Universidad Autébnoma del Estado de México

Facultad de Medicina

Doctorado en Ciencias de la Salud

“Analisis de la adherencia bacteriana a materiales

para el cementado de bandas ortodoncicas.”

TESIS
Para Obtener el Grado de

Doctor en Ciencias de la Salud

Presenta:
M.C.O.E.O. Juan Carlos Gonzalez Pérez.

Comité Tutorial:
Dr. Rogelio José Scougall Vilchis
Tutor Académico
Dra. Rosalia Contreras Bulnes
Tutor Interno
Dr. Isaias de la Rosa Gomez

Tutor Externo

Toluca, Estado de México Marzo 2013




1.

7.

o gk~ wDn

Resumen
Summary

Antecedentes

1.1.

1.2
1.3
14
1.5
1.6
1.7
1.8
1.9
1.10
1.11
1.12

INDICE

Esmalte Dental

El Surco Gingival

Microbiota del Surco Gingival
Placa Dentobacteriana
Enfermedad Periodontal
Caries Dental

Lesion Incipiente de Caries
Aparatologia Ortoddncica Fija
Adherencia Bacteriana
Resinas Compuestas
lonémeros de Vidrio
Cuantificacion Bacteriana

Planteamiento del Problema

Hipotesis
Obijetivos
Justificacion

Material y Métodos

6.1.
6.2.
6.3.
6.4.
6.5.
6.6.
6.7.
Resultados
7.1.
711
7.12
7.1.3
7.14
7.15
7.2.

Disefio de estudio

Criterios de inclusién, exclusion y eliminacion

Procedimientos
Variables de Estudio
Implicaciones Bioéticas
Recoleccion de Datos
Anadlisis Estadistico

Titulo corto del articulo publicado

Carta de aceptacion

Pagina frontal del manuscrito

Resumen

Abstract

Primer Articulo

Titulo corto del segundo articulo enviado

No. pagina
1

© © 00 N O O & B W W WD

W RN NNNDMNMNNNNNDNNERPEPRPRERPRER R P B P PR
A HRFOBEONNNRERPEPONNSNNO OROWERPRPO



10.
11.

7.2.1 Carta de envio
7.2.2 Resumen
7.2.3 Abstract
7.2.4 Segundo Articulo
7.3. Titulo corto del tercer articulo enviado
7.3.1 Carta de envio
7.3.2 Resumen
7.3.3 Abstract
7.3.4 Tercer Articulo
Discusion General
Conclusiones Generales
9.1. Conclusiones
9.2. Limitaciones
9.3. Recomendaciones
Referencias Bibliogréficas
Anexos
11.1. Anexol
11.2 Congresos y Reconocimientos

37
38
39
40
50
50
51
52
53
66
69
69
70
71
72
77
77
78









Resumen:

Objetivo: El propdsito del presente estudio fue el de determinar cuantitativamente la
adherencia del Streptococcus mutans y Streptococcus sanguinis a cementos para bandas
ortodoncicas. Materiales y Metodos: Se realizaron 420 bloques de ocho materiales para el
cementado de bandas ortoddncicas diferentes (Fuji Ortho LC, Transbond Plus Band Cem, CX
Plus, Multi-Cure Band, Optiband, Ketac Cem, Protech, Optiband Ultra). Utilizando un molde
de teflon de (4x4x1mm). Los blogues obtenidos se pulieron ligeramente y fueron limpiados
con ultrasonido. Cepas certificadas de Streptococcus mutans ATCC 25175 y Streptococcus
sanguinis ATCC 49295 fueron cultivadas mediante métodos convencionales en cajas Petri y
con caldo soya tripticaseina suplementado con extracto de levadura (TSBY). El andlisis
cuantitativo fue llevado a cabo mediante marcadores radiactivos para codificar la bacteria
(®*H) para el Streptococcus mutans y Carbono-14 (**C) para el Streptococcus sanguinis.
Posteriormente, un sistema de combustion se utilizd para capturar los residuos, la
radiactividad de las muestras fue medida y los valores se registraron en desintegracion por
minuto (dpm). Se realizo el analisis estadistico de varianza de una via (ANOVA) con el
analisis de Sheffer Post-hoc para multiples comparaciones con un nivel de significacion de <
0.05. Resultados: Se encontraron diferencias estadisticamente significativas entre los
materiales (P < 0.001). Transbond Plus Band Cem presentd la menor adhesion de ambas
bacterias, seguido por Ortholy Band Paste. Conclusiones: Transbond Plus Band Cem y

Ortholy Band Paste mostraron la menor adhesién de S. mutans y S. sanguinis.



Summary:

Objective: This study aimed to determine the adherence of Streptococcus mutans and
Streptococcus sanguinis to seven different cements for banding. Materials and Methods:
The sample consisted of 420 blocks of 8 cement materials (Fuji Ortho LC, Transbond Plus
Band Cem, CX Plus, Multi-Cure Band, Optiband, Ketac Cem, Protech, Optiband Ultra). The
blocks were made using a Teflon mold (4 x 4 x Imm). Certified S. mutans ATCC 25175 and
S. sanguinis ATCC 49295 were cultivated separately using conventional methods and broth
with TSBY agar. The quantitative analysis was carried out with radioactive markers (°*H) for
the Streptococcus mutans and Carbon-14 (**C) for the Streptococcus sanguinis to codify the
bacteria. The radioactivity of the samples was recorded in disintegrations per minute (dpm).
One-way analysis of variance (ANOVA) with a Scheffé post-hoc test for multiple
comparisons was carried out with a significance level of <0.05. Results: Significant
differences were found among different band cement materials (P < 0.001). Transbond Plus
Band Cem presented the significant lowest adherence of both bacteria, followed by Ortholy
Band Paste. Conclusion: Transbond Plus Band Cem and Ortholy Band Paste showed lower

adherence of S. mutans and S. sanguinis.



1. Antecedentes:
1.1 Esmalte Dental

El esmalte es un sélido complejo, constituido por innumerables cristales de hidroxiapatita
pura e hidroxiapatita carbonada; estas ultimas son consideradas las mas abundantes y
reactivas, donde los iones de fosfato (PO,*) son sustituidos en su estructura por iones
carbonatos (CO3%). Estos cristales estan rodeados por una matriz de agua, proteinas y lipidos.
La fase inorgénica del esmalte ocupa aproximadamente el 85% en volumen. La fase acuosa y

organica representa cerca del 15% del volumen total. ’

Dicho tejido es de origen ectodérmico y recubre la corona anatomica del diente, es
transllcido, de espesor variable, dependiendo de la superficie que cubre, no posee vitalidad,

con la edad se desgasta y cambia la permeabilidad y la naturaleza de su capa superficial. »8°

Los iones fluoruro, cloruro, silicio y zinc se encuentran en mayor concentracion cerca de la
superficie, mientras que otros como carbonato, magnesio y sodio aumentan hacia areas mas

profundas.t*°

Los cristales de hidroxiapatita estdn ubicados casi paralelos entre si. Los cristales mas
distantes al eje central del prisma se van inclinando lateralmente a medida que se aproximan
al limite de los otros prismas, hasta que se ubican perpendicularmente respecto al otro prisma
en la zona interprismatica. Es importante resaltar que existe una interfase entre los cristales
producto de sus diferentes angulaciones, esta interfase rodea a los cristales uniéndolos entre si
sirviendo de canal de entrada y salida de hidrogeniones (H*) y de iones minerales (Ca**, PO4*

, F-) durante el proceso de desmineralizacion y remineralizacion del cristal 2%

1. 2 El Surco Gingival

Es una cavidad virtual que a manera de anillo o collar rodea el cuello dentario, tiene forma de
“V” y determina el limite cervical de la corona clinica de los dientes. Posee uno o dos
milimetros como maximo de profundidad, y esta limitado en la parte interna por el esmalte
dentario, por la parte externa por la encia libre o marginal, y es llamada pared blanda del
surco, y por ultimo, en su parte apical, por el llamado epitelio de insercién. A menudo, su



porcion oclusal estd cerrada por la biopelicula de la placa dentobacteriana, por sarro o
simplemente por saliva y/o restos alimenticios, lo que favorece la baja cantidad de oxigeno en
ese espacio, un medio ideal para las multiples bacterias anaerdbicas estrictas que en él
habitan.

El surco posee una temperatura media alrededor de los 36 grados y un pH ligeramente
alcalino, adecuados para el desarrollo de una variada gama de bacterias parasitas; posee
ademaés un Eh (potencial de 6xidoreduccion, lo cual depende de la presencia de oxigeno) que
puede bajar hasta -360 mv,*? lo que permite el desarrollo eficaz de bacterias anaerébicas,
tanto facultativas como estrictas. A este ultimo grupo bacteriano, el oxigeno les causa
oxidacidn proteica con la consiguiente muerte, pero sobreviven en este medio gracias a que

los anaerdbicos facultativos consumen las trazas de este gas que pudiera entrar al surco.
1.3 Microbiota del Surco Gingival

En condiciones normales, habitan en este surco gran cantidad de bacterias, predominando los
cocos Grampositivos como los Streptococcus del grupo sanguis (S.sanguinis, S. parasanguis,
S.oralis y otros); Streptococcus del grupo mitis (S.mitis, S.milleri, S.anginosus, entre otros);
Veillonella parvula (un coco gramnegativo), el Actinomyces naeslundii y el viscosus y la
Rothia dentocariosa, que son bacilos grampositivos, también se encuentran pequefias
cantidades de Leptotrichia, Fusobacterium, Prevotella, Eubacterium, Spiroquetas y bacilos
anaerébicos estrictos como las Capnocitophaga, las Selenomonas, Treponemas,
Campilobacters y otros. Esta poblacion microbiana, mas o menos constante en cantidad, es lo

que se conoce como microbiota del surco gingival, la antigua flora normal del surco.

Para nutrirse, (a la vez huir de los fagocitos), muchas bacterias del surco, como la Eikenella
corrodens, la Porphyromona gingivalis (P.g.), Actinobacillus actinomycetemcomitans y otras,
invaden las células y se multiplican dentro de ellas, y para ello producen toxinas y enzimas
liticas (asi también lo hacen las bacterias que estan en la superficie epitelial), tales como la
colagenasa, la cual destruye el colageno, proteina esencial de la sustancia intercelular,
hialuronidasa que hidroliza el acido hialurénico, condroitinsulfatasa que destruye el &cido
condroitinsulfurico, lecitinasa que destruye la lecitina de las membranas celulares, o elastasa,
que destruye las fibras elasticas, lo cual les permite no sélo nutrirse sino seguir invadiendo y
permitir la invasion de otras.'? Estas enzimas y toxinas son antigenos o inmundgenos, por lo

que promueven la génesis de anticuerpos como activan la cascada del complemento por via



alterna, es decir la via corta, que se inicia con la activacion de la proteina plasmatica llamada

C3, con la génesis de diversas sustancias con efectos ya mencionados.

En personas con desaseo bucal, es frecuente encontrar encias inflamadas en cuyo surco
pueden residir protozoarios como Trichomonas tenax y Entamoeba gingivalis, que se nutren
de restos bacterianos y celulares, pero como poseen escasos factores de virulencia, se les tiene

como simples comensales del surco.

1.4 Placa Dentobacteriana

Durante afios han existido diversas definiciones expresadas por diferentes investigadores
acerca del término de placa dental. La placa dental fue descrita por primera vez en 1898 Ref.
Black, como una masa microbiana que recubria las lesiones cariosas. En 1976, Ref. Bowen,
define a la placa dental como depdsitos blandos que forman una biopelicula que se adhiere a
la superficie dentaria o a otras superficies duras en la boca. **

Marsh y Martin (2000), definen a la placa dental como una comunidad microbiana compleja
que se encuentra en la superficie de los dientes, embebida en una matriz de origen bacteriano

y salival. **

Ref. Moore (1987), estim6 que es posible encontrar mas de 300 especies bacterianas en la
placa dental, pero solo un nimero reducido se relacionan con la periodontitis. Slots (1979),
Leknes y col, (1997) y Timmerman y col, (2001), sefialan, que la presencia de la placa dental
con especies bacterianas anaerobias especificas, induce al desarrollo de la enfermedad

periodontal. 51617

La placa dental se clasifica segun su localizacion en supragingival y subgingival, segun sus
propiedades en adherente y no adherente, y por su potencial patdgeno en cariogénica y
periodontopatogénica. La placa dental supragingival se encuentra en las superficies dentales y
estd constituida predominantemente por flora bacteriana sacarolitica Gram positiva, en las
cuales se encuentran microorganismos cariogénicos; sin embargo, es posible que esta placa se
extienda hasta el fondo del surco gingival y entre en contacto con la encia, recibiendo la
denominacion de placa marginal. La placa dental subgingival se encuentra por completo

dentro del surco gingival o de los sacos periodontales, y esta constituida principalmente por
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flora bacteriana proteolitica Gram negativa en la cual se encuentran microorganismos

periodontopatogénicos. 1%+

La formacién de la placa dental es el resultado de una serie de procesos complejos que
involucran una variedad de bacterias y componentes de la cavidad bucal del huésped. Estos
procesos comprenden en primer lugar la formacion de la pelicula adquirida sobre la superficie
del diente; seguido de la colonizacion por microorganismos especificos adheridos sobre la

pelicula adquirida; y finalmente la formacion de la matriz de la placa.

1.5 Enfermedad Periodontal

A mediados del siglo pasado, la periodontitis era considerada como el resultado de la
acumulacion de la placa dental a través del tiempo en combinacion con la edad del individuo.
Se pensaba que la placa dental era capaz de causar la enfermedad; sin embargo, el
reconocimiento de diferentes especies de microorganismos en muestras de placa dental

condujo a la bisqueda de patdgenos especificos en las periodontitis. =

Loesche (1976), definio dos hipétesis para tratar de explicar el rol de la placa dental como
agente periodontopatogénico. La primera de ellas, la hipétesis de la placa dental no especifica,
afirma que la enfermedad periodontal surge de la "elaboracién de productos nocivos por todos
los microorganismos de la placa”, y la segunda, la hipétesis de la placa dental especifica,
afirma que "sélo cierta placa es patdgena, y que su patogenicidad depende de la presencia o el
incremento de microorganismos especificos”. 2° En esa misma década se realizaron, avances
en las técnicas microbiol6gicas usadas para aislar e identificar patdgenos periodontales, asi
como también, mejoras en los procedimientos para obtener muestras de placa subgingival, y
desarrollo de nuevos medios de cultivos para lograr el crecimiento bacteriano in vitro. *°
Como resultado de estos avances, que permitieron el aislamiento de microorganismos
especificos de diferentes tipos de enfermedad periodontal, la hip6tesis de la placa dental

especifica, es la aceptada actualmente.
Recientemente, Marsh y Martin (2000), sefialan la hipdtesis de la placa ecoldgica, para
explicar la etiologia de enfermedad periodontal. Esta hipdtesis propone que los cambios en las

condiciones ambientales locales en la region subgingival, como es el incremento del fluido
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crevicular durante la inflamacion, favorece el crecimiento de especies anaerobicas estrictas

proteoliticas, lo cual predispone a la zona gingival a la enfermedad. **

Los primeros estudios que usaron procedimientos microbioldgicos demostraron que la
cantidad y proporcion de diferentes morfotipos de bacterias en la placa dental subgingival es

mayor en individuos con periodontitis que en individuos periodontalmente sanos. >

Slots (1979) sefiala, que las bacterias aisladas a partir de individuos periodontalmente sanos
son predominantemente cocos y bacilos facultativos Gram positivos (75%). No obstante, la
recuperacion de este grupo de microorganismos decrece de modo proporcional en gingivitis
(44%) y de una manera considerable en la periodontitis (10 a 13%), donde se incrementan los

Bacilos Anaerobios Gram negativos (74%). *°

Marsh y Martin (2000) refieren que, ain no esta claro si la gingivitis es un estado necesario
para el desarrollo de las diferentes tipos de periodontitis o si estas pueden aparecer
independientemente. No obstante, ciertas especies bacterianas que predominan en la
periodontitis, no detectadas en individuos periodontalmente sanos, han sido encontradas en un
porcentaje bajo en gingivitis. Tal situacion sugiere que, condiciones desarrollas durante la
gingivitis como sangrado y supuracion, pueden favorecer el crecimiento de especies

implicadas en la periodontitis. **

1.6 Caries Dental

El término de caries se ha utilizado para describir un signo, es decir la cavidad que es un
estadio avanzado de la destruccion del tejido. Cuando la enfermedad se inicia, el proceso
ocurre a nivel subclinico, porque la enfermedad se establece en boca mucho tiempo antes de

aparecer las primeras manifestaciones clinicas.**

La caries se ha referido como una enfermedad que dificilmente se puede prevenir, pero si se
puede evitar su progresion, es decir, se puede interferir en el proceso antes que la lesion
inicial se transforme en un hecho irreversible (la cavidad franca).® La caries no es una
situacion aislada, se le considera una enfermedad infecciosa y multifactorial, que resulta del

acumulo de una serie de eventos en el tiempo. Por lo tanto, es obvio que un tratamiento
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dirigido solamente a los signos ataca el efecto méas no la causa y la simple extirpacion de la
lesién, no implica el fin de la enfermedad.>*

Se reconoce actualmente que la placa dental juega el papel mas importante en la etiologia de
la caries. Inmediatamente después de realizar una profilaxis en las superficies de esmalte
utilizando copas de goma y pasta ligeramente abrasiva, se deposita sobre el esmalte una
cuticula fina de material organico, formado a partir de la saliva, y que contiene esencialmente
mucopolisacaridos salivales. Esta capa organica libre de bacterias se engruesa (se considera
que es una pelicula cuando alcanza el grosor de una micra). Las bacterias orales se depositan
en esta matriz denominada por algunos autores biocapa o biofilm. Ademas de este proceso
que se desarrolla sobre las superficies limpias del esmalte, existen numerosas regiones donde
es deficiente la integridad de esta superficie; tales regiones pueden ser facilmente
identificadas cuando la superficie del esmalte se examina con el microscopio electronico de
barrido. Es casi imposible eliminar de estos lugares a las colonias de bacterias. La edificacion

de la placa progresa rapidamente a partir de estos defectos cuneiformes.

La teoria aciddgena considera que sobre la superficie del esmalte se producen acidos como
consecuencia de la fermentacion bacteriana de los hidratos de carbono. Dichos &cidos son los
responsables de la disolucién de los cristales de apatita, que constituyen el 95 % de la masa
del esmalte.’

La presencia de bacterias en la cavidad oral es esencial en la produccion de caries, debido a

que las enzimas bacterianas producen acidos a partir de los hidratos de carbono.

1.7 Lesion Incipiente de Caries

La lesion inicial de caries es generalmente denominada como “mancha blanca”, puede
producirse tanto a nivel de fosas y fisuras como de superficies lisas del esmalte y superficies
radiculares. La primera manifestacion macroscopica que podemos observar en el esmalte es la
pérdida de su translucidez que da como resultado una superficie opaca, de aspecto tizoso y sin
brillo.®?

La ubicacion de la lesion inicial de mancha blanca esta determinada por la distribucion de los

depositos microbianos sobre las superficies dentarias.®#
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Es importante destacar que en estadios iniciales, las lesiones activas de caries de esmalte estan
a nivel subclinico, es decir que son macroscopicamente invisibles. A medida que persiste el
estimulo cariogénico, los cambios en el esmalte se hacen permisibles después del secado,
indicando que la porosidad de la superficie se ha incrementado en concordancia con el
agrandamiento de los espacios intercristalinos. Sin embargo, es importante recordar que
cuando dichos espacios, estan agrandados (contribuyendo a un incremento global de la
porosidad de la superficie del esmalte) se pueden ver los cambios macroscopicos en el
esmalte sin desecar. Cuando esto se presenta, ya existe una extensa pérdida mineral debajo de

la capa superficial .1*#*%*

1.8 Aparatologia Ortodoncica Fija

El tratamiento ortodoncico comprende el uso de aparatos para corregir la posicion de los
dientes. Se ha demostrado que la calidad del resultado del tratamiento obtenido con aparatos
fijos es mucho mejor que con aparatos removibles. Por consiguiente, la mayoria de los
ortodoncistas prefieren tratar a sus pacientes con aparatos fijos. El éxito de un aparato
ortodoncico fijo depende de que los brackets y bandas se adhieran firmemente a los dientes,
de manera que no se aflojen durante el tratamiento. Los brackets se adhieren generalmente a
los dientes anteriores y algunos posteriores como son los premolares, mientras que para los
molares se utilizan bandas y en algunas ocasiones tubos directos.

Durante el tratamiento de ortodoncia la formacion de lesiones incipientes de mancha blanca es
el efecto indeseable mas frecuente y dificil de prevenir.”> Dicho fenémeno es originado por la
mayor cantidad de acumulo bacteriano cuando los aparatos se han colocado en la cavidad
oral. Actualmente, la indeseable formacion de lesiones incipientes de mancha blanca es una
de las principales preocupaciones de los clinicos y esto se ve reflejado en numerosas

investigaciones de relevancia a nivel internacional.

1.9 Adherencia Bacteriana

La adherencia bacteriana depende de factores inespecificos de indole fisico-quimicos y
eléctricos. También, existen otros factores especificos de caracter adhesina-receptor, fimbrias,
etc. De cualquier manera, para que se produzca la adherencia inicial es necesario que la

bacteria se acerque a la superficie del material. %
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El transporte de la bacteria se produce por tres mecanismos: 1) difusion 2) dinamica del fluido
y 3) por actividad propia de la bacteria. Cuando la bacteria se acerca a la superficie aparece
una atraccion debido a las fuerzas de Van der Waals (Fa), que son debidas a un efecto dipolo
entre &tomos o moléculas. A medida que se va acercando a la superficie, aparece una fuerza
de repulsion debida a la carga negativa de la bacteria y del material que suelen ser del mismo
signo. A esta fuerza se le denomina "Z potencial” (Fe). De la interaccion de estas dos fuerzas
es de lo que depende el mayor o menor acercamiento del microorganismo a la superficie del
material denominado energia Gibbs. Cuando la bacteria llega a una distancia de 2nm podemos
predecir que la adhesion sera irreversible, sin embargo a una distancia de 10nm la situacion es
critica ya que la bacteria dependiendo de su tamafio y otros factores puede adherirse
reversible o irreversiblemente. A distancias mayores, la adhesién puede considerarse
reversible. 2’ Posteriormente, se produce la fijacion a la superficie del material o la superficie
dura del diente segin sea el caso. Cuando se fijan los microorganismos entran en intimo
contacto con la superficie solida.?®

La superficie del material o del diente se reviste por una pelicula con componentes salivares
que actlian como receptores especificos para los microorganismos.® En algunas ocasiones
cuando la bacteria esta a una distancia aproximadamente de 10 nm se puede unir intimamente
a la superficie del diente o del material debido a sus prolongaciones, fimbrias o pilis. De
cualquier manera, es importante mencionar que la adherencia bacteriana en materiales
dentales es mayor que aquella observada en el esmalte dental y el analisis de la adherencia
bacterianas sobre los materiales dentales es de vital importancia puesto que permanecen en

intimo contacto con la superficie dental.

1.10 Resinas Compuestas

Actualmente, las resinas compuestas son el material de eleccién para la colocacion de
brackets ortodéncicos.® Debido a su composicién, dichos materiales no tienen la capacidad de
inhibir la adherencia bacteriana como los iondmeros de vidrio. Existen estudios donde al
afiadir substancias similares a cementos de ionomero de vidrio a la composicion de las resinas
se puede inhibir la adherencia de microorganismos. Por ejemplo el triclosan afiadido a su
composicion inhibe la adherencia tanto en muestras revestidas, como no revestidas de

saliva.?®
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En cuanto al pulido de las resinas compuestas, se ha encontrado un aumento de la adhesion
bacteriana en superficies rugosas.®® Sin embargo, existen gérmenes como el Streptococcus
oralis, que a diferentes grados de rugosidad no variaba su grado de adhesion, ya que esta se

producia especificamente a las particulas de relleno.®*

Por otra parte, el efecto de agentes aclaradores sobre la superficie de los composites, implica
un aumento para la adhesion de Streptococcus mutans y Streptococcus sobrinus, tanto con el
perdxido de carbamida como con el perdxido de hidrogeno. Sin embargo, se ha reportado una

disminucion de la adhesividad de Actinomices viscosus.*

1.11 lonémeros de Vidrio

En cuanto a los iondmeros de vidrio se encuentran diferentes estudios, como por ejemplo el
de Shahal,®® quien analiz6 la adherencia bacteriana entre las resinas compuestas y los
ionomeros de vidrio. Encontrando que cuando las muestras fueron recubiertas con saliva
fresca de par6tida no existen diferencias entre ellos. En este caso, la pelicula enmascara las
posibles diferencias del material. Sin embargo en el estudio de Kawai K,** reporté que aunque
los ionémeros no disminuyen de manera significativamente la adherencia bacteriana inicial, si
lo hicieron a las 24 horas y en un grado mayor que los compdmeros y los composites. En
general se ha atribuido una disminucion de la adhesividad bacteriana a los ionémeros de
vidrio debido a su concentracion de flor. Pruebas in vitro han revelado que pueden reducir la
adherencia de Stroptococcus mutans, Streptococcus mitis, Streptococus sanguinis y

Actinomices viscosus en un 80%, asociandose a la capacidad de liberacion de flaor.*®
1.12 Cuantificacion Bacteriana

Los marcadores radiactivos son uno de los elementos primordiales de las técnicas predictivas
de imagen. Se trata de moléculas a las que se afiade o sustituye un dtomo radiactivo que se
fijan de forma especifica a una célula o molécula. Cuando su atomo radiactivo se desintegra,
emiten una radiacion que puede seguirse mediante detectores externos. Uno de los principales
desafios de las técnicas predictivas de imagen es encontrar y luego sintetizar marcadores cada

vez més especificos de un parametro biolégico dado.?®
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Si bien existen diversas tecnicas para la aplicacion de marcadores radiactivos para la
cuantificacion de microorganismos adheridos a las superficies de los materiales dentales, la
microscopia fluorescente se ha convertido en otra herramienta importante de investigacion
para observar y cuantificar el nimero de microorganismos existentes en una superficie

determinada.
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2. Planteamiento del Problema:

La descalcificacion del esmalte adyacente a la aparatologia ortodoncica fija es un efecto

adverso comun en el tratamiento ortodéncico.>*’

Los pacientes tienen problemas para
mantener una adecuada higiene oral por la aparatologia ortoddéncica fija cementada
directamente a la superficie dental, esto genera una mayor acumulacion de placa
dentobacteriana y la respectiva produccion de &cidos que desmineralizaran la superficie

dental generando una difusion de iones de calcio y fosfato en el esmalte. *"

La péerdida de la superficie calcificada del 6rgano dentario dar4 como resultado una lesion de
mancha blanca visible, que es més pronunciada en la superficie gingival donde existe la
mayor acumulacién de placa dentobacteriana.

Esta descalcificacion puede ocurrir en las 4 primeras semanas después de la colocacion de la
aparatologia fija ortodéncica,* representando los primeros estadios de caries dental.

Existen medidas preventivas tales como la técnica de cepillado dental, remocion mecénica de
la placa dentobacteriana y aplicaciones topicas de fluoruro, sin embargo estas medidas
dependen de la cooperacion del paciente y han demostrado una baja y limitada reduccién de la
descalcificacion del esmalte.®®

En relacion a los materiales ortoddncicos cementantes, algunos de ellos cuentan con fluoruro
para prevenir la descalcificacion, pero no existen suficientes estudios para comparar los

nuevos materiales con respecto a la adhesion bacteriana. *4%#®

Preguntas de investigacion:

¢Existen diferencias significativas de adherencia bacteriana entre los distintos tipos de

materiales para la cementacion de bandas ortodoncicas?

¢Cual de las dos especies de Streptococcus (mutans y sanguinis) presenta una mayor

adherencia a los materiales para cementado de bandas ortodoncicas?
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3. Hipdtesis:

Hi: La adhesion bacteriana muestra diferencias estadisticamente significativas entre los

distintos tipos de materiales para la cementacion de bandas ortodoncicas.

H,: Se presentan diferencias estadisticamente significativas entre las dos especies bacterianas
S. mutans y S. sanguinis con respecto a la adhesion a los distintos materiales para

cementacion de bandas ortodoncicas.

Hipotesis nula: La adhesion bacteriana no muestra diferencias estadisticamente significativas

entre los distintos tipos de materiales para la cementacion de bandas ortoddncicas.
Hipdtesis nulaz: No se presenta diferencias estadisticamente significativas entre las dos

especies bacterianas S. mutans y S. sanguinis con respecto a la adhesion a los distintos

materiales para cementacion de bandas ortoddncicas.
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4. Objetivos:

General

Determinar cuantitativamente el grado de colonizacion bacteriana especificamente de

Streptococcus mutans y Streptococcus sanguinis en ocho materiales cementantes de bandas

ortodoncicas.

Especificos

1. Cuantificar la cantidad de adherencia de Streptococcus mutans y Streptococcus

sanguinis utilizando marcadores radioactivos.

2. Comparar la cantidad de bacterias adheridas entre los distintos materiales para

cementacion de bandas.

3. Identificar los materiales ortodoncicos cementantes con mayor 0 menor

susceptibilidad de colonizacion bacteriana.

4. Examinar la afinidad de adhesion entre el Streptococcus mutans y Streptococcus

sanguinis a los distintos materiales ortodoncicos cementantes.

5. Observar mediante microscopia electronica la colonizacion de bacterias.
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5. Justificacion:

El conocimiento de los patrones de la adherencia de Streptococcus cariogénicos a los
materiales ortodoncicos puede proporcionar al clinico informacion valiosa para la prevencion
de la desmineralizacion del esmalte durante el tratamiento ortoddncico, evitando asi la lesion

de mancha blanca que afecta a la mayoria de pacientes bajo tratamiento ortodéncico.**

La informacion sobre adherencia de Streptococcus cariogénicos a los materiales para
cementacion de bandas ortoddncicas puede ayudar a determinar el tipo de material
cementante a usar para prevenir la desmineralizacion del esmalte.”® Los fabricantes proveen
cierta informacion de las propiedades fisicas de los materiales dentales, pero la informacion
de las propiedades antibacteriales es incierta o se desconoce, esta informacion es necesaria
para decidir cuél es el mejor material entre la amplia gama de opciones que existen en el

mercado.*®
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6. Material y Métodos:

6.1 Disefio de Estudio
Tipo de estudio

Experimental, transversal y prospectivo.

Método de muestreo

La experimentacion se realizo in vitro en bloques de resina y cemento.

Tamafo de la muestra

El tamafio de la muestra fue un total de 420 bloques de 8 materiales para el cementado de
bandas de uso ortodéncico (Fuji Ortho Band, Transbond Plus Band Cem, CX, Multi-Cure
Band, Ortholy Band Paste, Ketac Cem, Protech, Optiband Ultra).

6.2 Criterios de inclusion, exclusion y eliminacion

Criterios de inclusion
Materiales para cementacion de bandas ortodoncicas actuales.
Criterios de exclusion

Materiales que no sean para cementacion de bandas ortodoncicas actuales.

6.3 Procedimientos

Se fabricaron bloques de cemento utilizando un molde teflon de 4 X 4 x 1mm. Para los
materiales fotopolimerizables el procedimiento se realizé cubriendo el material con un porta
objetos de cristal seguido de la aplicacion de la lampara de luz fotopolimerizable (Ortholux,
3M Unitek, Monclovia, Calif., EUA) por 60 seg.>®

Los blogques obtenidos se pulieron ligeramente con papel abrasivo y pasta diamantada de 6um
(MetaDi Il Diamond Paste, Buehler, Lake Bluff, IL, EUA) y se limpiaron ultrasénicamente
durante un minuto para eliminar impurezas. La muestra se seco y fue almacenada en

recipientes libres de humedad.
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Cepas certificadas de Streptococcus mutans y Streptococcus sanguinis fueron cultivadas con
métodos convencionales para su reproduccién en cajas Petri y con medios a base de agar tipo
TSBY (caldo soya tripticaseina suplementado con extracto de levadura).

Para realizar el andlisis cualitativo de la adherencia de los microorganismos a las superficie de
los materiales, se observaron los especimenes después de sumergirlos en una solucién que
contuvo los microorganismos en constante movimiento, durante 2 horas a una temperatura de
37°C. Para la observacion con microscopio electronico de barrido fue necesario pre-fijar
quimicamente los especimenes con glutaraldehido y fijar con tetradxido de osmio al 1%,
desecar con una serie ascendente de etanol, secar por congelamiento y recubrir las muestras

con osmio.*"*

El analisis cuantitativo de la adherencia de los microorganismos a la superficie de los
materiales se realizd con marcadores radiactivos para codificar a las bacterias (H® y Ca'¥) y
posteriormente se utiliz6 un sistema de combustion (ACS-113, Aloka, Tokio, Japon), para
capturar los residuos y posteriormente medir la radiacion de cada muestra (LSC-900,
Aloka).*

6.4 Variables de Estudio

Dependientes

e Tipo de bacteria: Streptococcus mutans y Streptococcus sanguinis.

Independientes
e Material para cementacion de bandas ortodoncicas: Fuji Ortho Band, Transbond Plus
Band Cem, CX Plus, Multi-Cure Band, Ketac Cem, Protech, Optiband Ultra, Ortholy
Band Paste.
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6.5 Implicaciones Bioéticas
No existen implicaciones bioéticas ya que el presente estudio fue realizado in vitro.

6.6 Recoleccion de Datos

Se utilizé un sistema de combustion (ACS-113, Aloka, Tokio, Japon), para capturar los
residuos y posteriormente medir la radiacion de cada muestra (LSC-900, Aloka).*

6.7 Analisis Estadisticos
Los datos fueron registrados y examinados con el software para analisis estadisticos SPSS

18. Para el andlisis estadistico se realizaron multiples comparaciones entre los diversos
materiales con la prueba de ANOVA (Sheffer Post-hoc).
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7 Resultados

7.1. Primer articulo: Adherence of Streptococcus mutans to orthodontic band cements.

7.1.1. Carta de Aceptacion primer articulo.

06-May-2012

Dear Prof. Scoguall-Vilchis:

I am pleased to inform you that your manuscript entitled "Adherence of Streptococcus mutans to orthodontic
band cements" has been accepted for publication in the Australian Dental Journal. Your manuscript will now
be forwarded to our production editor to be prepared for publication.

Thank you for your fine contribution. On behalf of the Australian Dental Journal, I look forward to your
continued contributions to the Journal.

Sincerely,

Prof. Mark Bartold
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ABSTRACT

Backgrosesd: The aim of this smdy was ro quantitatively determine the adherence of Strepracaccss msgans to arthadansc
band cements.

Mefhads: Two hundred and =n blacks of seven different hand cemenes for arthodonsic prescripion were made wsing 2
Teflon mould {4 x 4 x 1 mm). The obtainad blocks were slighely polished and cleansed ukrasonically. Cerrified S st
ATCC 25175 were culured with convendonal methods for growsh in Perni dishes and rrypeicase soy broth. Quansmdve
analysis was carried owr with radioactve markers o codify the baceria {"H) Subcequently, 2 combustion system was used
10 caprure the residues, the radioacaviry of the samples was measured, and the values recorded in disinegrasions per minute
{dpm). One-way analysis of vanance (ANOVA] with 2 Scheff test for multiple compar isons was rea lized with 2 significance
level of <0.05.

Ressdts: Significane differences were found amang differentband cement mazeriak {p < 0,001 ). Two band cemenr mareriak
showed stagstically Jower values than the others (Transbond Plus Band Cem and Ketac Cem). In contrast, GC Fuji Orsho
Band presented the highest adherence of S. ssgans.

Condssions: Among the cemens evaliated, Transbond Plus Band Cem and Ketac Cem showed lower adherence of

S mutins

Keyeords: Adbercne, bacters, bund oo oo, radiokibel, Strepl ococs sex swselins.
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(Acz epred for pablication & May 2012.)

INTRODUCTION

The oral cavity environment provides certain essential
characteristics for the proliferation of bacteria thatare
capable of producing ackds that demineralize the
surface of the tooth enamel.’ Dentobacterial plaque
has 2 crucial role in the adhesion of these micoorgan-
isms to the dental surface in such a way that the
demineralization of the enamel originates with the
organic acxl production of microargansms. Srepto-
coccss mutans has been dassifisd as the most cario-
genic bacteria. >

Orthodontic reatment using fixed appliances {brack-
ers, hands, archwires, ties) provides suitable conditions
to facilitate the colonization of cariogenic micoorgan-
isms. As the fixed appliances facilitate the retention and

Ans

dpem = dounegrason per

SEM = scanmeg cloceran e Cromoope.

adhesion of dentobacterial plaque, dental hygiene
becomes more complicated and microorganisms
increase the nsk of emamel demineralization. Ortho
dontic hands are usually placed on the teeth for 2 years
on average, and the proliferaton of microorganisms, as
well as the risk of enamel damage at the enamel cement
interface, increases. Demineralzaton of the emamelcan
oacur from the first month after placement of fixed
apphianaes.’ It has been estimated that the prevalence of
white spot lesions in patients treated arthodonticlly i
from 126% to 50%.*

The prevention of whie spot lesions/Grnes and
periodontal problems during orthodontic treatment i
a significant challenge to the dinician and patient.
Many strategies have heen proposed and developed to
minimize these biological cnsequences, which may
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7.1.3. Resumen

Objetivo: El propdsito del presente estudio fue el de determinar cuantitativamente la
adherencia del Streptococcus mutans a cementos para bandas ortodéncicas. Materiales y
Metodos: Se realizaron 210 bloques de siete materiales para el cementado de bandas
ortoddncicas diferentes utilizando un molde de teflon de (4x4x1mm). Los bloques obtenidos se
pulieron ligeramente y fueron limpiados con ultrasonido. Cepas certificadas de Streptococcus
mutans ATCC 25175 fueron cultivadas mediante métodos convencionales en cajas Petri y con
medios a base de agar tipo TSBY. El andlisis cuantitativo fue llevado a cabo mediante
marcadores radiactivos para codificar la bacteria (*H). Posteriormente, un sistema de
combustion se utilizé para capturar los residuos, la radiactividad de las muestras fue medida y
los valores se registraron en desintegracion por minuto (dpm). Se realizo el analisis estadistico
de varianza de una via (ANOVA) con el andlisis de Shefféer Post-hoc para mdultiples
comparaciones con un nivel de significacion de < 0.05. Resultados: Se encontraron diferencias
estadisticamente significativas entre los diferentes cementos para bandas (P < 0.001). Los dos
cementos que mostraron valores estadisticamente menores fueron Transbond Plus Band Cem y
Ketac Cem. En contraste GC Fuji Ortho Band mostro la mayor adhesion de S. mutans.
Conclusiones: De entre los cementos evaluados en el presente estudio Transbond Plus Band

Cem y Ketac Cem mostraron una menor adhesién de S. mutans.
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7.1.4. Abstract

Background: The aim of this study was to quantitatively determine the adherence of
Streptococcus mutans to orthodontic bands cement. Methods: 210 blocks of seven different
band cements for orthodontic prescription were made by using a Teflon mold (4x4x1mm). The
obtained blocks were slightly polished and cleansed ultrasonically. Certified Streptococcus
mutans ATCC 25175 were cultured with conventional methods for their growth in Petri dishes
and trypticase soy broth. Quantitative analysis was carried out with radioactive markers to
codify the bacteria (*H). Subsequently, a combustion system was used to capture the residues,
the radioactivity of the samples was measured, and the values were recorded in disintegrations
per minute (dpm). One-way analysis of variance (ANOVA) with a Sheffé test for multiple
comparisons was realized with a significance level of < 0.05. Results: Significant differences
were found among different band cement materials (P < 0.001). Two band cement materials
showed statistically lower values than the others (Transbond Plus Band Cem and Ketac Cem ).
In contrast, GC Fuji Ortho Band presented the highest adherence of S. mutans. Conclusions:
Among the cements evaluated under the conditions of the present study, Transbond Plus Band

Cem and Ketac Cem showed lower adherence of S. mutans.
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7.1.5 Primer Articulo

INTRODUCTION

The oral cavity environment provides certain essential characteristics for the proliferation of
bacteria that are capable of producing acids that would demineralize the surface of the tooth
enamel.! The dentobacterial plaque has a crucial role in the adhesion of these microorganisms
on the dental surface in such a way that the demineralization of the enamel originates with the
organic acid production of microorganisms. Streptococcus mutans has been classified as the
most cariogenic bacteria.’ 2

Orthodontic treatment using fixed appliances (brackets, bands, archwires, ties) provides
suitable conditions to facilitate the colonization of cariogenic microorganisms. As the fixed
appliances facilitate the retention and adhesion of dentobacterial plaque, dental hygiene
becomes more complicated and microorganisms increase the risk of enamel demineralization.
Usually, orthodontic bands are placed on the teeth for 2 years on an average, and the
proliferation of microorganism as well as the risk of enamel damage at the enamel-cement
interface increase. Demineralization of the enamel can occur from the first month after the
placement of the fixed appliances,  and it has been estimated that the prevalence of white spot
lesions in patients treated orthodontically is from 12.6 to 50%. *

The prevention of white spot lesions/ caries and periodontal problems during orthodontic
treatment is a significant challenge to the clinician and patient. Many strategies have been
proposed and developed to minimize these biological consequences which may include fluoride
varnishes, tooth Mousse and various tooth pastes, mouth rinses. Moreover, new materials have
been developed which are relatively insoluble (unlike the historical copper and zinc phosphate
cements) and even include antibacterial and fluoride releasing characteristics.

Although the direct bonding of appliances is performed in the majority of teeth, cementation of
orthodontic bands in molars is an essential procedure for the clinical treatment in most common
cases. The properties of the cements are different due to their structure and chemical
composition. The recently developed materials present a great diversity between their physical
properties, chemical composition, as well as the ultrastructure.> ® These properties can cause
positive or perhaps negative effects in the bacterial aggregation, and the most undesirable effect
during the orthodontic treatment is the appearance of incipient white spot lesions. Currently,
different kinds of materials are available for cementing bands; however, the glass ionomer
cement is the most commonly used, followed by hybrid materials such as glass ionomer

modified with composite-resin.
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In this context, it is important to analyze the amount of bacterial accumulation in different
cement materials used in orthodontics. Thus, the aim of this study was to quantitatively

determine the adherence of S. mutans to orthodontic bands cement.

MATERIALS AND METHODS:

The following orthodontic cements were classified into seven groups:

I: Transbond Plus Band Cem (3M Unitek, Monrovia, Calif., USA); Il: Ketac Cem (3M ESPE,
Gmbh, Seefeld Oberbay, Germany); IlI: Ortholy Band Paste (Fuji GC Corp., Tokyo, Japan);
IV: GC Fuji Ortho Band (GC Corporation, Tokyo, Japan); V: Multi-Cure Band (3M Unitek);
VI: CX (Shofu, Kyoto, Japan); and VII: Optiband Ultra (Ormco, Glendora, Calif., USA). The
types of the cements are described in the Table 1. The total sample size was 210 blocks (30 per
group). The cement blocks were made by using a Teflon mold of 4 x 4 x 1 mm. For the light
curing materials (Groups I, 1V, V, and V1), the procedure was performed covering the material
with a micro-slide glass, followed by the application of the light curing lamp (Ortholux, 3M
Unitek) with an intensity of 1600 mw/cm? for 60 sec. The self-curing materials were handled
according to the manufacturer’s instructions.

The obtained blocks were slightly polished with sand paper and diamond pastes of 6 pum
(MetaDi Il Diamond Paste, Buehler, Lake Bluff, IL, USA) and cleaned ultrasonically for a
minute to eliminate impurities. The samples were dried and stored in humidity-free
environment to avoid contamination. All the specimens were sterilized in ethylene oxide gas.
Certified S. mutans ATCC 25175 were cultured with conventional methods in Petri dishes and
trypticase soy broth (BBL, Cockeysville, MD, USA).” Subsequently, S. mutans were
transferred to a liquid culture medium.

Quantitative analysis of the adhesion of the microorganisms to the surface of the materials was
performed with radioactive markers to codify the bacteria (*H). The specific activity of the
radioactivity was approximately 30 000 d.p.m. per 108 cells.

Each cement block was suspended in labeled bacterial fluid at 37°C for 2 hours. To eliminate
the non-adhering bacteria, the cement blocks were removed from the test tubes and
immediately washed thrice with PBS. Labeled bacteria that adhered to the cement blocks were
collected using an automatic sample combustion equipment (ACS-113, Aloka, Tokyo,
Japan).Tritium was recovered as H,O in Aquasol-2 (Packard) and radioactivity was measured
by a liquid scintillation counter (LSC-900, Aloka).”®® The results were recorded in
disintegration per minute (dpm).
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In addition, some representative samples were observed under a scanning electron microscope
(SEM) at 2500X magnification only for a qualitative analysis propose; after submerging the
specimens for 2 hours at 37°C in a solution containing the cultured microorganisms, and the
solution was continually stirred. For the observation under SEM, the samples were chemically
prefixed with glutaraldehyde and fixed with osmium tetroxide, dehydrated with an ascending
series of ethanol, and freeze-dried. The sample were coated with a thin layer of osmium.*
Statistical analysis

The data were registered and examined with the software for statistic analyses, SPSS 18.
(International Business Machines Corp. New York, USA). Differences in the measured values
among the band cements were tested by one-way analysis of variance (ANOVA) with a Sheffé
test for multiple comparisons. A probability of less than 0.05 for similarity of distribution was

considered to be statistically significant.

RESULTS

The mean values of the quantitative radio-labeled S. mutans, expressed in dpm, and the Shefféer
Post-hoc test to determine the statistically significant differences (P < 0.001) are summarized in
Table 2. Moreover, the distribution frequency and percentage of each band cement material are
illustrated in Figure 1.

According to the values of dpm, the results show that the band cements with less adhesion of S.
mutans are Transbond Plus Band Cem (1261.01 dpm) and Ketac Cem (1264.64 dpm), followed
by Ortholy Band Paste (1394.58 dpm), CX (1492.10 dpm), Multi-Cure Band (1551.62 dpm),
and Optiband Ultra (1615.82 dpm). However, the values of Transbond Plus Band Cem and
Ketac Cem were significantly lower than Multi-Cure Band, Optiban Ultra, and GC Fuji Ortho
Band. Although the values yielded by Ortholy Band Paste and CX were higher than Transbond
Plus Band Cem and Ketac Cem, they were not significant.

On the other hand, the band cement material with the highest quantity of S. mutans adhered was
GC Fuji Ortho Band (1902.67 dpm; this value was significantly higher than all groups).

The representative SEM images of the cement materials obtained after 2 hours of immersion in
S. mutans solution are shown in Figure 2. The results obtained in the quantitative analysis are

consistent with the qualitative observation with SEM.
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DISCUSSION

Bacteria adherence to composite resins has been analyzed and measured; however, today, to
our knowledge, the adherence of S. mutans to orthodontic band cement materials has not been
quantified. The orthodontic bands surround the molars and the accumulation of dental plaque is
higher than the other teeth. The enamel-cement interface is a vulnerable area to develop white
spot lesions and enamel demineralization. In this context, the application of cement with lower
adherence of these cariogenic bacteria might be beneficial to prevent or reduce the undesirable
formation of white spot lesion. The methodology and the certified type of strain used in
this study has been reported in relevant literature obtaining reliable conclusions.

In the present study, the two band cements materials that demonstrated lower adherence of S.
mutans were Transbond Plus Band Cem and Ketac Cem. Transbond Plus Band Cem is a blue-
color light-cured compomer band cement in a single syringe commercial presentation that
makes it easier to handle and differentiate from the tooth, is convenient because it does not
require to be mixed and is ready to be placed directly on to the orthodontic band, and as it is
light-cured, the clinician can determine the best time for polymerization. On the other hand,
Ketac Cem is a conventional white-colored glass ionomer cement in a commercial presentation
of liquid and powder, which has to be mixed, and has an established curing time of 3 minutes.

I.1* evaluated the band failure with different band cement materials and showed

Gillgrass et a
that the band failure rate of 2.8% for the conventional glass ionomer, Ketac Cem, is lower than
the 5% band failure rate for the modified composite. Therefore, this conventional glass ionomer
cement provides suitable properties to place orthodontic bands, yielding higher mechanical
retention and lower adherence of S. mutans. Moreover, it has been shown that disks of Ketac
Cem release higher level of fluoride in vitro and have a greater antimicrobial effect.
Furthermore, it has also been shown that conventional glass ionomers, resin-modified glass
ionomers, and modified composites have the capacity for fluoride uptake in vitro.**™

Microgap formation between the adhesive material and the enamel surface contributes to
microleakage, permitting the passage of bacteria and oral fluids, which can cause white spot
lesions or demineralization under the attachment surface area.'® Orthodontic applications
usually involve thin layers of adhesives and lack areas of bulk material that would seem to
favor chemical cure systems. Orthodontic bands, however, are susceptible to areas of variable
cement thickness and have a physically greater barrier to irradiation than brackets. ’

Ulysal et al. published that different band cement materials showed a significant microleakage
results: Ketac-Cem had the highest leakage scores between the cement-band (median, 3.50

mm) and cement-enamel (median, 2.88 mm) interfaces followed by Transbond Plus with a
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microleakage in cement-band (median, 0.38 mm) and cement-enamel (median, 0.38 mm)
interfaces and Multi-Cure cement-band (median, 0.25 mm) and cement-enamel (median, 0.38
mm) interfaces.*®

In this study, GC Fuji Ortho Band showed the highest bacterial adherence among all the
cements evaluated, and a possible explanation could be that this material has a different surface
texture and some irregularities that can cause retention of microorganism, making it more
susceptible for colonization (Figure 2 D).

Although GC Fuji Ortho Band and Ortholy Band Paste exhibit similar presentation and
components, the mixing procedure is different (Ortholy Band Paste has an automixing canules
system), and the results of S. mutans adherence are significant. On the other hand, Cacciafesta
et al.'® showed that GC Fuji Ortho Band released more fluoride than the remaining molar
banding adhesives evaluated; moreover, Multi-Cure Band was found to release more fluoride
than Transbond Plus and Optiband. The highest fluoride release rate of GC Fuji Ortho Band
could be due to some components, such as barium fluoride in the inorganic phase of the
adhesive.™ Perhaps fluoride release of GC Fuji Ortho Band is not sufficient to avoid adhesion
of S. mutans to the material.

Fluoride released from conventional glass ionomer and resin-modified glass ionomer is
believed to contribute to antibacterial activity.?’ The availability of the fluoride and its release
into the immediate microenvironment in vivo are not well defined in most novel fluoride-
containing dental materials, including orthodontic cements. The fluoride concentration in a
specific dental material’s composition does not reflect its rate of release. Thus, the antibacterial
properties due to fluoride concentration are expected to vary from one material to another.?

A material’s ability to be recharged with fluoride or other antibacterial components might
extend the antibacterial activity for the duration of the orthodontic treatment, thus providing a
superior preventive measure to orthodontic treatment.?! As some fluoride-releasing cements
presented higher adherence of S. mutans, further studies should be carried out to identify the
bacteriostatic effects of the cements with the property to release fluoride against the adherence
of S. mutans.

In this study we evaluated the quantity of S. mutans adhered to different cements commonly
used in Orthodontics, the application of a material with lower accumulation of this cariogenic
microorganism might be beneficial; however, the white spot lesion is a multifactorial process
found in patient treated with orthodontics due the changes of the oral ecologic, such as a low
pH environment, increased retentive sites for S. mutans, and increased retention of food

particles, which may lead to increased proportions numbers of bacteria. ***" Additionally, oral
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hygiene methods must be emphasized, the auxiliaries mouthwashes, sprays or varnishes and be
very careful with the orthodontic material that we chose in a way to prevent this undesirable
effects. In this connection, Nelson-Filho et al.?® reported the efficacy of the use of a mouthwash
with 0.12% of chlorhexidine gluconate to significant decrease the levels of S. mutans and we
considerate that this would be an alternative to control this levels and reduce the white spot
lesion.?

Another important factors is the acid production potential, the solubility of the material, the
distribution and volume of residual material and the comparative between bonding agents so
further studies should be carried out to identified the bacterial adhesion with different variables
and compare it with this results.

CONCLUSION

Among the cements evaluated in the present study, Transbond Plus Band Cem and Ketac Cem
showed lower adherence of S. mutans. In this context, the application of a band cement material
with lower adherence of these cariogenic bacteria might be beneficial to prevent or reduce the

undesirable formation of white spot lesions.
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Figure Legends

Figure 1. Distribution frequency of quantitative S. mutans adherence

Figure 2. SEM images of the orthodontic band cements immersed in a solution of S. mutans for
2 hours with a 2500x magnification. A, Transbond Plus Band Cem; B, Ketac Cem; C, Ortholy
Band Paste; D, GC Fuji Ortho Band; E, Multi-Cure Band; F, CX; and G, Optiband Ultra.

Table 1. Tested Materials

Trade Name Cement Type Curing Mechanism
I. Transbond Plus Band Compomer Photopolymerization (light cure)
Cem
I1. Ketac Cem Conventional glass ionomer Chemical cure (acid-base reaction)
I11. Ortholy Band Paste Resin-modified glass ionomer Photopolymerization (light cure)
IV. Fuji Ortho Band Resin-modified glass ionomer Chemical cure (acid-base reaction)
V. Multi-Cure Band Resin-modified glass ionomer  Tri-cure (acid-base reaction, light cure, and self
cure)
VI.CX Conventional glass ionomer Chemical cure (acid-base reaction)
VII. Optiband Ultra Resin-modified glass ionomer Photopolymerization (light cure)

Table 2. Quantitative adherence of radio-labeled S. mutans to orthodontic band cements

(values expressed in dpm).

Band Cement Groups Mean SD *Sheffe Test
(dpm)
G I: Transbond Plus Band Cem 1261.01 202.85 A
G Il: Ketac Cem 1264.64 197.22 A
G I11I: Ortholy Band Paste 1394.58 249.28 A B
G IV: Fuji Ortho Band 1902.1 257.91 C
G V: Multi-Cure Band 1551.62 284.54 B
G VI: CX 1492.49 325.59 A B
G VII: Optiband Ultra 1615.82 376.79 B

*Groups with different letters are significantly different from each
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Fig. 1 Distribution frequency of quantitative S. mutans adherence.

Fig. 2 SEM images of the orthodontic band cements immersed in a solution of S. mutans for 2 hours at 2500x magnification. (a) = Transbond Plus
Band Cem; (b) = KetacCem; (c) = Ortholy Band Paste; (d) = GC Fuji Ortho Band; (¢) = Multi-Cure Band; (f) = CX; and (g) = Optiband Ultra.
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7.2. Segundo articulo: Quantitative adherence of Streptococcus sanguinis to eight

orthodontic band cements.
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7.2.2. Resumen

Objetivo: El propdsito del presente estudio fue el de determinar cuantitativamente la
adherencia del Streptococcus sanguinis a ocho cementos para bandas ortodéncicas. Materiales
y Metodos: Se realizaron 240 bloques de ocho materiales para el cementado de bandas
ortoddncicas diferentes utilizando un molde de teflon de (4x4x1mm). Los bloques obtenidos se
pulieron ligeramente y fueron limpiados con ultrasonido. Cepas certificadas de Streptococcus
sanguinis ATCC 49295 fueron cultivadas mediante métodos convencionales en cajas Petri y
con medios a base de agar tipo TSBY. El andlisis cuantitativo fue llevado a cabo mediante
marcadores radiactivos para codificar la bacteria (*H). Posteriormente, un sistema de
combustion se utilizo para capturar los residuos, la radiactividad de las muestras fue medida y
los valores se registraron en desintegracion por minuto (dpm). Se realizo el analisis estadistico
de varianza de una via (ANOVA) con el andlisis de Sheffer Post-hoc para mdultiples
comparaciones con un nivel de significacion de < 0.05.Resultados: Se encontraron diferencias
estadisticamente significativas entre los diferentes cementos para bandas (P < 0.001).
Transbond Plus Band Cem mostr6 una adhesion significativamente menor (970.33dpm),
seguido por Ortholy Band Paste (1267.03dpm), Optiband Ultra (1354.54dpm), GC Fuji Ortho
Band (1498.71dpm), Multi-Cure Band (1644.84dpm), Protech (2004.53dpm) y Ketac Cem
(2087.38dpm). En contraste CX presento la mayor adhesion de S. sanguinis Conclusiones:
Entre los cementos evaluados Transbond Plus Band Cem mostré una adhesion significativa

menor de Streptococcus sanguinis.
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7.2.3. Abstract

Purpose: This study aimed to determinate quantitatively the adherence of Streptococcus
sanguinis to eight different orthodontic band cements. Methods: The sample consisted of 240
blocks of 8 different band cements (I: Transbond Plus Band Cem, II: Ortholy Band Paste, I1I:
Optiband Ultra, 1V: GC Fuji Ortho Band, V: Multi-Cure Band, VI: Protech, VII: Ketac Cem
and VIII: CX). The blocks were made by using a Teflon mold (4 x 4 x 1mm). Certified
Streptococcus sanguinis ATCC 49295 were cultivated with conventional methods and broth
with agar type TSBY. The quantitative analysis was carried out with radioactive markers to
codify the bacteria (*H). The radioactivity of the samples was measured and the values were
recorded in disintegrations per minute (dpm). One-way analysis of variance (ANOVA) with a
Sheffér Post-hoc test for multiple comparisons was carried out with a significance level of <
0.05. Results: Significant differences were found among different band cement materials (P <
0.001). Two band cement materials showed statistically lower values (Transbond Plus Band
Cem and Ortholy Band Paste). In contrast, CX presented the highest adherence of S. sanguinis.
Conclusions: Among the cements evaluated Transbond Plus Band Cem showed significantly

lower adherence of S. sanguinis.
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7.2.4. Segundo Articulo
INTRODUCTION

The principal etiology of periodontitis, caries and gingivitis is a mixed bacteria in a biofilm
structures on supragingival and subgingival tooth surfaces and oral soft tissues. The fixed
appliances in orthodontic treatment modify the normal oral environment disrupting the balance
between the host and established microorganisms. Clinical and microbiologic changes were
induced on clinical and microbiologic parameters in subjects undergoing orthodontic therapy.*®
There appears to be a shift in the subgingival microbiota during orthodontic therapy.
Increasing the total bacterial load, including spirochetes, fusiform bacteria, rods, and gram-
negative anaerobic species concomitant with a reduction in gram-positive and aerobic bacteria,
has been reported.?®’

Augmented plaque accumulation, bleeding on probing and probing pocket depth have been
reported after placement of bonded and banded orthodontic appliances. "8

Different studies report that the only presence of S. mutans is not sufficient to predict the
formation of dental caries in children.®'® The presence of other oral streptococcus species in
the oral cavity may also moderate caries outcome in children. Streptococcus sanguinis, one of
the predominant species of the indigenous oral biota colonizing saliva and dental plaque, is
usually associated with tooth surfaces free of caries.*>*? It has been reported that the S. mutans
to S. sanguinis ratio might be indicative of caries outcome or risk for caries.”*3

In fact, several investigators using conventional culture methods have deducted from their
studies that S. sanguinis may play an antagonistic role against S. mutans colonization.****1° s,
sanguinis is recognized not only for its historical association with life-threatening bacterial
endocarditis, but also because of its putative antagonistic role in dental caries and periodontal
diseases.'”*® In terms of the former, S. sanguinis may compete with the mutans streptococci for
colonization sites on tooth surfaces, since both groups of bacteria require the presence of teeth
for colonization and may exhibit direct biochemical antagonism in situ.**%* Hence, the present
study was conducted to determinate quantitatively the adherence of Streptococcus sanguinis to

eight different orthodontic band cements.
METHODS:

The following orthodontic cements were classified in 8 groups:
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I: Transbond Plus Band Cem (3M Unitek, Monclovia, Calif., USA); 1I: Ortholy Band Paste
(Fuji GC Corp., Tokyo, Japan); IlI: Optiband Ultra (Ormco, Glendora, Calif., USA); IV: GC
Fuji Ortho Band (GC Corp.); V: Multi-Cure Band (3M Unitek); VI: Protech (Ormco); VII:
Ketac Cem (3M ESPE, Gmbh, Seefeld Oberbay, Germany); VIII: CX (Shofu, Kyoto, Japan).
The characteristics of the cements are described in the Table 1. The sample consisted of 240
blocks 30 of each group. The cement blocks were made by using a Teflon mold of 4 x 4 x
1mm. For the light curing materials (groups I, 111, V) the procedure was performed covering the
material with a micro-slide glass followed of the application of the light curing lamp (Ortholux,
3M Unitek) with an intensity of 1600 mw/cm? for 60 seg. The selfcuring materials were
handled according to the manufacturer’s instructions.

The obtained blocks were slightly polished with sand paper and diamond pastes of 6um
(MetaDi Il Diamond Paste, Buehler, Lake Bluff, IL, USA) and cleaned ultrasonically during a
minute to eliminate impurities. The sample were dried and stored in free humidity containers to
avoid contamination. All the specimens were sterilized with ethylene oxide gas.

Certified Streptococcus sanguinis ATCC 49295 were cultivated with conventional methods in
Petri boxes and broth with agar type Trypticase Soy Broth (BBL, Cockeysville, MD, USA).?

After that, the S. sanguinis was transfer to a liquid cultured medium.

The quantitative analysis of the adhesion of the microorganisms to the surface of the materials
was performed with tritium (°*H), a radioactive marker to codify the bacteria, 74 kBq of [6->H]
thymidine (GE healthcare U.S.A.), and cultured by 18 hours at 37° C. After that, the bacteria
was collected by centrifugation at 12 000 rpm for 15 minutes into 0.05M phosphate buffer
saline (PBS) adjusted to pH 7.0, and washed three times with PBS. The concentration of S.
sanguinis was 10° CFU/ml. and the specific activity of the radioactivity was approximately 30
000 d.p.m. per 108 cells.

Each cement block was suspended in labeled bacterial fluid at 37°C for 2 hours (Figure 1). To
eliminate the non-adhering bacteria, the cement blocks were removed from the test tubes and
immediately washed with PBS three times. Labeled bacteria which adhered to the cement
blocks were collected using an automatic sample combustion equipment (ACS-113, Aloka,
Tokyo, Japan). Tritium was recovered as H,O in Aquasol-2 (Packard) and radioactivity was
measured by a liquid scintillation counter (LSC-900, Aloka).?® The results were recorded in
disintegration per minute (dpm).

Statistical analysis
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The data was registered after each sample was measured repeatedly 3 times. The results
obtained were evaluated with software for statistic analyses SPSS 18 (International Business
Machines Corp. New York, USA). Differences in measured values among the band cements
were tested by one-way analysis of variance (ANOVA) with a Sheffer Post-hoc test for
multiple comparisons. A probability of less than 0.05 for similarity of distribution was
considered to be significantly different.

RESULTS

The mean values of the quantitative radio-labeled S. sanguinis, expressed in dpm, and the
Sheffer Post-hoc test to determine the statistically significant differences (P < 0.001) are
presented in Table 2.

It is important to mention that higher mean values of dpm represent higher radioactivity; in
other words, means more quantity of bacteria adhered.

According to the values of dpm, the results showed that the band cement with significant less
adhesion of S. sanguinis was Transbond Plus Band Cem (970.33 dpm), followed by Ortholy
Band Paste (1267.03 dpm), Optiband Ultra (1354.54 dpm), GC Fuji Ortho Band (1498.71
dpm), Multi-Cure Band (1644.84 dpm), Protech (2004.53 dpm) and Ketac Cem (2087.38). On
the other hand, the band cement material with the significant highest quantity of S. sanguinis
adhered was CX (2308.25 dpm).

DISCUSSION

Advances in orthodontic materials have affected orthodontic practice, there are materials that
do not need to be mixed and are light cured, so they reduce the chair time. The oral cavity
reunites proper characteristics for the bacterial colonization and they must have the ability to
adhere to oral surfaces, a property which has been repeatedly shown to be highly specific.?*

In addition to specific surface adhesion, bacteria have the property of co aggregation which
allows cell-to-cell recognition of genetically distinct cell types.”>?°

The conventional glass ionomer cements (groups VI, VI, VIII) analyzed in this study showed
similar results with each other. Additionally, these materials showed higher adherence of S.
sanguinis, it is important to mention that these three band cements are self curing materials
manufactured in powder and liquid; then, they need to be mixed manually and micro-air
bubbles could be included. In contrast, no mixing materials (groups I and IIl) showed less
bacterial adhesion, these are presented in one composite syringe with a contrasting blue color

and they are light curing materials. In the process of handling the mixing materials showed an
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irregular surface of the material block and in contra part the no mixing materials showed a
smoother surface, the roughness of the material surface might be correlated with the adherence
of S. sanguinis similar as Mei and cols showed in their work they conclude that the adhesion
forces to orthodontic composites increase with increasing roughness of the composite surface.?’
Ketac cem and CX two conventional glass ionomer cements analyzed in this study, showed the
higher adherence of S. sanguinis; it is important to mention that this band cement materials are
self-curing and manufactured in powder and liquid. They need to be mixed manually and
micro-air bubbles could be included. In contrast Transbond Plus Band Cem is a no mixing
materials and showed less bacterial adhesion; this is presented in one composite syringe with a
contrasting blue color and it is a light-curing material.

Because the cariogenic potential of S. sanguinis is deemed low compared to that of the mutans
streptococci, several investigators have suggested that the ratio S. mutans/S. sanguinis may
serve as an indicator for caries risk, the smaller the ratio, the lesser the risk of caries.'”?®

In the other hand it is a known fact that oral bacteria can gain access to the bloodstream after
invasive dental procedures. Bacteremia can be life threatening and lead to infective
endocarditis, brain abscesses, and other distant-site infections.”® In a healthy person,
microorganisms are efficiently cleared from the bloodstream by the reticuloendothelial system
within a few minutes.*® However, in some patients with compromised immune systems,
bacteremia can be dangerous. Infective endocarditis can occur as a consequence of bacteremia,

31,32

particularly in patients with congenital or acquired cardiac anomalies. Only 4 cases of

endocarditis related to orthodontic treatment have been identified in the literature.®*3°

Erverdi et al. found a bacteremia incidence of 6.6% in the postoperative blood samples from 30
patients after orthodontic debanding. The isolated bacteria were S. sanguinis and Streptococcus
mitis. Orthodontic appliances tend to retain bacterial plague and food debris, resulting in mild
to moderate gingivitis in most patients.*

Other studies showed that may be an antagonist relation between S. sanguinis and S. mutans,
this finding result that S. sanguinis may compete with the mutans streptococci for colonization
sites on tooth surfaces and suppose a decrease in the levels of S. mutans diminishing the
incidence of caries; nevertheless, we need to be very cautious because this bacteria it is also
associated with gingivitis, periodontal disease, bacteremia and endocarditis.

The clinician has to consider different characteristics of the dental materials for orthodontics
bands cements and in some cases the bacterial adherence information is unknown, we deem

that it is important to evince the material that showed the more bacterial adhesion.
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In this context further studies are needed to evaluate the interactivity of this microorganism
with another species of bacteria and the mechanisms by which the two major indigenous

microorganisms compete with each other to result in disease or health of the oral cavity.

CONCLUSION

Among the cements evaluated in the present study, Transbond Plus Band Cem showed
significantly lower adherence of S. sanguinis whereas CX presented significantly highest
adherence of S. sanguinis. The possible antagonism effect of the S. sanguinis with cariogenic
bacteria will suppose that more S. sanguinis adherence to band cements material may prevent
undesirable lesion after debanding; however, it might be a higher risk to systemic health.
Further studies are warrant to evaluate the interactivity of this microorganism with another
species of bacteria and the mechanisms by which the two major indigenous microorganisms

compete with each other to result in disease or health of the oral cavity.
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Table 1. Tested Materials

Trade Name

Cement Type

Curing Mechanism

G I: Transbond Plus Band Cem
G I1: Ortholy Band Paste

G I11: Optiband Ultra

G IV: Fuji Ortho Band

G V: Multi-Cure Band

G VI: Protech

G VII: Ketac cem

G VIII: CX

Compomer
Resin-modified glass ionomer
Resin-modified glass ionomer
Resin-modified glass ionomer
Resin-modified glass ionomer

Conventional glass ionomer
Conventional glass ionomer

Conventional glass ionomer

Photopolymerization (light cure)
Photopolymerization (light cure)
Photopolymerization (light cure)
Chemical cure (acid-base reaction)
Tri-cure (acid-base reaction, light cure, and
self cure)
Chemical cure (acid-base reaction)

Chemical cure (acid-base reaction)

Chemical cure (acid-base reaction)
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Table 2. Quantitative adherence of radio-labeled S. sanguinis to orthodontic band cements

(values expressed in dpm).

Band Cement Groups Mean (dpm) SD *Sheffé Test
G I: Transbond Plus Band Cem 970.33 214.54 A
G I1: Ortholy Band Paste 1267.03 105.54 B
G I11: Optiband Ultra 1354.54 31.33 B, C
G IV: Fuji Ortho Band 1498.71 181.43 C,D
G V: Multi-Cure Band 1644.84 198.1 D
G VI: Protech 2004.53 84.82 E
G VII: Ketac cem 2087.38 438.61 E
G VIII: CX 2308.25 182.5 F

*Groups with different letters are significantly different from each other.

Figure Legends

Figure 1. Cements blocks placed previous to suspension in radiolabeled bacterial fluid.
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7.3. Tercer articulo: Quantitative adherence of Streptococcus sanguinis and Streptococcus

mutans to seven band cements.
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7.3.2 Resumen

Objetivo: El propdsito del presente estudio fue el de determinar cuantitativamente la
adherencia del Streptococcus mutans y Streptococcus sanguinis a cementos para bandas
ortoddncicas. Materiales y Metodos: Se realizaron 420 bloques de siete materiales para el
cementado de bandas ortoddncicas diferentes (I: CX, II: GC Fuji Ortho Band, I1l: Ketac Cem,
IV: Multi-Cure Band, V: Optiband Ultra, VI. Ortholy Band Paste and VII: Transbond Plus
Band Cem). Utilizando un molde de teflén de (4x4x1mm). Los blogues obtenidos se pulieron
ligeramente y fueron limpiados con ultrasonido. Cepas certificadas de Streptococcus mutans
ATCC 25175 y S. sanguinis ATCC 49295 fueron cultivadas mediante métodos convencionales
en cajas Petri y con medios a base de agar tipo TSBY. El andlisis cuantitativo fue llevado a
cabo mediante marcadores radiactivos para codificar la bacteria (*H) para el Streptococcus
mutans y Carbono-14 (**C) para el Streptococcus sanguinis. Posteriormente, un sistema de
combustion se utilizé para capturar los residuos, la radiactividad de las muestras fue medida y
los valores se registraron en desintegracion por minuto (dpm). Se realiz6 el analisis estadistico
de varianza de una via (ANOVA) con el andlisis de Sheffer Post-hoc para mdltiples
comparaciones con un nivel de significacion de < 0.05. Resultados: Se encontraron diferencias
estadisticamente significativas entre los materiales (P < 0.001). Transbond Plus Band Cem
presento la menor adhesion de ambas bacterias, seguido por Ortholy Band Paste.
Conclusiones: Transbond Plus Band Cem y Ortholy Band Paste mostraron la menor adhesién

de S. mutans y S. sanguinis.
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7.3.3 Abstract

Objective: This study aimed to determine the adherence of Streptococcus mutans and
Streptococcus sanguinis to seven different cements for banding. Materials and Methods: The
sample consisted of 420 blocks of 7 cement materials (I: CX, Il: GC Fuji Ortho Band, IlI:
Ketac Cem, IV: Multi-Cure Band, V: Optiband Ultra, VI: Ortholy Band Paste and VII:
Transbond Plus Band Cem). The blocks were made using a Teflon mold (4 x 4 x 1mm).
Certified S. mutans ATCC 25175 and S. sanguinis ATCC 49295 were cultivated separately
using conventional methods and broth with TSBY agar. The quantitative analysis was carried
out with radioactive markers (*H) for the Streptococcus mutans and Carbon-14 (**C) for the
Streptococcus sanguinis to codify the bacteria. The radioactivity of the samples was recorded in
disintegrations per minute (dpm). One-way analysis of variance (ANOVA) with a Scheffé post-
hoc test for multiple comparisons was carried out with a significance level of <0.05. Results:
Significant differences were found among different band cement materials (P < 0.001).
Transbond Plus Band Cem presented the significant lowest adherence of both bacteria,
followed by Ortholy Band Paste. Conclusion: Transbond Plus Band Cem and Ortholy Band

Paste showed lower adherence of S. mutans and S. sanguinis.

57



7.3.4. Tercer Articulo

INTRODUCTION

The principal etiology of caries, gingivitis, and periodontitis is a mixed bacteria in a biofilm
structure on supragingival and subgingival tooth surfaces as well as in the oral soft tissues. The
fixed appliances in orthodontic treatment modify the normal oral environment, disrupting the
balance between the host and the established microorganisms. Clinical and microbiologic
changes were induced on clinical and microbiologic parameters in subjects undergoing
orthodontic therapy.*®

Bacterial biofilms in the oral cavity are composed of complex microbial communities with
more than 500 species and phenotypes identified.®* Furthermore, interactions between
bacterial species that reside in biofilms are reported to influence the composition of those
communities.*” These interspecies interactions are known to play an essential part in balancing
competition and coexistence, and synergistic interactions may stimulate the growth or survival
of one or more of the residents.**'* It is also well known that oral microbial flora are
responsible for two major human diseases, dental caries and periodontitis.*>*°

Plaque formation plays a decisive role in microbial adhesion as its constituents may interact
with oral microorganisms, either by direct interaction with receptors located on the
microorganisms, or by indirectly influencing the thermodynamic conditions for microbial
adhesion. Pellicle formation is followed by the adhesion of facultative anaerobic pioneer
bacteria such as Streptococcus gordonii, Streptococcus oralis, and Streptococcus sanguinis.’®
Early-colonizing bacteria play a pivotal role for the subsequent adhesion of cariogenic
microorganisms such as Streptococcus mutans and periodontal pathogens such as Tannerella
forsythensis, Porphyromonas gingivalis and Aggregatibacter actinomycetemcomitans, which
may induce gingival and periodontal inflammation.*®

Streptococcus sanguinis is a member of the viridans group of Streptococci.’® It is the first
bacterium to colonize tooth surfaces, where it functions as a ‘pioneer’ by forming dental
plague, which leads to dental caries, periodontal diseases, and alterations of dental
restorations.?® S. sanguinis has been reported to be closely related to infective endocarditis,
which is frequently caused by oral bacteria entering the bloodstream following trauma. Some
bacterial surface proteins play important roles in the adherence to and invasion of human
tissues.?"%

Hence, the present study was conducted to determinate quantitatively the adherence of

Streptococcus mutans and Streptococcus sanguinis to seven different cements for banding.
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MATERIALS AND METHODS:

The following cements were classified into 7 groups:

I: CX (Shofu, Kyoto, Japan); II: GC Fuji Ortho Band (Fuji GC Corp., Tokyo, Japan); 11l: Ketac
Cem (3M ESPE, Seefeld Oberbay, Germany); 1VV: Multi-Cure Band (3M Unitek); V: Optiband
Ultra (Ormco, Glendora, Calif., USA); VI. Ortholy Band Paste (GC Corp.); VII: Transbond
Plus Band Cem (3M Unitek, Monrovia, Calif., USA). The characteristics of the cements are
described in Table 1. The cement blocks were made using a 4 x 4 x 1 mm Teflon mold. For the
light curing materials (Groups 11, IV, V, VI, VII ), the procedure was performed covering the
material with a micro-slide glass followed by the application of the light curing lamp
(Ortholux, 3M Unitek) with an intensity of 1600 mW/cm2 for 60 seg. The self-curing materials
were handled according to the manufacturer’s instructions.

The obtained blocks were slightly polished with sand paper and diamond pastes of 6 pum
(MetaDi Il Diamond Paste, Buehler, Lake Bluff, IL, USA) and were cleaned ultrasonically for
a minute to eliminate impurities. The sample was dried and stored in humidity-free containers
to avoid contamination. All the specimens were sterilized with ethylene oxide gas.

Certified Streptococcus sanguinis ATCC 49295 and Streptococcus mutans ATCC 25175 were
cultivated separately with conventional methods in Petri boxes and broth with agar type
Trypticase Soy Broth (BBL, Cockeysville, MD, USA).?® After that, the S. sanguinis and S.
mutans were transferred separately to a liquid cultured medium.

The quantitative analysis of the adhesion of the microorganisms to the surface of the materials
was performed with tritium (°H) for the S. mutans and Carbon-14 (**C) for the S. sanguinis.
Two radioactive markers were necessary to codify and differentiate each bacteria. The specific
activity of the radioactivity was approximately 30,000 dpm per 108 cells for each one.

The two bacteria were mixed in a crystal container, and each cement block was suspended in
this labeled bacterial fluid at 37°C for 2 hours in a constant movement. To eliminate the non-
adhering bacteria, the cement blocks were removed from the test tubes and immediately
washed with PBS three times. Labeled bacteria, which adhered to the cement blocks, were
collected using an automatic sample combustion equipment (ACS-113, Aloka, Tokyo, Japan).
Tritium and Carbon-14 were recovered as H,O in Aquasol-2 (Packard) and the radioactivity
was measured using a liquid scintillation counter (LSC-900, Aloka).?* The results were
recorded in disintegrations per minute (dpm).

Statistical analysis
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The data were registered after each sample was measured thrice. The results obtained were
evaluated using the SPSS 18 software for statistic analyses (International Business Machines
Corp., New York, USA). Differences in measured values among the band cements were tested
by one-way analysis of variance (ANOVA) with a Scheffé post-hoc test for multiple
comparisons. A probability of less than 0.05 for similarity of distribution was considered to be
significantly different.

RESULTS

The mean values of the quantitative radio-labeled S. mutans, expressed in dpm, and the Scheffe
post-hoc test to determine the statistically significant differences are summarized in Table 2,
and for S. sanguinis in Table 3. Moreover, the distribution and the frequency of each band
cement material for S. mutans are illustrated in Figure 1, and for S. sanguinis in Figure 2.

S. mutans Adherence

According to the dpm values, the results showed that the cement with significant lower
adhesion of S. mutans was Transbond Plus Band Cem (463.63 dpm), followed by Ortholy Band
Paste (494.53 dpm), Ketac Cem (504.65 dpm), and Multi-Cure Band (510.12 dpm). Optiband
Ultra (552.19 dpm), GC Fuji Ortho Band (593.13), and CX (694.61) presented higher
adherence of S. sanguinis.

S. sanguinis Adherence

The results showed that the band cements with significant lower adhesion was Transbond Plus
Band Cem (336.58 dpm) followed by Ortholy Band Paste (352.87 dpm), GC Fuji Ortho Band
(380.86 dpm), Multi-Cure Band (467.73 dpm), Optiband Ultra (471.21 dpm), Ketac Cem
(516.96), and CX (537.51).

DISCUSION

Multispecies bacterial communities found in the oral biofilm are competing for the available
space and nutrients. The competition involves several mechanisms including the excretion of
inhibiting substances against competitors.® This was presented for the clinically relevant
competition between the opportunistic pathogen Streptococcus mutans and the pioneer
Streptococcus sanguinis. The strategy of S. mutans relies on the cell-density regulated
production of antimicrobial peptides, mutacin | and 1V.?®?" S. sanguinis, although known to

produce the bacteriocin sanguicin, mainly competes with other oral streptococci by excreting
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H,0,.%%%% H,0, is bacteriostatic at low concentrations and is able to inhibit the growth of S.
mutans by interfering with the glycolytic pathway.*

In the present study, the band cement material that demonstrated lower significant adherence of
S. mutans and S. sanguinis was Transbond Plus Band Cem. For S. mutans, Ortholy Band Paste,
Multi-Cure Band and Ketac Cem were not significantly different. On the contrary, for the S.
sanguinis group, only Optiband ultra and Multi-Cure Band were not significantly different.

S. sanguinis may compete with S. mutans for colonization sites on tooth surfaces, as both
groups of bacteria require the presence of teeth for colonization and may exhibit direct
biochemical antagonism in situ.>** Because the cariogenic potential of S. sanguinis is deemed
low compared to that of S. mutans, several investigators have suggested that the S. mutans/S.
sanguinis ratio may serve as an indicator for caries risk, that is, the smaller the ratio, the lesser
the risk of caries.**® In another study, however, a caries-predictive role for the S. mutans/S.
sanguinis ratio could not be demonstrated.*’

CX, a conventional glass ionomer cement analyzed in this study, showed higher adherence of
S. sanguinis and S. mutans; it is important to mention that this band cement material is self-
curing and manufactured in powder and liquid. They need to be mixed manually and micro-air
bubbles could be included.

In contrast, no mixing materials (Groups Il, V, VI, and VII) showed less bacterial adhesion;
these are presented in one composite syringe with a contrasting blue color and they are light-
curing materials.

Microgap formation between the adhesive material and the enamel surface contributes to
microleakage, permitting the passage of bacteria and oral fluids, which can cause white spot
lesions or demineralization under the attachment surface area.*® Orthodontic applications
usually involve thin layers of adhesives and lack areas of bulk material that would seem to
favor chemical cure systems. Orthodontic bands, however, are susceptible to areas of variable
cement thickness and have a physically greater barrier to irradiation than brackets. *°

Ulysal et al. published that different band cement materials showed significant microleakage
results: Ketac-Cem had the highest leakage scores between the cement-band (median, 3.50
mm) and cement-enamel (median, 2.88 mm) interfaces followed by Transbond Plus Band Cem
with a microleakage in cement-band (median, 0.38 mm) and cement-enamel (median, 0.38
mm) interfaces and Multi-Cure cement-band (median, 0.25 mm) and cement-enamel (median,

0.38 mm) interfaces.*
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In a previous study with the same methodology, but only analyzing S. mutans, we found an
increase of the values of dpm for Transbond Plus Band Cem (1261.01 dpm) and Ketac Cem
(1264.64 dpm), followed by Ortholy Band Paste (1394.58 dpm), CX (1492.10 dpm), Multi-
Cure Band (1551.62 dpm), Optiband Ultra (1615.82 dpm), and GC Fuji Ortho Band (1902.67
dpm); Transbond Plus Band Cem also showed a significant lowest adhesion of S. mutans
similar o what has been presented in this study. However, Ketac Cem and GC Fuji Ortho Band
showed a significant change with the presence of two bacteria.**

Nowadays, the use of direct tubes for orthodontics treatments is more frequent as these
appliances would reduce the adherence of cariogenic bacteria. For some treatments, specific
auxiliary attachments, such as the use of a Palatal bar, Nance button, Holding arch, Lingual
arch among others, are necessary.

S. sanguinis may compete with the S. mutans for colonization sites on tooth surfaces and
suppose a decrease in the levels of S. mutans diminishing the incidence of caries; nevertheless,
we need to be very cautious because these bacteria are also associated with gingivitis,
periodontal disease, bacteremia, and endocarditis.

In the present study, we decided not to use saliva coating because different publications showed
that saliva coating did not significantly alter the adhesion patterns of cariogenic streptococci to
the underlying materials.****

Further studies are needed to evaluate the interactivity of this microorganism with another
species of bacteria and the mechanisms by which the two major indigenous microorganisms

compete with each other to result in disease or health of the oral cavity.

CONCLUSION

Among the cements evaluated in the present study, Transbond Plus Band Cem showed lower
adherence of S. mutans and S. sanguinis, followed by Ortholy Band Paste.

However, the adherence of S. mutans was not significantly different between Ortholy Band
Paste, Multi-Cure Band, and Ketac Cem.

The possible antagonism effect of the S. sanguinis with cariogenic bacteria will suppose that
more S. sanguinis adherence to band cements material may prevent undesirable lesion after
debanding; however, it might be a higher risk to systemic health. Further studies are needed to
evaluate the interactivity of this microorganism with another species of bacteria and the
mechanisms by which the two major indigenous microorganisms compete with each other to

result in disease or health of the oral cavity.
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Figure Legends
Figure 1. Distribution frequency of quantitative S. mutans adherence.

Figure 2. Distribution frequency of quantitative S. sanguinis adherence.

Table 1. Tested Materials

Trade Name Cement Type Curing Mechanism

GI:CX Conventional glass ionomer Chemical cure (acid-base reaction)

G I1: GC Fuji Ortho Band Resin-modified glass ionomer Chemical cure (acid-base reaction)

G Il: Ketac cem Conventional glass ionomer Chemical cure (acid-base reaction)

G IV: Multi-Cure Band Resin-modified glass ionomer  Tri-cure (acid-base reaction, light cure, and

self-cure)

G V: Optiband Ultra Resin-modified glass ionomer Photopolymerization (light cure)

G VI: Ortholy Band Paste Resin-modified glass ionomer Photopolymerization (light cure)

G VII: Transbond Plus Band Cem Compomer Photopolymerization (light cure)
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Table 2. Quantitative adherence of radio-labeled S. mutans to orthodontic band cements

(values expressed in dpm).

Band Cement Groups Mean (dpm) SD *Scheffe Test
GIl:CX 694.61 6.25 A
G I1: GC Fuji Ortho Band 593.13 9.95 B
G I11: Ketac cem 504.65 10.54 C
G IV: Multi-Cure Band 510.12 3.66 C,D
G V: Optiband Ultra 552.19 13.89 E
G VI: Ortholy Band Paste 494.93 13.07 C,F
G VII: Transbond Plus Band Cem 453.63 13.65 G

*Groups with different letters are significantly different from each other.

Table 3. Quantitative adherence of radio-labeled S. sanguinis to orthodontic band cements

(values expressed in dpm).

Band Cement Groups Mean (dpm) SD *Scheffé Test
GI:CX 537.51 3.90 A
G I1: GC Fuji Ortho Band 380.86 4.93 B
G I11: Ketac cem 516.96 3.75 C
G IV: Multi-Cure Band 467.73 5.81 D
G V: Optiband Ultra 471.21 2.61 D
G VI: Ortholy Band Paste 352.87 5.13 E
G VII: Transbond Plus Band Cem 336.58 4.20 F

*Groups with different letters are significantly different from each other.
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8 Discusidon General.

Las comunidades de distintas especies bacterianas encontradas en el biofilm se encuentran en
constante competencia por el espacio fisico y los nutrientes. Esta competencia involucra
distintos mecanismos incluyendo la excrecion de substancias inhibitorias en contra de los
competidores.”® Esto fue presentado por la competencia clinicamente relevante entre el
oportunista patdégeno Streptococcus mutans y el microorganismo pionero Streptococcus
sanguinis. La estrategia de S. mutans se basa en la produccién de células de densidad regulada

de péptidos antimicrobianos, mutacina | y 1V.>* *

S. sanguinis, aungue conocidos para
producir la bacteriocina sanguicin, compite con los Streptococcus orales mediante la excrecion
e H,0,.™ = ,0O, es bacteriostatico a bajas concentraciones y es capaz de inhibir e
de H,0,.%% %% El H,0, es bacteriostét b t de inhibir el

crecimiento de S. mutans al interferir con la via glicolitica.>*

En el presente estudio, el material de cementado de bandas que demostr6 una menor adherencia
estadisticamente significativa de S. mutans y S. sanguinis fue Transbond Cem Plus Band. Para
S. mutans, Ortholy Band Paste, Multi-Cure Band y Ketac Cem no fueron significativamente
diferentes. Por el contrario, en el grupo de S. sanguinis, sélo OptiBand banda ultra y Multi-
Cure no fueron significativamente diferentes. S. sanguinis puede competir con S. mutans por
los sitios de colonizacion sobre la superficies de los dientes, ya que ambos grupos de bacterias
requieren la presencia de los 6rganos dentarios para la colonizacién y pueden exhibir un efecto
de antagonismo bioquimico directo in situ.>°" Debido a que el potencial cariogénico de S.
sanguinis se considera bajo en comparacion con la de S. mutans, varios investigadores han
sugerido que la relacion S. mutans / S. sanguinis puede servir como un indicador de riesgo de
caries; es decir, entre mas pequefia sea la relacién, menor sera el riesgo de caries.’®*®° Sin
embargo; en otro estudio, el rol para la prediccion de caries con respecto a la relacion de S.
mutans / S. sanguinis no pudo ser demostrado.®

CX es un cemento de ionomero de vidrio convencional analizado en este estudio, el cual
mostré una mayor adherencia de S. sanguinis y S. mutans, es importante mencionar que este
material para el cementado de bandas es de auto-curado y su presentacion comercial es en
polvo y liquido. Necesita ser mezclado manualmente y durante este proceso se le pueden
incorporar micro-burbujas de aire lo que puede repercutir en una mayor adhesion bacteriana.

En contraste, los materiales que no requieren mezclarse (Grupos Il, V, VI, y VII) mostraron
menor adhesidn bacteriana; su presentacion comercial es en una jeringa, ademas son de un

color azul contraste y son materiales fotopolimerizables.
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La formacion de microespacios entre el material adhesivo y la superficie del esmalte contribuye
a la microfiltracion, que permite el paso de bacterias y fluidos orales, que pueden causar
lesiones de mancha blanca o desmineralizacion debajo de la superficie de los aditamentos
ortodéncicos.®® Las bandas de ortodoncia; sin embargo, son susceptibles a las zonas de espesor

variable de cemento y tienen una barrera fisica mayor a la irradiacion que los brackets. *

Ulysal et al. publicaron en el 2010 que los diferentes materiales para el cementado de bandas
mostraron resultados estadisticamente significativos con respecto a la microfiltracion: Ketac-
Cem tuvo las puntuaciones més altas de filtracion entre la banda-cemento (mediana, 3.50 mm)
e interface cemento-esmalte (mediana, 2.88 mm) seguido de Transbond Plus Band Cem con
una microfiltracion entre la banda-cemento (mediana, 0.38 mm) y cemento-esmalte (mediana,
0.38 mm) Multi-Cure cemento-banda (mediana, 0.25 mm) y cemento-esmalte (mediana, 0.38
mm).%

En un estudio previo con la misma metodologia, la adhesién de S. mutans fue analizada y se
demostro un aumento de los valores de dpm para Transbond Plus Band Cem (1261.01 dpm) y
Ketac Cem (1264.64 dpm), seguido Ortholy Band Paste (1394.58 dpm ), CX (1492.10 dpm),
Multi-Cure Band (1551.62 dpm), OptiBand Ultra (1615.82 dpm), y GC Fuji Ortho Band
(1902.67 dpm); Transbond Plus Band Cem también mostr6 una adherencia méas baja
estadisticamente significativa de S. mutans similar a lo que se ha presentado en este estudio.
Por otra parte, Ketac Cem y GC Fuji Ortho Band mostraron un cambio significativo con la
presencia de las dos bacteria.®®

Hoy en dia, el uso de tubos directos para el tratamiento de ortodoncia es mas frecuente ya que
estos aditamentos podrian reducir la adherencia de las bacterias cariogénicas. Para algunos
tratamientos es necesario el uso de auxiliares especificos acompafiados de bandas (barra
palatina, el boton de Nance, Holding arch, Arco lingual entre otros) aun son necesarios.

El S. sanguinis puede competir con el S. mutans en los sitios de colonizacion de la superficie de
los dientes esto puede suponer una disminucion de los niveles de S. mutans y por consecuencia
una disminucién de la incidencia de caries; sin embargo, tenemos que ser muy prudentes
porque estas bacterias también estdn asociadas con la gingivitis, enfermedad periodontal,
bacteriemia y endocarditis.

En el presente estudio, hemos decidido no utilizar saliva porque en diferentes publicaciones han
mostrado que el uso de saliva no altera significativamente los patrones de adherencia de los

Streptococcus cariogénicos a los materiales adyacentes.?®®®
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Se necesitan més estudios para evaluar la interactividad de este microorganismo con otras
especies bacterianas y los mecanismos mediante los cuales los dos principales
microorganismos autoctonos compiten entre si para dar lugar a la enfermedad o la salud de la

cavidad oral.
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9 Conclusiones Generales.

9.1. Conclusiones

De entre todos los cementos evaluados en las diferentes investigaciones realizadas el cemento
que mostré una menor adhesion de S. sanguinis y S. mutans fue Transbond Plus Band Cem
exponiéndolo a cada microorganismo de manera individual o con los dos microorganismos en
conjunto. En este contexto, la eleccién de un cemento para cementacion de bandas con una
menor adhesion bacteriana supondria un beneficio para prevenir y reducir la lesion de mancha

blanca que es comun al retirar esta aparatologia fija.
En contraparte, el cemento para el cementado de bandas que mostr6 una mayor adhesion de

microorganismos en los diferentes estudios realizados fue CX, por lo cual se sugiere tener

especial atencién con la utilizacion de este cemento.
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9.2. Limitaciones

No se presentd ningun tipo de limitacion para la realizacion del presente trabajo, cabe sefialar
que al contrario siempre existio la disposicion por parte de los Tutores Académicos, la
Coordinacion del Doctorado en Ciencias de la Salud, la Universidad Auténoma del Estado de

México, la Universidad de Asahi en Japon y el Consejo Nacional de Ciencia y Tecnologia.
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9.3. Recomendaciones

Se recomienda la realizacion de estudios complementarios para evaluar la interactividad de

estos microorganismos con otras especies de bacterias.
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Universidad Auténoma de San Luis Potosi
Facultad de Estomatologia
a través de

\

Maestria en Ciencias Odontolégicas en el Area y
de Odontologia Integral Avanzada FACULTAD DE

ESTOMATOLOGIA

Otorga el presente

Reconocimiento

a:  Juam Carlos Gonzalez Pérez

Por su asistencia al

VIIl CONGRESO INTERNACIONAL DE
ODONTOLOGIA MULTIDISCIPLINARIA

Il CONCURSO MEXICANO E IBEROAMERICANO
DE INVESTIGACION CLINICA EN ODONTOLOGIA

2nd. AZTEC AWARD FOR CLINICAL
RESEARCH IN DENTISTRY

LSRR B¢ CNORS. San Luis Potosi, México
E’ ORONTOLOGICAS 20 al 22 de Octubre del 2010
i AV4

ODONTOLOGIA
INTLGAAL  AVANZADA

CON VALOR CURRICULAR 30 HORAS CREDITO

-
”

)
( o\ C

Dr. Juan® oyola Rodriguez Dr G:br Martinez Cula!\én
COORDINADOR GEN coonom»oa CONCURSO

EXICANO € IBEROAMERICANG
DE INV. CLINICA EN ODONTOLOGIA
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Formaciin, en in Libertad, pars Serve”

Universidad chional del Sureste

Qaxaca

XVII ENCUENTRO NACIONALY
IX IBEROAMERICANO DE INVESTIGACION
EN ODONTOLOGIA

LA UNIVERSIDAD REGIONAL DEL SURESTE
ATRAVES DE LA ESCUELA DE ODONTOLOGIA

Otorga la presente

CONSTANCIA =%

Juan Carlos Gonzalez Pérez B —_@

C.D. Rafael Arnaud Carrefio

Por su asistencia al XVIIl Encuentro Nacional
y IX Iberoamericano de Investigacion

en Odontologia, con un valor curricular de / 4/ -
: fanaleil,

25 horas crédito.
Q.S.P. héra Pérez Pérez
Corr Nacional de
Inyestigacion en Odontologia

“Formacion, en la libertad, para servir”

Oaxaca de Juarez, Oax.,
del 10 al 12 de Noviembre de 2010
URSE Campus “Rosario”.
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Universidad Autonoma del Estado de México
UAEM -+ Facultad de Ciencias de la Conducta

otorga la presente

ONSTANCIA

Juan Carlos Gonzalez Pérez

Por su participacion como ponente en el “VIll Coloquio en
Ciencias de la Salud”, llevado a cabo del dia 29 de
Noviembre al 3 de Diciembre del afio en curso, en el auditorio
de la Facultad. Avalado por los H.H. Consejos Académico y
de Gobierno en la sesion ordinaria del 29 de Septiembre.

Toluca, México; Noviembre de 2010

&3 nno UNIDGS M X/C,w

DIRECCION

M. en P.E.E.S Javier Margarito Serrano Garcia
Director de la Facultad de Ciencias de la Conducta
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UNIVERSIDAD AUTONOMA DEL ESTADO DE MEXICO

La Secretaria de Docencia a través de la
Direccion de Desarrollo del Personal Académico

Otorga la presente

A: Juan Carlos Gonzalez Pérez

quien asistio y participé en el curso COMO ELABORAR UNA ANTOLOGIA (2a PARTE),
llevado a cabo en la Facultad de Odontologia de la UAEM, del 27 de enero al 01 de febrero de 2011,
con una duracion de 25 horas.

Toluca, México, 1 de febrero de 2011

PATRIA, CIENCIA Y TRABAJO

“2011,160 Aniversario de la Promulgacion de la Ley Organica del Instituto Literario del
Estado de México”

Director de Desa

90



Pagina 1 de -

GENERAL
SESSION

SAN DIEGO, CALIFORNIA « MARCH 16-19, 2011

Start | Browse by Day | Author Index | Keyword Index

145681 Effects of silver-nanoparticles on the bond strength of orthodontic brackets

Thursday, March 17, 2011: 8a.m. - 9:30 a.m.

Location: Room 33C (San Diego Convention Center)
Presentation Type: Oral Session

R.J. SCOUGALL-VILCHIS., G.-A. MARTINEZ-CASTANON?, J.-P. LOYOLA-RODRIGUEZ3, 1.C. GONZALEZ-PEREZ?, U. VELAZQUEZ-ENRIQUEZ?,
and J.-F. REYES-MACIAS2, 10rthodontics, Autonomous University State of Mexico, Toluca, Mexico, 2Dental Research Center, Autonomous
University of San Luis Potosi, San Luis Potosi, Mexico, >Dental Research Center, University of San Luis Potosi, San Luis Potosi S.L.P, Mexico,
4Health Science, Autonomous University State of Mexico, Toluca, Mexico

Objective: To evaluate the effects of silver nanoparticles on the shear bond strength (SBS) of orthodontic brackets.

Methods: 60 freshly extracted human upper bicuspids were collected, pumiced with fluoride-free paste (10s), washed (30s) and dried. The
teeth were randomly divided into two groups (n=30/gp). Group I: (Control), the enamel was etched (37% H3PO,; 15s), washed (30s) and
dried. A coat of moisture insensitive primer was applied on the enamel surface [Transbond MIP (3M Unitek, Monrovia, Calif., USA)]. Group II:
(Experimental), the procedure was carried out similar to the control group; however, 100pi of silver nanoparticles solution was mixed with
100yl of Transbond MIP (1:1 proportion). The spherical silver nanoparticles were formed by Ag0 and dispersed in H,0 at pH=11, the average

size was 7.2%1.7nm and the concentration was 1070 ugr/ml. In both groups, stainless steel brackets [OptiMESH*RT (Ormco Corp., Glendora,
Calif., USA)], were bonded to the teeth with Transbond CC (3M Unitek), and light-cured (20s). Samples were stored (37°C, 24hrs), tested
(0.5mm/min) and statistically analyzed [Mean, SD, Range; t-Student (p<0.05)].The adhesive remnant index (ARI) was also evaluated and
statistically analyzed with x2.

Results: The mean value of SBS of the control group (22.69+6.8MPa) was significantly higher than the experimental group (16.97+6.1MPa).
Concerning ARI scores, significances were found between groups. In the experimental group the amount of adhesive remnant was higher.

Conclusions: Under the condition of this study, the addition of silver nanoparticles to the moisture insensitive primer significantly decreased
the SBS of orthodontic brackets; nevertheless, the mean value was (16.9MPa), higher than the force suggested as necessary for orthodontic
clinical treatment (6 to 8MPa). The silver nanoparticles might offer antibacterial properties at the interface enamel-bonding; however, further
studies are required to find the optimum proportion between primer and silver nanoparticles.

Keywords: Acid etch, Adhesion, Composites, Dental materials and Orthodontics
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COLOQUIO DE INVESTIGACION EN
CIENCIAS DE LA SALUD

MAESTRIA Y DOCTORADO EN CIENCIAS DE LA SALUD

La Universidad Auténoma del €stado de México
a través del Centro de Investigacion en Ciencias Médicas

otorgan la presente

CONSTANCIA

A: Gonzalez Perez Juan Carlos

Por su participacion como PONENTE con el tema

“Analisis de la adherencia bacteriana a materiales para el cementado
de bandas ortododncicas”

Que se llevo a cabo los dias 24 y 2% mayo de 2012.

7
Toluca, Estado d;/Méxic ¢
Vi

AS MEDICAS BE LA UAEM
9

Centro de Invetigacié-
en Ciencias Médicas
UAE M




COLOQUIO DE INVESTIGACION EN
CIENCIAS DE LA SALUD

MAESTRIA Y DOCTORADO EN CIENCIAS DE LA SALUD

La Universidad Auténoma del €stado de México
a través del Centro de Investigacion en Ciencias Médicas

otorgan la presente

CONSTANCIA

A: Gonzalez Pérez Juan Carlos

Como PRIMER LUGAR en la presentacion cartel de doctorado con el tema

“Analisis de la adherencia bacteriana a materiales para el cementado
de bandas ortodoncicas”

Que se llevo a cabo los dias 24 y 25 de mayo de 2012.

Teluca, Estado de Méxicgs

o/

M.enl C. G
COORDINADOR D
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UTONOMA DEL ESTADO DE HIDALGO
DE CIENCIAS DE LA SALUD
ICA DE ODONTOLOGIA

A través del
e Epidemiologia Estomatoldgica

an el presente

)X e & BN

Qdontologia

.LOS GONZALEZ PEREZ

OFESOR del CURSO DE ORTODONCIA, impartido
mica de Odontologfa, realizado en las instalaciones
la Salud de la Universidad Auténoma del Estado de
1 dia 16 de noviembre de 2012.

on duracién de 6 horas.

Amor, orden y progreso”
boto, Hidalgo., 16 de noviembre de 2012.

%
JariaBusto Villarreal ~Mfro. Sergio Vera Guzman
Sctor del ICSa Jefe del A. A. de Odontologfa
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School of Dentistry

Present this

Certificate
to
Mr. Juan Carlos Gonzalez Perez

as a Bisiting Researcher at Asabi University,
School of Dentistry.

Mar. 30, 2011 ~  Fun. 29, 2011

£ e

Katsuyuki Ohtomo
President
Asabi University

Yasu/ ura
i o RS
@ ean %

Asabi University
School of Dentistry
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