupo experimental e 18 no grupo controle) seriam necessarios
para rejeitar a hipotese nula (auséncia de diferenca entre o0s grupos). Quatro
individuos ainda foram incluidos em cada grupo para compensar possiveis perdas.

Portanto, o tamanho total da amostra foi de 42 individuos (21 em cada grupo).

5.3 Caracterizacado da amostra

O presente estudo compreendeu a segunda fase de um amplo ensaio clinico
randomizado conduzido no Programa de Pdés-Graduacdo em Odontologia da
Pontificia Universidade Catdlica de Minas Gerais. Os voluntarios foram provenientes
da demanda recebida pela Clinica de Ortodontia da Pontificia Universidade Catélica
de Minas Gerais. O recrutamento foi iniciado em fevereiro de 2016 e finalizado em
junho de 2017.

Pacientes de ambos 0s sexos e com idades entre 16 e 40 anos foram
incluidos. Os seguintes critérios de inclusdo foram adotados: necessidade
ortodéntica de exodontias dos primeiros pré-molares superiores, auséncia de lesées
cariosas e alteracdes periodontais, e presenca de todos os dentes superiores
(exceto terceiros molares). Os critérios de exclusdo foram: gestantes, fumantes,
presenca de fissura labio-palatina ou sindromes, individuos imunossuprimidos, com
doencas sistémicas, uso crénico de anti-inflamatorios e metabolismo 6sseo alterado,
histérico de doenca periodontal, apinhamento severo ou ma oclusdo de Classe Il
esquelética severa (Pg-Nper > 18 mm, ANB > 7°, SN-GoGn > 38° e overjet > 10
mm), inviabilizando a camuflagem ortodéntica com exodontias de pré-molares
superiores.

Um total de 673 individuos foi avaliado e, desses, 42 pacientes que atendiam

aos critérios de inclusdo e exclusdo e que aceitaram participar do estudo, foram
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alocados em dois grupos de maneira aleatéria: grupo controle e grupo MPO. No
entanto, os pacientes do grupo MPO nos quais a realizacdo desse procedimento
poderia causar danos a superficie radicular, devido ao espaco inter-radicular
reduzido, foram realocados no grupo controle. No primeiro, a retracéo ortodontica foi
realizada sem associacdo de qualquer procedimento para acelerar a MDO. J& no
segundo, as MPO foram realizadas no mesmo dia da instalacdo da mecanica
ortodontica de retracdo dos incisivos superiores. Apés o inicio do estudo, duas
pacientes tiveram que abandona-lo, uma por ndo comparecer as consultas
marcadas e a outra, em funcdo de gravidez. Trés pacientes que concluiram a fase
experimental do estudo ndo puderam contribuir para amostra por terem seus
registros (modelos digitais) corrompidos. Ao final, o grupo controle compreendeu 18

pacientes e o grupo MPO, 19 pacientes.

5.4 Procedimentos ortoddnticos

Esse ensaio clinico foi iniciado com a exodontia dos primeiros pré-molares
superiores, seguida da instalacdo de aparelhos fixos nos arcos superior e inferior
(0,022", Edgewise, American Orthodontics, Sheboygan, WI, EUA). Apds o
alinhamento e nivelamento, foram instalados mini-implantes (MI) (Morelli®,
Sorocaba, SP, Brasil) na altura da linha mucogengival vestibular entre as raizes dos
segundos pré-molares e primeiros molares superiores para 0 Uso COmo ancoragem
direta na mecénica de retragdo. A distalizacdo dos caninos foi realizada com mola
de niquel-titanio (Sentalloy150g, Dentsply GAC, York, Pa, EUA) amarrada aos Ml
com amarrilho de aco e acoplada a um gancho soldado nos braquetes desses
dentes.

A retracdo dos incisivos superiores foi entdo iniciada apds a obtencdo da
relacdo de classe | de caninos, além de overbite adequado para a conducdo da
retracdo sem interferéncias oclusais na regido anterior. Foi utilizado fio de aco
continuo 0,017 x 0,025” e ganchos de pressdo com 10 mm de altura (Gancho Infinity
Espiral, OrtoDente, Belo Horizonte, MG, Brasil), instalados distalmente aos incisivos
laterais, possibilitando a aplicacdo da forca o mais proxima possivel ao centro de
resisténcia dos incisivos superiores. Todos 0s dentes superiores posteriores foram
amarrados individualmente com amarrilhos de aco, frouxamente, e os anteriores,

firmemente. Molas fechadas de niquel-titanio (Sentalloyl50g, Dentsply GAC, York,
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Pa, EUA) com 200g de for¢ca foram conectadas dos ganchos aos MI bilateralmente
(Fig. 5).

Figura 5: Mecanica ortodontica de retracao dos incisivos superiores

Fonte: Elaborado pela autora.

Os pacientes retornaram apos duas semanas, assim como a cada més apés
o0 inicio da mecéanica ortoddntica por um periodo de 4 meses. Em toda consulta foi
realizado o registro da for¢ca exercida pela mola com um dinamdémetro de alta
precisdo (Correx, Haag-Streit AG, Koeniz, Switzerland) e a reativacdo quando
necessaria (Fig. 6). A instalacdo e o controle da mecénica ortodéntica foram feitos

por um unico Ortodontista, experiente e treinado (C.M.).

Figura 6: Registro da magnitude da forca aplicada

Fonte: Elaborado peia autora.
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5.5 Microperfuragdes 6sseas

Baseado nas imagens tomograficas iniciais dos pacientes do grupo
experimental, um guia cirurgico individualizado foi confeccionado com uma placa
Essix (Dentsply Sirona, Bohemia, NY, EUA) de 1 mm de espessura (Fig. 7). As
microperfuracdes O0sseas foram entdo realizadas com o guia posicionado em boca,
nos locais previamente planejados.

As MPO foram feitas de maneira transmucosa, sem a abertura de retalho
cirargico, com uma broca cilindrica para contra-angulo com 1,6 mm de didmetro em
aco cirurgico inoxidavel (Ref. 103.045, Neodent, Curitiba, PR, Brasil) (Fig. 8). Sob
anestesia local (Lidocaina HCL 2% com Epinefrina 1:100.000, DFL INDUSTRIA E
COMERCIO S.A., Rio de Janeiro, RJ, Brasil), foram realizadas duas MPO alinhadas
no sentido vertical na distal de cada incisivo superior, perpendicularmente ao 0sso
alveolar, como descrito em estudo prévio (Alikhani et al., 2013). Entre os dois
incisivos centrais, devido a proximidade das raizes no terco cervical, apenas a

perfuracdo mais apical foi realizada.

Figura 7: Guias cirargicos individualizados para a execugao das MPO

vestibulares (A) e palatinas (B)

Fonte: Elaborado pela autora.



44

As MPO foram feitas na superficie vestibular, com 3 mm de profundidade,
assim como na palatina, com 5 mm, devido a maior espessura do tecido mole nesta
regido. Todas as perfuracdes atravessaram a cortical 6ssea, tocando no 0sso
medular adjacente. A profundidade da penetracdo da broca cirurgica foi controlada a
partir de um cursor desenvolvido e patenteado pelo grupo de pesquisa (Fig. 9)
(ANEXO C). Esse cursor se encaixa firmemente a broca cirargica, deixando exposta
apenas uma parte (3 ou 5 mm de extensdo) de sua ponta ativa. Todos o0s
procedimentos cirdrgicos foram realizados por um mesmo cirurgido, experiente e

treinado.

Figura 8: Cursor para padronizar a profundidade das MPO

W2

It
Fonte: Elaborado pela autora.

N&o foi realizada sutura, e orientacdes acerca dos cuidados pos-operatorios
foram passados para os pacientes (CHARAVET et al.,, 2016). Nenhum tipo de
medicagé&o foi prescrito e os pacientes foram orientados a tomar Paracetamol 500

mg (6 em 6 horas) em caso de dor.

5.6 Aquisicado dos modelos digitais e TCFC

Os modelos digitais em formato “.stlI” (stereolithhography), foram obtidos por
meio de escaneamento intra-oral (3Shape, Copenhague, Dinamarca) no mesmo dia
da instalacdo da mecéanica de retracdo dos incisivos (T0), apés 2 semanas (T1),
assim como apos 1 (T2), 2 (T3), 3 (T4) e 4 meses (T5).

As TCFC foram realizadas antes da instalacdo da mecanica de retracdo dos

incisivos superiores e apos 4 meses. Todos os exames foram feitos no mesmo
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aparelho, no tomdgrafo i-CAT® (Imaging Sciencesinternational, Hatfield, PA, EUA)
com FOV (Field of View) de cranio estendido 23 cm x 17 cm, voxel de 0,3 mm?,
36,90 mA, 120 kV e tempo de exposicdo de 40 segundos, gerando arquivos no

formato DICOM (Digital Imaging and Communications in Medicine).

5.7 Resultados primérios e secundarios

O resultado primério € representado pelo: (1) deslocamento anteroposterior
dos incisivos superiores, assim como o fechamento dos espacos distais aos incisivos
laterais, avaliados por meio dos modelos digitais; (2) mudanca angular nos incisivos
centrais, avaliada por meio das TCFC. O resultado secundario esta relacionado ao
deslocamento anteroposterior dos primeiros molares durante a retracdo dos
incisivos, além da avaliagdo da possivel mudanca no comprimento dos incisivos
centrais superiores. Todas as medidas foram realizadas pelo mesmo operador

(C.M.), ap0s receber treinamento especifico.
5.8 Avaliag&o dos modelos digitais

A avaliacdo dos modelos digitais foi realizada por meio de dois programas,
conforme esquematizado na figura 9. No Ortho Analyzer 2019 (3Shape,
Copenhague, Dinamarca), os modelos (TO a T5) foram sobrepostos e em seguida
exportados, utilizando a regidao da terceira ruga palatina do modelo em TO como
referéncia. No Vista Dent 3D (Dentsply GAC, York, PA, EUA), todas as etapas

seguintes foram realizadas (Fig. 10).
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Figura 9: Fluxograma com as etapas para a analise dos modelos digitais

[ Ortho Analyzer |
|

Modelos TO a T5

Sobreposi¢do da
sequéncia de
modelos

Insercdo da
Vista Dent sequéncia de
TCFC inicial modelos
: ~ sobrepostos Sobreposigdo do Marcagdo dos
1. Orlentz?gao da ! modelo TO na TCFC ——pontos nos modelos——
maxila inicial T0aT5
2. Criagdo de planos
de referéncia

Medidas: distancias
dos pontos aos
planos de
referéncia

Fonte: Elaborado pela autora.

5.8.1 Sobreposi¢cdo dos modelos digitais

O modelo digital obtido no dia do inicio da mecéanica de retragdo dos incisivos
superiores (TO0) foi utilizado como modelo de referéncia. Por meio do software Ortho
Analyzer, os demais modelos, chamados modelos comparacdo (T1 a T5), foram
sobrepostos ao modelo TO na regido da terceira ruga palatina, por ser considerada
uma estrutura estavel mesmo apos tratamento ortodéntico com extracdo de pré-
molares (ALMEIDA et al., 1995; BAILEY; ESMAILNEJAD; ALMEIDA, 1996;
HOGGAN; SADOWSKY, 2001). A sobreposicao foi realizada utilizando 3 pontos e
uma superficie. Os pontos mediais da terceira ruga foram marcados bilateralmente,
bem como um terceiro ponto na regido meédia da terceira ruga direita. A superficie
demarcada incluia os pontos mediais da terceira ruga direita e esquerda e uma
expansao posterior sobre a rafe palatina, com aproximadamente 8 cliques (Fig. 10).
A sobreposicao das superficies € designada “3D surface-to-surfacematching”
(método do melhor ajuste). Trata-se de um método de sobreposicdo matematica de
modelos digitais maxilares de alta acuracia, permitindo uma fiel avaliagdo do
movimento dentario (CHA et al., 2007; CHOI et al., 2010, 2012). As sequéncias dos
seis modelos maxilares de cada paciente, apdés a sobreposicdo, foram entao

exportadas (Fig. 11).
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Figura 10: Determinacao dos pontos e superficie para a sobreposi¢cao do

modelo de comparacédo (amarelo) no modelo TO (laranja) no software Ortho

Analyzer

Fonte: Elaborado pela autora.

Figura 11: Sequéncia de modelos registrados naregido da terceiraruga
palatina prontos para serem exportados

Fonte: Elaborado pela autora.

5.8.2 Orientagcdo da TCFC inicial

Utilizando o software Vista Dent 3D, a maxila na TCFC inicial foi orientada em
todos os pacientes da seguinte forma (Fig. 12): (1) vista frontal: linha que passa
pelas suturas zigomaticomaxilares direita e esquerda selecionada no corte coronal
gue passa no centro da coroa do primeiro molar superior direito, paralela ao solo; (2)
vista lateral: linha que passa pela espinha nasal anterior (ENA) e posterior (ENP) no

corte sagital, paralela ao solo. O ponto ENP foi marcado no mesmo corte sagital em
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gue o ponto mais anterior da maxila (ENA) foi identificado; (3) vista superior: linha

gue passa pelos pontos ENA e ENP no corte axial, perpendicular ao solo.

Figura 12: Orientacdo da maxila na TCFC inicial. A) Vista frontal; B) Vista

lateral; C) Vista superior

Fonte: Elaborado pela autora.

5.8.3 Criacao dos planos de referéncia

Utilizando o software Vista Dent 3D, os seguintes planos de referéncia foram
criados a partir de pontos selecionados na TCFC inicial ap6s orientacdo da maxila
(Fig. 13): (1) plano axial: formado pelo ponto mais posterior do forame incisivo,
selecionado no primeiro corte axial em que ele é fechado posteriormente, e pelos
pontos mais posteriores dos forames palatinos maiores direito e esquerdo,
selecionados no primeiro corte axial em que o forame direito é fechado
anteriormente; (2) plano sagital: formado pelos pontos ENA e ENP, selecionados
como descrito anteriormente, e perpendicular ao plano axial; (3) plano coronal:
formado pelos mesmos pontos nos forames palatinos direito e esquerdo e

perpendicular ao plano sagital.



49

Figura 13: Determinacdo dos pontos necessarios para a criacdo dos planos de

referéncia. A) Forame incisivo; B) Forames palatinos direito e esquerdo; C)
ENA e ENP

Fonte: Elaborado pela autora.

5.8.4 Sobreposi¢cao dos modelos na TCFC inicial

Utilizando o software Vista Dent, as sequéncias de modelos digitais foram
importadas para as TCFC iniciais de cada paciente. Nesse momento, para permitir a
sobreposicdo do modelo TO na TCFC inicial, os modelos T1 a T5 foram ocultados,
permanecendo apenas a silhueta do modelo de referéncia (T0), que foi
manualmente sobreposto na TCFC inicial. O software oferece as ferramentas de
translacéo e rotacédo, ainda com a possibilidade de alteracéo no fulcro da rotacao,
facilitando a precisa sobreposicdo do modelo na TCFC (Fig. 14). Uma vez que todos
0s modelos da sequéncia estavam registrados na regido da terceira ruga do TO,
guando este foi sobreposto a TCFC inicial, todos os outros (T1 a T5) se deslocaram

concomitantemente.
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Figura 14: Sobreposicdo do modelo de referéncia TO na TCFC inicial no
software Vista Dent

LLaiees

Fonte: Elaborado pela autora.

5.8.5 Marcacao dos pontos nos modelos TOa T5

Utilizando o software Vista Dent, todos os pontos listados na Tabela 1 e
visualizados na Figura 15 foram selecionados nos modelos TO a T5. Para a
marcacdo dos pontos em cada modelo, os demais modelos da sequéncia foram

ocultados, evitando, assim, qualquer influéncia na escolha dos pontos.

Tabela 1: Pontos marcados nos modelos digitais.

26 Ponto central do apice da cuspide mésio-vestibular do elemento 26
221 Ponto médio da borda incisal do elemento 22

22C Ponto médio da margem cervical palatina do elemento 22

211 Ponto médio da borda incisal do elemento 21

21C Ponto médio da margem cervical palatina do elemento 21

111 Ponto médio da borda incisal do elemento 11

11C Ponto médio da margem cervical palatina do elemento 11

12I Ponto médio da borda incisal do elemento 12

12C Ponto médio da margem cervical palatina do elemento 12

16 Ponto central do apice da cuspide mésio-vestibular do elemento 16
22D Ponto mais proeminente da superficie distal do elemento 22
12D Ponto mais proeminente da superficie distal do elemento 12
23M Ponto mais proeminente da superficie mesial do elemento 23
13M Ponto mais proeminente da superficie mesial do elemento 13
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Figura 15: Pontos selecionados nos modelos digitais

Fonte: Elaborado pela autora.

A partir da marcacdo dos pontos, o software automaticamente calcula a
distancia desses pontos a todos os planos de referéncia previamente criados, bem
como a distancia entre os pontos 12D a 13M e 22D a 23M, as quais demonstram 0s
espacos fechados com a retracdo dos incisivos superiores. O deslocamento
anteroposterior dos incisivos e primeiros molares é medido pela distancia entre os
pontos 221, 22C, 211, 21C, 111, 11C, 12I, 12C, 16 e 26 até o plano coronal. Ele é
representado pelas diferencas entre as medidas obtidas em cada modelo (T1 a T5)
em relacdo ao modelo inicial de referéncia (T0) (Fig. 16). Uma vez que os quatro
incisivos foram retraidos simultaneamente, uma medida Unica foi calculada para
cada paciente em cada tempo de avaliacdo, indicando o deslocamento médio dos

quatro incisivos.
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Figura 16: Medidas realizadas automaticamente pelo Vista Dent 3D ap0s a
criacdo dos planos de referéncia e marcacédo dos pontos nos modelos digitais.

A) Vista frontal; B) Vista latero-inferior

Fonte: Elaborado pela autora.

5.9 Avaliacédo das TCFC

Nesse estudo, as TCFC inicial e final foram sobrepostas pelo “voxel-based
method” no software Dolphin Imaging (Chatsworth, CA, EUA). Trata-se de um
método mais rapido em relagcdo ao tradicional descrito por Cevidanes et al.
(CEVIDANES et al., 2005) e também preciso e confiavel (BAZINA et al., 2018).

Todas as TCFC iniciais foram orientadas conforme descrito em estudos
prévios (FIGUEIREDO et al., 2014; MORDENTE et al., 2016). Em seguida, as duas
TCFC (inicial e final) foram aproximadas utilizando 3 pontos localizados nas suturas
frontozigomaticas, direita e esquerda, e no forame mentual esquerdo (Fig. 17). Em
seguida, uma area especifica na base do cranio foi selecionada como referéncia
para a sobreposicado automatica utilizando a ferramenta “auto superimposition”
disponivel no software, conforme mostra a Figura 18. A precisdo da sobreposi¢ao

das TCFC foi entdo verificada em todos os cortes (sagital, coronal e axial).
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Figura 17: Pontos utilizados para a aproximagéao inicial das TCFC inicial e final

do mesmo paciente

Bane Votume

Fonte: Elaborado pela autora.

Figura 18: Regido na base do cranio selecionada para a sobreposicao das
TCFC inicial e final

Coronal Slice
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wall of Sella Turcica Cribriform Plate

Fonte: Imagem cedida pelo Prof. Juan Martin Palomo.

Apoés a sobreposicao, a inclinacdo dos incisivos centrais foi avaliada por meio

do angulo formado pelo longo eixo de cada incisivo central nas TCFC inicial e final.
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O longo eixo dos incisivos foi determinado no corte sagital em que o maior

comprimento desses dentes foi visualizado (Fig. 19).

Figura 19: Mudanca nainclinag&o dos incisivos medida a partir da
sobreposicéo das TCFC inicial e final na base do cranio

Fonte: Elaborado pela autora.

A fim de investigar a ocorréncia de reabsor¢des radiculares, o comprimento
inicial e final dos incisivos centrais foram medidos por meio da criacdo de uma linha
2D, passando pelo ponto mais inferior da borda incisal e mais superior do &pice
radicular. Para a realizacdo dessas medidas, foi utilizado o corte sagital em que o

maior comprimento desses dentes foi visualizado (Fig. 20).

Figura 20: Medida do comprimento inicial (A) e final (B) dos incisivos centrais
superiores

24.5 mm

Fonte: Elaborado pela autora.
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5.10 Analise estatistica

Os testes t e qui-quadrado foram utilizados para a comparacéo intergrupos
dos parametros idade e sexos, respectivamente. Todas as varidveis foram
novamente mensuradas em 60 modelos digitais e 20 exames tomograficos
selecionados aleatoriamente apds um intervalo de duas semanas. O coeficiente de
correlacéo intraclasse (ICC) variou de 0,86 a 0,99, indicando boa reprodutibilidade
intraexaminador. O erro sistematico foi calculado usando o teste t pareado e néao foi
encontrado resultado estatisticamente significante. O teste D’Agostino e Pearson
demonstrou que os dados obtidos apresentaram distribuicdo normal. Médias e
desvios padréo foram entédo calculados para todas as variaveis. Para a comparagao
intra e intergrupos do deslocamento dos incisivos e molares e do fechamento dos
espacos em funcédo do tempo, foi realizado o teste Two-way ANOVA, seguido pelo
post hoc de Bonferroni. Para a comparacéo intergrupos da mudanca na inclinacéo e
comprimento dos incisivos centrais, foi realizado o teste t. O teste t pareado foi
utilizado para avaliacdo intragrupos da mudanca no comprimento dos incisivos
centrais. As andlises foram processadas no GraphPad Prism 5.00 (GraphPad

Software, San Diego, CA, USA) e o nivel de significancia adotado foi de 5%.
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Micro-osteoperforations effects on the upper incisors’ retraction: a
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ABSTRACT

Introduction: The objective of this single-centered randomized clinical trial was to
evaluate the efficacy of micro osteoperforations (MOP) in accelerating the retraction
of maxillary incisors. The possible effects of MOP in the following parameters were
evaluated: anteroposterior incisors and molars displacement, space closure,
inclination and length of central incisors. Methods: The sample consisted of 37
patients aged 16 to 40 years, who underwent upper first premolars extractions.
These patients were randomly divided into two groups: control group - upper incisors
retraction not associated with MOP; MOP group - retraction associated with MOP
performed over the interradicular region of the upper incisors on the buccal and
palatal surfaces. Intraoral digital scans were performed previously, after 14 days and
every month after the beginning of incisors retraction for a period of 4 months in
order to evaluate the anteroposterior displacement of the incisors, space closure and
anteroposterior first molars displacement. In addition, cone beam computed
tomography scans were obtained before and after 4 months of incisors retraction,
providing the evaluation of central incisors’ inclination and length changes. Results:
In the control group, the mean values of incisor displacement at the incisal level at 14
days, 1 month, 2, 3 and 4 months were 0.50, 0.77, 1.41, 1.88 and 2.29, in
millimeters, respectively. In the MPO group, the values found were 0.40, 0.79, 1.47,
2.09 and 2.62. At the cervical level, the mean values of incisor displacement in the
same evaluation periods were 0.30, 0.32, 0.61, 1.10 and 1.39 in the control group. In
the MPO group, the values found were 0.28, 0.41, 0.89, 1.36 and 1.73. The intra-
group analysis revealed that in the control group, statistically significant differences
were only found in the displacement of the incisors at the incisal level in the
comparison between the periods of 1 month and 2 months; and at the cervical level,
only between 2 and 3 months. In the MOP group, significant differences were found
in the displacement of the incisors at the incisal level in the comparison between the
periods of 1 month and 2 months, and between 2 and 3 months; at the cervical level,
between 2 weeks and 1 month, between 1 month and 2 months, and between 2 and
3 months. No significant differences were found over time regarding the other
variables in both groups. In the inter-group analysis, no differences were found in any
of the variables over time. Conclusions: MOP did not accelerate the retraction of the
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upper incisors. In addition, they do not cause less inclination or greater root

resorption.

Keywords: Orthodontics. Orthodontics corrective. Tooth movement techniques.
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INTRODUCTION

Lengthy treatment is a disadvantage in orthodontics.' The main reason for the
prolonged duration is the limited rate of tooth movement that is possible to achieve,
ranging from 0.35 to 2.04 mm monthly.? This situation often leads patients to refuse
orthodontic treatment.® Additionally, prolonged treatment time is associated with
other risks, such as white spots, pain, discomfort’ and root resorption, since
currently, it is accepted that the longest duration of treatment, the greater the
chances of root resorption.>® Moreover, patients’ satisfaction and cooperation are
also committed for extensive treatment. Therefore, the search for methods that
decrease the treatment time without compromising the outcome, reducing or
eliminating the associated risks, is of interest of both orthodontists and patients,
stimulating the latest orthodontic research.*

It is generally accepted that the rate of tooth movement is controlled by the
rate of bone resorption, which in turn is controlled by osteoclast activity.®° Therefore,
one can assume that the factors recruiting osteoclast precursors from the circulation
and stimulating the differentiation of these cells into osteoclasts should play
significant roles in tooth movement, potentially accelerating it.>

Recently, micro-osteperforations (MOP) were described as a minimally
invasive surgical technique to induce the acceleration of orthodontic treatment.'® It
involves the performance of multiple transmucosal perforations within alveolar bone,
sited in close proximity to the region of desired tooth movement (Propel Orthodontics.
Available at: https://propelorthodontics.com. Accessed June 2018). The biological
mechanism capable to explain the potential of this procedure to accelerate
orthodontic tooth movement rate is related to the increase in cytokines and
chemokines expression associated with MOP, leading to increased osteoclastic
activity and bone remodeling, resulting a faster tooth movement.®

There are few studies in the literature about MOP, possibly due to the short
time since the technique was first described. A clinical trial used the Propel® to
perform micro-osteoperforations (Ossining, NY, USA), a patented instrument
designed specifically for this purpose, describing an increase of 2.3 times the rate of
retraction of upper canines. However, the sample consisted of only 10 patients and
the evaluation period was limited to 28 days.® After this study, some clinical trials

evaluating MOP in canine retractions were conducted.*®™*2 Only one previous clinical
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trial evaluated the mass retraction of the anterior teeth,'* and the assessment of the
effects of MOP on retraction of upper incisors is unprecedented.

Recent systematic reviews about MOP, however, emphasize the low quality of
existing studies, that present small samples and important risks of bias, possible
reasons for presenting controversial results.”>™*® The method used for measuring
orthodontic tooth movement is an important additional limitation of these studies. The
use of methods that do not allow any type of standardization and use unstable
reference points results in unreliable measurements and, consequently, questionable
results.’>8

In this context, the superposition of digital models is an innovative tool used to
quantify individual dental changes between two or more records reliably.*®%®
However, values for 3D displacement of teeth must be interpreted with caution. A
tooth presenting a large 3D displacement, for example, may have had most of its
movement in the vertical direction, with extrusion or intrusion, instead of
displacement in the direction of the application of force, not necessarily showing a
higher retraction rate in relation to the control.*

The scientific evidence about MOP, therefore, is limited, and the need of
randomized clinical trials in order to provide quality information about the possible
effectiveness of the procedure in accelerating the orthodontics tooth movement is
evident. Therefore, this study is the first to investigate the effects of MOP on the rate
of upper incisors retraction during a 4-month period using a novel method with 3D
superimposition models, but most important, considering the tooth displacement in

the anteroposterior direction purely.

Specific objectives or hypotheses

The primary purpose of this study was to assess the effect of MOPs on the
rate of upper incisors retraction and the rate of space closure for a period of 4
months. The secondary outcomes were incisors inclination, root resorption and
anchorage loss in the experimental and control groups during a 4-month period. The
null hypothesis was that MOPs do not accelerate tooth movement by 2.3 fold

compared with traditional orthodontic upper incisors retraction.
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MATERIAL AND METHODS
Trial design and any changes after trial

This study was a randomized clinical trial with a 1:1 allocation. In two cases
the interradicular spaces in the maxillary anterior region presented very reduced
during the analysis of the images for planning the MOPs sites. This situation made it
impossible to perform the surgical procedure without offering risks of damage to root

surfaces. In these cases, patients were relocated to the control group.

Participants, eligibility criteria, and settings

Ethical approval was obtained from institutional review board at Pontificia
Universidade Catdlica de Minas Gerais, Brazil, with approval number CAAE
87658218.2.0000.5137. This trial was also registered at ClinicalTrials.gov with
identifier number NCTO03089996. Participants were recruited from new patients
attending the orthodontic department at the Pontificia Universidade Catdlica de
Minas Gerais.

The following inclusion criteria were applied: (1) both male and female
subjects, (2) 16 or more years old, (3) orthodontic need of upper incisors extractions,
(4) presence of all upper permanent teeth with exception of the third molars. The
exclusion criteria were (1) diseases and medications that were likely to affect bone
biology, (2) pregnancy, (3) poor oral hygiene, (4) previous orthodontic treatment, (5)
evidence of bone loss, (6) active periodontal disease, (7) smoking, (8) syndromes or
cleft patients, (9) severe crowding or Class Il malocclusion (Pg-Nper > 18 mm, ANB >
7°, SN-GoGn > 38° e overjet > 10 mm). Patients were selected according to the
inclusion and exclusion criteria during the recruitment time. Subsequently, they were
invited to sign a consent form after we clarified the purpose of the intervention and

the associated risks and benefits.

Sample size calculation

Sample size was calculated with the Power and Sample Size Calculation
software (PS, version 3.0, Nashville, TN, USA). The following parameters of a
previous study* were used: mean difference of monthly rate of space closure
between groups equal to 0.25 mm and pooled standard deviation equal to 0.17. The
ratio between individuals of both groups were 1:1. For a study with sample power

equal to 99% and type 1 error of 0.05, 36 individuals (18 in the experimental group
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and 18 in the control group) were necessary to reject the null hypothesis of no
difference between groups. Four individuals were added to each group to
compensate for possible losses. Therefore, the final sample size was 44 individuals

(22 in each group).

Randomization

Randomization was performed by generating a random sequence, using Quick
Calcs (GraphPad Software, Inc., La Jolla, CA, USA), before the study started. Since
the performance of MOPs required prior planning with the using the tomographic
exams and the preparation of the surgical guide, the allocation sequence was
informed to the Periodontist one week before the procedure. Allocation concealment
to the orthodontic team aimed to prevent selection bias and protect the assignment

sequence until allocation.

Blinding

Blinding of patients and orthodontists was not possible during the period of
evaluation of the upper retraction. However, blinding was ensured at the
measurement stage (data collection), in which the investigator (C.M.) was blinded to

where the MOPs were applied by coding all digital models.

Interventions

Orthodontic procedures. Initially, the subjects were referred to the periodontal
department to check periodontal conditions and for regular oral care. According to
the inclusion criteria, all selected patients had a treatment plan including extractions
of the maxillary first premolars and fixed orthodontic appliances with maximum
anchorage support using miniscrews (MIs).

After extractions of first premolars, orthodontic treatment started with the bond
of fixed appliances in the upper and lower arches (0.022-in, Edgewise, American
Orthodontics, Sheboygan, W1). After alignment and leveling, Mis (1.5 mm width, 8
mm length, Morelli®, Sorocaba, SP, Brazil) were installed at the buccal mucogingival
margin between the roots of the upper second premolars and first molars. Mls were
used as direct anchorage to prevent unwanted tooth movement of the posterior teeth

during canine and incisors retraction. Canine distalization was performed with a
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nickel-titanium spring (Sentalloy150g, Dentsply GAC, York, Pa, USA) tied to the MI
and coupled to a welded hook on the brackets of these teeth.

The retraction of the upper incisors was started after obtaining the canine
class | relation, in addition to an adequate overbite and overjet for conducting the
retraction without occlusal interference in the anterior region. 0.017 x 0.025”
continuous steel wire was used and 10 mm high pressure hooks (Infinity Spiral Hook,
OrtoDente, Belo Horizonte, MG, Brazil) were installed distally to the lateral incisors,
allowing the application of the force as close as possible to the center of resistance of
the upper incisors. All posterior teeth were individually tied loosely with steel ties, and
the anterior teeth were tied firmly. Closed nickel-titanium springs (Sentalloy150g,
Dentsply GAC, York, Pa, USA) with 200g of force were connected from the hooks to
the Mis bilaterally (Fig 1).

Patients returned after two weeks, as well as every month after starting the
orthodontic mechanics to the upper incisors’ retraction for a period of 4 months. In
every appointment, the force performed for the was recorded with a high precision
dynamometer (Correx, Haag-Streit AG, Koeniz, Switzerland) and reactivated when
necessary. The installation and control of orthodontic mechanics was performed by a
single, experienced and trained Orthodontist in all subjects (C.M.).

Micro-osteoperforations. All MOPs were performed only one time in the
experimental group on the same day of the installation of the upper incisors’
retraction mechanics. The procedure was conducted by the same periodontist,
experienced and trained in all subjects. Patients were instructed to rinse with 0.12%
Chlorhexidine for 1 minute before the beginning of the procedure. MPO were
performed under local anesthesia (Lidocaine HCL 2% with Epinephrine 1. 100,000,
DFL Industria e Comércio, Rio de Janeiro, RJ, Brazil), as following:

1. An individualized surgical guide made with an Essix plague with 1 mm thick
(Essix, Dentsply Sirona, USA) was used, based on the initial tomographic
images (Figs. 2A and 2B);

2. MOP were performed with a 1.6 mm diameter stainless steel surgical drill
(103.045, Neodent, Curitiba, PR, Brazil) perpendicular to the alveolar bone,
3 mm deep on the buccal surface,’® and 5 mm, on the palate, due to the

greater thickness of the soft tissue in this region. The depth of the MOP was
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controlled and standardized by a cursor developed and patented by the
research group (Figs. 2C and 2D);

3. Two MOPs were aligned vertically distally from each upper incisor. Due to
the proximity of the roots in the cervical third, only the most apical
perforation was performed between the two central incisors. The first MOP
was performed 6 mm away from the gingival margin, and the second, 5 mm
from the first, in the vertical direction.’® A total of 9 MPO on the buccal

surface and 9 on the palate was performed.

At the end of the procedure, patients were oriented about the postoperative
care, including maintaining good oral hygiene.’*?* No medication was prescribed,
and patients were instructed to take Paracetamol 500 mg (every 6 hours) just in case
of pain.

Primary and secondary results

Digital models were obtained in “.stI” format (stereolithhography) by intraoral
scanning (3Shape, Copenhagen, Denmark) on the same day of installation of the
incisors’ retraction mechanics (T0), after two weeks (T1), as well as after one (T2),
two (T3), three (T4) and four months (T5). CBCT scans were taken before the
installation of the mechanics and after four months. All exams were performed on an
i-CAT® scanner (Imaging Sciences International, Hatfield, Pennsylvania, USA) with
extended skull FOV (Field of View) 23 cm x 17 cm, 0.3 mm?® voxel, 36.90 mA, 120 kV
and exposure time of 40 seconds, generating files in DICOM format (Digital
Imagingand Communications in Medicine). All measurements were performed by the
same orthodontist, after receiving specific training.

Primary results. The primary result is represented by the anteroposterior
displacement of the upper incisors, as well as the spaces distal to the lateral incisors
closure, assessed on digital models and using the initial CBCT scan for the creation
of reference plans, using two software. In Ortho Analyzer 2019 (3Shape,
Copenhagen, Denmark), the comparison models (T1 to T5) were superimposed on
the TO model by the “3D surface-to-surface matching” method with the “three points
and one surface” tool,?* using the third palatal rugae as reference. This region is

considered a stable structure even after orthodontic treatment with extraction of
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premolars, and can be used as reference for the superimposition of digital models
reliably.?*?®> Two medial points on the third rugae, bilaterally, and a third point in the
middle of the right third rugae were used. The selected surface included the medial
region of the third right and left rugae and a posterior expansion over the palatal
raphe, with approximately 8 clicks (Fig. 3). The sequences of the six maxillary models
of each patient were exported of the Ortho Analyzer software after superimposition.

Using Vista Dent 3D software (Dentsply GAC, York, Pa, USA), the maxilla was
oriented in the initial CBCT in all patients as follows: (1) frontal view: line that passes
through the right and left zygomatic maxillary sutures selected in the coronal slice
passing through the center of the crown of the first right upper molar, parallel to the
ground (Fig. 4A); (2) lateral view: line passing through the anterior nasal spine (ANS)
and posterior nasal spine (PNS) in the sagittal slice, parallel to the ground (Fig. 4B).
The PNS point was marked in the same sagittal section where the most anterior point
of the maxilla (ANS) was identified; (3) top view: line passing through the points ANS
and PNS in the axial section, perpendicular to the ground (Fig. 4C).

Then, the following reference planes were created using points selected in the
initial CBCT scan (Figs. 4D-F): (1) axial plane: formed by the most posterior point of
the incisor foramen, selected in the first axial slice in which it is posteriorly closed,
and by the most posterior points of the right and left greater palatal foramen, selected
in the first axial section in which the right foramen is closed in the anterior region; (2)
sagittal plane: formed by points ANS and PNS, selected as described above, and
perpendicular to the axial plane; (3) coronal plane: formed by the same points in the
right and left palatal foramen and perpendicular to the sagittal plane. After the
generation of the reference plans, the sequences of digital models were imported into
the initial CBCT of each patient using Vista Dent 3D. To allow the superimposition of
TO model to the initial CBCT, the models T1 to T5 were hidden, leaving only the
contour of the reference model (TO), that was manually superimposed on the initial
CBCT. Since all models in the sequence were registered in the region of the third
palatal rugae of model TO, when it was superimposed on the initial CBCT, all the
others (T1 to T5) moved concomitantly.

Then, the points listed in Table | and shown in Figure 5A were selected in
models TO to T5. To select these points in each model, the others of the sequence
were hidden, avoiding any influence on the choice of points position. After the

selection of the points, the software automatically calculates the distance from the
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axial, sagittal and coronal reference planes to each of the points created, as well as
the distance between points UR2D to UR3M and UL2D to UL3M, demonstrating the
spaces closure with retraction of the upper incisors (Fig. 5). The anteroposterior
displacement of the incisors and first molars was calculated using the distance
between points UL2I, UL2C, UL1l, UL1C, UR1l, UR1C, UR2l, UR2C, UR6 and UL6
to the coronal plane, and is represented by the differences between the
measurements obtained in each model (T1 to T5) in relation to the initial reference
model (T0). Since the four incisors were retracted simultaneously, a single measure
was calculated for each patient at each moment (T1 to T5), indicating the average
displacement of the four incisors.

Secondary results. The changes in the inclination and length of the central
incisors were calculated using the initial and final CBCT. To perform the analyzes,
the skull in the initial CBCT was oriented as previously described.26,27 Then, the
initial and final CBCT were superimposed by the “voxel-based method” in the Dolphin
Imaging software (Chatsworth, CA, USA), using the cranial base as reference.28

The inclination of the central incisors was then assessed by means of the
angle formed by the long axis of each central incisor in the initial and final CBCT. The
long axis of the incisors was determined in the sagittal section in which the greatest
length of these teeth was seen (Fig. 6A).

In order to investigate the occurrence of root resorption, the initial and final
length of the central incisors were measured by creating a 2D line, passing through
the lowest point of the incisal edge and the highest point of the root apex. To perform
these measurements, a sagittal cut was used in which the longest length of these

teeth was seen (Figs. 6B and 6C).

Statistical analysis (primary and secondary outcomes, subgroup analyses)

The t and chi-square tests were used for intergroup comparison of age and
sex distribution, respectively. All measurements were repeated in 60 digital models
and 20 CBCT scans randomly selected after a two-weeks interval. The intraclass
correlation coefficient (ICC) ranged from 0.86 to 0.99, indicating good intra-examiner
reproducibility. The systematic error was assessed using the paired t-test and no
significant results were found. D’Agostino and Pearson test demonstrated that the

data obtained presented a normal distribution. Means and standard deviations were
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then calculated for all variables. The intra and intergroup comparisons of the
displacement of the incisors and molars and the spaces closure during time were
performed using the Two-way ANOVA test followed by the Bonferroni post hoc.
Intergroup comparisons of the changes in inclination and length of the central
incisors were performed using the t test. The paired t-test was used for intragroup
evaluation of the changes in central incisors length. The analyzes were processed
using Graph Pad Prism 5.00 (GraphPad Software, San Diego, CA, USA) and the
significance level adopted was 5%.

RESULTS
Participant flow

Patients were recruited between February 2016 and June 2017, with the final
data collection in December 2019. Initially, a total of 42 patients were included in this
study, with a 1:1 allocation ratio. After the study started, two subjects were excluded,
one due to irregular attendance, and the other due to pregnancy. During the data
analysis, three subjects were excluded because the digital models were damaged.
Then, this clinical trial was concluded with 18 subjects in the control group, and 19 in
the experimental group (Fig. 7).

Baseline data

Data regarding age and sex of the subjects in each group are listed in Table II.
The mean age in the control group was 22,2 + 4,2 years, and in the experimental
group the mean age was 24,3 + 8,1 years. The comparison of age and sex

distribution between the groups did not revealed significant differences.

Numbers analyzed for each outcome, estimation and precision, subgroup
analyses

All data referring to the total of 37 individuals were analyzed. No digital models
or TCFC were missing. Therefore, a total of 222 models and 75 TCFCs were
analyzed. During the evaluation period, there was no loss of MI, brackets, or occlusal
interference on the retraction movement.

Primary outcome. The intragroup evaluation revealed that in the control group,
there were statistically significant differences in incisor displacement at the incisal

level between 1 and 2 months; and at the cervical level, between 2 and 3 months
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(Table 111). In the MPO group, significant differences in incisor displacement at the
incisal level were observed between 1 and 2 months and between 2 and 3 months; at
the cervical level, between 2 weeks and 1 month, between 1 and 2 months and
between 2 and 3 months (Table IIl). In the control and MOP groups, the comparison
of space closure through the evaluation periods did not reveal a statistically
significant difference (Table Ill). The intergroup analysis at each of the evaluation
times (T1 to T5) did not reveal statistically significant differences in the displacement
of the incisors and space closure (Table I11).

Secondary outcome. There were no statistically significant intergroup
differences regarding the inclination of both upper central incisors (Table 1V). The
measurement of the length of both central incisors decreased significantly in both
groups. However, the intergroup comparison did not show statistically significant
differences (Table V). The intra and intergroup evaluation of the anchorage loss did
not show significant differences over all the evaluation periods (Tables IlI).

Harms. No negative effects related to the procedures performed were reported

by the participants.

DISCUSSION

In the past years, MOP has called the attention of both clinicians and
researchers since it is a minimally invasive procedure. However, scientific evidence
about the effects of MOP is limited to date. The researches available in the literature
have important weaknesses, leading to unreliable results. Additionally, they are not
conclusive regarding the real benefit of MOP in accelerating the orthodontic tooth

movement, 3141

and the effects of MPO on the retraction of upper incisors have
never been investigated. Then, this randomized controlled clinical trial was
conducted in order to provide relevant scientific evidence with results obtained using
reliable methods, filling this gap of the literature.

Primary results. The results of the present study revealed significant
differences in the comparison of the anteroposterior displacement of the incisors
between specific times of evaluation in both control and MOP groups. However,
despite these results, the comparison between the groups in each moment (T1 to T5)
did not show significant differences. Regarding the space closure on both sides, intra

and intergroup comparisons did not show significant differences. The primary results
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obtained, therefore, indicate that MOP do not induce the acceleration of the upper
incisor retraction.

Comparisons of the results of the present study with those of other studies are
difficult since MOP have not been evaluated in the retraction movement of upper
incisors yet. Considering this limitation, the present study will be contrasted with
those available in the literature, that performed the evaluation of the canine retraction
movement, with the exception of one that performed a mass retraction of the anterior
teeth.

The results of the present study differ from some previous studies.!?
Alikhani et al found a 2.3-fold increase in the canine distalization movement
performing three MOP distal to this tooth. However, this study presents an important
risk of bias due to the small sample size (n = 10), a short follow-up period (28 days)
and the lack of mention of the randomization method. In addition, the use of the
lateral incisor as reference for measuring the canine’s movement is unreliable, since
it does not represent a stable structure and can move with canine retraction.

Unlike the present study, in others, the MOP was repeated every 28 days.****
The periodic performance of a new surgical injury may have been responsible for the
significant increase in the rate of orthodontic tooth movement reported by the
authors.*®* However, when the methods used by the authors are carefully analyzed,

I** evaluated the tooth movement

some important limitations can be raised. Attri et a
measuring the extraction space closure, instead of the displacement of the anterior
teeth itself. Since skeletal anchorage was not used for mass retraction of the anterior
teeth, a bias related to the contribution of the anchorage loss in the anterior spaces
closure is present and cannot be discarted.** Additionally, Sivarajan et al*?> measured
the displacement of the distalized canines with a digital caliper directly in patient's
mouth, using the present Ml as a reference. This method does not allow the
performance of measurements with accuracy and good reproducibility, and do not
allow blinding during the collection of the data. In addition, since MIs were used in the
orthodontic mechanics, they do not represent reliable structures to be used as a
reference for measuring tooth movement.*?

The results of the present study, however, corroborate with those of others
that also used the superimpositions of digital models method for the evaluation of
tooth movement and did not find significant acceleration.’®** So far, Aboalnaga et

al** research were the only that measured the anteroposterior movement of canines
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purely, using a coronal plane as a reference, as in the present study. When 3D
displacement measurements are taken, displacement in the three planes of space is
considered. Therefore, higher values can give a false impression of acceleration of
the tooth movement, since part of this displacement may not be in the direction of the
application of the force.

In the present study, unlike previous studies, perforations were performed on
both the buccal and palatal surfaces.****? To incisors retraction movement occur, the
palatine bone tissue also needs to be reabsorbed, and, for this reason, the cortical
bone of this region was also stimulated through MOP in the present study. However,
the maintenance of the periosteum seems to be an important argument to explain the
ineffectiveness of minimally invasive procedures in accelerating tooth movement,?*3*
even with the performance of a greater number (18) of micro osteoperforations. It has
been demonstrated that the opening of the surgical flap is of great importance for the
activation of the rapid acceleratory phenomenon (RAP), since the displacement of
the periosteum influence the blood supply of the cortical bone.** These ischemic
conditions, associated with trauma, result in the death of osteoblasts on the bone
surface. Due to lack of nutrition, the cortical repair capacity is compromised, and the
cells present in the bone marrow are recruited.*

Secondary results. The evaluation of the incisors inclination with the retraction
movement is very important, since the lingual inclination in place of the body
movement can give a false impression of acceleration of the orthodontic movement.
The results of the present study revealed that the performance of MOP does not
significantly influence the inclination of the central incisors during the retraction
mechanics. This result contrasts with that of the only previous study that used CBCT
to conduct this assessment, that found that although the MOP did not accelerate the
distalization of canines, they allowed them to move more bodily, with less inclination
in relation to the control.™

The Wilcko brothers in 2001 suggested that alveolar corticotomies decrease
the incidence of root resorption, that is seen as an undesirable and unpredictable
orthodontically induced effect.>®* However, the scientific evidence found in the
literature is limited to prove the correlation between minimally invasive surgery to
accelerate tooth movement and the occurrence of root resorption.>**® The results of
the present study revealed that in both groups the decrease in the length of the

central incisors was statistically significant. However, corroborating with previous
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studies that measured the length of canines distalized with MOP or not, the
intergroup comparison did not reveal significant differences in the present study.*®**
In order to obtain the reinforcement of the anchorage during the retraction of
the upper incisors, Ml were installed mesially to the first upper molars in the present
study, as it is an area of good availability and bone quality.*® The anchorage loss
observed in the present study was not clinically relevant and was within the values
found in the literature for the use of anchoring with Ml, ranging from 0.06 to 0.78
mm.*’ In addition, the intergroups comparison revealed that no significant differences
were found in the anchorage loss and MI use minimized molar movement in both

MOP and control groups.

Limitations

Since the retraction of the upper incisors was conducted in this study, the split-
mouth design was not possible, and the results suffered the interference of the
biological variability that exists between the individuals of the different groups. To
counter this limitation, the use of a robust and homogeneous sample was adopted. In
addition, the distribution of the participants was similar in relation to age and sex, as
well as all the mechanics of retraction of the upper incisors were performed by the
same orthodontist. Moreover, a 4-month follow-up period was adopted in order to
assess the effect of MOP on the acceleration of tooth ment, considering that the
literature suggests that the FAR stimulated through surgical procedures has a

duration limited to the first month.3®

Generalization

The results suggest that the MOP do not induce acceleration of the
orthodontic movement in the anterior teeth retraction, as well as they do not interfere
in the central incisors’ inclination, in the occurrence of root resorption, and in the
anchorage loss, evidencing the lack of benefit of the use of this surgical procedure in
the retraction of upper incisors. However, these results cannot be generalized, since

the evaluation was conducted in a single center and by the same clinician.
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CONCLUSIONS
1. The 18 MPO performed at the same moment for retraction of the upper
incisors did not accelerate the rate of displacement of the incisors and the
closure of the spaces;
2. No significant differences were found in tooth inclination, root resorption
and loss of anchorage with the performance of MPO for retraction of the

upper incisors.
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FIGURES

Fig. 1. Upper incisors orthodontic retraction mechanics using Ml as anchorage and
nickel-titanium springs. A, frontal view; B, lateral view.
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Fig. 2. Micro-osteoperforations: surgical guides and procedure. A and B, surgical
guides used to MOPs performance; C and D, performance of MPOs on the vestibular
and palatal surfaces using a cylindrical surgical drill with 1.6 mm of diameter, to
which the cursor was added to limit the depth of the perforation, 3 mm in the buccal
surface (C) and 5 mm in the palate (D).
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Fig. 3. Superimposition method of digital models. A and B, selection of three points
(two medial points on the third palatal rugae, bilaterally, and a third point on the
middle region of the third right rugae) and one surface (medial region of the right and
left third rugae and a posterior expansion over the palatal raphe with approximately 8
clicks as reference; C, superimposition of reference and comparison models.
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Fig. 4. Maxillary orientation and determination of points for the generation of
reference plans in the initial CBCT. A, B and C, orientation of the maxilla in Vista
Dent 3D software. A, frontal view: zygomatic maxillary sutures oriented parallel to the
ground; B, sagittal view: palatal plane oriented parallel to the ground; C, top view:
ANS and PNS oriented perpendicular to the ground. D, E and F, selection of points
used for the creation of reference planes in Vista Dent 3D software: incisor foramen
(D), greater palatine foramen, right and left (E), ANS and PNS (F).
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Fig. 5. Analysis of digital models. A, points selected on the digital models for
measuring the anteroposterior displacement of the incisors and molars, and the
spaces closure; B, C and D, measurements automatically generated by Vista Dent

3D software.



84

Fig. 6. Analysis of the central incisors’ inclination and length. A, angle formed by the
long axis of the central incisors in TO (white) and after 4 months (green); B,
measurement of the initial total length of the central incisor; C, measurement of the
total length of the central incisor after 4 months.
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Fig. 7. CONSORT flow chart.
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Table I. Points used for the measuarement of dental displacements and space
closure.

UL6 Central point of the apex of the mesiobuccal cusp of UL6
uL2I Midpoint of incisal edge of UL2

uL2C Midpoint of the cervical palatal margin of UL2

UL1I Midpoint of incisal edge of UL1

uL1C Midpoint of the cervical palatal margin of UL1

UR1I Midpoint of incisal edge of UR1
UR1C Midpoint of the palatal cervical margin of UR1
UR2I Midpoint of incisal edge of UR2
UR2C Midpoint of the cervical palatal margin of UR2

URG6 Central point of the apex of the mesiobuccal cusp of UR6
uL2D Most prominent point on the distal surface of UL2
UR2D Most prominent point on the distal surface of UR2
UL3M Most prominent point on the mesial surface of UL3
UR3M Most prominent point on the mesial surface of UR3




Table Il. Age and gender distribution and comparison between the groups.

Age (years) Gender
Mean (sd) * P value M F ** pvalue
Control Group 22,2+4,2 9 9
ns ns
MOP Group 243+8,1 8 11

* P value obtained by t test; ** P value obtained by chi-square test; sd, standard deviation; M, male; F, female;

ns, non-significant (P >0.05).

87
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Table Ill. Displacement of the incisors and molars and space closure.

Anteroposterior

2 weeks

1 month

2 months

3 months

4 months

*
Groups s placement (TO-T1) (TO-T2) (TO-T3) (TO-T4) (TO-T5) P value
Incisors — 0504060 077+067 141+084 188:074 2204109 S -,
incisal e T T U e P<0.05
Incisors — ns 2°¢
cervical 0.30 £ 0.59 0.32+0.21 0.61+0.27 1.10 £0.38 1.39+£0.61 P<0.05 °
Right space 0.16 £ 0.31 0.29+0.29 0.68+0.56 1.04 +0.74 1.32+£1.02 ns
Control
Left space 0.30+0.44 0.41+0.47 0.75+£0.60 1.14 £0.79 1.49+1.01 ns
URG6 0.14 £ 0.60 0.05+0.32 0.04+0.29 -0.02+0.36 ) %]égi ns
-0.06
UL6 0.17 £0.73 0.02+0.31 0.01+0.38 -0.04+0.32 0.49 ns
Incisors — ns ¢
incisal 0.40 £ 0.27 0.79+0.37 1.47 £0.63 2.09 £ 0.68 2.62 +£0.75 P<0.05 b,c
Incisors — ns ?
cervical 0.28 +0.24 0.41+0.27 0.89+0.40 1.36 £ 0.43 1.73+0.38 P<0.05 Ped
Right space 0.20+0.34 0.46 £+ 0.50 0.84 +£0.80 1.33+0.98 1.70+1.20 ns
MOP Left space 0.34+£0.35 0.60+0.43 1.08+0.70 1.60 +0.84 2.01 +£0.98 ns
UR6 -0.14+0.71 0.08+0.21 0.13+0.32 0.12 +0.30 0.04 +0.43 ns
UL6 0.01 £0.35 0.13+0.30 0.10+0.43 0.14 +0.22 0.08 +0.33 ns
n.s. n.s. n.s. n.s. n.s. ** P value

Values in milimiters. * P value obtained by Two-way ANOVA test, intragroups comparison; ** P value obtained by Two-way
ANOVA test, intergroups comparison; ns, non-significant (P >0.05); * 2 weeks versus 1 month; ®* 1 month versus 2 months; © 2
months versus 3 months; ¢ 3 months versus 4 months.
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Table IV. Central incisors’ inclination.

Central incisors Control Group MPO Group * P value
UR1 5.66 £4.70 6.86 £ 3.84 ns
ULl 5.29 + 4.60 6.07 £ 3.60 ns

Values in degrees. * P value obtained by t test; ns, non-significant (P >0.05).
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Tabela V. Incisors’ length.

Mean of
Groups  Central incisors Initial Final differences * P value
(Final - Initial)
UR1 23.87+219 2312+222 -0.77+0.38 p<0.05
Control
uL1 23.77+2.05 23.01+192 -0.76+0.54 p<0.05
UR1 23.16+1.14 2229+132 -0.87+0.48 p<0.05
MOP
ULl 2276 £1.57 21.98+199 -0.78+0.93 p<0.05
ns ** P value

Values in milimiters. * P value obtained by paired t test, intragroups comparison; ** P value obtained by t test non pared,
intergroups comparison; ns, non-significant (P >0.05).
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ABSTRACT

Introduction: The objective was to evaluate the best fit method of superimposition of
3D digital models using the third palatal rugae region as reference in patients
undergoing the upper incisors retraction. Methods: The sample consisted of
maxillary digital models and cone beam computed tomography (CBCT) scans of 22
patients, obtained before and 4 months after the beginning of the upper incisors’
retraction mechanics. The digital models were superimposed using a specific region
of the third palatal rugae as reference by the best fit method in Ortho Analyzer
software. The CBCTs were superimposed on the cranial base using the voxel
method in Dolphin Imaging software. 2D and horizontal displacement of central
incisors and canines were measured on the models and CBCT scans. The
measurements performed on the CBCTs were considered the gold standard. In order
to compare the two superimposition methods, the measurements obtained from both
were compared using the paired t test. Additionally, the reliability between the
methods was assessed using the intraclass correlation coefficient (ICC). Results:
The comparison between the groups did not reveal any statistically significant
differences in any of the measures. The ICC for the 2D displacement measurements
of elements UR1, UL1, UR3 and UL3 was 0.90, 0.79, 0.62 and 0.61, respectively.
For the horizontal displacement, the ICC was 0.90, 0.87, 0.70 and 0.66.
Conclusions: The superimposition of digital models using the best fit method using
the third palatal rugae region as reference is valid for evaluating the anteroposterior
tooth movement of anterior teeth, with good reliability for the region of central incisors

and moderate for the region of the upper canines.

Keywords: Tooth movement. Corrective Orthodontics. Cone-Beam Computed

Tomography.
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INTRODUCTION

The evaluation of the face and dental occlusion using images is of great
importance for the study of growth and development, diagnosis of malocclusions,
planning of orthodontic treatment and evaluation of its results." The superimposition
of two-dimensional (2D) cephalograms is traditionally used for this purpose.”?
However, they present some limitations, such as the possible errors related to the
identification of reference points and the generation of the radiographic image, such
as magnification and, mainly, the impossibility of evaluations in three dimensions
(3D).* Radiographic evaluation, however, became more complete with the use of
multiplanar images, including those obtained from cone beam computed tomography
(CBCT).> The superimposition of CBCT scans allows the evaluation of dental and
skeletal changes in a three-dimensional manner, with high precision and reliability,
and using high resolution images.®’

For dental evaluation and manufacture of orthodontic appliances, moldings
and plaster models are traditionally used. Plaster models, however, require physical
storage space and cannot be superimposed.® Digital models, in turn, are highly
accurate and are able to overcome some of the disadvantages associated with the
use of plaster models.® Many studies have evaluated tooth movements using digital

10-12

models obtained during orthodontic treatment, since the development of 3D

technologies allowed the superimposition of 3D models.’**

However, the
superimposition require the use of stable reference areas, and several studies have
investigated the applicability of the palatal rugae and more extensive areas located
on the hard palate for this purpose.*>*®

The extraction of upper premolars for the treatment of dental class Il is a usual
treatment modality. The complete retraction of the anterior maxillary teeth and the
consequent change in the morphology of the dental arch may affect the morphology
of the soft tissue that covers the palate.” With this, the choice of stable structures for
the superimposition of digital models becomes a challenge. A previous study™
superimposed digital models of patients undergoing extraction of premolars using
mini-implants (MI) as reference. The stability of the 2/3 medial region of the third
rugae and its dorsal region on the palate was reported.*> However, the stability of the
MI used as reference is questionable. Previous studies that sought to validate

regions of the palate for the superimposition of digital models, used methods that
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also have important limitations, such as photographs,*® holographic technology’® and
the so popular 2D cephalograms.***°

Considering the limitations that previous studies present, and since the
superimposition of digital models using the best fit method using the third palatal
rugae as reference has not yet been evaluated in cases of retraction of upper
incisors using the CBCTs scans as standard gold, the objective of this study was to

conduct this analysis.

MATERIAL AND METHODS

This is a retrospective study using CBCTs and digital maxillary models
selected from the database of the Pontifical Catholic University of Minas Gerais, that
was approved by the Research Ethics Committee of the same institution. The exams
(CBCTs and digital models) of 22 patients (13 men and 9 women) were selected.
Patients’ mean age was 24.64 + 7.21 (16 to 40 years) and all of them underwent
orthodontic treatment with extractions of the first maxillary premolars and space
closure in two phases (distalization of the canines, followed by the retraction of the
upper incisors using MI as anchorage). Extended skull CBCTs and digital maxillary
models used for the analysis were obtained before the beginning of the retraction
mechanics of the upper incisors (T0O) and 4 months after (T1). All CBCTs were taken
with an i-CAT® tomography scanner (Imaging Sciences International, Hatfield,
Pennsylvania, USA) with 23 cm x 17 cm extended skull FOV (Field of View), 0.3 mm?®
voxel, 36.90 mA, 120 kV and time of exposure of 40 seconds, generating files in
DICOM format (Digital Imaging and Communications in Medicine). The digital models
were obtained in “.stl” (stereolithhography) format with an intraoral scanner (3Shape,
Copenhagen, Denmark).

Traditionally, the comparison of different superimposition methods is carried
out by analyzing and comparing distances between points.'® In the present study, to
guantify the possible differences between the superimposition methods of CBCTs
and digital models, the 2D and pure horizontal displacement of the central incisors
and canines were measured on the CBCTs and models, and then compared. During
the orthodontic mechanics of retraction of the upper incisors using Ml as anchorage,
the region of the incisors and canines is the one that most undergoes dental
changes. For this reason, the displacement of these teeth was used as a parameter

for the comparison between the two methods.
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CBCT’s superimposition method

The CBCTs at TO and T1 were superimposed by the voxel method in the
Dolphin Imaging software (Chatsworth, CA, USA). It is a faster method compared to
the original,®® accurate and reliable.?* The initial CBCTs (TO) were oriented as
described in previous studies.?*?®> Then, the two CBCTs (TO and T1) were
approximated using 3 reference points: two located over the right and left
frontozygomatic sutures, and one in the left mental foramen (Fig 1).?* Then, using the
“auto superimposition” tool available in the software, a specific area at the cranial
base was selected as a reference for automatic superimposition (Fig 2).?* The
accuracy of the superimposition of the two CBCTs was then verified in all sections
(sagittal, coronal and axial). The cranial base region was selected as a reference for
tomographic superimposition because growth in that region ceases early, * and the
treatment performed during the evaluation period does not cause skeletal changes.

Digital models’ superimposition method

The digital model obtained in TO was used as the reference model. Using the
Ortho Analyzer 2019 software (3Shape, Copenhagen, Denmark), the model obtained
in T1 was superimposed on the TO model in the region of the third palatal rugae. The
superimposition was performed using the best fit method by selecting 3 points and a
surface. The medial points of the third rugae were selected bilaterally, as well as a
third point in the middle region of the third right rugae. The surface selected included
the medial region of the third rugae, bilaterally, extending posteriorly, with
approximately 8 clicks, through the palatine raphe (Fig 3).

Comparison between the superimposition methods

In order to evaluate the differences between the two methods, the following
measurements were taken: 2D displacement of the lowest point of the incisal edge of
each central incisor and upper canines, as well as the horizontal displacement of the
upper central incisors and canines.

Measurements performed on the CBCT. For the analysis of the CBCTs,
Dolphin Imaging software was used. In order to perform the measurements of 2D
and horizontal displacement of the incisors, an axial slice passing through the limit
between the incisal and middle thirds of the central incisors at TO was selected (Fig

4A). In this image, the sagittal slice passing through the center of the incisal edge of
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the incisor was selected (Fig 4B). In this sagittal section, the shortest distance
between the lowest points of the incisal border of the central incisors at TO and T1
was measured and called 2D displacement of these teeth. Then, in the same slice, a
line perpendicular to the ground was created passing through the lowest point of the
incisal edge of the central incisor at TO. The horizontal displacement was measured
by the distance from this line to the lowest point of the incisal border of the central
incisor at T1. The same measurement method was adopted for the right and left
central incisors. Measurements of canines’ 2D and horizontal displacements were
performed in the same way. However, the axial slice was rotated, allowing the
sagittal section selected for measurements to pass through the center of the crown of
these teeth at TO (Figs 4C and 4D). The same measurement method was adopted
for the right and left canines.

Measurements performed on digital models. For the analysis of the digital
maxillary models, the “Cross section” tool of the Ortho Analyzer software was used.
In an occlusal view of the TO models, a plane was created perpendicular to the
ground, intercepting the center of the incisal edge of the central incisor. The 2D
section created by the plane shows the silhouette of the central incisors at TO and
T1, from which it was possible to select the lower points of their incisal edges,
allowing the calculation of the 2D and horizontal displacement of these teeth
automatically by the software (Fig 5A). The same measurement method was adopted
for both central incisors and canines, bilaterally. However, for canine displacement
measurements, the plane perpendicular to the ground created using the “Cross

section” tool passed through the center of the crown of these teeth at TO (Fig 5B).

Statistical analysis

Intra-examiner reliability was assessed by repeating measurements on 7 pairs
of models and CBCTs, randomly selected after an interval of two weeks and under
the same conditions. The intraclass correlation coefficient (ICC) showed good intra-
examiner reliability, ranging from 0.97 to 0.99 for measurements in pairs of models
and 0.92 to 0.99 for measurements in pairs of CBCTs. All measurements were
performed by the same examiner (C.M.). D’Agostino and Pearson test demonstrated
that the data obtained had a normal distribution. Means and standard deviations
were then calculated for all variables. The comparison between the methods was

evaluated based on the measurements obtained in the pairs of models and CBCTSs,
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using the paired t test. A value of P<0.05 was considered statistically significant. The
reliability between the two methods was assessed based on the extent to which the
measurements in the digital models and in the CBCTs were reproducible under the
same conditions. For this purpose, the ICC was used. The analyzes were processed
using Graph Pad Prism 5.00 (GraphPad Software, San Diego, California, USA).

RESULTS

The mean and standard deviation values for 2D and horizontal displacement
of elements UR1, UL1, UR3 and UL3 are presented in Table I. The comparison
between the superimposition methods did not reveal statistically significant
differences neither for the 2D nor for the horizontal displacement of the upper
incisors and canines (P> 0.05).

For the 2D displacement measurements of elements UR1 and UL1, the ICC
obtained was 0.90 and 0.79. For the horizontal displacement, the ICC was 0.90 and
0.87. For the 2D displacement measurements of UR3 and UL3, the ICC obtained
was 0.62 and 0.61. For the horizontal displacement, the ICC was 0.70 and 0.66
(Table I).

DISCUSSION

CBCTs superimposition represent a reliable and important tool to obtain
gualitative, quantitative and three-dimensional information about dental and skeletal
changes resulted of orthodontic treatment and / or growth.? The cranial base has
been widely used as reference for CBCTs superimpositions, since this region
becomes stable early.?* However, since CBCT is not an exam performed routinely,
the superimposition of digital models became of great value for the evaluation and
recording of dental changes. The main advantage of the digital dental models in
relation to CBCTs is the reduction of patients' exposure to radiation doses whenever
sequential evaluation of orthodontic treatment is necessary.”

In the present study, the superimposition of CBCTs was performed
automatically by the voxel method, ?* which offers good precision and reliability in
relation to the voxel method introduced by Cevidanes et al,?® but with a significant
lower demand of time.”* Before the measurements were performed, the
superimposition of the CBCTs was qualitatively verified by semitransparent layers in

axial, sagittal and coronal sections of the entire region selected as reference,
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ensuring the precise superimposition of the initial and final volumes.? It was
considered the gold standard for comparisons of digital models superimpositions
performed in the present study.’?*

The objective of this study was, therefore, to compare and evaluate the
reliability of dental measurements performed with the superimposition of digital
models by the best fit method in the Ortho Analyzer software using as reference the
region of the third palatal rugae, in relation to the superimposition of CBCTs
performed by means of Dolphin Imaging software at the cranial base.

In order to compare the two methods for the analysis of 2D and horizontal
dental displacements, the values obtained through both were compared. The results
did not reveal significant differences between them, indicating that the
superimposition of digital models using the third rugae region as reference is valid for
the comparison of 2D and horizontal dental measurements in cases of retraction of
upper incisors.

Previous studies sought to validate the superimposition of digital models using
different regions of the palate for dental evaluations with different orthodontic
treatment modalities.'®***° However, the present study is the first to conduct this
analysis considering the superimposition of CBCTs as a gold standard. Cha et al*®
used an extensive area on the palate to superimpose digital models of patients
undergoing orthodontic treatment with extractions of upper premolars. Comparing the
results of this method with superimpositions of cephalograms, the authors concluded
that the area of the palate of choice was reliable for measuring dental changes in the
horizontal and vertical directions.®* However, the use of cephalograms presents the
important limitation that they do not take into account the three planes of the space,
and it cannot be disregarded.

In the present study, in order to assess the reliability of the method of
superimposition of digital models in relation to CBCTs, the ICC was calculated for
each of the measurements performed. The results for the 2D and horizontal
displacement of the incisors indicated that it is a method as reliable as the CBCT.
However, the ICC values for measures related to canines ranged from 0.62 to 0.70,
indicating only moderate reliability for this assessment.?” A possible reason for this
fact is that the incisal region of the canines presents a very irregular anatomy, since
these teeth suffer varying levels of attrition. Therefore, in determining the plane that

passes through its long axis, from which the tooth displacement measurements are
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performed, if different plans are chosen in the CBCTs and in the models, different
values will be found. As the incisors present the incisal anatomy in the mesio-distal
direction more uniform, the choice of different planes in the CBCTs and in the models
does not interfere with the results obtained.

The main limitations of this study are the sample size (22 pairs of records) and
the short period between the initial and final records. However, it is worth to note that
obtaining such a homogeneous sample of patients who underwent the same type of
treatment, with digital models and CBCTs at the same moment of the treatment is
complex. Considering all these aspects, the results of the present study indicate that
the best fit method of superimposition of digital models, using the region of the third
palatal rugae as an area of reference can be used to assess the anteroposterior

tooth movement of anterior teeth in cases of retraction.

CONCLUSIONS
e The best fit superimposition method of maxillary models using the third
palatal rugae region as a reference area is valid for evaluating dental
changes in the anterior region;
e The reliability of the method is good for measurements made in the region

of the incisors and moderate for the region of the canines.
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FIGURES

Fig. 1:‘Approximation of the initial (white) and final (green‘) CBCTs in the Dolphing Imaging software
by the selection of three points: (1) right frontozygomatic suture; (2) left frontozygomatic suture; (3) left
mental foramen.
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Fig. 2: Selection of the area at the cranial base used as a reference for the automatic superimposition
of the initial and final CBCTs by the voxel method in Dolphin Imaging software (red box). A, front view;
B, lateral view; C, top view; D, visualization of the initial and final CBCTs superimposed at the crown
level of the upper incisors.
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Fig. 3: Method of superimposition of digital models. Selection of the three points and the surface in the

initial (orange) and final (green) models for the superimposition over the region of the third palatal
rugae by the best fit method in the Ortho Analyzer software.
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Fig. 4. Measurements performed at the CBCTs in the Dolphing Imaging software. A, in the
axial view, selection of the cut that passes through the center of the incisal edge of the upper
right central incisor (red line) at TO; B, in the sagittal view, measurement of 2D and horizontal
displacement from the lowest point of the incisal border from TO (gray) to T1 (green); C, in
axial view, after rotating the initial CBCT, selection of the slice that passes through the center
of the crown of the upper right canine (red line); D, in the sagittal view, measurement of 2D
and horizontal displacement of the lowest point of the incisal border from TO (gray) to T1

(green).
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Fig. 5: Measurements performed on digital models in the Ortho Analyzer software. A, creation of a
plane perpendicular to the ground that intersects the center of the incisal edge of the central incisor at
TO and measurement of the 2D and horizontal displacements of the lower points of the incisal edges
of these teeth; B, creation of a plane perpendicular to the ground that intersects the center of the
canine crown at TO and measurement of the 2D and horizontal displacements of the lower points of

the incisal edges of these teeth.



Tabela | — Horizontal and 2D displacements of central incisors and canines.

Horizontal Displacement CBCT Model * P value ICC
UR1 2.74+0.90 2.61+0.99 ns 0,90

uL1 2.70+0.88 2.66 +1.07 ns 0,87

UR3 1.26 £0.55 1.21+0.68 ns 0,70

UL3 1.24 £0.58 1.27+0.61 ns 0,66

2D Displacement CBCT Model * P value ICC
UR1 2.84 +0.86 2.76 £ 0.98 ns 0,90

ULl 2.80+0.86 2.68 + 0.96 ns 0,79

UR3 1.37 £ 0.56 1.35+0.69 ns 0,62

UL3 1.37+0.48 1.44 +0.60 ns 0,61

Values in milimiters. * P value obtained by the paired t test; ns, non-significant (P>0.05).
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8 CONSIDERACOES FINAIS

Os resultados desse estudo clinico controlado randomizado sugerem que as
microperfuracdes 6sseas ndo sdo capazes de acelerar de maneira significativa a
retracdo de incisivos superiores e o fechamento dos espacos. Com o intuito de
investigar a ocorréncia de outros beneficios associas as MPO, a inclinacdo dos
incisivos e a reabsorcao radicular foram analisadas. No entanto, ndo foi possivel
observar diferencas significativas. Dessa maneira, conclui-se que a associagédo de
MPO ao movimento de retracdo dos incisivos superiores, apos exodontias de pré-
molares superiores, ndo oferece beneficios. Esse estudo é o primeiro a investigar os

efeitos das MPO nesse tipo de movimento ortodontico.
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Do alveolar corticotomy or piezocision K.}

affect TAD stability? A preliminary

study

M-

Carolina Morsani Mordente, Dauro Douglas Oliveira, Leena Palomo,
Natalia Couto Figueiredo, Martinho Campolina Rebello Horta, and

Rodrigo Villamarim Soares

The aim of this study was to evaluate the occurrence of interradicular tempo-
rary anchorage devices (TAD) loss installed to anchor canine retraction per-
formed in association to alveolar corticotomy (AC) versus piezocision (PZ)
surgeries. One hundred maxillary self-drilling TAD were installed in 50
patients who needed first maxillary premolars extractions. One week later,
AC or PZ surgeries were performed surrounding the canine and the extrac-
tion sites. A group without any adjunct surgery to accelerate tooth move-
ment was used as control. TAD stability was evaluated throughout the 6
months of canine retraction. A total of 7, 8 and 9 TAD were lost in the AC, PZ
and control groups, respectively. No significant difference in TAD stability
among the groups was observed (p > 0.05). Despite the increased inflamma-
tory response due to AC or PZ, TAD stability was not compromised. (Semin

Orthod 2019; 25:124-129) ©2019 Elsevier Inc. All rights reserved

Introduction

Tcmpomry anchorage devices (TAD) are
established as a powerful instument to
improve anchorage during orthodontic treat
ment." Some of the most relevant advantages
include minimal surgical intervention, absolute
anchorage, immediate loading and low costs.”
However, TAD occasionally need to be removed
during treatment due to mobility.” In this regard,
previous studics have investigated the risk factors
associated with TAD failure in order to facilitate
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usage.™ Factors such as bone quality and quan-
tity, screw diameter, length, and design have
been related to TAD stability.”

Orthodontic weatment efficiency may be
influenced by biomechanical and biological fac-
tors. Thus, distinct procedures such as surgeries,
laser irradiation and vibration forces have been
used adjunctively to TAD to accelerate tooth
movement and reduce the overall treamment
duration.” In this regard, alveolar corticotomy
(AC) is a surgical technique that promotes the
regiomal accelerated tooth movement phenome-
non (RAP).”'" RAP involves reducing resistance
to tooth movement through alveolar bone decor-
tication. Wound healing in decorticated areas
progresses through recruitment of immune reg-
ulatory and inflammatory cells. This targeted
healing allows for guided bone remodeling.
Decreased  resistance  through  bone  facilitates
orthodontic tooth movement and results in treat-
ment time reduction.”™'! More recently, piczocision
(PZ), a more controlled, less mvasve decortication
method, was introduced as an alternative to AG™
This flapless technique mvolves a soft tissue mcision
with a scalpel and alveolar bone decortication with
an piczo-scalpel ol Like AC, PZ injunics are
claimed to be capable to induce RAP and therefore
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ABSTRACT ARTICLE HISTORY

The purpose of this paper is to present and discuss a simple and low-cost dinical approach to Received 24 August 2017
comect an asymmetric skeletal Class |l combined to an extersive dental open bite that Accepted 18 Februsry 2018
significantly compromised the ocdusal function and smile aesthetics of an adult male patient

The patient did not accept the idealistic surgical-orthodontic treatment option, neither the use l]n.!.s.“l;:m

of temporary anchorage devices to facilitate the camouflage of the asymmetrical skeletal Class adult patiens; !-iﬁ'l]'!igﬂ-L
llfopen bite. Therefore, a very simple and inexpensive biomech anical approach using sliding jigs

in the mandibular arch was implemented as the compensatory treatment of the mal ooclusion.

Although minor enhancements in fadal aesthetics were obtained, the ocdusal function and

dental aesthetics were significantly improved. Furthemnore, the patient was very satisiied with

hiz mew smile appearance. Some adwantages of this treatment option induded the small

imvasiveness and the remarlably low finanda costs involved Moreover, the final resubts fulfilled

all realistic treatment objectives and the patient’s expectations. Results remained stable 5 years

post-treatment demonstrating that excellent results can be obtained when simple and low cost,

but wellcontrolled medhanics are conducted.

Introduction patient refusal to undergo extractions and the creation
of Bolton discrepancy when enamel reduction is per-
formed (Farret et al. 2016). In this regard, temporary
anchorage devices (TADs) have been used to facilitate
anchorage management in non-surgical treatments of
facial asymmetries (Carano et al 2005; Ma et al. 2016),
Class [l {Chung et al 2010} and open bites (Kaku et al.
2009, However, TADs cannot be used in every patient
due to anatomical limitations (Kuroda et al 2007).
When TADs use to facilitate the camouflage of asymme-
trical Class IIfs is not an option, an alternative treatrent
should be implemented by the orthodontist

The purpose of this paper is to describe and discuss
one of these alternatives, the use of 5 to correct an
asymmetric skeletal class Il malocclusion combined
with an extensive dental open bite in an adult male
patient who did not accept the ideal surgical-orthodontic
treatrnent plan or the use of TADs,

Facial asymmetry is a craniofacial deformity that can
compromise social interaction and quality of life of an
individual. It is a common complaint amongst many
orthodontic patients presenting with this condition
(Severt and Profit 1997; Sekiva et al. 20010). Particularly,
riandibular asymmetries that are commonly associated
with Class lll malocclusion (Haraguchi et al. 20032).

Adult patients presenting with mild to moderate Class
Il malscclusion and ascceptable facial sesthetics may
benefit from non-surgical-orthodontic treatment to
obtain dentoaleolar compensation and camouflage
the skeletal discrepancy (Troy et al 2009). Treatment
optons may indude the use of Class lll elastics alone
of in combination with sliding jigs (SJ) or even headgear,
interproximal enamel reduction and tooth extractions
(Farret et al. 2016). Although feasible, this type of treat-
ment in adults may be very challenging frorm a mechan-
ical perspective (Mathews and Kokich 1997; Kokich,
2005). All these options may also present complications,
such as counterclockwise rotation of the occlusal plane, A 23-year-old male sought othodontic treatment report-
poor patient compliance with elastics or headgear,  ing that he was unhappy with his smile aesthetics and

Case report

CONTACT wmmimﬂnug mmmmmﬂmﬂmm P iz Cathalic Univesity of Minad Gerais, Av. Dam Jeé Gadpas,
500 — Préscio 45, Sals 106, 30535-610, Belo Hodizomne, Bras
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Facial asymmetry: virtual planning to optimize

treatment predictability and aesthetic results

Hélic Henrique de Aradjo Brita, Caralina Maorsani Mordenta!

DVOT: hotgs:fdvi. orgy/ 10,1 590/ 2177 6705, 23,6, 080 085, ke

Facial asyrnmetry is a condition that compromnises function and social interactions and, consequently, the quality of life.
Orthodontic-surgical treamment may be indicated to achiewve a stable occusion and significant improvement in facial acsther-
ics. The virtual planning of the maxillary, mandibular and chin movements can be done prior to surgery. These movements
can be successfully performed with the use of prototyped guides obtained from virmal planning, The aim of this article is
to show the state of the art of treatments of fadal asymmetries, and emphasize how Important is the multi-disciplinary ap-
proach to achieve predictable aesthetic and functionally stable results in a patient with facial asymmetry and chin protrusion.

Eeywords: Facial asymmetry. Orthognathic surgery. Virtual planning.

A assimetria facial € uma condigao capaz de comprometer a fungio ochisal e as nteragtes socials €, consequentemente, a quali-
dade de vida dos individucs. Mesas condigdes, para se obter oclusio estivel & melhora significativa na estética facal, o trafamento
artodéntco-drirgice pode estar indicado. A mulagao virmal da cirurgia permite planejar de forma adequada, ¢ antecipada, os
movimentos drirgicos a serem efetuados na maxdla, mandibula & mento. Esses movimentos sio, entio, realizados com sucesso
gragas ao uso de guias prototipados obtides a partir do plansjamento virtal. Assim, os objetivos do presente artige consistem em
relatar o estado da arte no plansjamento virtual do tatamento de um paciente com assimetria facial e protrusio do mento, e enfi-
tizar a importinga da sbordagem multidisciplinar para se atingir resultados estéticos previsivels ¢ funclonalmente estfires.

Palavras-chave: Assimetria facial. Cirurgia ortogndtica. Planejamento virtual. Rinoplastia.

INTRODUCTION the middle and upper thirds, mandibular asymmetry is

Facial asymmetry is a craniofacial deformity that is
frequently reported as a chief complaint of orthodontic
patients. It may compromise the social interactions and
thus the quality oflife of the affected individuals.'2

The lower third ofthe face is more frequently affect-
ed than the middle and upper thirds, the latter being the
least affected. Generally, when there is asymmetry in

= The mrthors repart no o lal, proprietary oo | inberest 1o the producs

or campanles descrbed in this article
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also present.! Asymmetries of the lower third of the face
may be mandibular, isolated or maxillomandibular.®

[t may have a specific cause but usnally is the result of
complex interactions of multiple factors that interfere with
facial growth and development. Proffit et al* divide the eti-
ologjcal factors of dentofacial deformities into three main
groups: 1) specific causes, such as syndromes, congemni-
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Oropharynx; Objective: The objective of this study was to compare 3D volumetric measurements of nasal
Nasopharynx cavity, nasopharyrx and oropharynx of obstructed mouth-breathing children with measurements

of non-obstructed mouth-breathing children.

Methods: This retrospective study included 25 mouth-breathing children aged 5-9 years eval-
uated by otorhinolaryngological clinical examination, flexible nasoendoscopy and full-head
multi-slice computed tomography. Tomographic volumetric measurements and dichotomic
otorhinolaryngological diagnosis (obstructed vs. non-obstructed) in three anatomical regions
(the nasal cavity, nasopharynx and oropharynx) were compared and correlated. An indepen-
dent sample t-test was used to assess the association between the 3D measurements of the
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RESUMO

0 alcance de um bom estado de sadde bucal de individuos em fase de crescimento & resultado de uma
agio conjunta de bons hdbitos dos mesmas e/ou responséveis, e doemolvimento familiar com o suporte
paralelo oferecido por profissionais treinados a diagnosticar e implementar medidas preventivas de bai-
¥0 grau de complexidade. Esta combinagio traz o méximo de eficicia e eficiéncia para a manuteng o
de um bom estado de sadde bucal. A correta orientagio aos pacientes, pelos profissionais da drea de
Sande, contribui para a qualidade de vida de pacientes e familiares. Objetiva-se, com este artigo, atuali-
zar todaos agueles gue cuidam de bebés, criangas e adolescentes nos conceitos atuais sobre as principais
condighes que afetam a satde bucal nas fases de dentaduras decidua e mista (dentes de leite, e fase de
troca de dentes, respectivamente), como a cérie dentdria, gengivite, mds oclusdes e bruxismo.

Palavras-chave: Carie Dentdria. Gengivite. Ma Oclus3o. Sadde Bucal. Preveng 3o de Doengas.

ABSTRACT

Aoty good o health of growing patients 5 the resolt of joit action of the positive habis by the
patiants and the iy invedvermant with the paraliel support offered by tratned professionals to digenose
and implerent preventive measres of lw complexdy This scenario brings maxiamam effectiveness and
efficiovcy i1 the health care providlens contribodes fo the guality of e of patients and ther aamites. The
arimr af this artiole i o gpote the Fediatricians on current conceprs about the mair condtions thar affct
the oral health of children @ the decidvous amd mived dentition phases, as denial cares, gigvins, ma-
Aoccirsions ard Brisn,

Keywords: Denead Carves. Cangnviiis. Madocokesion Oral Health, Diregse Prevention
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Bl @ pucrrenas v
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CURSOR PARA MICROPERFURACOES OSSEAS
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‘ INSTI'I'UTO 19/12/2019 870190136555
Y oy AR
INDUSTRIAL

20400161913212415

Pedido nacional de Invenc¢ao, Modelo de Utilidade, Certificado de
Adicdo de Invencdo e entrada na fase nacional do PCT

Nimero do Processo: BR 10 2019 027289 9

Dados do Depositante (71)

Depositante 1 de 1

Nome ou Razao Social: SOCIEDADE MINEIRA DE CULTURA
Tipo de Pessoa: Pessoa Juridica
CPF/CNPJ: 17178185000167
Nacionalidade: Brasileira
Qulliicu;io Juridica: Sociedade com intuito ndo econdmico
Enderego: Av. Brasil, 2078 - 10 andar - Funcionarios
Cidade: Belo Horizonte
Estado: MG
CEP: 30140.002
Pais: Brasil
Telefone: 31.3269.3124
Fax: 31.3268-3167

Email: smcjurapoio@pucminas.br

Dados do Pedido

Natureza Patente: 10 - Patente de Inveng3a (PT)

Tiulo da invenclio ou Modelo de APARELHO INTRA-BUCAL PARA MOVIMENTO DE
Unlidade (54). DISTAL lZACAODEMOLAREQ SUPERIORES

Resumo; O iho ntra-bucal para movmento de distalizag 30 dertana
Mmmmmm\teeumasmm
MUCO SUPonado desewodido Para Promover movimento ooddntico
de dstalizacio de molares supenores. Eie tem como objetivo
minimezar o5 efeitos laterals indescivers, comuns nesse tipo de
movmento. Pars 50, suas exdensies vestibular & paksting
a aphcacio da forga oroddntica 0 mars proamo possivel do centro
de resisténcia dos dentes, reduzindo ou eimmando a tendéncia de
Groversio que pode ocorres durnle esse Gipo de movemento
1

Nome ou Raz8io Soclal: Sérgo de Morais Hannot

CPF/CNPJ: 53589327634
Enderego. Rua Pedra Borla, n® 213, bairo prado
Cidade. Belo Horzonte
Estado: MG
CEP: 30411190
Telefone: {31)3319-42G8

Email. nitf@pucrmmas b
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APARELHO INTRA-BUCAL PARA MOVIMENTO DE DISTALIZACAO DE
MOLARES SUPERIORES
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2. Aplicativo: Ortho Help
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3. Desenvolvimento de material didatico:
a. Boletim informativo

Boletim Eletrénico Informativo

Boletim
> Minciza de Pec Cientifico

14 de outubro de 2019 - ano 4-n° 57

I Odontologia

Cuidados bucais na infancia e na adolescéncia

Bernardo Quiroga Souki
Professor Adjunto do Programa de Pé6s-graduacdo em Ortodontia da PUC Minas
Hayder Egg Gomes
Mestrando em Ortodontia na PUC Minas
Carolina Morsani Mordente
Doutoranda em Odontologia na PUC Minas
Jilio Carlos Noronha
Professor Aposentado do Departamento de Odontontopediatria e Ortodontia da UFMG
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b. Videos - Gotas de Conhecimento

[gotas de conhecimento em odontologia] PUC

Minas INSCRITO [}
823 inscritos
INiCIO VIDEOS PLAYLISTS CANAIS DISCUSSAO SOBRE 0\

Envios P REPRODUZIRTODOS

Gota #28 - Cera ortodontica Gota #27 - Como utilizar Gota #26 - Como utilizar a Gota #25 - Como escovar 0s
ca Pl G Near S e passa-fio ou Superfloss escova interdental dentes durante um...
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c. Programa de radio

Orientacdes de higiene bucal para pessoas em |

tratamento com aparelho ortodontico fixo -

II "I"“' ||I b gl . i Sadde bucal no seu dia a dia
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d. Blog

ODONTOLOGIA PARA VOCE ODONTOLOGIA PARA VOCE

Estou em tratamento ortodontico com aparelho

Estou em tratamento ortoddntico com aparelho
fixo. Quais cuidados devo ter com a higiene bucal? fixo. Quais cuidados devo ter com a alimentagdo?

ODONTOLOGIA PARA VOCE

g
-
=
-
e
-
=
-
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Intercorréncias que podem acontecer durante o
tratamento ortoddntico com aparelho fixo: o

Mini-implantes ortodoénticos:
que fazer? qual, quando e onde usar?
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