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Resumo

Objetivo: avaliar forgcas durante a verticalizagdo de molar inferior em modelo
laboratorial através de sensores de Bragg em fibras 6ticas comparando duas
mecanicas, através de um cantilever e dois cantilevers. Materiais e
Método: confeccdo de modelo elastomérico, duas fibras 6ticas e trés sensores
de Bragg em cada, fixadas no ter¢co médio radicular dos dentes 1° pré-molar, 2°
pré-molar e 2° molar, uma fibra na face vestibular e outra na palatina.
Representou-se um arco mandibular com a maloclusdo da auséncia do 1° molar
e mesio-inclinacdo do 2° molar. Reproduziu-se a situagdo clinica com dentes
artificiais e aparelho ortoddéntico real. Sendo um cantilever (método 1) e dois
cantilevers (método 2), ambos com ativagdo de 50 gf. Resultados: Na fibra
vestibular o sensor 1 teve baixa quantidade de forca no método 2 (0,04N). O
sensor 2 obteve maior quantidade de forca nas duas mecénicas (0,45N). O
sensor 3 foi constante nos 2 métodos (0,14N). Na fibra lingual a maior quantidade
de forga foi no sensor 5 (0,22N) e método 2. O sensor 4 teve maior forgca quando
aplicado o método 2 (0,11N). Conclusdes: As mecanicas provocaram tensdes
semelhantes para regido vestibular com maior magnitude de forgas na regido do
2° pré-molar e menor incidéncia de forgas no 2° molar. Na regido lingual, dois
cantilevers sugerem maior quantidade de forcas no 2° pré-molar. A regido
vestibular e 2° pré-molar tiveram forgas significativamente maiores para os dois

métodos.

Palavras-chave: Ortodontia, Movimentagao Dentaria, Fibras C)pticas.
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Introducao

A perda do primeiro molar permanente ocorre com certa frequéncia
devido a carie ou doenga periodontal e consequentemente a inclinagado mesial do
segundo molar permanente ¢é observada.’?3 Algumas abordagens foram
introduzidas para esta situacao clinica e diferentes opgdes de tratamento tém
sido propostas,® como a utilizacdo de diversos modelos de alca, molas com
sistemas de arco segmentado, e molas com arcos continuos sao amplamente
aplicadas ao aparelho ortoddntico fixo.*® Cita-se também o uso de mini-implantes
como ancoragem ortoddntica, durante a movimentagdo de molares sem
necessidade de usar outros dentes como ancoragem, havendo um melhor
controle dos efeitos indesejaveis.*®

Efeitos extrusivos podem ocorrer e estdo descritos na literatura como
efeitos colaterais durante a mecanica de verticalizacdo de molares,
acompanhados de contato prematuro e abertura da mordida.! Para minimizar
efeitos colaterais sdo utilizadas molas confeccionadas com a técnica do arco
segmentado conhecido como cantilever.” Ha uma relacdo observada entre o
efeito extrusivo e o tamanho do cantilever, sendo maior o componente de
extrusdo em cantilever curto e menor o efeito extrusivo quando o cantilever
estiver mais longo.” Pode-se isolar o molar do segmento anterior do arco continuo
e através de uma mola, um cantilever interligado do molar até a bateria de dentes
anteriores, aplica-se uma forga direta no molar na qual o resultado sera o seu
movimento radicular mesial acompanhado de um componente extrusivo e, nos
dentes anteriores a consequente intrusdo e perda de ancoragem.® A literatura
sugere a utilizagdo de dois cantilevers e um fio continuo estabilizador para
possibilitar a verticalizagdo do molar e paralelamente minimizar efeitos
colaterais.”

Alguns métodos de avaliagao dos niveis de forgas geradas em mecanicas
de verticalizacdo de molares e dentes de ancoragem foram descritos na
literatura, com a analise quantitativa no método de elemento finito em trés
dimensoes (3D).9 Outro método executou a representacdo do movimento dentario
de verticalizagdo do molar para investigar o sistema de forga ideal em um
equipamento que possibilitou a verificagdo experimental do sistema de forca 3D

em duas situacdes experimentais comparando cantilevers.®
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Como alternativa viavel para avaliar forcas em sistemas ortoddnticos, o
sensor de fibra ética tem sido potencialmente utilizado, pois oferece propriedades
unicas como pequenas dimensbes, imunidade eletromagnética, e
multiplexacgo.'®" Medigdes como temperatura e pressdo sdo avaliadas por
sensores denominados redes de Bragg (Fibre Bragg Gratings — FBG)."”> O
promissor sensor € amplamente empregado em areas como engenharias e
biomédica' especialmente em odontologia.''A utilizacdo do FGB é uma 6tima
opgao para tornar possivel adquirir dados importantes com precisao na aquisi¢ao
de forgas ortodénticas com cantilevers, e nao foi relatada pela literatura essa
medi¢cdo de forca otima durante a verticalizagdo dos molares em mecénicas
ortodonticas.

Portanto, esta pesquisa tem como objetivo avaliar forcas geradas durante a
mecanica de verticalizacdo em modelo laboratorial por meio de sensores de
Bragg em fibras dticas em duas situagdes distintas: a) Verticalizagdo de molares
com arco segmentado e um cantilever e b) Verticalizacdo de molares com arco

segmentado e dois cantilevers.
Material e Método

1. Confecg¢do do modelo mandibular e inser¢do dos sensores de fibra

Otica

Para representacao da mecanica ortodontica utilizou-se modelo mandibular
e sua denticdo. Durante a montagem dos dentes simulou-se a auséncia do
primeiro molar permanente e a consequente inclinagao mesial do segundo molar
inferior direito para aplicagcdo da mecanica de verticalizagao desse dente.

Durante as etapas da confeccdo do modelo foram inseridas as fibras
Oticas, fixadas com cola (Super bonder gel, loctite, Dusseldorf, Alemanha), nas
faces vestibular e lingual dos dentes artificiais do arco inferior direito antes da
colocagéo do material elastomérico (Epoxi, flexivel GllI, Polipox, Curitiba, Brasil),
no molde de silicone (CS, Dow Corning do Brasil, Curitiba, Brasil), como mostra a
Figura 1 A. Aguardou-se 48 horas para o processo de secagem do adesivo. Apés
essa etapa, a resina Epoxi foi inserida de acordo com as normas do fabricante.
Como resultado, obteve-se o modelo finalizado para realizar os ensaios, figura 1
B.
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Fig. 1 A - Fibras vestibular e lingual coladas nos dentes posteriores inferiores direito antes

do vazamento com o elastdbmero. 1 B - Modelo elastomérico finalizado.

A fibra vestibular e a lingual continham trés sensores cada. Na fibra
vestibular: sensor 1 (2° molar), sensor 2 (2° pré-molar) e sensor 3 localizado no
(1° pré-molar). Na fibra lingual: o sensor 4 (1° pré-molar), sensor 5 (2° pré-molar)

e sensor 6 (2° molar) ilustrados na figura 2 A e 2 B.

Fig. 2 A - Esquema representativo dos dentes e localizagdo dos sensores na fibra vestibular. Fig.
2 B - Esquema representativo dos dentes e localizacao dos sensores e fibra 6tica lingual.

2. Sensores de fibra 6tica

Os sensores de Bragg foram gravados em fibra ética tipo monomodo,
passando apenas um feixe de luz pelo seu nucleo. Tais fibras sdo as mesmas
utilizadas em telecomunicagodes. A fibra ética € composta basicamente de silica,
e devido a propriedade de fotossensibilidade, esta sendo amplamente utilizada
como dispositivos foto-refrativos que possibilitam incorporar sensores como as
redes de Bragg. A gravagao dessas redes na fibra ética é feitas com a utilizagao

de um /aser e consiste na propriedade de alteracdo do indice de refracdo do

5
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nucleo através da absorgcdo otica de luz UV (Ultravioleta). Devido a foto-
sensibilidade, as fibras sofrem alteracdo permanente do indice de refracdo do
nucleo com marcas em periodos constantes.™ Dessa forma, a diferenca do
indice de refragao funciona como um espelho seletivo dos comprimentos de onda
obtendo assim um espectro de reflexdo, ou seja, quando a luz é langada dentro

da fibra parte dela é transmitida e outra parte é refletida. (Figura. 3)'*"°

Espectro transmitido

. A
/
125 um 7 e Neasca
Mogcles
Redes 3
de Bragg ) S

] o

Espectro refletido Luz incidente

Fig.3 llustracdo de uma rede de Bragg gravada em fibra
6tica onde parte da luz incidente é transmitida e outra é
refletida. '°

A variacao do comprimento de onda ocorre em funcao da deformacao e da

temperatura e é demonstrada pela equacdo de Othonos: '
an A on A
mB=2(AT+n )AL+ 2(AS +n 2) AT
3. Montagem do aparelho ortodéntico

No modelo foram instalados bracktes convencionais straight wire MBT
(0.022” - 3M Unitek, Monrévia, Califérnia, USA) fixados com resina
fotopolimerizavel (Transbond XT, 3M Unitek), representando durante a fase de
alinhamento e nivelamento do tratamento ortodéntico. Usou-se arco de aco
inoxidavel com dimensdes 0.019”x 0.025” (Morelli - Sorocaba, Brasil), adaptado

passivamente nos acessorios ortoddnticos.
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4. Aplicagcao da Mecénica

Para simular a verticalizagcdo do molar foram utilizados dois métodos. O
denominado método 1, caracterizado por um unico cantilever, inserido no tubo
duplo do 2° molar direito até um tubo em cruz previamente soldado no fio

continuo estabilizador como mostra a Figura 4.

Fig. 4. Método 1 — Mecénica de verticalizagdo com um cantilever.

O método 2, foi representado através de dois cantilevers. O primeiro
cantilever confeccionado e instalado igual ao método anterior e o segundo,
insere-se na distal do tubo duplo do molar e estende-se até primeiro pré-molar no

fio continuo estabilizador, retido por meio de uma dobra como mostra a Figura 5.

Fig. 5. Método 2 — Mecanica de verticalizagdo com dois cantilevers.
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Nas duas situacoes, os cantilevers foram confeccionados com fio 0.017" x
0.025" TMA (Titanium Molibdénio Alloy), e o arco estabilizador de ago inoxidavel
0.019" x 0.025". As ativagbes foram feitas com o dinamémetro (Morelli -

Sorocaba, Brasil) em 50 gramas/forca (gf). """

5. Avaliagao das tensées - Ensaio fibra ética

Os ensaios foram realizados no laboratério de fotonica (Foton-UTFPR), um
ambiente climatizado em temperatura constante de 21°C, localizado na
Universidade Tecnoldgica Federal do Parana. As mensuragdes foram realizadas
em trés tempos: sem mecanica aplicada, mecanica de verticalizagdo com um
cantilever (método 1) e mecénica de verticalizacdo com dois cantilevers (método
2).

Para aquisicao dos dados de forcas e pressido sofridos pelos sensores
colados nas raizes dos dentes, um circulador 6tico e uma fonte de luz foram
conectados as fibras oticas vestibular e lingual de forma independente
juntamente ao aparelho OSA (Optical Spectrum Analyzer - Yokogawa AQ6375)
Figura 6 A e 6 B. A luz emitida através do LED é langada na fibra por meio do
circulador e entado, o estado da luz incidente e a luz refletida dirige-se para o OSA

emitindo as aquisi¢des dos espectros visiveis em uma tela.

e S
— —

Fig.6 A - Modelo conectado ao OSA sem mecanica aplicada. Fig. 6 B - OSA - analisador de

espectros 6ticos.

Cada espectro visualizado durante o ensaio como na Figura 6 B
corresponde a um sensor, localizado em cada dente. A variagdo na posigéao
espectral ocorrida devido as forgas ortoddnticas foi observada no OSA e gravado.
Apéds a obtengao dos dados, os espectros foram tratados no software Oringin 8®



1 e a variagdo do comprimento de onda (nandémetro) de cada sensor foi entdo
2 transformada em Forca (Newton) através da seguinte equagéo:
3
4 (AF(N)=E.A.Ae=72,5GPa.11(125um)2 AX(nm)=0,7414.AX[N]. 41,2pm)
5
6 Resultados
7
8 Os graficos 1 e 2 a seguir mostram a variagao espectral observada nos
9 sensores vestibulares (tabela I) e lingual (tabela 1) nos trés tempos: antes da
10  mecanica aplicada, durante o método 1 e método 2.
11
—— Inicial
20 - 1 cantilever
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13 Grafico 1. Variagéo espectral na fibra vestibular.
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COMPRIMENTO DE ONDA A’ (nm)

Grafico 2. Espectros na fibra lingual.

A partir dos dados obtidos, € possivel estabelecer a quantidade de alteragao
no comprimento de onda dos sensores. Os graficos 1 e 2 ilustram a variagao
espectral utilizando o momento inicial, sem cantilever, como referéncia.

Houve alteragdes significativas no grafico 1, quando o método 1 (1
cantilever) e método 2 (2 cantilevers) foram testados. O sensor 3, correspondente
a regiao do 1° pré- molar da fibra vestibular sofreu variacdo espectral comparado
ao grafico inicial. O 2° pré-molar correspondente ao sensor 2 e 5 das fibras
vestibular e lingual respectivamente, mostrou variagdo espectral para ambos os
métodos, sendo maior para a fibra vestibular. Tanto o grafico 1 quanto o 2
mostram os sensores do 2° molar (sensor 1 na fibra vestibular e sensor 6 na fibra
lingual) sem alteragdes significativas quando aplicado o método 1.

Ambos os graficos, dos sensores das fibras vestibular e lingual, registram
a variacdo espectral quando aplicado o método 2, e observa-se grande
semelhancga aos espectros referentes ao método 1.

As tabelas abaixo indicam a alteragéo e variacédo (A) do comprimento de

onda (L) em nanémetro a cada leitura realizada:
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Tabela I. Alteragdes e variagdes do comprimento de onda (nm) da fibra vestibular.

Sensores o 1 cantilever |2 cantilevers |Variagéo Variagéao
Dente Inicial (nm)

(vestibular) (nm) (nm) Método 1 Método 2

1 2°M 1525,4 1525,4 1525,46 0 0,6

2 2° PM 1530,82 1530,2 1530,2 0,62 0,62

3 1° PM 1540 1540,2 1540,2 0,2 0,2

A tabela | mostra que os sensores 2 e 3 mantiveram-se constante para os

dois métodos, sendo o sensor 2 com a maior variagdo do comprimento de onda.

O sensor 1 no método 2 obteve um maior comprimento de onda que o sensor 3

em ambos os métodos.

Tabela Il. For¢ga (Newtons) durante aplicagdo do método 1 e 2 na fibra vestibular:

Forca 1 cantilever 2 cantilevers
Sensor 1 0 0,04
Sensor 2 0,45 0,45
Sensor 3 0,14 0,14

A tabela Il mostra que o sensor 1 expressa a menor forca no método 2 e

nula no método 1. O sensor 2 obteve maior indice de forga entre os sensores nas

duas mecanicas ortoddnticas (0,45 N). O sensor 3 foi constante no método 1 e 2

(0,14 N).

Tabela Ill. Alteracdes e variacbes do comprimento de onda (nm) na fibra lingual:

Sensores . 1 cantilever |2 cantilevers |Variagdo [Variacdo
) Dente Inicial (nm)

(lingual) (nm) (nm) Método 1 | método 2

4 1° PM 1525,98 1526,08 1526,14 0,1 0,16

5 2° PM 1531,64 1531,84 1531,94 0,2 0,3

6 2°M 1540,96 1541,04 1541 0,08 0,04

A tabela Il mostra que o sensor 4 obteve variagdao do comprimento de onda

semelhante nas duas mecanicas ortodonticas. A maior alteragao e variagao do

comprimento de onda ocorreu no sensor 5 quando aplicado o método 2. No

sensor 6 ocorreu maior variagao do comprimento de onda no método 1.

11




N OO o0~ WN

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Tabela IV. Forgca (Newtons) durante aplicagdo dos métodos 1 e 2 na fibra lingual.

Forca 1 cantilever 2 cantilevers
Sensor 4 0,07 0,11
Sensor 5 0,14 0,22
Sensor 6 0,05 0,02

A tabela IV indica maior valor de forca no sensor 5, observado
principalmente no método 2 (0,22 N). No sensor 4 observou-se maior valor de
forca quando aplicado o método 2 (0,11 N) e no sensor 6 durante o método 1
(0,05 N).

Discussao

A verticalizacdo do molar deve conter um tipo de movimento dentario
necessario para a correcao em todos os trés planos do espago. Um sistema de
forca correto em relagdo ao centro de resisténcia do dente referido deve ser
empregado.® Para esta finalidade, os arcos continuos convencionais possuem
limitagdes quanto aos seus principios biomecanicos, e o controle do sistema de
forca pode ser dificil de mensurar. Forgas extrusivas no molar e intrusivas no
segundo pré-molar estdo relacionadas.'’

Um mecanismo descrito na literatura utiliza duas molas, denominadas
“cantilever’. A confeccdo das molas utilizam fio de TMA 0.017” x 0.025” e é
composto de um cantilever longo cuja inser¢gao ocorre no tubo do molar e se
estende ao segmento anterior préximo ao canino, com funcao de verticalizacao e
um segundo cantilever que faz o controle do componente extrusivo e vai do molar
até um tubo em cruz localizado préximo ao canino ou pré-molar.® Assim, o efeito
de extrusdo produzido pela cantilever convencional € neutralizada pelo segundo
brago de suporte.®"’

O presente estudo avaliou dois mecanismos comuns na clinica ortoddntica,
denominados método 1 e 2, descrito na literatura para verticalizar molares,
utilizando uma metodologia diferenciada, na qual a fibra ética e seus sensores
sdo capazes de avaliar as regides de maior aplicacdo de forca e tensoes.
Verificaram-se intervalos de for¢cas gerados pelo aparelho ortodéntico real, com

medidas reais, com sensores instalados na regido radicular (dentes artificiais).

12



0o N OO OB~ W N -

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

Como se trata de um estudo in vitro com todos os parametros extremamente
controlaveis utilizou-se apenas um modelo. O modelo foi confeccionado de
dentes artificiais e de uma resina elastomérica com fungdo de representar a
estrutura de suporte periodontal, e que apesar do elastdmero ser bastante
utilizado na literatura, ndo reproduz fielmente as estruturas periodontais devido a
auséncia de ligamento periodontal, gengiva e osso alveolar. Considera-se que a
resiliéncia da resina utilizada também difere dos tecidos bucais sugerindo que
esta distribuicdo de tensbes possa acontecer de maneiras distintas no meio bucal
e laboratorial."®

A escolha do fio utilizado para a confecgdo dos cantilevers foi o TMA,
0.017” x 0.025", pois € mais flexivel que o aco inoxidavel dispensando a
necessidade da confeccdo de um helicoide. O fio rigido e espesso do outro
segmento composto de aco inoxidavel 0.019” x 0.025", tem como objetivo
ancorar estes dentes em conjunto durante a mecanica de verticalizagcédo
funcionando de forma eficaz na redugdo do movimento desses dentes.’® A
literatura preconiza de 27 a 40 gf para verticalizar um molar, e um momento entre
800 e 1200 gf.mm com um cantilever de 30 milimetros (mm) de comprimento.’’
Nos métodos 1 e 2 utilizou-se um cantilever de 25 mm de comprimento e uma
forca de 50 gf em ambas ativacdes, resultando de acordo com a férmula (M= f x
d) em um momento de 1250 gf.mm, suficiente para permitir essa verticalizacao
do molar.

Estudos relataram a avaliagdo dos niveis de forgcas geradas em
mecanicas de verticalizagado na regido de molares e dentes de ancoragem sendo
descritos na literatura. Em analise quantitativa com elemento finito em trés
dimensdes (3D), um cantilever de 22 mm de comprimento foi testado para
verticalizar molar, confeccionado em fio 0.016” aco inoxidavel com um helicoide
para maior flexibilidade. A mola foi inserida do molar até pré-molares inferiores
esquerdo no fio de ancoragem. Foram avaliadas sete angulagbes do cantilever
entre 5° e 35°, utilizando 25° como referéncia. O retentor era util para reduzir o
movimento de dentes de ancoragem e elucidar os questionamentos clinicos.®

Outro método descrito na literatura executou a representagcdao do
movimento dentario de verticalizagcdo do molar para investigar o sistema de forga
ideal em um equipamento que possibilitou a verificagdo experimental de um

sistema de forca 3D. Duas situagdes experimentais foram comparadas por meio
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de 10 cantilevers em cada grupo: um com reativagdo e outro nao.
Compreendendo, portanto, que com reativagdes, um sistema de forcas favoravel
€ mantido durante a verticalizagao do molar.®

No presente estudo, os resultados foram obtidos em Newton (N) e foram
transformados em Gramas/forga (gf) para melhor compreensao e similaridade de
aplicabilidade clinica do sistema de forga. Observou-se uma maior magnitude de
forgca na regidao do 2° pré-molar de modo geral. Tanto no método 1 quanto no
método 2, na fibra ética vestibular, a forga encontrada foi de 46 gf. Ja a regido do
2° molar na fibra vestibular mostrou-se com pequena quantidade de forga para o
meétodo 2 em 4 gf e nenhuma for¢a quando o método 1 foi aplicado. O 1° pré-
molar manteve-se constante com 15 gf nos dois métodos, na fibra vestibular.

Nos sensores colados por lingual, a regidao do 2° pré-molar mostrou-se
com maior quantidade de forca quando comparado aos demais dentes em
questdo em ambas as mecanicas ortodénticas aplicadas. Com o método 1, o 2°
pré-molar mostrou 15 gf, e no método 2 um total de 22 gf na fibra localizada por
lingual. Entretanto, quando comparado com os valores obtidos na fibra vestibular
do 2° pré-molar que totalizou 46 df, percebe-se que este é significativamente
maior.

Ao considerar que a mecanica aplicada pelos cantilevers é pela face
vestibular de todos os dentes, pode-se afirmar essa relagao direta da aplicacéao
de forga e os resultados obtidos. O 2° molar manteve-se com menor intervalo de
forca durante a aplicagado dos 2 métodos tanto para fibra vestibular quanto para
fibra lingual. O dente a ser verticalizado, o 2° molar inferior direito recebeu menor
concentracao de forgas, mantendo um padrao desejavel durante a mecanica para
que ocorra essa distribuicao de forcas de maneira que diminua significativamente
ao chegar no 2° molar diminuindo os efeitos colaterais como a extrusao durante a
sua movimentacao para verticalizacdo. O 2° pré-molar esteve envolvido pela
distribuicdo de forcas nas mecanicas de verticalizagdo do molar, com um
cantilever e dois cantilevers. O sistema de forca de ambos os métodos
direcionam a aplicacao de forcas intrusivas do braco do cantilever inserido no fio
retangular de ancoragem contendo os dentes 1° pré-molar e o 2° pré-molar, este
localizado bem ao centro do comprimento dos cantilevers.

Os sensores de fibra o6tica utilizados nas avaliagdes garantem precisao

na aquisi¢cao dos valores de forgas obtidos e oferecem vantagens para aplicagdes
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biomédicas, devido as suas propriedades intrinsecas, tais como pequena
dimensao (125 pym), ndo toxicidade, imunidade a radiagdes eletromagnéticas e de
radiofrequéncia, bem como inércia quimica.'"?

Deve-se, portanto considerar a metodologia aplicada com grande
fidelidade na simulagdo da mecanica ortoddntica, que mesmo em ambiente
laboratorial representou uma situagao clinica viabilizando sua aplicabilidade ao
ortodontista durante a escolha da mecanica ortodéntica visando um melhor
desempenho durante o tratamento com menores chances de efeitos colaterais e

resultados eficazes.

Conclusao

As mecanicas provocaram tensdes semelhantes para a regido vestibular,
demonstrando maior magnitude de forgas na regido do 2° pré-molar e menor
incidéncia de forgas no 2° molar. Na regido lingual, quando utilizados dois
cantilevers, sugere uma maior intensidade de forgas no 2° pré-molar comparado
a um cantilever. O 2° pré-molar e a regiao vestibular mostram forgas
significativamente maiores para os dois métodos.

Os sensores de fibra o6tica (FBG) mostraram-se viaveis para a

determinacao das forgcas em ambas as mecanicas.
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ANEXOS

1. Materiais e métodos

Inicialmente realizou-se a simulacdo da maloclusao caracterizada pela
perda do 1° molar inferior direito e inclinagdo mesial do 2° molar inferior direito
com auxilio do manequim odontolégico fig. 1, seguido de sua plastificagao

(plastvac) com placa de acetato 1Tmm.

Fig. 1. Manequim MOM vista lateral

Fig. 2 Placa de silicone resultante da plastificagdo a
vacuo do manequim, base para confecgdo do modelo em

cera.
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Apos obtencéo da placa, os dentes artificiais foram inseridos e realizado um
enceramento de um modelo da maloclusdo. A proxima etapa foi moldagem
desse modelo de cera com silicone. Através desse molde, posicionou-se o0s
dentes artificias novamente e as fibras o6ticas foram cuidadosamente inseridas
nas faces vestibular e palatina, coladas com super bond gel, nas raizes dos

dentes : 1° pré- molar, 2° pré-molar e 2° molar. Fig. 3.

Fig. 3 Fibras oticas e sensores nas faces vestibular

e palatina do 2° molar, 1° pré-molar, 2° pré-molar.

Fig. 4 Molde de silicone com canaletas para passagem

das fibras inseridas.

Manipulou-se o material elastomérico inserindo-o no molde. Esse
conjunto foi levado a panela de pressado durante 30 minutos a 20 PSI para

evitar bolhas no material. Fig. 5.
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Fig. 5 Molde vazado com a resina elastomérica na panela de

pressao para evitar bolhas e acelerar a presa do material.

Com o modelo elastomérico finalizado fig.6, realizou-se a colagem do tubo
no 2° molar. Confeccionou-se um fio 0,19” x 0.025” ago com os braquetes retidos
ao fio por amarrilhos elasticos possibilitando uma colagem passiva de todos os

braquetes de uma unica vez.

Fig. 6. Modelo elastomérico
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Fig. 8. Posicionamento dos braquetes em passo unico e

fotopolimerizagao dos acessorios ortoddnticos.

Fig. 9. Modelo elastomérico com aparelho ortoddntico
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Com o equipamento OSA, foram realizadas os registros durante 3 tempos:
inicial, método 1 e método 2. Fig. 10, 11 e 12.

WSS . .oms— O
- > A & - —

Fig. 10. OSA (Analisador de espectros 6ticos)

Fig.11. Mecénica aplicada - Método 1

Fig.12. Mecénica aplicada - Método 2
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Abstract

Introduction: To evaluate tension forces during the verticalization of lower molars
in a laboratory model with optical fiber Bragg sensors and compare one-cantilever
and two-cantilever techniques. Methods: An elastomeric model was
manufactured with two optical fibers and three Bragg sensors in each that were
fixed onto the radicular region of 1% and 2" premolars with one fiber on the
vestibular region and another on the palatine region. The mandibular arch was
represented by malocclusion from the absence of the 1% molar and mesial
inclination of the 2" molar. The clinical case was reproduced with artificial teeth
and a real orthodontic device. Either one cantilever (method 1) or two cantilevers
(method 2) were used and activated with 50 gf. Results: Sensor 1/method 2
detected a weak force in the vestibular fiber (0.04 N). Sensor 2 detected a force
increase (0.45 N) with both techniques. Sensor 3 detected a constant force with
both methods (0.45 N). Sensor 5/method 2 detected the greatest force (0.22 N) in
the lingual fiber. Sensor 4 detected the greatest force when method 2 was applied
(0.11 N). Conclusions: Both techniques induced similar tension forces in the
vestibular region with the greatest force in the 2" premolar region and the lowest
in the 2"¥ molar. Two cantilevers in the lingual region implied increased force on
the 2" premolar. Both methods applied significantly greater forces in the

vestibular and 2" premolar regions.

Keywords: Orthodontics, Tooth Movement, Optical fibers.
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Introduction

Early losses of the first permanent molar occur with some frequency
because of dental caries or periodontal disease, and, consequently, mesial
inclination of the second molar is observed.' Different treatment options, such as
various band models, springs with segmented arch systems, and springs with
continuous arches, which are extensively used,® are attached to fixed orthodontic
braces and have been proposed to treat early molar loss.*® The use of mini-
implants as orthodontic anchors to move the molars without having to use other
teeth as anchors has been proposed in order to better control undesirable
effects.?®

Extrusive effects, which have been described in the literature as side
effects of molar verticalization can occur and are accompanied by premature
contact and bite opening.’ Springs, which are manufactured with the segmented
arch technique and which are known as cantilevers, are used to minimize side
effects.” A relationship has been observed between cantilever size and extrusive
effects, whereby the extrusion component is higher with a short cantilever and
lower with a longer cantilever.” The molar can be isolated from the anterior
segment of the continuous arch, and direct force can be applied to the molar with
a spring, which is a cantilever that links the molar and the anterior teeth. This
arrangement results in the mesial radicular movement of the molar, which is
accompanied by an extrusive component, and intrusion and loss of the
anchorage.8 Previous studies have suggested that the use of two cantilevers and
a continuous stabilizing string allows molar verticalization and simultaneously

minimizes the side effects.’
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A number of methods for evaluating and quantifying the forces generated
during molar and anchorage teeth verticalization mechanics with the three-
dimensional (3D) Finite Element Method have been described.® Another method
involving specialized equipment has been used to represent dental movement
during molar verticalization in order to investigate the ideal system of forces and
experimentally verify 3D force systems in two different situations by comparing
cantilevers.®

Alternatively, optical fiber sensors, which are small, electromagnetically
immune, and allow multiplexing, have been used to evaluate forces in orthodontic
systems.'®"" Parameters, such as temperature and pressure, are measured with
Bragg network sensors (Fiber Bragg Gratings).'®> These promising sensors have
been widely used in the engineering and biomedical fields,™ but mostly in
dentistry."” The use of Fiber Bragg Gratings is the best choice because they allow
for the precise collection of important data on the acquisition of orthodontic forces
with cantilevers. Such precise measurements of forces have not been conducted
to date during molar verticalization in orthodontic mechanics.

Thus, the aim of the present study was to evaluate the forces generated
during verticalization mechanics in a laboratory model using optical fiber Bragg
sensors in two distinct situations: a) molar verticalization with a segmented arch
and one cantilever and b) molar verticalization with a segmented arch and two

cantilevers.

Materials and Methods
Manufacture of the mandibular model and insertion of the optical fiber

sensors
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The mandibular model and its dentition were used to represent the
orthodontic mechanics. The absence of the first permanent molar and the
consequent mesial inclination of the second inferior right molar were simulated
during teeth assembly in order to apply verticalization mechanics on the second
inferior right molar.

During the model manufacturing stage, the optical fibers were inserted into
the vestibular and lingual sides of the artificial teeth in the lower inferior arch with
glue (LOCTITE, Dusseldorf, Germany) before the elastomeric material (Epoxy
Flexible GllI, Polipox, Curitiba, Brazil) was put into place, as shown in Figure 1a.
The model was left to dry for 48 h. Afterwards, the epoxy resin was inserted
according to the manufacturer’s instructions in order to obtain the final model (Fig.

1b).

Fig 1. (a). Vestibular and lingual fibers were glued onto the posterior lower right teeth

before the elastomer was poured. (b). The completed elastomeric model.

The vestibular and lingual fibers contained three sensors each. The
vestibular fiber contained sensor 1, which was localized on the 2" molar; sensor
2, which was localized on the 2" premolar; and sensor 3, which was localized on

the 1% premolar. The lingual fiber contained sensor 4, which was localized on the
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1% premolar; sensor 5, which was localized on the 2" premolar; and sensor 6,

which was localized on the 2™ molar, as illustrated in Figure 2a and 2b.

Fig 2. (a). Representative schematics of the teeth and localization of the sensors in the

vestibular fiber. (b).

Optical fiber sensors

The Bragg sensors were written in single-mode optical fiber, with a single
light beam passing through their core. The same technical characteristics are
used for telecommunications. The optical fiber is composed of silica. Due to its
photosensitive properties, it is widely used as a photorefractory device that allows
the incorporation of sensors, such as Bragg network fibers. A laser is used to
inscribe these networks into the optical fibers, and this involves a change in the
core’'s refractory index through ultraviolet light absorption. Due to its
photosensitivity, the refractory index of the fiber's core is permanently altered with
constant grating periods.' Thus, the difference in the refractory index selectively
mirrors the wavelengths, which results in a reflection spectrum. Thus, when light

hits the fiber, one part of it is transmitted and another part is reflected (Fig 3)."*"°
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Fig 3. lllustration of a Bragg network that is inscribed in an optical
fiber where part of the incident light is transmitted and part is reflected.

The wavelength variation, which is dependent on the temperature and the
deformation of the material, can be demonstrated with the following equation by

Othonos:'

oA

an dA on
AAB = 2(A5+n a)Al+2(AE+n -

)ar
Assembly of the orthodontic device

The model was supplied with conventional brackets (prescription MBT™:
0.022 inches; 3M Unitek, Monrovia, California, USA) that were fixed with
photopolymerizable resin (Transbond XT, 3M Unitek, Monrovia, California, USA),
and this represented the stage following alignment and leveling in orthodontic
treatment. A stainless-steel arch (0.019” x 0.025”) was passively adapted to the

orthodontic accessories.

Application of the Orthodontic Mechanics
Two methods were used to simulate molar verticalization. Method 1 was
characterized by a single cantilever, which was inserted into the double tube from
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the 2 right molar until it contacted a crossed tube that was attached to the

continuous stabilizing string. (Fig.4)

Fig 4. Method 1: Verticalization mechanics using one cantilever.

Method 2 was represented by the use of two cantilevers. The first
cantilever was manufactured and placed as described in method 1, and the
second was inserted at the distal end of the double tube and extended along the
stabilizing string until the 1% premolar. It was retained with a fold, as shown in

Figure 5.

Fig 5. Method 2: Verticalization mechanics using two cantilevers.

In both cases, the cantilevers were made of Titanium Molybdenum Alloy

(TMA; 0.017" x 0.025") string, and the stabilizing arch was made of stainless steel
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(0.019" x 0.025"). Activation [60 grams/force (gf)] was performed with a

dynamometer (Morelli, Sorocaba, Brazil).'"'®

Tension Evaluation: Optical Fiber Assay

The assays were performed in the Photonics Laboratory of the
Technological Federal University of Parana (Foton-UTFPR) at a constant
temperature of 21°C. The measurements included both mechanics under the
following three conditions: without any applied mechanics, with verticalization
mechanics using one cantilever (method 1), and with verticalization mechanics
using two cantilevers (method 2).

A circulator with a light source was independently connected to the
vestibular and lingual optical fibers next to the Optical Spectrum Analyzer (OSA)
device (Yokogawa AQ6375) in order to acquire data on the force and pressure
with the sensors that were glued to the roots of the teeth (Fig 6a and 6b). The
optical fiber circulator directs the light that is emitted by the LED to the fiber, and
the resulting incident and reflected light is directed to the OSA, which detects and

measures the reflected spectrum.

e
1
==

| -
5]
=
—k

- I

Fig 6. (a). Model that was connected to the OSA with no mechanics applied. (b). OSA:

Optical Spectrum Analyzer.

31



10

11

12

13

14

15
16
17

Each spectrum that was visualized during the assay, as indicated in Figure

6b, corresponded to one sensor that was localized on each tooth. The spectral

variation that occurred as a result of the orthodontic forces was observed in the

OSA device and registered. After the data were collected, the spectra were

analyzed with Origin 8® software, and the wavelength variation (in nm) in each

sensor was then transformed into Force (Newton) with the following equation:

AF(N) = E.A.A¢ = 72.5 GPa.T1(125 um)2 AX(nm) = 0.7414.AX[N]. 41.2 pm

Results

The spectral variations that were observed in the vestibular (Table I) and

lingual (Table II) fibers are shown in graphs 1 and 2 (below) under the following

three conditions.

INITIAL |
204 : | 1 CANTILEVER|

: 2 CANTILEVER|

50 4 !

1A 1l < :

NORMALIZED INTESITY (au)

T T T T L} ¥
1520 1525 1530 1535 1540 1545 1550

WAVELENGHT ai (nm)

Graph 1. Spectral variation in the vestibular fiber.
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Graph 2. Spectral variation in the lingual fiber.

The data showed that it was possible to establish the wavelength variation
that was detected by the sensors. The spectral variation is illustrated in graphs 1
and 2 with the starting time point used as a reference.

Significant alterations, which can be observed in graph 1, occurred when
method 1 (1 cantilever) and method 2 (2 cantilevers) were tested. Sensor 3, which
corresponded to the 1% molar region in the vestibular fiber, underwent spectral
variation compared to the initial graph. The 2" premolar, which corresponded to
sensors 2 and 5 in the vestibular and lingual fibers, respectively, showed spectral
variation with both methods, and the variation was higher than that found for the
vestibular fiber. Both graphs 1 and 2 show no significant alterations in the 2"
molar sensors (sensor 1 in the vestibular fiber and sensor 6 in the lingual fiber)
when method 1 was applied.

Spectral variation was observed in both graphs in the vestibular and lingual
fibers when method 2 was applied, and this was very similar to the spectra that
was observed for method 1.

Tables | and Il show the changes and variations (A) in the wavelengths for

each reading (1).
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Table I. Wavelength changes and variations (nm) in the vestibular fiber.

Sensors 1 cantilever |2 cantilevers |Variation Variation
) Tooth Initial (nm)

(vestibular) (nm) (nm) Method 1 Method 2

1 2°M 1525,4 1525,4 1525,46 0 0,6

2 2° PM 1530,82 1530,2 1530,2 0,62 0,62

3 1° PM 1540 1540,2 1540,2 0,2 0,2

Table | shows that sensors 2 and 3 remained constant for both methods,

with the biggest wavelength variation observed in sensor 2. A greater wavelength

was observed in sensor 1 for method 2 than that observed in sensor 3 for both

methods.

Table Il. Force (N) during the application of methods 1 and 2 in the vestibular fiber.

Force 1 cantilever 2 cantilevers
Sensor 1 0 0,04
Sensor 2 0,45 0,45
Sensor 3 0,14 0,14

Table Il shows that the force that was expressed by sensor 1 was lowest

during method 2 and null during method 1. The highest force index was obtained

by sensor 2 for both orthodontic mechanics (0.45 N). Sensor 3 remained constant

for methods 1 and 2 (0.14 N).

Table Ill. Wavelength changes and variations (nm) in the lingual fiber.

Sensors 1 cantilever |2 cantilever |Variation Variation
) Tooth Initial (nm)

(lingual) (nm) (nm) Method 1 | Method 2

4 1° PM 1525,98 1526,08 1526,14 0,1 0,16

5 2° PM 1531,64 1531,84 1531,94 0,2 0,3

6 2°M 1540,96 1541,04 1541 0,08 0,04
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Table Il indicates that a similar wavelength variation was obtained by
sensor 4 for both orthodontic mechanics. The biggest alteration and variation in
wavelength occurred in sensor 5 when method 2 was applied. In sensor 6, the

biggest wavelength variation occurred during method 1.

Table IV. Force (N) during the application of methods 1 and 2 in the lingual fiber.

Force 1 cantilever 2 cantilever
Sensor 4 0,07 0,11
Sensor 5 0,14 0,22
Sensor 6 0,05 0,02

Table 1V indicates that the highest force value was detected by sensor 5,
and this was mainly observed during method 2 (0.22 N). Sensor 4 showed the
greatest force when method 2 was applied (0.11 N), and sensor 6 showed the

greatest force during method 1 (0.05 N).

Discussion

Molar verticalization is a dental movement that is required for correction in
all three space dimensions. A correct system of forces must be employed in
relation to the resistance center of the tooth in question.® However, conventional
continuous arches are limited in their biomechanical principles, and the control of
the system of forces may be difficult to assess. Extrusive forces in the molar and
intrusive forces in the second premolar are related to this issue."”

One mechanism that has been described previously makes use of two

springs, which are called cantilevers. Manufacturing of the springs requires a TMA
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string (0.017” x 0.025”), and they are formed from a long cantilever that is inserted
into the molar tube and extended to the anterior segment that is close to the
canine tooth requiring verticalization. A second cantilever controls the extrusive
component and extends from the molar until it contacts a crossed tube that is
localized near the canine tooth or the premolar.6 The extrusive effect that is
produced by the conventional cantilever is therefore neutralized by the second
support arm.®"

Methods 1 and 2 are the two mechanisms for molar verticalization that are
commonly used in orthodontic practice and that have been described previously.
These methods were evaluated in the present study with a different methodology
in which an optical fiber and its sensors detected the regions where the greatest
amounts of forces and tensions were applied. The intervals of the forces that were
generated by the real orthodontic brace were detected with real measurements
that were made by the sensors in the radicular region (artificial teeth). Only one
model was used because this was an in vitro study in which all of the parameters
were highly controllable. The model was manufactured with artificial teeth and an
elastomeric resin that represented the periodontal support structure, which,
despite elastomer being widely used in the literature, does not faithfully represent
the periodontal structures due to the lack of periodontal ligaments, gingiva, and
alveolar bone. In addition, the resin’s resistance is thought to differ from the mouth
tissues, which suggests that the distribution of tensions may occur in a different
manner in the laboratory compared to those in the mouth environment.'®

TMA string (0.017” x 0.025”) was the string of choice in the manufacture of
the cantilevers because it was more flexible than stainless steel and did not

require a helicoid. A hard and thick stainless-steel string (0.019” x 0.025”) was
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used to make a different segment that was required to anchor the teeth together
during the verticalization mechanics, and it worked efficiently to reduce the
movement of those teeth.'

A previous study indicated that 27 to 40 df is required to verticalize a molar
with a momentum between 800 and 1,200 gf/mm and a 30-mm cantilever."” In
methods 1 and 2, a 25-mm cantilever was used with 50 gf of activation force, and
this resulted in a momentum of 1,250 gf/mm according to the formula (M = f x d),
which was sufficient for molar verticalization.

Evaluations of the forces that are generated in the molar regions and
anchorage teeth during verticalization mechanics have been described in the
literature. The use of a 22-mm cantilever that was made of 0.016” stainless-steel
string and a helicoid for increased flexibility was tested for molar verticalization
with a 3D finite element quantitative analysis. The spring was inserted into the
anchorage string from the molar until it contacted the lower left premolars. Seven
cantilever angles between 5° and 35° were evaluated, with 25° used as a
reference. The retainer was useful for reducing anchorage teeth movement and
elucidating clinical questions.’

A different method that has been reported in the literature involves a
representation of molar verticalization dental movement and has been used to
investigate the ideal system of forces with special equipment that allow for the
experimental verification of the 3D force system. Two experimental situations
were compared, with each group requiring 10 cantilevers: one group had
reactivation, while one did not. These findings established that, with reactivation, a

favorable force system is maintained during molar verticalization.?
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The results in the present study were obtained in Newtons (N) and
transformed into grams/force (gf) for better comprehension and better clinical
applicability of the system of forces. Generally, the greatest force was observed in
the 2" premolar region. In both methods 1 and 2, a 46-gf force was observed in
the vestibular fiber. However, in the 2"* molar region, a low amount of force (4 gf)
was observed in the vestibular fiber when method 2 was applied, and no force
was detected during method 1. The 1% premolar remained constant with 15 gf in
the vestibular fiber during both methods.

In the sensors that were glued on the lingual side, the 2™ premolar region
showed the greatest amount of force compared to the remaining teeth when both
orthodontic mechanics were applied. A force of 15 gf was observed in the 2™
premolar during method 1, and 22 gf was observed during method 2. However,
when comparing these values to the ones that were obtained in the 2" premolar
in the vestibular fiber (46 gf), the latter was significantly higher.

Considering that cantilever mechanics were applied on the vestibular side
of all of the teeth, a direct relationship can be established between the application
of force and the results. For both methods, the 2" molar showed the lowest force
interval in both the vestibular as well as lingual fibers. The 2" lower right molar,
which was the tooth to be verticalized, received the lowest concentration of forces,
which was in keeping with the desirable pattern during the mechanics. Thus, the
distribution of forces can be significantly reduced when it reaches the 2" molar,
thereby reducing side effects, such as extrusion, during its movement towards
verticalization. The distribution of forces showed that the 2" premolar was
involved in the verticalization mechanics when 1 or 2 cantilevers were used. The

system of forces in both methods directed the intrusive forces from the cantilever
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arm that was inserted into the rectangular anchorage string, contained the 1°
molar and the 2" premolar, and was localized in the middle of the cantilevers.

The fiber optic sensors that were used in the evaluations guarantee
precision in the acquisition of the force values that were generated and offer
advantages for biomedical applications due to their extrinsic properties, such as
small size, nontoxicity, immunity from electromagnetic and radiofrequency
radiations, and chemical inertia.'""?

The methodology that was applied in this study should therefore be
considered highly accurate in the simulation of orthodontic mechanics and
representative of clinical situations, even in laboratory conditions. It therefore
allows for its applicability by orthodontists during the choice of orthodontic

mechanics that efficiently provide better treatment performance and a lower

chance of side effects.

Conclusions

These orthodontic mechanics resulted in similar tensions in the vestibular
regions, greater forces in the 2" premolar region, and lower levels of forces in the
2" molar. In the lingual region, the use of two cantilevers resulted in the
application of greater forces to the 2" premolar compared to the use of one
cantilever. Significantly greater forces were observed in the 2" premolar and
vestibular region with both methods tested.

Fiber optic sensors containing FBG are suitable for the assessment of the

forces applied by two mechanical applications.
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